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T E M A 

1.- INTRODUCCION AL DISEÑO ASISTIDO 

L DISEÑO ESQUEMATICO 

3. ELABORACION DE UN CIRCUITO 

IMPRESO A PARTIR DEL DISEÑO ESQ. . 
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EVALUACION DEL CURSO 

C O N C E P T O 

1.- APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

2.- CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

3.- GRADO DE ACTUALIZACION LOGRADO EN EL CURSO 

4 .. ~ CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO .. . . . .. 

5.- CONTINUIDAD EN LOS TEMAS DEL CURSO 
. 

6.- CALIDAD DE LAS NOTAS DEL CURSO 

7.- GRADO DE MOTIVACION LOGRADO EN EL CURSO 

' EVALUACION TOTAL 

ESCALA DE EVALUACION: 1 A 10 
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1 .. -·. ¿qué le' _pareció el· ambiente en la D~visión de Educación Continua? 

HUY AGRADABLE AGRADABLE. DESAGRADABLE. 

. ( r [ . . l [ .) .. 
·. . .. 

.. 

2.- Medio de ,:corriunicación por el que se enteró del· curso: 
.. .• 

.· . .. 
PERrODiyci' EXCELSIOR PERIODICO NOVEDADES .. 

·ANUNCIO TITULADO DI ANUNCIO TITULADO DI 
FOLLETO DEL CURSO 

DE 
- -

VIS ION EDUCACION VIS ION DE EDUCACION 
'CONTINUÁ ·CONTINUA 

[ ·' J ( J [ l 
· CARTÉL MENSUAL RADIO UNIVERSIDAD CO!~UNICACION CARTA, ·. 

. TELEFONO, VERBAL, 
' ETC. ---o o .. <o ,.. '. 
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REVISTZIS TECNICZIS- FOLLETO ANUAL CARTELERA UN1lM· 11 LOS. GACETA 
UNIVERSITARIOS HOY" UN~.M 
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3.- i~edio de transporte utilizado par p. venir al Palacio de M.ineríá: 

AUTOMOVIL METRO OTRO MEDIO 
PARTICULAR . e ' ) ( J ( J 

4.- ¿gué cambios haría en el programa•para tratar de perfeccionar el curso? 
. 

' 
. 

. 

. . . 

otr~s' perSonas?·( :) ( ho s:- i.Recomendaría el curso a SI· 

""' S.a.¿Qué periódico lee con mayc_r frecuericia?· 

' 
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. 6.- ¿Qué e_ ursas le .. gustaría ·que ofreciera .la·, Di vis'ión · de· Educación c.onfinua? 
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7.- La ~oÓJ:dinació~ 
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8.- Si ·está intereSado en tOrnar a~gún curso· INTENS!vO ¿cuál. es el horari.o más 
·convel)iente para usted? 

LUNES A VIERNES LUNES A LUNEs· A MIERCOLES MJ\RTES y JUEVES 
DE 9 a 13 H.· Y· VIERNES DE Y . VIERNES DE DE 18 A 21 H. 
DE 14 A 18 H' 17. a 21 H. 18 A 21 H. 
(CON COMIDAD) 

'. 

·¡ 
1 

·' 

D LJ o ' . . 

VIERNFS DE 17 1\ 21 H. VIERNES DE 17 A 21 11. '' OTRO 
S ABADOS DE 9 A 14 H. S ABADOS DE 9 A 13 H. 

- DE 14 A 18 H. ' 
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9.- ¿qué servicios adiCionales desear.r.a que tuviese la Divis.ión de Educación 
Continua, para los asistentes? 

' 

. 
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10 .- .ot:r;:-as ·sugerencias: . 

.. 
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·' 
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CAD -CIRCUITOS IMPRESOS-

ING. MARTIN PEREZ MONDRAGON 



INTRODUCCION AL DISEÑO ASISTIDO POR COMPUTADORA 

El Diseño Electrónico Asistido por Computadora (DEAC o su equivalente anglosajon de 
. C.A.E) podemos considerarlo como una rama específica del CAD/CAM de tipo general. 

Las principales aplicaciones del CAD/CAM se dan 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 el19%, (según datos referidos all988). 

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

EVOLUCION DE LAS COMPUTADORAS PERSONALES Y WORKSTATION 

A principios de los 70's, surgen a partir de las necesidades de fabricantes de electrónica ó 
mécanicos, las herramientas CAD, ·las cuales han experimentado, evidentemente, grandes ' 
cambios de acuerdo con la tecnología. 

Durante esta década se empleaban las miniconiputadoras a las cuales se conéctaban termiñales· 
que servían a programas funcionando el "Batch". En 1971, INTEL introduce el primer microproce
sador, el4004 y en 1974 presentaba el 8080, por otra parte, MOTOROLA presentaba el x6800. 

A principios de los 80's, APOLLO crea la estación de trabajo (WorkStations) con el un 
concepto novedoso de potentes gráficos y red local produciendose el cambio de CAD a CAE 
(Ingeniería Asistida por Computadora), donde el software desarrollado permitía al ingenieró 
Concebir, Diseñar, Simular, Modificar, Verificar y Documentar un circ]lito a un placa de circuito. 
impreso, desde una potente máquina colocada en su mesa de trabajo. 

Por otra parte, a finales de los 80's, surgén las tecnologías de integración RISC Y CISC 
poniendo a disposición del fabricante de software máquinas sin limitaciones tecnologicas, capaces de 
desarrollar aplicaciones más complejas, de tal manera que las actuales PC; s equipadas con 80386 o 
80486, se comparan tanto en prestaciones de la CPU como en precio con las actuales WoskStation, 
dicho termino se encuentra ligado indisolublemente cada vez que se habla de CAD/CAM/CIM/ 
CAE. 



INTRODUCCION 

Algunos de los sistemas de computación más ávanzados que se emplean hoy en día, 

se diseñan contemplando la generación de despliegues gráficos, reconociendose así el valor de 

una imagen como un medio eficaZ de comunicación. 

Prácticamente, no existe en la actualidad ningún área en la cual no se pueda utilizar la 

graficación con alguna ventaja; sí, se encuentran gráficas en la mayoría de las aplicaciones en 

ciencia e ingeniería se basaron en equipos costosos y complicados, lo cual se ha superado 

debido a los adelantos registrados en computación permitiendo así acceder a la graficación 

como una herramienta útil y práctica a bajo costo. 

Durante las fases de evolución del CAD/CAM podemos identificar a finales de la década 

de los 70's, la integración de la graficación por computadora al proceso de diseño, originando el 

crecimiento de la tecnología CAD - Computer-Aided Design- o Diseño Asistido por 

Computadora. Esta tecnología ofrece poderosas herramientas para el diseño en ingeniería, 

pemitiendo, entre otras cosas, agilizar el proceso de conceptualización, modelado, análisis y 

documentación de unproducto con las etapas respectivas de retroalimentación, formando así, 

un ambiente de control de ciclo cerrado que contrasta con los mecanismos tradicionales de 

diseño. 

.-:. 

La influencia de la tecnología CAD ha alcanzado las áreas de eléctrica y electrónica, con 

ejemplos como el diseño de circuitos electrónicos empleando sistemas interactivos basados en 

íconos gráficos para la repre.sentación de los diferentes componentes, con lo cual un diseñador 

puede construir un circuito, agregando compoentes en formasucesiva extraídos de una Base 

de Dato. Además, el _despliegue gráfico puede emplearse para comparar circuitos equivalentes 

con la finalidad de minimizar el número de componentes o bien, para llevar a cabo una mayor. 

integraCión. 
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TIPOS DE MAQUINAS 

NIVEL TECNOLOGICO 
Características 

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

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

1
de 32 bits y algunas de 64 bits. 

*Las ventajas de un WorkStation suelen 
estar siempre por encima de las PC, aunque 
el auge experimentado por las máquinas con 
386 y 486 ha igualadoel nivel de prestacione . 
Entre las ventajas que han mejorado las 
estaciones de trabajo respecto a las PC' s son 
algunas de las siguientes: mayor definición a 
nivel de gráficos, lentitud de visualización, 
limitado margen de direccionamiento de la 
memoria, baja potencia de cálculo de la CPU 
y bajo nivel de conectividad . 

. 

NIVEL DE APLICACION 
Características 

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

*La PC funciona "normalmente" en un 
entorno monousuario tratando de 
incrementar la productividad del individuo 
mientras queel entorno de trabajo de una 
WorkStation es por lo general; ·multiusuario 
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EVOLUCION A MEDIANO PLAZO EN CUANTO A NIVEL TECNOLOGICO 
·Y NIVEL DE APLICACION . 

ARQUITECTURA GRAFICOS - --, SISTEMAS OPERATIVOS 

Tienden hacia el nuevo Aparecen los primeros -_Se estandariza tanto en UNIX __ 
PC bus estandard EISA - sistemas en 3D así como como en OS/2 en los dos equipo 

(MicroChanel de IBM) sistemas capaces de - mientras que en interfases de 
y CPU 80486. manejar más de 100000 usuario, vemos como el MOTIF 

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

-

w Tienden a una mejora Incrementa sus ventajas 
o en los chips, asfcomo en 3D eh tiempo real 

. R la ejecución de multiples con capacidades como 
K instrucciones por cada fotorealismo. 
S _ ciclo de reloj. 
T 
A 
T 
l_ . ·-·· 
o 
N 

-

JUSTIFICACION Y NECESIDAD DEL CAE. 

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 tiempo empleado desde la . . 

especificación hasta la puesta en el mercado del producto; así como incrementar la CALIDAD del 
producto.. · 

En este tipo de técnicas es donde el CAD/CAM/CAE ha puesto de relieve la importancia de 
automatizar informaticamente cualquier proceso industrial desde el diseño hasta la manufactura. -· 

dicha información incide de forma directa sobre dicho proceso de varias formas: 

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

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

.. , *Fácil integración sin problemas adicionales, dentro de un proceso en serie para su manufactura. 

*Obtención de un producto económico,,de óptima calidad y en el menor tiempo posible. 
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El proceso típico de fabricación de un.determinado producto electrónico podemos sintetizarlo 

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 diseño surgieron como replica 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 fénomeno de insatisfacción 
en los )Jsuarios: Un buen programa de dibujo, no bastaba; era necesario un sistema que diseñara el 
producto desde el principio (Diagrama: Esquemático) hasta el final (Placa de Circuito Impreso 

1 . . . 

Terminado) siguiendo Reglas de Diseño. 

Como son secuencia de estas necesidades surguieron los paquetes de CAE, cuyas reglas de. 
diseño referidas al CAE electrónico, se mencionan a continuación: · 

* Captura de Diseños Esquemáticos 
* Diseño de Circuitos Analógicos y Digitales 
* Simulación Lógicas y Analógicas· de Dichos Circuitos 
* Análisis Térmico 
* Diseño de la Placa de Circuito Impreso (PCB) 
* Proceso de Electrómecanica. 

VENTAJAS EN EL USO DE PAQUETES CAE 

* Facilidad y Comodidad en el Diseño 
* Rápidez, Exactitud y Uniformidad en la Fabricación 
* Alto Porcentaje de Exito 
* Eliminación de la Necesidad de Prototipos 
* Aumento de la Productividad 
* Productos más Competitivos 

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, debido a la mayor complejidad y competitividad del mercado, se prevee 
que antes del año 2000 el grado de utiliz~ción se aproximará al80%. 

Los costos asociados·a la detección de errores en el desarrollo pueden representar hasta 1000 ··· 
veces más si se detectan en una fase final del producto que si se realiza en las específicaciones: 
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·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 tanto, deben diseñarse en 

~n menor plazo de tiempo. La competencia es cada día mayor y el tiempo de lanzamiento de un producto 
~s primordial al momento de conseguir mayores beneficios. . 

CARACTERISTICAS 

Las características de cualquier software de CAE partiendo del a 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 

HARWARE:. 
* Necesidades de tarjetas gráficas y monitores que presenten una resolución y color adecuados respecti
vamente EGA, VGA, SuperVGA. 

*Velocidad de ejecución y presentación de gráficos, lo que nos obliga a trabajar con equipos ATcomo 
mínimo (80286 12MHz), y para gráficos muy densos, utilizar coprocesador matématico. 

*Periféricos de E/ S ádecuados. Ratones y Tabletas digitalizadoras a la entrada, por otro lado.graficadores 
e impresoras láser a la salida. 

*Memoria RAM suficiente (640K mÍnimo) y disco duro (20Mb. mínima). 

SOITWARE: 

·*Herramientas gráficas adecuadas (Menús tipo persiana con selección de opciones mediante ratón, menús 
de íconos, procurando dejar el máximo espacio libre de pantalla). 

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

*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 flexible posible (driver's de todo tipo) de forma 
que no exista restrinciones en el uso del equipos r 
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* 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 deconexión 

*Numeración automática de componentes 

*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. 

HERRAMIENTAS CAD REQUERIDAS POR EL PROCESO DE DISEÑO 

Fase de Diseño Herramientas CAD 

Conceptualización Técnicas de Modelado Geómetrico: 
Asistencia gráfica, Manipulaciones, 
Visualización. 

Modelado y Simulación 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, Específicaciones 
del Material, Control Numérico . 

. 

Comunicación y Dibujo y Detalles; Ensamble de Piezas , 
Documentación 



IMPLEMENTACION DE UN TIPICO PROCESO CAD DENTRO DE UN i. 

SISTEMA CADICAM • 

Modificaciones 
al Diseño 

A 
y 

. ,, . 
. _Dibujo y ;Qetalles:.; 

; . . 
',- . 

Docume~táción-'"-'' 

Proceso de Manufactura 
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CICLO DE PRODUCCION TIPICO 

PROCESO DE DISEÑO 

SINTESIS PROCESO CAD 
~-------------------------~---7--

1 Definiciones·'· · > í.ironnación ·.· .. · 
.,. ·. , .......... , .. ,.. ...... ····. 

r-t-"'1 Nt'Ccsidad Espccílicacioncs Relevante y f-----1+--~~I .. Con~éptualización···., 
1

1 

. L_ ___ _, y Requcrim'ientos...... .Estudio de 
F:íctihilidad 

1 -------7-----------------------1 
Proceso de 
Manufactu.-a (Mercadotecnia) · 

---.--------~--- ANALISIS 1 --------: 
1 

1 

1 

1 

: 11 Evaluación :if--:-----1
1
· Optimización rll<------1

1 
Análisis· !~t-;-i.l1í------!¡I!-1:M§~~~~~~y ;:14------' 

1 ' = • Simulaéióri • 
1 1 1 y i . ., 
1 1 L-----------~ 
1 
1 
1 .----------------· 
1 1 
1 Comunicación y 1 
1 Documcntaci<ín 1 
1 1 
1 1 
L~_~,_=_=_=,==f -=-=-=-=-=-~.J 

P.-oceso de 
Manufactura 

' 
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-DISENO ESQUEMATICO 

(OrCAD) 

.) 
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OBJETIVOS 

' -
1 ) Proporcionar los elementos necesarios para elaborar un circuito impreso empleando coino 
herramientas los sistemas OrCAD y smARTWORK. 

11) Proporcionar las bases para modificar y crear componentes en · el sistema de diseño 
esquemático. 

) 

/ 



• ·OrCAD 

Es una herramienta para diseño esquemático. Su F ác.il 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, grafic.ador; así como las librerías necesarias. · 

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

Dentro de las c.arac.terístic.as de DRAFT se incluye: 

- Acceso a más de 6000 elem~ntos en las librerías 
- Partes equivalentes a D'Morgan 
- Crear líneas, 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 jerarquía 
- Directorio de librerías 
- Busqueda de cadenas 
- Opción de orientación textos (verticales y horizontales) 
- Soporta cinco tamaños de hojas de trabajo 
-Etc.. 



• LIBRERIAS 
· Incluye librerías muy extensas de las más comunes en la industria, tales como: 

-TIL. 
-CMOS 
-MEMORY 
-ECL 
-DISCRETAS 
- ANALOGICAS 
-MICROPROCESADORES 
-DISPOSITIVOS PERIFERICOS 
-ETC. 

UTILERIAS 

TREELIST: Rastrea la organización jerárquica de las hojas y despliega su estructura, nombre 
de la hoja raíz así 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 diseño 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). 

J . 
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 (NETLIST) adecuado para ser capturado por uri programa de 
. colocación de componentes (PCB), 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: Checa 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. 

FLDATTRB: 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 librería fuente a partir de sólo los componentes empleados en un 
diseño esquemático. 

SIMPLE: Convierte diseños jerárquicos complejos en jerarquías 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 librerías de OrCAD, (archivos con extensión 
.LIB) a librerías 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 librerías. 

COMPOSER: Es un compilador de librería; se emplea para convertir la librería de archivo 
~~ fuente·(formato ASCII) en ·iibreria·de archivo objeto para s'er 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 AT 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. 

\ 
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··.· .. ··: ... · ... • ..• ·; ¿~N~~i·.···•·····:·······•····: 

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

.·,' OrCAJ? 

llRAFT.EXE 
,llRAFl'.OVL 

ERC.EXE 
ANNOTATE.EXE 

NETIJST.EXE 
TRiéELIST.EXE 

COMI'OSER.EXE 
ETC. 

CMOS.LIII 
llEVICE.LIII 
INTEL.LIII 
MOTO.LIII 
TTL.Lill 
ECL.LIII 
ANALOG.LIII 
MEMORY.LIII 
ETC. 

1 

,....-----"1'----~ 
[ SHEET J 

Directorio po1n1 los diselios l>squemálkos 

CONFIGURACION RECOMENDADA PARA DISCO DURO. 



Schc ·:;:J!ic Dcsi¡;n Tools PLOTALL 
·-------------- -·-----

6.9 F"!...OTALL 

Pi.:·:s_a group of ~ch::rmtic shccts which may be a hicra;chy. fl;¡¡ 
fik. one sheet file structure, oran anno:a:ion file. Asan op:ion, 
gr: :l refcrcnccs may be spccificd. 

Form~:: PLOTALL sowce [dcsrina:ion] [/A)[/CJ[/E)[/F)[/G)i/0][/Q] 

Tr ~ .<o:ucc m2.y b-2 eiLI-je¡ the root sheet n?.me of a hicrarchical file 
st:-;c;ufe, L'lc :.2,-,c of a tcxt file in a flat file structure, or tlle file 
r.::..-~e of e on~ sJ·Jcct file si.n..Jctuíe. 

lf ::,e so::rcc is L'le nc .. iT•C of a tcxt file in a flat file structure, the !F 
_ .. S\' ... ::¡ch~r;:ust.bcjnclude.d. lfLi~ 5ou.rcc is L~e file name ofa Oiltshcei 

fil: Stil.Jc;ürt>:. t]¡e /0 s·.,.1.·i!ch must be inc1uck.d. lf the sourcc is. !he 
a:~~ci:.r.lion íí)e cre;;:ed by L'Jc A)'.;NQTATE program, tkn thc /A 
s ...... ·irch rr:::.;sl Cx: i¡¡cJ~d~d on tJ¡e ir1voc2tio;-: Ene. 

Ti:~_dcs::';;c!ion is 2.ny vaJid DOS path ~2ll~ dnd is v.:}1~rc t11c oulpu! 
oí Lt.,e p:c;r.::íii is lo be plJced. lf a dcsri..-.:;:iol; is not spccifi~ó. the 
o0!p~;t of ~~ PLO_TALLpro¿;:-2rn ls directcd to tl1~ seri2l ci~:Jnílel 
sp:::cjfied in Lic pJor~er configurctio:1 (n:~fer to Section 2 for 
~c.nfigu:-ction inforTr-.ation). 

1l1_c /A s·.:..·itch cv.us~s L'le PL01'ALL pro¿;:-c.:--nlo read 11·,·: s~vJrce 
:._~,\_ - --- ·-··-~ .... , l--'.;! . .:1 2s c.il..-:;¡_.:O•c!l .... •:-1 J,Je. 

TI-d~ !C S\:..·:tch c2-uses the configuraticn n1~1JU to be invo~:ed. T11i.s 
2118'-'·s !.}-,~ O:C.!.,D/SDT cnvirOi""c'TlCnt lo k modifi.ed. 

TI1~ !E s·.,·itch causes t..he utility pro¡;rarn to display tl1~ messJge 
"Type Any K e y To Continue", enabling !he syslcm lo pause for you 
lo rcmove the DRJVER!LlB~ARY disk in drive B and inscnthc 

.- 'i 

r 
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Sl IFETdisk; This s·..,·itch is u sed only on systcms witli two noppy 
. Jisk U..ÍYCS. 

ll1c IF switch _cn;>es tl1e PLOTA LL program to rcad ~e so urce as 
J rot file, for fiat file structure 2pplications. · 

ll1e /G switch causes GRID REFERENCES to be included in the 
sheet V.'hen pi6~ting. 

ll;e /0 switch c2uses ¡J¡e file n:cmc of Lie source to be rcad 2s a one 
sheet file srructure. 

ll1c /Q switch c3uscs LfJe PLOTALL program to PJn "quietly". 
li;is mc2ns rhat o:.!y tl;e in·:oc2tion messagcs and error mcss2ges if 
2ny, ue displa;cd. lf tl1is s-.,·irch is not >;:'ecified, t11e progr2m will 
d;,pJ-v "tnr~~·c,-J; •. p •··c''-i-o or¡iv¡"ty •• d.J •• -llll ....:•...:L- uct ;.,..••::;, '"'-. • - . . 

6.9.1 lnvoC<Jtion Ex;:mp:es.Üsing HierarchiC<JI Structured Files 

l. To pl·)t sheets in a hiercrchical scilematic: 

PLOT ALL roor.sch · 

2. To p:ot a Si.Jb-shcet in a hi:.::2rchic3] scherr~ctic: 

PLOT/1 LL s:.h~!:uuch JO 

\Vhcn: sub:..l:[ct . .sch is L"ic p:::!~_}; :..t:d n~e of ul-: sub-sheet in the 
hic:rJ:chy, /0 si¿;r:ifi:::s ~~at L~e s._.óshcc(scJ-. fi~e n2mc is a-si0gic she:et. 

6.9.2 lnvoe<;tion Examples Using Flat File Structures 

l. To plot a flat file structure cont;:¡ining multiple sheets: 

.. 
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PLOTALLfla:filc.tJ.:t !F 

\\'J¡crcjlaifilc.Lx/ is a text file cont2ining a list of sckm3tic fik nJ,ncs 
to be plotted. /F.is used to signify thatfla:jilc.w is a tcxt file. 

2. To ploi Q;)C sheet in a nat file structure: 

PLOTALL shcctnamc.sch /0 

Where shcctname.sch is the nJine of Lie singic sheet in the flat file 
structure, /0 is u sed to signify tht slu:clname.sch is a single sheet 
schematic. 

6.9.3 lnvocation Examples Using A One Sheet Fiie Structure 

1. To plot a single sheet ~chcnJ:::ltic: 

PLOTALL shccrn¡;n;c.sch/0 

\\..._""" st'¡.-cf•¡;,n!C 1cn' :s •l¡e. n·o~¡p of '11" ,:,¡~J·.sl··•t ,.-1¡~•"''•c 10 ¡¡._¡.._ ~ ~~· •• ,, ¡_; "-""~- U-·'•·c::'-- ,e,_ ............... , 1 

is use_d tq si¿;:1ify that shcctr..cmc.sch is a sir~gle. ~J.ect sc1lc1~¡3tic. 

6.9.4 lnvoca:ion Exa:¡,ple- Directing The Output ToA File 

l. To direct u'le output of Lhe FLOTALL program toa file: 

PLOTA u:. shcclnan;c.sch .,.,}wrfi!c !O 

\Vh::re .f:hcclnan1c.s_c7¡ is the n2ii)t ofthe ~i:1gle sheel sch:::;n:¡:ic. 
wha:fi!c is the path 2nd file n:;,;~ie to pbce the PLOTALL. 
inforrn2!ic.n, and JO is· used to s~¿;nify tJ::"lt shccínDni~ .. 't.ch is ;1 ~in~lc 
sr~~et sc1-;-::T:Jtic. 

6-77 .. 
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·1\0TE 

Thc file wha!filc m2y be scnt lo~ plo:lcr using the DOS 
1\iODE.and COPY co:nn12nds. For cx2m;,le, if your 
plot~er is connec:cd lo s::riJl clJJnr<cl l, cntcr the 
following at the DOS pron1pt: 

For addition2l info;-;m:ion on ti1e MODE and CO?Y 
comm2nds, rcfer to your DOS Users M::nual. 

6.9.5 Pioll'ng Schem2tics E2sed on Annotation Files 

l. T~ p!ot sc~crn:;tics b25c:d oÍ1 thc 2...rc.ot2.;ion file inform2lion: 

PLOTALL aJ:nolcrion.oul /A 

\\1-:CíC aT.r:ot,:n·an.cu; is the c·ulpüt fí.Jitl the .. ~~NOTA TE 
progr2m, /A cau>es the PLOT:\LL progr2m to reJd annclaliorLOIII 

2s 2n 2nnot2iion file. 

6.9.6 Setting Up The Piotier Ccnfiguration 

Te .óetup u'1e riot:~r cc•rtfigur2:ion. go to !},e DR.A.FT confi¡;CJr2tion 
rnc nu by cn!~;-:;lg t:-Je foU:,-.~.·::--:g from t:ze DOS cor.~rr~::1d line: 

PLOTALL/C 

"'·ess t"'• <P> ?.""' <L> """' to co-r.-.,~ ,,.,. -1-"~r "'r:v•rs <en'2l 1 ¡ ~~-- .J.u ''~-.:- ·:!··e'....;,_ ~·····r: . ......,~t~. u, ..... _ , . 
-1··-rrJ. (·c .. ~ , •. ,.S p-,:,,; -rr' ,. ··-d 1-.r-•h \...J•._;•UI-, · .. :~U JU! ... 1 .. !.liJ C,I..J •'>l..; IC.:IIb•·•• 

To configure OrCAD/SDT for the ploticr driver, selcctthe lctter thJt 
corresponds to the plot:er driver tbl you Jre using Jt the "Enter 
Lqter to Sekct thc Plottcr lo be u sed->" prompL lf your plotter name 

.. does not appeJr, press <S> for SpeciJL 

·" ... 
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\\11cn ~declcd, thc plolier driver na me only appcus on thc. 
"CO¡.lF1GURATION OF OrCAD/SDT' mcnu. 

To modify th= >erial ch:;r.nel, ba~ld rcle, parify. or word lcng1h 
confi¡;ur~lion, prns 1hc colon<:> kcy ~~ thc '"Enlcr Lc11cr to Sckct 111~ 
Ploncr to·bc u~cd·>" prompt. 

- .j 

En1er a "l" for >~rial channcll, ora '"2" for >srial chmnel 2 ~t"thc 
"ChaMel l or 2 ->" prompt. 

. 
Aftcr you sclect the serial ch<Hmel, you m ay selcct the baud rate, · 
parity, and word lcngth that is· rcquired. 

To modify the baud rate, en:er the lctter that correspo0ds to the b?.ud 
rate you require at the "Baud Rate ->" prompt. 

To "modify t11e parity, en:er thc neimhcr that corrcsponds to thc pJrity 
you require at u'le "Pa~ity ->" p<o>npL 

To modify the word lengL'l, enicr lhe r:umber_tilJt corrcsroncl' 10 1hc 
word lengtJ1 you rcq:Jire at tlle '"\\'ord Length ->" p;-ompL · · · · 

When you rctum to the '"CO!\FJGURATJO;..' OF OrCAD/SDT" 
mcnu, be su reto upd2:e the infc;-;-;-,ation by p:cssi:1g u':e lctlcr <U>. 

Typical configuration. for H? and !-JI plottc.rs is "' fol!ows: 

I3aud Raie : 2400 or 9500 
Puity :No Parity 
Word Length: 8 bits 

6.9.7 Plot:er Cable Wiring o:::grams 

Tr.;: PLOT/\LL ulility p>o;rc"l US!:S BlOS lo co:-:1'"nUnica:c lo lh.c 
s~ri.=l port. lt d6es n.Ji t2H: to L.._1c L.:::rGv..:z¡rt dire::dy. ll1is is to Í:lStllC 

comp2tibility to zll PC's a:-~d com¡;<:tibles. 

For this reason, additional wircs other lhan TXD ::111d RXD 11111~t be 
coMected to implement hardwaré handshake. 

. ., 
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f7i¡;urc 6-20 ~hows a wiring diagrarn thJt is required for conrecting a. 
PC/XT (25 pi:-~ conr.cctor) toa plotter. Figure 6-21 shows a wiring 
cli~1o:r2m that is rcquircd for coanccting a PC AT (9 pin connector) toa 
ploiicr. 

. 
Sine e this C3ble con.nccts the TXU and R.XD lines, ir also works with 
softwJre u'1at communicatcs to thc hard'>•>arc directly. · 

COHPUTEA PLOTTER 

Figure 6-20 .. PC/XT 25-Pin C2b!e \Viring Oi:Jgr:lm 

. . ~ 

.. 
:_ ' 
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.CO~\?UTER PLOTTER 

Figure 6-21. PC AT 9-Pin C::Jb!e Wiring Diagr:un 

COf.':?UTER PLOTTER 

(7 7 

Fi¡;urc G-22. PC/.\T 25-Pin C:c.ble lo IOline Ploltcr 

6.9.8 Plotter Prob!ems 

Most plot:er problcm> are typically a rc,ult of incorrectly wircd 
· ploi!er c2bles. lf you hJve Uifíiculty \;'ith your p:ottcr, chc~k t1lC 

folJo.,,,.¡ng itcms ocfore procceding or c~Jling OrCA O: 

... 

.. .., . .. 
.•' 

.. 
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l. \Vire lllc Giblc :15 shown in Figu;es 6-20,6-21, and 6-22 above. If 
yo·Jr p!oiler works \\·ith a;-;othcr software package, Jnd does not 
wo•k with OrCA D. lhc firsl ilem lo ckck is lhc wiring or your 
cJb:c. Cbnccs are, tlie olhcr CAD p2ckages only rcquire lhe TXD 
:!nd R.XD si;;n3llines. OrCAD rcc;uircs aciditionJl coanections. 

Thc cJI.Jlc must be "ircü correctly JS rccommcnücü! 

2. Check for an opcn in L'le óbie by performing a continuity check. 

3. RcJd your plotter manual to !:-e sure you understancl llow ll1e plotter 
opcrJles. Know how it is progr2mr..ed for tJud rale,pJrily, word 
lcngth, and ftnd out ·.>.·ha( t.'1ese settings are . 

. 4. Ch~ck to mJ~·:e surc th~lthe ;olottcr b~ud rate, parity, and word 
1c~,;th se.tti;~gs concspond to the ploner configurction 
infurrn.::.tion. 

ror l-ll p!ouers, if dJta 2nd p2rity do not m2tch, tl1e messJge: 
"<<<error>>> Ur,Jble lo re2.d b2ck fíOm ¡:>lotter"ap¡xars on the 
scíeen. 

5. Use DOS to senda plot file to the pic:ter. Tnis will be useful for 
i~o~at¡r.g. \vheu'ler the problcm is in th.e ~erial port h3rd·.,...·::He or tl1e 
pkttcr hcrd·"'·~re. Todo L'lis, first send tlie workshcel to ~ plot file 
as outllncd be: 1ow: 

?LOT ALL sncc:n::.me.Kh wh:.rfi!c íO 

\\"hérc :);cct.r-:::rnc.5ch ls L:'-,c r;::.r:1e of the single sheet ~chcmalic, 
"·¡'· _..r:¡c :, t'-~ po•'- -nd r.•Q ---e 'O p\-cQ UlP ¡:it OT.\.1 L n '~"''):' 1..;1 JI- ,._.,;¡ ...: .. ¡,, ... 1:~::- \ .. a '- ,_ 1 L • ,,.__ 

i:tf.:-;-¡;-¡:~io:1, 211d JO is u~cd ',o sit;rtify u~a! Jl;c~Iname.sch is a 
siíir..~c sLeet .)chc"mGtic. 

- o 

ll1cn. use u'le DOS MODE corr:•n:l!'ld lo configure lhc serial channel 
as follows: · 

MODE COM1:2<iOO,N,8,1.P <ENTER> 

. " 
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. ~'•' . . . . _.,. 

This assum~s that you are u sin¡; serial channel 1 (COM 1) and hJ\·c 
your ple><icr sct for-2~(10_ bJud. For more information_ on thc 
MODE cor;1:n2nd, ·rcfcr to your DOS uscrs guide for 
Asynchronous Co:11munications. 

Aftcr tk: SCi~21 c::c:'il~l fl2S L-..: en confi¡;urcd: scnd the plot file to 
thc ploiler w.in¡; tk DOS COPY comrm.Ild as follows:·-. 

COPY wha:jile COM 1: <ENTER> 

Whcrc wha!fi!c is t11c namc of the plot file. 

li L'1e plo:tcr works, t},is indica tes the problcm may be in the plotter 
cable (incorrecilY ,.-ired), or the hardware handsh2kin~ is - -ir1corrcctly sct (dice k PLOT ALL configuration). 

lf t..h~ ploucr dc·:::s not v.-ork, t_his indica tes t112t thc:re is a h:iíd\\'ílre 
p:.oblcm.- Check th:: Uie-foJh..,·ing: scriaLcard, incorrcct serial 

·chznnel ccnfigu~ction, p1o!te(hard\.l...·2re, ora c2ble problen1. 

6. _lf yours is an 101i:Jc plotter, be sure you bve PROM vcrsion 114 
or gít:é!~r. 

6.9.9 O:..;:p:Jt Sco;ling 

0:-C.L.D docs not co:-,:roi ll-~e sc21~ of t]-;e p1ot:·.:í oU!put. Ou:p::i s::~:ling 
is cc~troJJed cr~tir~ly by your plotter. Ploucr sc.aling is typically 
Co ... -.~¡"1•u~ b)· t].·~ s:,. o' ¡',• ¡¡,, •.. ,,.d PI ""d P2 po'"'t ·,c'li'l'"S (HP ' ¡ \' J '- J.... ¡.._._, J 1 - ~ 1 - 1 u. ... 1 '~ 1 • • 1' ~ • 1 ;;;; 

p1o:ters), rC,:ction s::.ttin_s~, ar,j ü:C dcf2.u!t se::iilgs on tJ-¡e pic·t!C'r. 

lf you ch2:-:fe L1e ~:ze of t.he ·.:..·o~~~she~ts you are plotting. (¡Jk·itin& a C 
siz.e, t.:'J~n 213 siz.e ·~'c:--~~s1tect for cAarnp1e) 2h\·ays RESET i}:: p1c·!lcr 
· .. \'il::;, C~i?.~·:ging ·,:.,·o~~~s~z·c.t 5.ize. lf.you h:::"t·e furthcr scal:ng qlJ·:·s:io:1~. 
refer to yo;.Hs?c:cific plo!t~r r.J2rlt;al. 

ó-R3 
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6.9.1 O Pío !ter Hints 

\\l1~n mJI:ing a plot, use L'lc proper pcns and p3per designed for the 
plot!er. Plot:cr p::pcr h2.s a "memory" to it. If it h2;;gs on thc plol!cr 
bed for a rcriod of time, it will strctch. TI1is cffccts t11e rcgistration of 
thc plot. Plotter paper is ~lso tcmper.;ture scmitive. !3e su re t11at the 
p3pcr is at room tcmpera!ure befare plotting. The longer thc drawing 
IJkcs to plot, the more carc must be c:>.crciscd with the pJper. 

ll1c confi¡;uration of the plottcr i:1cluces tl1e ~bility lo changc tl1e 
vclocity of the pcns. \Vf-,cn uie pcn cm not draw at L'le spccd the 
p!otlcr is éap2ble ofmoving, reduce thc vclocity. You will necd to 
consult your plot:er mJnual for tl1c r2nge to sct thc vclocity. TI1e 
vc!ocity cm be set only in wholc n:.:mxr vzlues. 

\\'l~én you m2ke a plot wi~ diffcrcnt pens, tl1e plot:er has a 
rc.;istration inaccuracy tl1at must be·cói:sidercd. lf }ouwish·ro }úve · 
thc highest c;uality plot, always use only one pm. 

\\1•cn you m2.ke a p:Ot on a paper size that docs not mJtch the . 
worksheet size, L'le p!otler drivers will sea le the d~a·.>.·ing lo fit tlie 
pJpcr selected. \Ve do :oot recommend r;;~king a p!ot rnore th::u1 one 
siz.e off of tlie worksh~et siz.e since !f,e width of LL,e pcn is fix"ed. For 
o::;nple, you cm plot a C.siz.e works!-J,:ct C>n B. C. or D x-,d it will 
\vo:-k fine. If yo u p1ot 2n E \.l.'Orkshcet on /\ pap~r. yo u \v!ll not be c.blc 
to rcJd ü)e \).,·riting. If you·p!ot an A- worksi!::et en_ E size p2per, the bit 

d d • ")1 t " . " iTIZ:f'pe CVlC~S v.;¡ 1 1<! gratny . 

\\l:::n you ar.: di:cctcd by lhe progícm to ch::n¡ge p:::pcr m pcns, 
-l"·- .... 't ··¡ •'- ~•,.. L r._·,L d .L -~ ( ' •· ' ¡::.:, ...: .• -..:;S \:..2: Uílll t.-1e t--·J.._'tlCf 11..:S J:¡;!,:;ile L!le ¡.~ ..... s~n ptOtllng uC 1"lly. 
Ecrore .5c:;di:-Jg a r!ot ¿ircctly lO the r~ot:er, be su re thJt the piotrer is 
e:-: 1ine, the p::n(s) are properly ser up. Jnd the p::per size is-cq:-íCct. 
\\l;cn you h~vc a ¡:·::n L'-:21 rr.·~st be m;,nu2l!y ch2r:ged, the PLOTALL 
progr:;m will pJu>e and inform you of tl":e objects to be ploued wiL'l the 
ncw pen. 

.. . . ~ 
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6.9.11 HP Plotters 

The l!P plotter f:unily ha5 a facilily lo sci·Üle comer points of lhc plot 
and 3uto:notically sea le thc: plol·to be wiLl-¡in tl1ese point5. 1l1esc points 
are cJllcd Pl and P2. · 

\\'hcn you change the papcr size, oral power"up, tl1e5e point5 are ~el to 
dcf2ul1 val u es .,.-hich dcpcnd on the size of tl1e pa¡:¡cr and the plollcr's 
ma.r¡;in rcquirements. Youmay resel Pl and P2 lo the outer mosl 
bound3t)' of the paper and the plol wiU be slightly larger. 

If you plot c•i1 p3per that is not the same size as !he worksheet, you will 
he. ve l? rr.2:1G5!ly adjust thc locatiom of Pl and P2 to correctfor the 
aspect ratio. 

6.9.12 Hl Ploiters 

Tr.e HJ p!o;ter_f?.n::ily_does not automatically.scale tl1e.drawing. lf )T>u 
direct lhe outpul of the PLOTALL program lo a file you will be 
pro;npted, for each plot, for thc paper size to use for tlle plot. The 
aspect ratio is corrected for both direct-to-plo:;er and re-directcd-!o
file plots. 

"n.e HJ 40 Series defc.ults lo 24()J bud, and Lie 50 Series dcfauhs to 
9600." . 

A l-.>.-a,·s 'c"'·r)· to m-'·p su·e t.:l-·21 t.:hp n'¡o·•er b'"d r-•p -~d d-ta l1',1 • .; :¡..__ • ,¡::h-... ¡. ' ._ j- l< ...,.u Cl- 1 C•J ,1 

s:::tings corresrond to the pJoner configuratior. (refer to "S~tring Up 
Th:: Plo;;er Configura!ion" above). 

lf ¿,~:2 2.nd p3rity do not match, Lie message: '"<<<error>>> lJ:l:Jblc to 
r~2d b:::k fro:-n piouer" .cppeZJrs 'on L1c screen. 

D. <"'"P •'- • •'- '~·· ·r • . ¡:~ bor be '~~'~¡;- '~[ Ti Hl ·;.._~- ~, ..... ,,__ L.:.2.l ult PlL>itCI lS Oí1· ¡,¡e -~ore -.._f;;.l .. ni.J d plL>. ne 
¡.;lc-:tcrs dono! he. ve 2 m:ans ro set L'le velocity to lhe po·.q:r-up clcfault. 
lf.you chan¡;e any of the velocity settings of the pem in !he 
configuration, you will need to set them al!. 1l1e velocity r:Jnges c:in 
l:x: found in the plotter operation ~anual for your specific plouer. 

6-R.S ,. .. 
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6.9.13 Suppressing lhe Tille Block and Border 

· To suppress thc title block a::1d bordcr of t~e workshcct, invoke the 
Confi&uratic-n Mcnu by entcring "DRAFT /C" from thc DOS· 
command line. 

Prcss <C> <1'> to obtain the "Color Tablc 1 Plotter Pen Table". Atthe 
"Command ->" prompt, prcss the <P> <M> keys. Then, prcss <9> 
<9> followed by the <EN TER> key. Thc· plotter pen is now 
JGNORED for drawing thc workshcel titlc block and border .. 

. .. 
. ·. ·• . . : ,. 
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SchrmJtic Drsi¡;n Tools PRJNTALL 

6.10 PRINTALL 

Purvose: 

Prints a group of schcmJtic sheets which may be a hierJrchy, flj¡ 
file, one sheet file structure, or 2n aru"10IJtion file. As options; grid 
r_efercnces, scaled output, a;:d wide pcj'er C?Jl he spccificd. 

Format: 

PRL'\'T ALL sa!uce [ dcs:inotion] [!A]l!C][/E)[!f][/G)[/0][/QJ!/S J[/WJ 

Remarks: 

The sourcc may be eiL'ler L'lc root sheet name of?. hierJrchirJI file 
siruciure, the narnc of a te.>.! fi\e in a flat file siructure, orfhc file 
name of a one sheet file s\ructure . 

If the SO!HCC. is the name of a text file in a llat file stmcture, thc !f 
·sv;itch mus! be included. If LL,e .wurcc is thé file na me of a onc sheet 
file structure, the /0 switch must k includcd_ .lf L'le sourcc is thc 
2.<'c"10\.2\Íon file crea:ed by the ANNOT ATE program, then the /A 
s~;;ltch must be incJude.d on Lle ir:voc.:ltion Jine. 

The éc~jr•:c:i~n ís 2il).-\'21id DOS r::~l-~· j"";2.ffi~ 2nd is \t.·h·~íC t11C OU,!pill 
of L'le ¡;;o;ram is to be placed. lf 2 dcr;'¡;a:ion is no( spccificrl, the 
outpu: "f the PRJNTALL prc;ram is d:rect~d to L'le printer PRN. 

The /l ·-vitch causes L'oe PRL"\TALL progra;n to r::ad the Jr;:ore 
pé~i e':. :...n 2i1;-;oLa:lo;-¡ fih!. 

The /C s•;:itch causes Lie co::f:g"ra:io~. m~nu to oc i:wokéd. 1l1is 
al.JC\J.'S tl-.e OrC/>.DiSDT em·iro::ment to be modified. 

Thc !E switch causes the utility program lo display lhe mess~ge 
'Type ,t..ñy Key To Coniinue", enabling the system !o pause for ynu 
lo rcmove the DRJVERJL113RARY disk in drivc D and inscrt lhc 

... 
... 6-!>7 ,· 
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SI !EET disk. ·n,is switch is u sed only on systcms "ith ¡,,.o norpy 
disk drives~ ... - -

ll1c /F switch c~uses thc PRlNT A LL program to rcad t~1c so urce a~ 
";-¡ tcxtfile, for nat file structurc applications. 

The /G switch causes GRlD REFERENCES to be included in the 
sheet printout. 

1l1e· /0 switch c::tuses the file n::tme of the sa1u-cc to be re2d as a one 
sheet file str~cture. 

1l1e/Q s~vi:ch causes the PR!NTA LL program lo run "q!.!ietly". 
ll1is meJ.ns thJt only thc invodtion messJges and cnor mcssages if 
;-.ny, Jre dispbyed. lf this s·_,itch is not specificd, the pro¡;rJm will 
displJy iritci7í!ediJtc tracking Jctivity. 

'fl!e /~ swi:~h causes the PR!NTALL program !O genera te scaled 
output. lf ¡1;is switch is nol spccified, the:1 tl1e prinler wil! print the 
_'.vorksheet in cc-mpíc-ssed m·ode. 

_The /\V s·.vitch causes t.\-¡e printing to fonr.atted for wide pper. 
With t.his swi:ch, tl1c printing will be setup for 13" wide paper 
bJscd on troe' p~;L-neters of.tlle printer driver. lf the /\V switch is 
not prcscnt, L'lé-r-. thc printing wiU b<: for:n:J.tted for S" pper. 

NOTE 

Epson ~jX p¡-¡nters c:tnnot print in compressed mode. 
Tnercíore, pri!iter outpul ·~·ili 21'.1.-'ct:r·s be in se ale r.1ode 
e ven if );Ou· c:tempt to print co~presscd.-

6.10.1 lnvocc.~ion E:r:empies Using Hierarchical Struclured Files 
. ' 

l. To print shcct.s in a hicrarchiol schcmatic: 

PRINTALL ropuch IS 

í 

1 
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\\'he re rool..lclz is the p:i!h ancJ n3me of thc roo! sheet in the 
hicruchy. 

Pi~lNTALL su!J:,hcc:xlz !O !S 

\\'l1crc suhs/;ccr.sch is :he path and nJ.me of thc sub-sheet in the 
hic~archy, /0 signifies that the subshcct.sch file name is a single 
sheet. 

6.10.2 !!lvocation Exc:rnples Using Flat File Structures 

l. To print a fbt fil~ s!ructure cont?.ining rnc:ltiple slieets: 

PRlNT ALLjicifilc.w !F 

\\''neref!oifi!c.w is a text file ccn12ining a list of schem~tic file 
n3n-,cs to be printcd, !F is u sed to signify !h~tfloifi/e.txl is a text 
file. 

2 .. To prinr or1c sheet i;, a f1at fiJ_e s~rucrure: 

PRJNTALL shccir.o·::c.sclr !O. 

\Vhere shcctnamc.5ch is tJ1C r:cme of thc single sheet in thc f]:¡¡ file 
strJcture,/0 is us~d to sicnifv tJ,at shcc:n:I'->c.ich is a sinclc sheet ,;:;. ~ . ..... 
schcm;;tic. 

6.1 0.3 Invocation Examplcs Us:ng A Or.e Sheet File Structure 

J. To print a single sheet schcmatic: 

PR 1 NT A LL shcctnamc.sch !O !S 

.. 
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PRI.' JT ALL Schcm:Jtic Dcsi¡,;n Tools 
______ ._ _____ _ 

\\ ---:;:: sh~-c:rwme . .lch is the name cÍfthesi•ig,le sheet schcrnatic,/0-
IS _>cd to signify thJt shcctnamc.sch is a single sheet ~chcmatic. 

2. Te ¿¡;ect the cutput of the PRÍNTALLprogr;:;m toa file: 

P ~.!NT A LL s/;cctnamc.sch whatjile /0 
- - -

\\~;ere sl:cc!r.a:-nc.sch is the n:Hne of the single sheet ~cllcm;:¡tic, 
~<:::J:filc is_ thc path ::nd íde name to pbce the PRINTALL 
i~.:oi~112tion, and /0 is u sed to signify thJt sliutncmc.sch is a single 
s1·. ~ct schcmaric . 

.'\OTE 

Since -,/;c_;jile is a binary print file, it wili consume :m 
exi2r~sl;-·e 2íTJOunt of disk spdce. 

Tr.: file wncrfile: mJy be senl toa prin:~r usir.g t.he DOS COPY 
Cc:-:--cn-.2-nd. For e:x.""'ple, er.ter tl-.e fo11o-,•ing at the DOS prompt: 

COPY ;·.•hatfile prn:jb 

F .- o-'-1·,- _,.,,t ;,.,r,.,,"'"' ' COP'-' e~- ,~' r~ t -~-o~ .. L:-._.l.lC!.~· ... ¡, _ _. ....... Jon on t11c. 1 c.l.fii .. ,fo, re .... r o ;vur 
DOS Users I-.~2.::~Jl.. 

6.í0.4 Prinling Schema\ics_Sased on Annotation Files-

1 T ,_ ....-..~: .... ¡ sc't..,....._..,..,,· """" do ·11e --..... o•-·: ..... n r.~p ;,...,r ........ .,').: • . ~..-· r·~•;¡ ~~ .......... ,¡es L .... se .n ll ...::;;t· l.:.,:· ... .: ilt .... ,J:IOt ...... ,,on. 

Pí\INTALL cnr:o:ction.ol.ll /A !S 

Whc re ar.r:o:c:ion.oul is thc outp;~l fro;-;¡ tk A:\ NOr ATE 
prograrn, /A c3uses the PRINTALL prc;r2rn toread 

· annoralion.oul asan annot.:ltion file. 
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~h±J 7. LIBRARlES 

ll1i~ section c:>.p~Jins how 10 crc:Jte your own "cmtom" p:111 lihr:Jrics · 
for use with OrCAD/SDT. Scction 7 describes the COMPOSER ;md 
DECOl\lP utiliries. 1l1en, it d<:scril-x:s the stcps you would go through 
to create a custom library and pro\'ides numcrous cxamplcs. 1l1e 
scction thcn pre~cnts a fom1:JI.description of OrCA D's Symhol 
Dcscription L:111guage and concluclcs with cxJmplcs of complete 
librJr)' source files. · 

7.1 An Overview of !he Library Developmen! Proe<?ss 

To create a custom librJry, you nced a text editor ;md the COMPOSER 
-·utility. COivlPOSER takes a libra!)' sourcc file, which yoú éri:~tcil 
· with the texi editor, ar1d produces~ libraf)' tbta file, readablc hy 
DRAFL You may also find the DECOMP utility useful. DECOI\lP 
takes a library tbta file and producesa librJf)' source file. You c:1n 
think of DECOI\1P JS the in verse of COM POSE R. Creating :1 custom 
libra!)' consists of the following thrce stcps, as illustrated in Figure 
7-1. 

l .. Create a libr:~ry, lexl, or source file. ll1c convcntion is lo givc lhe 
file a .SRC extcnsion. The source file is ;m ASCII tot file th;¡t 
cont:Jins instructionsin OrCAD's Symbol Dcscription L;¡n~uJgc. 

'. 

You can use any lexl editor. 1l1e only reCJIIircmcnt is 1h:11 it 
produce Jn ASCII fiJe without <~ny hiddcn fonn:Jtting i:IJ;¡r;ICtcr.~. 
For example, \Vordslar in thc JJC>n-document modc protluccs such 
an ASCII file.· 

. · .. 7 .] 
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L i !J r :1r i es Schclll:llic I>csi¡.:n Touls 

2. Collij'O~C lhc SQllfCC file U5ing lhc co:.ii'OSER utilily. llri~ is 

~irnii:lr lo a cori>pibtion; it proJucc~ ~rwthcr file, a tbi::J file 
rc::d:i!Jic by DRA!·T. llrc con\;énlion is to givc thi~ tbt::J file a ,LI!J 
c~lcnsion. 

1 

3. R.cconfi¡;urc DRAI'T lo ::Jdtl thc ncw libr:rry to thc li~t of libr::1ry 
files. 

l I;GEND 

. ' 

A.S.C.I.I. Text 1 
Editor 

1 
Composer 

Library 
Compiler 

Step 1 

Slep 2 

í-igurc 7·1: Thc Lilir:1ry Ocn·Joprrlcnl l'rorcss 

OrCIID Systcms supplics :J numbcr of p~rt libr:rrics for u~c with 
DRIIIT, PJrt Of confi<:urin!'. DRIIFf mcans choosin!'. wh:11 libr:rrics 
it will h:r~c access tÓ.llrc librJricsyou choosc Jt confi.:;ur::Jlion time 

.. 

1 
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Schrm:Jtic 11csi:;n Tt,uls Libr:1rirs 

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

are Jc,~drrl into R.f\?,1 whcn you invokc DRAFL This e!iminatrs c!isk 
~carchin¡; ;md providcs for quick par! rctricval. 

. . . . 

You can·c110cis-c from OrCAD-supplicd librarics ;¡J; wciJ a~ your Q\\'11 

custorn librarics to loJd into DRAFT .. ll1c custorn librarics that you 
create will bchavc jus~ like thc OrCAD-supplic:d libraries. 

- e 

OrCAD-supplicd librarics ;¡re shippcd as libr;¡ry data files. lllis idor 
your convcnicnce (d:lla files are rcady lo use) and ;¡Jso lo save disk 
space. A librory source file takes up m u eh more disk_ spacc th;¡n its 
corresponding library data file. A source file can be four or five times 
;as brgc ·as its data file. -

By applying DECO~lP toan OrCAD'-supplied library, you c:Jn 
con<;~ruet a source \'Crsion of that library. ll1is feature is us:ful if thc 
librar)' you want to crcate has parts similar, but not idcntic;¡J, lo those 
in the OrCAD-supplicd librcry. · With a tcxt editor, you can cxtr;¡ct the 
similJr parts and cdit thcm. ll1e supplied libraries also scr\'e as ;¡n 
cxtcnsive list of exampks. Jf, whilc crca;ing your own library. you 
gct stuck, vou can alwavs look inside a source version of a supplicd 
!ibrary "to' see-how OréAD did it." ·-- - -- · 

Crc:Jting custom Iibrarics is preferable to mocJifying OrCAD-supplicd 
libraries. Jf yo u modify an existing library, you run the risk of fu! u re 
OrCA O upd:Jtes negating your ch:mges. lt is 1iot good practice to rim 
DECOMP on an OrCAD-supplied library, edit tl1e resulting. source 
file, and ihen run COMPOSER and replace the original libr:~ry. 

You m;¡y ha ve pans with the same name in differentlibraries. If you 
do <Jnd those libraries are selected, DRAFT scarches through the 
librc.ries in the arder you specify ~~ configuralion time. · -

7.2 The COr.,POSER and DECQI,\P Utilities 

1l1C cm,JPOSER U!ility is c;¡llert COMPOSER.EXE and the 
DECOMP utili1y is cJllcd DECOMP.EXE. rlo!h files are fountl onthc 
Lll3RARY oisl:. To cxeculc ci:l:cr u;iliiy, you mus! be at ll1e DOS 
commJnd Je,cl inthe dircclory :h:ll coni:~ins thc utility you w:~ntlo 
eXCCIIte. 

7-3 .· 
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7.2.1 lnvoking COMPOSER 

ca:, í PO SER sourcc library <ENTER> 

whcrc: sor1rce is the na me of thc ASCII text rile that describes your 
custom parts using OrCAD's Symbol Descñption Languagc. 
·me .SRC extcnsion is a convcntion, nota requiremcnt. 
library is thc name of thc resulting library rile. ·¡r )·ou give 
the na me of an existing rile, COi\1POSER ;-¡sks if yo u want to 
overwrite the existing rile. You c;-¡nnot appcmlto an cxisting 
rile. <ENTER> reprcscnts :!1e EN TER kcy on your 
computer. DOS commands are exccutcd when you ty¡oc tJ¡e 
ENTE R. 

!3oth sourcc and library may be complete pathnaíiles -- that is, if 
. ___ cithcr. is L'l.a directory .. other .than your current dircctory, you must.. 

~pccify the complete pJth. Here are tw.o exarnples. 

COi\lPOSER cusrom .. 1rc cusrom.lib <ENTER> 

1l1e files C01v1POSER.EXE and cusrom.src are in the sarnc directory. 
and rhis dircctory is your working directory. This example creares the 
rile cusrom.lib in your working dircctory. , . · · 

CO;<.IPOS ER 'xlrcJd'Jib=y\cusrom.src 'xlrcJcNibr;¡ry\c¡u/om.lib <ENTER> 

11H~ file COMPOSER.EXE is in youfworking dircctory, which is no! 
neccssarilyxJrcad\library. 1l1is cxample crcates rhe file cwrom.lib in 
thc di,cc1cry \orcacl\library. ' · 

7.2.2 lmd:ing DECOh1P 

D[co' •n ,.. · ,.,,..r.,.,R :.. ,.. : r ;¡¿:·u;~y 50ii!TC <e_,--: C. > 

whr.c: l:brory is rhe name of ;¡n existing libra.ry file. ·n1e .Lill 
exten.sion is a convc1llion, nora rcquircmcnt. .wurcc is thc 
nJme of the rc$ulting ASCII tcxt file rh~t dé~cribcs t)1e parts . ' . . . . . . . 

7-4 .. ... 
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---------- ------- ----

in tllc ~rcci::~·d librJi)'. Comm~nl~ ~¡re·includcd inthc filc
for rl.Jrity. lf you ¡;i,·c thc n:::nc of;¡n o.istin¡; file, 
DECOI.iP 2>Ls if you wJnllo O\'t:rwrilc the CXÍ>Iin:; file . 
. You CJilllC112¡•pcnd to Jli exi~liii¡; file. <ENTER> rcprc.,ClliS 
thc ENTER kcy on yoi.H compulcr. DOS commands Jre 
ocrutcd '' )J2.n yo u typc thc ENTE R. 

A~ wi:ll CO:-oiPOSER, !xllh sa¡ncc and librmy may be complete 
pJihnJmes -- thal is, if cilhcr is in a dircclory othcr than your curren! 
dircctory, you mus! ~pccify tl1c complete pJth. 

Herc are two cx2.;nplcs. 

DECO}.i P custom.lib custonurc <ENTER> 

ll1e files DECQJ,iP.EXE and cu5tonurc are in thc same dircclory, 
and lhis diieciOI)' is your working dircclory. ·n1is oamplc crc:Jics thc 
file custonurc in your wor}~ing direclory. 

DE COMP 'orcod'~ ibr:J.Jy\cw Iom .lib 'orcorNib: o ry\cw :oilurc <E t-. TIR> 

Thc file DECOMP.EXE is in your workin¡; dircctory, whiéh is not 
llCCCSSJriJ)• \arCJcf\JibrJry. lllÍS CAJmpJc CrCJICS !he file CIIJIOIIUIC in 
the dircctory \arcacNibrary. 

Note thJI DECOMP does no! relum your ~ource: it makcs ils own. 
For ex~mple, !he comments in your originJl source are no! 
rcpioduced. DECOI\1P Jdds its own commcnls. Al so, DECOt-.lP 1my 
rearrJnge the order of the par! definilions. DECOMP Jists parts in 
numeric ordcr followed by pJrls in alphabclical ordcr. For cxample, 
assume thal you define I"-'O parts, one callcd rc.~istor a~d onc called 
7400. You place resistor in your source file bcforc 7400, run 
C\"_;~,')H)SER,thcn DECOI.lP lo produce a ncw sourcc fiie. Unlikc 
yoc~r o~ifi;·,J? éCJLirce fik, t\1;:; ncw so.urce file hJs 7400 lisred bcfore. 
H:S1~ :.::.);, 
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------·----------------'--

7.3 Croc:ting a Source File 

,\~'-'urce file consisls of a prcf1x ddinition followcu by a series ofp:u1 
dcfinitio;lS. You can havc only onc prcfi;r; dcfinition per lib~:1ry, and it 
Pcrurs Jtt\1c bcginning of thc library. 1l1crc are two typcs of p:1rt 
dcfinilit'ilS: block symbol dcfinitions :1nd bitm:lp symbol dcfinitions. 
Co;nr11cnls a e dclimited with brJces ( { )). 

Bl0ck symbol dcfinitions represen! parts tk1t are eitl1er squ:1rc or 
rcct:Jngular. lllcsc parts are typically mcmory chips, 
microp¡occssors, periphcral ccintrollcrs, ~nd many TfL and CMOS 
<kv ices. 13itn·,z,p syrnbol dclinitions represen! parts thJt are 
complicJtcd lo define graphically. InslcJd, you draw thcm on a 
bitn~;)p. ·n1ey include such parts as rcsistors, diodes, trJnsistors, 
i\lOSFETs, rebys, and mJny others. 

Note thJt lincs in a source file cnd wirh ;:¡ <RETL'RN>. ll1c source 
cumples in this scction do not show thc <RETURN>. 

7.3.1 The Prefix Definition 

Thc prcfix definition is dclimited by the kcywords, PREFIX :1nd END. 
The initial delimitcr is the keyword PREFIX al!"alonc on a line. 
Subscqucnt fines contJin thc dclinition itself. 1l1e tcmlin:lli11g 
delimiter is thc kcyword END all alonc on a Iine. 

i\11-source files must bcgin with a prellx dcfinition. lf you ¡Jcciclc your 
custom library doesn't need a prefi;r; definition, you rnust still supply a 
null prcfi;r;. A null prefi;r; consist.s only of thc dclirniting keywords . 

. Ucrc is how a null prcfi;r; clcfinitionlooks. 

PR !.?.r-IX 
[~'-;l) 

(>,:':;e: c:,\;o lund, you may find J prefix dcfinirion vcry use fu!. 
C;C:\ D spccificJ!Iy dcsigncd !he prefix definir ion ro hJndle the 
v~rious TTL logic familics. ForCXJillple, !he 7·lLSOO,the 7-1500. :J!ld 
the 74ALSOO h:~ve cliffúcnt prcfixes (7-ll.S, 745, ;Jild 74ALS). !Junhc 
SJmc sufflx (00). \Vheri you use J prcfi.Y. definition, you reduce the 
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me· mor y rcqui1cd lo SIOJC mulliplc fJ:11ilicsof pJrls thal ha ve difkrc111 
p1cfixcs. bu1 th·: s:m1: suffi¡;. 

JJc·rc i:- ?JI OJn-ipk cf a prcfix dcfinition. 1l1c C>.J111plc COillCS from 
OrCAD Systcrn·~ lTL sourcc Jibrary, 'ITL.LII3. 

I'R EFIX 
'74LS' = 'LS' 
'74S' = 'S' 
'7.-1ALS' . - 'ALS' . 
'74AS' = 'AS' 
'74HCT' = 'HCT' 
'7HlC' = 'HC' 
'74ACT' = 'ACT' 
'74;\C' = 'AC' 
'74F = 'F' 
'74' 
END 

DRAFT uses thc prcfix dcfinition whcn you ob:ain a par1 '' ith thc Gel 
command. 'Jnstcad Of enlériilg thc en tire narne of !he par1, you CJll 

cntcr just the suffix. DRAFT di,pbys a pop-up mcnu .tbat lists allthc 
va lid pan n3mes constructcd by appcnding thc suffix you providcd 
with the prefixes in the prefix dcfinition: For example, ifTTL.LIB is 
one of your librarics and you en ter the sufllx 04, tbc pop-up mcni.1 lists 

·the follo·;,·irig parts. 

74LS04 
74504 
74ASL04 
74AS04 
74HCT04 
74HC04 
7-!F04 
740~ 

A prcfix dcfinition is con.,rn,cted :~s follo·.,.·s. Firsl, cnler !he PR[flX 
kcyword followed by a <RETURN>. 1l1cn, bcginthe firs\ prcfix 
strin;; by cnlering a single quole ('). Type thc prcfix string. 11 crm,¡_,¡s 
of a string of prinlabk ASCII cbar.1cters no more th:m scvcn 
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clrJr~ctcrs long. DRAFr docs not Jiqi_n¡;uish bctwcc1i uppcr- ~nd 
lowcr-c.lsc. Closc a prcfi:o. string1with :wothcr single quote. 

·nrcn, cntcr a <SP,\'CE> followcd by an cqual sign (=) followcd by 
~1wthcr <SPACE>. To improvc rcadJbility, you CJn dclimit rhc equal 
si;:n with :1ny num::-cr of <SP,\CE>s or <TAI3>s. Now cntcr the 
slror~h.:nd string. ·nris is rhc f'2r1 of tlie prcfix string th:rt v:rrics. Tire 
shorthJnd string' al so consists of no more rhan se ven prinrablc ASCII 
characicrs. Thcn, entera <RETURN> and typc thc ncxt line. You can 
defin-e a maximum of sixtccn prcfix strings. 

TI1c shonhand string en;¡tJlcs you to bypass thc pop-up prefi.~ mcnu 
~nd still cnter an abbrcviarcd part.namc. r-or'cxample, you can obtain 
the pJrt 74HC04, by supplying thc GET command with the 
abbrc\·iatcd name HC04. This is possible beca use HC is a shorthand 
string for 741-lC. 

7.3.2 The Part befinition 

The pJrt definition defines the part's name, its size (in unit lcngths on 
the scrccn and in tenths of an inch on tl-.c printed worbhcct), thc 
numbcr of parts per pacbge and thc pin functions (i:rpul, output, opcn 
collcctor, cte.). There are two typcs of part úcfinitiom: block.symbol 
definitions and bitm:1p dcfinitions. · 

You d.o not havc to g.roup your block dcfinitions J11ú bitm~p 
definitions togcther: For e:>:ample, your source file ¡n;¡y contJin a 
block definition, foilowed by J bitmJp Jcfinition, follo"·cd by anothcr 
block dcflnition. 

13lock ::l.nd bitmap definitions follow rnuch the sJme S)'lll:J.x. 1\ bitmap 
definition looks like a block dcfinition followcd by :1 bitmap. \Vl1cn 
COI\1POS.ER sccs a bitrn:1p, it uses th:Jt bitm.lp ro rcprocnt thc part, 
rathcr than dcfaulting to ;:r squJre or rcct:mgle. 

A symbol definition has r·he following ficlds. 

One or morep"rt namc strings. A 11:1mc is a print::Jble /\SC!f string 
cncloscd in_ single quotcs. Ir you have more tlran one p;_¡rt name 

, ... , ..... 
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·stririt,. dclill:i' rkm "i'il ;¡ <SI',\CE> or puttllclll on SCj'Jr;rrc li11c.~. 
\'.'llcn Pb:ci;;!;¡¡; ;¡ p:rrt, )'OU C.lll liSC Jil)' of )'OUI supp!icd Jl;JillC.~. 

'- • An o¡,:i'>:JJ! ;rfcrcncc dni¡;nJi0r. 'll1c /,~\~OTATE uriliry 
~u:u:n~,:ica!ly uprbtcs rcfcrcncc dni¡;11Jiors. 

• Tll2 sy:~·,~'''' sin: [;;eh u;;it rc¡·;ocnt> a u:1i1 kn¡;ih r>n thc ~creen 
2:1d O. 1 i:1c~ r>n tk pr ir;:r:d WCI:b)Jci·t. Y0u ¿:ivc thc X ~izc first ;JJll) 

th'cn thc Y ~izc. On tk s2:nc li:1c yr'u list rh: JHJmbcr of p;¡rts pcr 
p?.cl:a¿:e. lf thc p211 is a pin ¡;riel c.r.ay, ~pccify tl1c kcyword 
GRIDARRA Y i:1stcad of thc num!Y~r of pJr.s pcr pJckage. 

• 1l1e pin dcflnition. [:,eh pin is dcflncd on a sc¡,2r3lc line. A pin 
dcfinition consim of the follov.ing ficlds: 

The pin position 

Tl;c pin n:•mbcr or GR!DARRA Y pin nJme 

lr.e op:ional DOT keyword (which placcs tl1c invcrsion 
bub!:Jlc at L'lc pin posirion) 

The optional CLK kcyword (v.hich p!Jcc.~ tl1e clock symbol 
al the pin position) 

Thc .optional kcyword SHORT (which pbces O.l·ii1ch leJds 
al the pin position inste <Jo of thc stJndJrd 0.3-inch lc~ds). 
SHORT cJJJnor be u sed with DOT or CLK 

The pin function (IN, OUT,I/0, OC, PWR, PAS. IIIZ) 

Thc pin name string 

• An optionJ! b¡tm<lp. Use this if tl1e symbol you want is no! :1 SljUJrc 
or r:::.ct:.Jng1e._ 

• An optio~::J1 c·onvcrsion. -nli.c rn~ly hJs n:-:-:;:Jin~ if you·vc: dcfincd a 
bi:mJp. ·n1c most co;;¡;;wn w.e Íé!:· co:wcrocd bitrmps is ro spccify 
!he Dd'>lo:~Ji'l cqui\'Jb1: of the dcflncd pJrt. 
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-------------

7.3.3 Glock Symbol Dcfinili:m 
- . -

!!luslrJicd l:x:low is ;¡¡"¡ cümplc of a block 'ymbol dcrinilion. 1l1c 
cx~:nplc docs not represen! a rc:il p:tr1, :1lihough it is similar lo~ JK 
nipnnp. Fi¡;t•IC 7-2 shows thc symbol producccl by this block 
dcfinition. 

'7 4 EXA!-~P' 
RSfERt:NCE 'LATCH' 
6 10 2 
L1 3 11 SHORT IN 'J' 
L5 1 13 DOT CLK IN 'CLK' 
L9 2 1 2 SHORT IN 'K' 
E3 15 14 DOT IN ·eL• 
T3 4 10 DOT IN • p. 

Rl 6 7 OUT ·- 'Q' 
R9 5 9 OUT 'Q\' 
TO 1 6 1 6 PWR ·vcc•· 
EO 8 8 F'.-.'R 'GNO' 

-. 

4 LAT 1 LAT o CH7B CH7A 

;a ..J p a 6 1..1_ --
..J p a 7 

. 
1 CLK 13 CLK 

i 
.-'ª. e o 5 K L 1~ e o g K L 

1 -74E X.t.HP 1 74E XAHP. 
5 . 4 

Figure 7-2: Thc Dlork S)'lnbol for 7~EX,\i\ll' 

I';trt n:1:nc ~tr\ng. Ti1c C'.'.~:!np:c: \¡;¡~ only OJlC p;\rt n:unc ~1ri11_g. 
'74EXA/I.iP'. 

Rcfcrcnre dcsign:1tor: Aftcr !he p;•rl n;1n1c slring <.·on1cs thc 
uption;¡l rcfcrcnce dcsi:;n;,tor. 

7-10 
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For t1lis o:,:-~;·rlr. tk ¡~fcJcncc d:·~i;1•~1or ''~uld ;¡pprar on thc súccn · 
:15 Li\TClPA. !'ofc thc qu::s!io;¡¡;;:¡¡J.;, \\l¡cn )'C'U run the 
A:-\I'OTATE ulility 1hc qucs1ion m:Jrk will k rcpbccd with :1 

numbcr. For o;¡mple, if thc rcfcrcncc ucsi~:n:Jior for a rcsist(>r v.c1c 
R'l ;¡;¡j lhcrc ;:re 16 rcsi,;ors i:; yc•dr dcsi:;n, ,\0:-\0TATE would 
e km~ e lk cbi,;:;~,¡ors lo R 1. R2 .... R 16. 

1l1is cx2mple h2s more tbn one pJr1 pcr p3ckage, so the refcrcnce 
dcsignJtor appears with an A aftcr the qucstion mark. ANNOTiiTE 
thcn scqucnces the lellers." ANNOTATE would COil\'Cr1 thc A or thc 
sccond pJrt into a B. For example, after running ANNOTATE, the 
firsttwo occurrences of the 74EXAMP would appcar as LATCIIJA 
:li1d LATCHJB,the next·two :Js LATCH2A and LATCH2B, ele. lfyou 
omit the REFERENCE line, the dcfJult dcsignJtor U? A appcJrs. 

Figure 7-3 illustrates the rc!Jtiúnship bctwccn tl1e numbcr ofp:1r1s pcr 
pJckage and the rciuence dcs:gnJlOr that appcars on thc part. Yot• 

'musl spccify a p;;n name, tl1at is what lets you cxtract the devicc.from 
thc Jibrary. Howcver, the REFERENCE keyword is <'Jl e>ption. lf ;he 
REfTRENCE l:cyword hJs not bccn specificd, ir dcfJults toa 
dcsignator of "U". 

NU~9ER OF PARTS PEA PACKAGE 

. 

SOIJ;lCE FILE -. - . o 1 OR ~O "lE 

OOES NOT USE NOTHiNG IS ·u· IS DEFAULT 
•REFER::NcE• KEYwo;;o REFERENCE OISPLAYED 

DES!G~~ATOFI 

¡:_ ...... ---·-·--·---..... _ ... _____ 

v:;:. s • r-:::::.r:·t::;::.::.NcE• USES HEFE;:¡ENCE USES REFE;lE)JCE 

1 
i-:E yn·ot=l.D KEY~'DRO YOU E~HER KEna;;o YOU f¡.;TER 

IN SDJ;;CE us;;AAY IN SOU;lCE liSñAR'r' 

--- --'----- ~-------~---------------~------- - .. --

Figure 7-3. Conlrolling Dispby of Rrfcrrnre DcsignJiors 
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----·---

l. lf thc Jcvice h"s o r~rts pcrpacl:'agc a·nd you do .,10( spcéify a 
REFERENCE kcy word, nonc appcars. Nor doc.~ the par! n:1me 
:1j'¡'CJL 

2. If thc dcvicc hzs o p211S rcr p;¡cbgc ;,nd you spccify a 
REITRENCE key word, it appcars. lt comists of the string you. 
spccificd fol!owcd by a qucSiion mark. ANNOTATE repbces the? 
with a sequcnti3l nurnt>er. 1l1c p:llt mrnc also appcars. 

3. If thc dcvicc has onc or more parts pcr package, and you do not 
~pccify a REFERENCE key wiJrd, a default rcfcrcncc designator 
(U? A)"appears. ANNOTATE rcpbccs thc ? with a sec¡ucntial 
number that iclentifics the occurrcnce of the dcvice and replaccs thc 
A wit.h a lctter t.hat cyclcs through thc parts of a dcvice. 1l1e p:1r1 
nJíne J}~o ~ppcars. 

4. lf thc de vice has one or more parts pcr package, and you specify a 
REFERENCE key word, it appcars. lt consists of the string you 
spccified followed by? A. 1l1e part n:Jmc al so appears. 

XY size and p::lrts/package. 1l1e next line has the thrce numbers 6 
JO 2. 1l1e first two represen! the size. 1l1e size of the part is 6X by 
JOY, whcre each unit rcprcscnts one scrccn unit or O.i inch on the 
printcd worksheet. 1l1e 2 indicates that thcre urc two parts pcr 
package. lfthe part wcre a pin-grid arr:1y, you would supply the 
kcyword GRIDARRA Y in place of the number of parts pcr package. 

Pin dcfinitions. 1l1e rest of the example consists of thc pin · 
dcfinitions. Considcr the second pi·n position. 1l1c first 1\elú LS 
loc:Jtes thc pin on the left side of the pJrt in the Ílfih position counting 
from the top down. 1l1e Y dimcnsion specifled J 1 possible positions. O 
through JO. The first possible position is LO anó the la~t is.LlO. 1l1e 
~rcciOtJ pin position (L5) !s 0.5 inchcs fro..-n the top of the p~rt. whcn 
S·:·c¡J c.r¡ thc: pri.=:;::d \1:c:;;:s.lH:i?.!. 

,· 
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TOP 

o 1 2 3 4 5 6 
o 

1 

2 

3 

4 

---

-T l~rr----

' -=- ~j -=i-= ---
---- ------ -· 
---:----- ------!-

LEFT 5 RIGHT 
-

6 1--:--- 1-

7 1-- -,-- . 
8 

g 

10 
-{ 

BOTTOM 

Figure 7-4 .. The Grid of a GX IJy IOY Dlock Symuol 

The next two pin position fields iden:ify tlle pin numbers, 1 for -the 
first part of the pacbge and 13 for the second part of the p~cbge. The 
pin at L5 specifles DOT to ob:ai;-¡ the invcrsion bubble and CLK to get 
the clock syrnbol. In this ca.se, DOT and CLK are modifiers oflhc pin 
function, IN. 

' 

R9 puts a pin on the right side in thc 11inth po.sitio11, a11d I33 put.s a pin · 
011 the bcittom in.tlle third positio11 cou11ti11g right. The two power 
supply connections are at &.e top 211d bottom in the zero position. 

Figure 7--4 shows a grid ihat rcprcscnts t11e possible pin positions for 
the 74EXAMP librar)' part. . 

!<.etc lk SHORT hyword in t11c íirst pin positio11. Pins with thc 
SHORT kcyword have 0.1-inch lc2ds rathcr 1h2n 1he dcfJult{).3 
in~hes. Thc SHORT keyv.•ord, l10wcvcr, cannol b: used wilh with 
DOT or CLK hywords. Fina lly, the 'CLK' ¡_:ivcs the pi11 a n:Jme 
Power pins. Onc pos.~iblc pin fu11Ctio11 is PWR for powcr. Note th:Jl 
powcr pi11s do not appcar 011 the ~rcc11. 1l1cNETLIST utility, 
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howcvcr, clc-2s carc¡;oril_c al! powcr pins tbt ~re cor;ncctcd ro library 
pa rts. 

If you w2nl to rnake power pins visible, chJn¡;c rhc pin fUnction from 
PWR to IN or PAS. lf you do this, )'l'U m2y notice th31 tl1e powcr pin 
ovcrlaps ut)JCr pin namcs on the syrnbol. To avoid this ovcrbp, you 
rnusr rcposition ·the powcr pin in thc corrcsponding Iibrary source file. 

P:~rls pcr Pack::Jge. lf the de vice has more tlnn one part per 
pJcbge, you can sckctivcly display t11c pins. for cxample, ·assume · 
you w:tnted to display thc powcr pins VCC :1nd GND, but only on the 
s"'cond part of the device, not on thc first. Yo u could do thJI by coding 
thc bst two lines of tl1c block symbc:l as foilows. 

TO O 
BO O 

16 
8 

PAS 'VCC' 
PAS 'GND' 

\\'hcn you place this symbol on the scrccn, the powcr pins do not 
display toe cause· the first column of piri locatiyns contJins a O. \\'hen 
you pbce another symbol on lhe scrcen, it looks ide[ltical to thc first. 
!3oth are caUcd LATCH?A, and neither slwws the power pins. · 
Howcver, if you exit DRAFr and run the ANNOT ATE utility with the 
fl\·f option (this causes the annotation informJtion to be mergcd into the 
sheet directly) and"then Iook ar the sheet agJin w(th DRAFr, you:!l see 
the two parts bbcled LATCHIA and LATCH I B: Thc power pins 
:1ppcar only on the second part of Lie de vice, LATCH 1 !3. 

' 1l1is technique also works for non-power pins. By specifying a pin 
· numbcr of O, you can cause a pin not to appear for the part of a 

P··c'·-oe <.J. .•.,·:~ • 

Howcver, if your de vice h:Js onc p:Jr1 per p:Jckage, specifying a pin 
numbcr of O does not preven! !he pin from appea::ing. 1l1e pin appeús 
wiih a pin numbcr of O. lf your de vice h:Js O p3r1S per pJckage, you 
c::mnot speci:_v pin numbcrs, and ce r.~cc¡ucntl;-·. r.cne 3ppeJr. Figures 
7-5A 2nd 7-:·!3 illustr2te hcw tl1e r,,_:;c·.c-2r of pJrts pu p::ckage, tl1e pin 
numbcr, and lhe ANNOTA TE utility affect the scrcen symbol. 

1l1e dcvicc: 740NE is idcntical to 74EX/\MP., cxccp! thJt it hJs one 
part pcr package. Note thJt the ANNOT ATE utility .affecrs both.the 
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Sr h <'m :1 ti r D r si¡; n T 0 e• 1 s L i \Ir ;11 i C' s 

pinout <J~d rcfcrcnce i:l~5i¡;n21or for 7~EXAMP, but only thc refrrcncc 
cicsi¡;nJtor fc>r 7~0NE. Al>ci note that in Figure 7-5A and 7-5B,the 

'locations of.thc r.owcr rim wcrc moved fro;n TO and BOto R3 <Jnt.l R7, 
~o lhat ÜlC)' would m>ll" cr l;,jl ex i>ting pins. 

B e f o r e A ~-.,¡ ... ~O T t ... T E 

----"1-ct> eL K 

_¡;_ K e 
L G _!?_ 

3 

1 

'----...,.,·----'· 7 <: E X A t·l P 
1 
5 

4 LATeH? 

J p Cl _6_ 

vcc 1..§_ 

eL K 

GNO 8 

Cl 

74DNE 

4 

ª J p a 

__ 1 -e eL K 

2 K 
e 
L o 

1 
5 

,..4 
-ª- J p a 

ve e 
1 eL K 

GNO 
_¡;_ K 

e a L 

T§ 
Fi¡;ure 7-SA. Defore Annolation 

LAT CH?A 

6 

5 

7-"E XAMP 

LAI CH7 

6 

16 

B 

5 

740 NE 
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Aftcr ANNOTATE 

4 LATCH:1A __jó LATCH1B 

3 
J p Q _§_ 

J p Q ~7-

ve e -~-9-

CLK 

GND B 

e 
Q ~=!- e 

Q 9_ L K L 

1§ 74EXAMP 
1 

74EXAMP 
4 

4. LA:f CH2· LATCH3. 

-ª J p Q 6 .--· 6 _=2 J p Q 

vcc 16 vcc 16 

1 CLK ~ 
1 .CLK. 

GND B GND f--l?-
_g_ 

K 
e 
L a ~- .S K 

e 
L Q 

5 

1 740 
1 

740 NE NE 
5 5 

Finurc 7-5[1. Afler Annot:llion .. 

Ir J dcvice has more Ll-¡:1.11 or.e part per package, you may want power 
pins on sorne parts prcscnt and tJ1c powcr pins on other pJrtS not to be 

, presenL 

Pin-grid arr::ty. lf t11e p;,rt wcrc ;:, pin-grid array, you would supply 
the gridarray pin na me inste :1d cif ;he pin number. A gridarrJy na me 
consist.s of a capital lcttcr followed by a number. The lctter is irÍ the 
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rangc A !hrough S, and thc nurnbcr is in thc rangc 1 through 16. 
·mere cm k no ~¡o2cc b~twccn thc lcncr and the numbcr .. 

\ 

Hc1c is ·an cxamj:'ic of a pin'grid 21ray p~rt ckfinition. Thc cx·~lllpk i~ 
thc 6SCl20 fro;n tk Mntorola libr~J)", t,JQTO.Llfl. TI1c dcfinition is 
quite IC1;lg so only thc firsl fcw liilcs 21eshown. 

Figure 7-6 shows thc rcsulting scrccn figure. 

'óED20' 
15 66 G?.lDh?.RAY 

L1 C2 CLK IN 'CLK JN' 
L3 J12 JN 'l\?\L\0\' (the \ bars the pin name) 
L4 Jl3 JN 'l\?\L\1\' 
L5 H12 JN 'l\?\L\2\' 
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-----·------

U_l 
~z--fCLif. • 
~q-~ P"LO 
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~< ....... &V!'C 

., : .. _: ., 
~~--'je:OaCO( . , C..'~ 

. ~ !. l. -•-<le"' • o ·Sj . .-,~e~ .. .,. •• ~_, C~15 • 1 o -~~-... 
OiJ'"" 

• 12 • .• Jl. ., :_1_1, 
• 1. • u. 

f ., e"'-
• 1. ¡;e-. ., <; -
••• -~a-

~l ~ DO 
... :9 ::: ;-:: •CO 

~__.. z o 1o . ,. 
UE \...;.>~ C2 &~;;; 

~! ~ C3 .. ~3 

E~i~~g; ... e • 
.. =-= '~-___ Ll-; ~e ... ;--~ ~~-;:-: %--1 e 7 .. 2 "l w-¡.,;!-~J ::e ... .,~ 

e;.'!-= &;:9 ~;.C_¡g~o • ~e C-i: ~~~ ~11 .. ::! 1 

·--·~ 012 L: . .¡.J. ;:§-- 0:3 :~~:...::: 

¡::§g:; BG -~ s;_ 

~- o: e •e oC¡:.¡_ 
~ o 17 "'e ' ~-~---
~g o!" _,.C2h 
,.... e 1 ~ 
.:~ ::20 

s:zc m<= _.. e~ 1 ~:: 1 ·:..3 
~· C:<J2 e~~~ ~.fi en 

c .. g:~ tL C2:1 
C20 .a.S -';:¡-L 
CH es 
C20 
C20 0/0" a: 030 ,_.4L 'r 
C>J J:i(.SET 

= 

Fig. 7-6. The illock Symbol for GS020 

Pin string. The pin string is dclimitecl by single quotcs. lf you want 
a s~:,:)t: quote: 35 pJrt of the pin string, you must use two.single quotes. 
for ex2mple, "CLK"s' defines the string CLK's. !liso,;¡ backs!Jsh 
after the pin string name puts a bu over the n:1me. "Q\' rcsults in Q 
with a bar ovcr it. lfyou hJ·•e a mulii-lcttcr pin nJme, you muq pul a\ 
after each Jet ter. For cxample, thc 630~0 shows IPLO. ~md thc 
corrcsponding pin string cntry in the p2r1 dcfínítion is TN..\D\'.· 

Nóre thatthe power pins do not appcar on t!Jc screen. 1l1e NETL!ST 
utility, ho:-vever, does catcgorizc al! power supply pins that :tre 

. conne~tcd to librJry p~rts. 
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7.3A Bitm2p Symbol Dcfinition 

Cr~ :·.in¡; a billmp is an casy way to represen: non-squarc or non
rec: :cngular p2rts su eh as rnistors, diodcs, transistors, MOSfET~;-· 
rel<:s, and m3ny othcrs. DRAFr draws rornplex pans on thc scrccn 

-by' ::lcctivcly tumin¡; on pi>.cl bits tl121 rcp;~sc;lt thc libra!)' pJrt. 

-,-.,-;.~--

J,c::-.-ating thc corree! pi:>.cl bit is control:cd uy a bitrn~p in thc library -
so;c:ce file yóu created. You crcatc thc bitmap in the library source -
file. 

. . 
To c~fine a part witl1 a bitmap, you define the partjust as you would if 
it"' ::re a block symbol, but you include a bitmap after the bst pin 
deí::-;ition. You can eithcr draw out tlle bic.rnap with periods (.) and 
pou:.d si¡;ns (#),e~ you can reíerence a previously dra\~11-out bitmap. 
Pre·. iously drawn-out mcans tl1e bitmap was defincd prcviow;ly in the 
libr.:;ry sourcc file. -

You w~uld rcfercncc a prc~·iously drawn-out biump if two par1S hJd 
differcnt pinouts, but tl1c same syrnboL For o:ample, the 7439 antl the 
-7.:-oo hzve thc s:1me symbol~burdiffcrent pinouts.-Assume that you've--
d~fined tlle 7400 and you'rc now definin¡; the 7439. lnstead of . 
drawin¡; c.nother bitmap for the 7439, you can use the 7400's bitmap 
by including the line 

BITMAP '7400' 

There are four points you should l;ccp in mind whcn creating bitm~ps, 
as opposed to block symbols. 

l. You have to pay more attcntion to pin pbccment. The pin 
dcfinition line and the bilmap have difkrcnt scales, and yo_u nccd lo_ 
take tlle conversion into account whcn you draw the symbol. 

2 .. \)~),,;:_-:!;11 you c2n pura pin narYie in the pin definition. the pin n:t1ne 
.,,-¡;: l1él\ 2;·-~,:.ar on ik scrccn. The pin name will, howc\;cr, be 
r'co_;;;i;:~¿ by th~ ~ETLIST utility. 

3. /, biLmap symbol gives yo u tl1e oppor1Unity to define a con\:er1ccl 
~ymbol. I3itmap devices always havc a norrnal form_ You havc thc 
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opiion of aho dcímin¡; a ccmclicd fc>t;n. Block symbnls cannot 
h:l\'c a convcncd fotm. \\'11en yo u use tk G ET comm2.nd and 
cxtr.tcl a pcrt from a library, it appcars in nonnal form. The 
rcsultin¿; mcnu cnJblcs you lo choo>c its convcí.cd fo1m instead. 

. Yc:u dc:f""::;c wL:t the co;¡vCJtcd fOJill is wkn you CJCJtc thc librJt)' 
source file. Typically, uscrs ddi:·,c tl-.c c0nvcrtcd for.n as the 

· Oc Mor&an equivalcnt of th~ nonnal form. 

4. ·n1e m:nimum num'ber of bits 21lowcd in a bitmap is 16,384. The 
bitmap bcgins after thc last pin dcfinition. A pound sign (#) 
indica tes U<at tllc pixel bit is tumcd on, anda pcriod (.) Íildicates 
that thc pixel bit is tumcd off. 

Each. or # rcprcsents a screcn pixel spacing of 0.01 inch in the X 
dircction. E2ch linc of tllc biL<T•JP represen! S 0.01 inch in the Y 
dircction. Rcrncml:x:r, tlle X and Y sizcs in tlle prt ckfinition are 
~iven in units of 0.1 inch. For ex2~'T1ple, if you spe"cify X an Y to be 3 
~nd 2, your biirnap acfually is-31 characters in the X dircction.and 21 . 
!incs in thc Y dircction. The extra 1 rcsults because thc bitmap starts 
counting at z.ero. 

An ex:J.mple should make this clearer. He re is a par1 definition for a 
resistor. 
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Srhcll1:Jiic Dcsi¡;n TDDIS Libr:Jrits 

----·-·-·-----·-··------------

(f~rt Ccfiniticn for a re~l~tDr) 
'rc~i!"·t.C·r' 
¡:¿:rE:r¿~!;ct:. 'R' .. 

3 2 o 
Ll r;.s .. 
Rl r;.s • • 

{7cp s.ide} 
{ 00) ............................••• 
{ D l ) .•••••.• _. •..•.•..•..•.•••..•••• 
{ 02} .................•..•.••....••• 
{ o 3 } ...........................•••• 
{ o 4 } .•••••.•••••••••••••••••••••••• 
{ O S } .••••••••••••••••••••••••••••••• 
{ o 6 } .•...••••••••....••....•....••• 
{07} ... 1 ........... 1 .•.•....... 1 .•. 
{08} .. 1.1 ......... 1.1 ..•.•.•.. 1.1 .. 
{09}.1. .. 1. ...... 1 ... 1. ...... 1 .•. 1. {Ric.¡ht side} 
(10)1 .....•..... 1 ..... 1." .... 1 .•...• 
{ll} ....... 1 ... 1. ....... 1 ... 1 ...... . 
{12} ........ 1.1 ......... 1.1 .......• 
{ 1 3 } ......... 1 ........... 1 .........• 
{ 1 ~ } .............................. . 
{ 1 S) ...............•.......•......• 
{16} ......•..... · .......... · .......•.•• 
{17} ....•.... ~ ...................••• 
{ 1 8 } .....•..... • .........•.......•.• 
{ 1 9 } ..............•....•........••• 
(20} ..... ·~ ..•.......•..........•.•• 

' . 

{B0tto:-n side) 

. . 

Note that the number of par1s per package is givcn as O. Hcnce, tl1cre · 
are no columns for pin numbers. The pin types are PAS for passive, 
and L'lcrc are no pin ·na mes (ho-.>.·cvcr, tJ-,cy may be'spccificd). 

The X size is specified as 3, so the bitrnap h2s lines that are 31 · 
chcrac;ters long. The Y size is specificd as 2, so the bitmap h:1s 21 Jincs. 
Tl:c r•ar1 definition specifics two pins, onc Oll thc ]cf¡ in thc fiN . 
p~'S ;1:0n (L J) ancJ another on thc right in tl1efi'rst position (R l ). 1l1c 
;¡¡;;_¡:;::si:ic•;-;s :,;e c.lways s¡,z,ced 0.1 inch apart. As far as thc bitm:1p is 
.-·,-.-p- ·d -·'··· -· .:.·- ·-,. ',:.,..· O JO 20 30 . -~-L-11-'-lJIC ~ r·;~; ¡.l,J.\,!.luib .a.r-.. 2 . . ¡.,._s • , , , cte. 

Tnc: linc r.u;:~·.-.. ·:•; ;:.;·: cn::luscd in comn1cnt dclimitcrs. lt isn't 
r·····•'•·:--.· to ,.,,,.,.,.,, th" b'.'.n··:p lin~s this w·)· but d·(¡¡¡g so makes tl1e f._._ •.•. ::-. ... _,' ·' ........ _, ___ , '- • ._..L-. ..... .c. • \.. 

c:~;;-.C-~1 i;l(H·c. rc:aOable. · 
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You cc.n reduce thc sizc of bitrnJps usctl in your library lJy obscrving 
tl1c follo"'ing rules. 

1. ,\n c¡¡:~oty row (onc t.J1~: hJs only clots) canlx: rcprcscnted by a dot 
in tLc zcroth column. lf that is thc only character ()n the row, thcn 
thc row is hcld as clcarcd. 

2. Empty ro,\·s bclow the actual symbol nced not <tppcar in the bitmJp. 

3. Pcriods are not rcquired aftcnhc lasl #in a row. 

He re is ;;n cxample of thc s<.mc resistor dcfinition th:H follows the 
rcduction rules just dcscrit>ed. Figure 7-7 sho·Ns the symbolthal 
rcsults frorn tl1is part dcfinition. -

{ Part Dcflnition for a resistorT 

'F!:SISTCR.' 
r.Sft:K!:.NCE 
3 2 o 
Ll PAS 
Rl PAS 

100) .. 
:o 1 ) -
1 02}. 
103). 
1 o 4} • 
105). 
1 06). 

'R' 

•• ... 
ITop side) 

107\ ... 1 ........... 1 ....... .- ... 1 
. ICB} • . 1.1 ......... 1.1 ......... 1.1 
109).1 ... 1 ....... 1 ... 1 ....... 1 ... 1 
110)1 ..... 1 ..... 1 ..... 1 ..... 1 ..... 1 
111) ....... 1 ... 1 ....... 1 ... 1 
!12! ........ 1.1 ......... 1.1 
(i3) ......... 1: ......... :1 

(Cottcm sid~} 
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Schcm:Jtic Dcsi¡;n Tools Liur:nirs 

Figure 7-7. The Symbol for a Rcsistor 

Aflcr defíning a bitmap, you have the option of dcfíning a convcrsion 
bitmcp. As statcd previously, the typical use of a convcrsion b;:~mp is 
to supply a DcMor¡;an equivalen! symbol, but more ¡;cncrall)· a 
co;wcrsion spccifíes anot11cr bitm3p that is displaycd on tl1e scrcen 

. whcncvcr you choosc the Com·ert option of the GET comm~nd. You 
can re tu m to the original bitmap by selcctin¡; thc Normal subc.on'lll3lld 
option. · 

You bcgin the spccifícation of a convcrsion bÍtmap with thc \.:cyword 
CONVERT. The conversion bitmap consists ofpin defínitions 
foUowed by a bitmap. lf the convcrsion has be en previously ddiQcd, 
you can rcference it by inclu¡ling the na me of the put tl1at h:Js the 
conversion in singl_e quotcs.. · 

Thc next example should clarify the use of ccinversion bitmops. f-"irst, 
is the definition of the 7400. Then, comes the convcrsion bitm:1p -- it's 
the DeMorgan equivalen! of the 7400, Figure 7-8 shows the nom1al 
and convcrted symbols that result from this part definition. 

Tne 7400 has five pins, two óf which are power pins that do not appcar 
in t},e symbol. 'íl1e screen siz.e is 6 X-units and 4. Y -units. lt h:1s four 
parts per package; 

·nlc c.onversion bitmJp uses the s~me XY siz.e md parts per p:1cb;c as 
the normal bitmap. You must, ho·_,·cver, redefine the pins. Note thc 
DOT kcyword missing from ~e redefinition of the pin at R2. 

··; 7-2.1 
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Nc,lc thJt thc convt:f":-ion-bitm:,p h:.!S thc s:mc numbcr oí parts pcr 
pcb;c as thc nc•IInal bitm2p. 1l1c numlx:r of parÚ pcr p?.cbge 
clc-lcrn1incs huw m:n1y co\u~nns 9f pin nu:ut•:rs <1ppcu in the 
clcfi:1ition. ·n;c co:¡vcr.cd Lld!nirion IniJ>t havc thc sanlC numl.x:r of 
columns as thc nCJfli1.1l dcfinition. 
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Lillr:Jrits 

'7 <DO' 
6 < ( 

LJ 1 4 9 12 JtJ • 
1 lo' 

L3 2 5 1 o 1 3 JN 1 11 1 

fi.2 3 6 B ll DOT OUT 'O' 
TO H 1< H 14 p·,.;R 'VCC' 
BO 7 7 7 7 p;.;R 'G?~D' 

1 0(-)1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 '1' 1 1 11' '1 1 1 1 1 1 
{01)1 .................. ...........•..•......••... 111 
{02)1 ...........•.•.. ..•............................ 11 
{03)1 .............•...•................••..•.•.••••••. 11 
{0<)1 .•.•.•.•••.• : •.••••••••••••..••••••••.••.•••••••••• 1 
{05)1 ..••..••.•.•••••..••......••••••••.•••.•••••••••••.• 1 

_{05)1 ••••.•••.•.•.•.. .•..••.•..•..••••••••••...••••••.•••• 1 
{07)1 ...........•.......•.....................•.••........ . 1 
!Có)l .•.........•..... ......•.......•.. : ........•••••..•.... 1 
{09)1 ...•...•.•••.•.•••••..••.•.•.•.••.•.••••••.•••••.•.•••. . 1 

. {10)1 .•••••.••....•.•..••••.•....•••...••.••. ...••••••.••••.. 1 
{11)1 ...•.•.....•..•••.•••..•••.•...•.••••.••.•••••••..•..•.•. 1 
{12)1 .••.••.•.•••. ..••••.••••••.....•..••••.••.••••••.•.•..... 1 
!13)1 ................. .............•........•.................. 1 
{l<)l ..................•....•.........•...•.....•..•...........• 
{15)1 .•.••..•..•..••..•••....•..•.••••.•••...•.••••••.•.... ..• 1 
{16)1 ..•••............•.....•• ; .•••..••.•••.•.•.•••••••... _ •..•.• 1 
(17)1 ..•........ . : .......•.... ...........•.......••..•..•....... 1 
{ 1 E 1 1 ........ ' ............................... - .... · .... , ... : . • ...... 1 
{19)1 .•.••.•. · ..••..•...••..•........•.•..•....•.•••••...•.•.•. .• 1 
(20)1 ..•.•..••..••••.......•.••..•....••.•.•..•••••••.. · ••.•..•... 1 
{21)1 .•.•••.....•...••. .••.••..•..•......•.•....••••..•.•..•..•• 1 
{22)1 .•.••.••.•.•••.•.. ••...•.•...••..•..••....•••..•••••....... 1 
{ 2 3 ) 1 ... ''" ............................ - ................. · ........ 1 
{2<)1 ..........•...•........•...................•••.•...•....... 1 
{25)1 .••••...•.••.•.••.••.• · •••••••...•.•...••••••••••••••••... . 1 
{26)1 .•••••••..••••••.••••. : •. •••.••••.•••••••••• -~ •.•...•...• . 1 
127)1 ••.•.•.••••.•.•••.•.•.••••.••• · •.••••.••..••••••••..••.•... 1 
{2e)l ............••..........•.•......•..........•......•.... . 1 
(29}1 .•.•••..•.••••••••. .•.• · .••.••••..••••.••.•••••• _ •••.•••... 1 
{30)1 •••••••.••••..••.••••.•••••••••.•••••••••••••••••••••••• 1 
{31 )l ............................................. · ........... 1 
(32)1 .•• · ............... · .••.•.••••..••••••••.••••.•••••••. : •.• _.1 
133)1 ........... : ........................... ·.: ... · •........ :1 

f ~ ~ J : : ~ : : ~ : : ~ : : : : : : : : : : : : : : : : :-~ : : : : : : : : : : : : : : : : : : : : : : : : : : ; • 
i3EJf ..•••••.•••. ' ••••••••••••.••••••••••••• ~ ••• _ ••••• ••.• 1 
{.31} •................................. ~ .... -.•... : ..•... ft 

;.::~:·-················································ 
{ .:=. ~ } 1 ......... : .................................. f 1_' 
{ .( o ; r : s t f f 1 ; 1 t ' ' ; ~ • • ' ' 1 t 1 , r f ' 1 1 ' 1 1 1 ' ~ ' 1 1 , 1 1 1 t 1 1 1 1 
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CC·~~\·~ hT 

L1 1 4 9 12 IN . 'IO' 
L3 2 5 10 13 IN ' I 1 ' 
F-2 3 6 8 11 . OUT 'O' 
"TO l4 14 14 14 PWR 'VCC' 
30 7 7 7 7 PWR 'GND' 

100) 1 1 1 1 11 1' 11111 11 1111111 1 1111 111111 
{01).1 ............................... 1111 
102) .. 1 ..•...•............................ 111 
103) .......................................... 11 
{04) ....•............................•..... · ..•. 11 

{05). ····•···········•·•··•····•••··• •...••.••.. 11 
(06) ...... 1 ..•.....•....•••.•...•...•••.•. · ••••.••. 1 
{07) .. 111.1 ......... : ...................... ....•... 1 
108).1 ... 11 ....••...•.•...••......••.•..••••••.•.... 1 

{0?)1 ..... 11 .. ··-····.-·-··-·········· ................ 1 
11011 ..... 11 ........ · ....................•............. 1 
111)1 ..... 1.1 .......................... · ............ · ...... 1 
112).1 ... 1 ... 1 .. _ ....................................... 1 
113) .. 111 .... 1 ___ ,,, ....... - .. ····· ......................... 1 
114) ......... 1 ........ _ ..... : ............................. 1 
{15) .... _ .... 1 .............................. ·········· ...... 1 
(16) ......•... 1 .............•........... - ...•..........•..•. 1 
117) ·.· ..... · ... t ........... - ............................... ·- .1 
llB) ...... · .... t ................... - ............................ 1 
(19) ..........•............................................•... 1 
120) •..... - ... i ................................................. l 
(21) .•...• - ... 1 ........................................ : ..• - ... 1 
{22!---····--·1 ................•.............................. 1 
1 2 3 ) •••• ·_ ••• - • 1 ..... - . - - .......... ' ........................... ' 

.·(24) ....•. - ... 1 ..• · .••..........•........•..•......••....••.. 1 
{25) ... _ ..... 1 ..... - .................... --···········-·-···1 
{26) .......... 1 ••••••••.••. - •••••••.• _ .•••••••.•.•••••.•••• t 
( 27 J •• 1 1 l .... 1.- .. --- ....... -.- .. : . . - .... -- .... - ..... - ... 1 
(23 ¡. 1 ~.;l ... l .... .--.- ................... -- ... - ......... 1 
129)1_ .... 1.1 ......................... _ ................ 1 
130)1 .•... 11c .......................................... l·· 
{31)1 ..... 11 ...... · ......•............... --·-····"····1 
{32).1 ... 11 .... : ........................... -.: ....... 1 
133 i .. 111. 1 .... - ............ -.- ....... - ............ 1 
lc41 ...... 1 ......... : ..•...•.....•. _ .... - ...•..... l 
!:.-s¡ ..... t ........... - •..•..... - .. · .............. 11 
¡::S)_ ... I ... : ..............•.................. II 
{37) ... 1 ...•.......•.•...••••..•.•......•••. 11 
{38) .. 1 .................. - ............... 111 
{39).1 ................................ 1111 
1 ;G¡ 11111111111111111111111111111! 111 
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U lA U lA 

=-~-L 4_~ 3_ 
--?L_/ --?-<}_~ 

7..:oo 7400 . 

NO;;HAL 

.Figure 7-8. Thc 7-100 Syml>ol ::JIH.I its Com·crsion 
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7.4 SDL Rc!crcnce 

lllis s~ctio:1 is a co::~r1ctc (ksCiip!ion ofhow lo define a p2n in a 
custon1 librJry. lt prcscnts OrCAI)'s Symbol Dc.,cription Lan~ua~c 
(SOL) in thc fonn of synta:~. cli2grarns. A syntax cli:1gram consi•.ts of 
iclc;-;:ikrs (cnclo>ed in O\:als) ?.nd tokens (cncloscJ in rectan~ les). ·n1c 
syn:Jx diJ:;ram is 2lso followcd by a textual rcprcscnt?.tion. 

7.4.1 Syntax Diagram 

Figure 7-9 is 2n cx2mple of a syn::n di2gr2:11. lt rcprescnts the 
compicte synt2x for a Jibray source file. 

_:___ J' P:el>x · ____ ~ 
-~-~-o...,._'_in_it_io_n _ _,_ t---+1 o.;;;;,·ion -_ r-- ~ 

Figure 7-9. Synfax Diagr;,m for a Lil.Jrary Sourcc file 

To rcad a syn:ax diagram, observe t)1c following rules. 
• 1 

l. Rcad a syntax diJgram frorri lcft to right. 

2. Every palh that you fol!ow in tl1e direction ofthc arrow' rcprc.,cnls 
2 corrc~:r sy_ntax fom1. 

3. h:;ctions rcpr~scnt a connection point whcre you ha ve thc rlwicc of 
~~iccti!l); ,_;o:;:l1::r p;:¡th. For example, the syntax dic;;ran1 for thc 
1·· ',-' --.- ·: ·· · ' .. · ,., ,., ~ < ., ... ~ ;n Fi rure 7-9 l1 "S "J. U nct ion aftcr ·a pa11 , • _ • .. • • .• ·~ ••. ·-- 1 1 '~ ~ •• 1_. ,, JI , e d u • 

•J·:::;-,;·:iv:.. Y~u cm choo;e to complete thc di:1;;r2m orto n1:1l.c 
~no;licr pJrl dcfínition. 
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~- Yl'tl CJ'l~.ot continuc a long a p~th that gocs ~¡· · · · 
. . ' ' 1111 ' 1 11 

n~:.-.;>le. in f-lgure.7-9 aflcr rmking a pan d.,-11 . . w ;¡¡rows. for 
1 fi 

. . '"111111 . 
e 100~c to rcturn to ú1c prcfi:r. de mJtlon. ) o u cannot 

5. TC\t cncloscd in ovals rcprcscnts 2n idcnlifin. 
~quJrcs rcprescnts a token. ¡-, '1 t·nclo~cd in 

\\'lt:Jt ;,re iúcntificrs? ldcntificrs serve a·s-¡1]; 11 ,.¡ 
1 . 1 f 1

" ",. f dctJdcti leve o synta:r. structure. ·~;cy do not 1, '"' ._, ·~ ora more 
syn!n or t.okcns. Rather, they prov1dc thc z,bilit)··1 •

1111 lllllmand 
"1"1 . of thc synta:r.. \Vhcn you e reate thc pan, you 11111 . 1 ',. a O\'Li'\'ICW 

. . ' ,, "1 ~ 1 th h 
:JII thc ncstcd 1dcnttficrs. For o"-111plc thc ~ynl:" 1 · ' "Wil roug 
sou~ce file shown in Fi¡;urc 7-9 hJs tw? idcntifir 1,_

1

;,',:;;'-
1111 for a libr2~y 

~cciJon -.vil! now e~pand e:~ch of ¡}-,ose Jdcntific 1 , . 1 1. 
11

" ii.Jkcns. ll11s 
.) • 1 lt 

pcssiblc tokens. . ' i'""-•-11! JI! the 

\\1Jat ~re tokens? _Thcy are thc building blocb 1,( 11 1,
1
, 

Just JS a ~enlence~~ nnde up ofwords. a lib_1:ny ,_,.,,, ,. '·"Y_~ource file. 
oftckcns. A token bclongs to one ofthc fo11o·.,;,, 1., · ltlr· ''·madc up 

· - ·"' J'.•11ic:s. 

Numcric constants. A numeric const:mt UJII' ¡. 1. 
whole-numbcr digits. · · '' 1 '",. ur more 

Examplcs: 15 
2 
127 

Charactcr strings. A chuacter string corr:.i·.r·. r 
• f, •.• ,. 

J:¡::.l::!oumeric ASCII charactcrs. ' ''' rnore 

E:t.~~:··:·:~.:~-::·-s: 7~.:._¡_S04 

. ,. ' c::·.:..·c.;c:s .. 

fl!TMAP 

ZE>.;ER 
L5 
C LOi.'í\: 

,\ keyword is one of ll;e f(JIJo·.·.-i 1, •• 
l. 

T;¡kcs an argument (an A~.r ·¡ r . , 
·· 1 I/¡'• • 

pan namc) and reprc!>Cill~. ¡¡,,. 1 1 · "J>~ncntmg a 
idcntified part, ''''''·'f• •·f the · 
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Schcrn:ilic Dni¡;n Touls Li h r :ni es 

. CLK 

co:-.:\'ERT 

DOT 

E!':D 

Rr¡lic>~nts thc clock symboiin a pin dcfinition . 

Introduces a convcncd bitmap. \\'ith an Jrf~mcnl, 
it ;efcrs 10 tl1c con,·cnc·d bitm2p of a bitmap 
>p1bol. 

Rcprescnts Lic imvsion bubble in a pin ddinition 
. -

Dclimits tk close of a prefix dcfinition. 

GElDARRAY Spccifics 1h21 the dcvice is a pin-grid array. Used 
in pl2ce of the nu;;•bcr of pans pcr pacbge. 

HIZ 

IN 

ldcntifics tl1c pin as a high im¡x:dance (3-statc) 
out pul. 

ldentifics Lic pin as an inpul 

UO Jdcntifies Lhc pin as input!outpul. 

OC, lde<1tifies ¡]le pin as opcn collcctor. 

OUT · Idcntifics the pin as an outpul. 

PAS Idcntifics the pin as"pJssi,:e . 

. PREFJX De!imits thc bc.¡;inning of a prcfix dcfinition. 

P\VR Jdcntifies the pin as 2 po-.yer pin. Thc PWR. 
ktyword prevc;J!S a pin from be in¡; disp!Jycd .. 

REFE:Z E!"·iCE Takes an ;;rgumcnt (an ASCII wing rcprcscntin:; a 
rcfercl·,,;e valuc). Ovtrridcs the defJu!t rcfcrcncc: 
value. 

SHORT Spccifics tila! L'lc pin lcacl lcngths be 0.1 inch 
inslcJd of thc 1_1Óm1al 0.3 inch. · 

... 

·, 



. Srhcrn:Jiic Dcsio;n Tut,Js 

-------------------

7.4.2 Tcxtu2l 11c~rcscnlalion of SyntJX 

. 

In :1ddition to thc synta:r. di~grJm, syntJ:r. is rcprcscntcd in tcxl. 1l1e 
syrnh'!s are dcfincd as follows. 

Tot cncloscd in iwlics rcprcscnts c_ither a charJctcr string ora· 
numeric constJnt. 

[] Tcxt cncloscd in squúc br;¡ckclS is optional. You choose 
whcthcr to type it in or not. Do not type the squarc brJckcts. 

(] Text enclosed in braccs is rcquircd. You must cnter what's 
rcp<cscntcd within tl_1c brJces .. 

lf i:c;ns within square brackcts orbrJccs are sc¡::2,ated by 
ccl!<órms, you m~est choosc one of thcm only. Do not type thc 
cc.-nrna . 

. 1l;rce p-::riods mcJn you cJil repcjt.the last item. llow mc.ny 
times you can rep-eat the item dcpends on thc contcxt. Do not 
typc the pcriods . 

. He re is an e:r.ar01ple of synta:r. rcprcscntcd in texl. 

pos [pin# ... ,grid ... ] 

First, you mus! cn:er a representation of pos. An accompanying 
· úcscription cxplains what you can pul in for pos. The SC]uare brJckets 
around tJ·,e nc:r.t itcm indicJte that you don't h:ive lo entcr it Jt a!L lf 

· yóu do, you mus! choosc bctwccn pinlf or grid; c.nd yo u can choose a 
repe:1tcd numbcr of each. 
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------·--·- ------- .. ·--·---···----'--

7k3 Pf1EFIXOcfinition 

·---~---·---:---------·-··--+íC:::~ 

~~~·;-, 
----,_¡~~....~u-·.J-L----

-0~-

___________ __J 

• 

Figure 7-10. SJn!:n Diagram For a Prcfix Dcfinitiori 

PREFIX . 

'prcji.r string' [= 'shonll!1nd slring' ]] 

El\' O 

v;hcre: 

"' . --

·A char;,cicr slring of up 10 se ven priniJblc 
ASCII characltrS. You (Jn llave a m2ximu•n of 

A cb.Jraclcr s1:ing ofup 10 ~cvcn prinla!Jlc 
ASCII char·actcrs. 



< 
i. 

Li!Jr:trics Schclll:Jiic Dcsit:n Tools 

i\'OTCS 

liJC cqu:tl si¡;n must be ~cprJ:cd by onc or more 
<SPACE>s or <TA!3>s. . • 

EX;\;\IPLES 

Exac-.¡ole: FREfiX 
'74 LS' 'LS' 
'74S' • S • 
'7~ALS' 'ALS' 
'7 4AS' 'AS' 
'7.:lHCT' 'HCT' 
'7~HC' 'HC' 
'74ACT' 'ACT' 
'7<AC '· 'AC' 
'74F' 'F' 
.• 7 4 1 

EllO 

Ex¿!m¡ole: PREfiX 
END 

. ' 
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5 . P rt D , ... 7 .. ·•·.. a e>o~nl!lon 

-

Figure 7-11. Synf::n: Diagr:1m for a P;,r( Dcfinition 

'p:; r/ IIOlllC string' ... 
[REFERENCE 'rcfstring'] 
X sizc Y size [ partsfpcl:g ,' GRJDARRAY} 

pin dcfi'!iiion 

[ biimojJ dcfiniiion ] 

[ convcrsion bimwp ] 

PhRT r~: .. J.'.E STRI~JG 

ri¡;ure 7-12. T!Jc Par! ~;¡me S:ring 
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----·-------·-------------------

·,,·he re: 

rcf SIIÍIIg 

X .1ize 

Y si:e 

pnn slpckg 

J'ill cléjinirion 

. \(JTCS 

A chJractcr string of up tose ven print~ble 
ASCII chJractcrs tl!Jt idcntifics thc p.lrt. ll1is is 
thc string that cm be uscd 2s an ~r¡;umcnt for 
the Gel command. 

A character string of printable ASCII 
ch2racters. lf p;escnt, the rcfcrcnce designator 
replaccs thc def::ult refcrcnce dcsignJ1or. 

·A nurr.eric cons1:m1 in tl1e rangc 1 10 127. The 
horizontal size of tl1e pJrt as i1 appears on a 
printcd workshect. Each cn1ry corrcsponds 10 
one unit length on t;,c scrcen or O.I inch on a 
printed worksheet. 

A nur.,eric cor.sl:ml in the f:lJ>ge 1 to 127. The 
vertical size of L'-;e pJrt as it ;;ppeJrs on a printed 
worksheet. Each entry corresponds lo onc unit 
lcngth on the screen or 0.1 in eh on a pr,ntcd \ 
worksheet. 

A nurneri: constJnt in rhc rc.,•ge O lo 16. lf you 
specify a O, the pins are not numbcred on the 

_symboL · 

Thcse are idcntifiers for a more dctailcd bi1nwp 
dcjini1ion leve! of synt.ox. See 1he ' 
corresponding convcrsion bilmap cntry . 

To irT.;Hove reJdability, you e :m includc con:rTJents wirhin 
a pan ddinition. You can alsoplJce bbnklines wirhin a 
so_urce file. Typically bbnk lines are placed bctwcen 
diffcrent r.art~dcfiniti~ns. 
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EXA r>l PLES 

Exarnplc 1: '211~' '21~8' 

6 H 1 

pin de! ir,-i t ion 

Example 2: 

[Two pJrt n:Jmc strin,gs. "lllC\C 

mJy oc on thc ~am~ or ~cp;¡r;.llc 

Jincs.) 

'7474' 
'7.;Hc7~' 

'7~J..LS7~' '7~LS74' 

'7~AC74' 

6 6 2 
pin definition 

7-3 7 
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____ "_" __ " __ _ 
7.4.5 Pin Dcfinition 

( p " ) ---~\_ -csrlron t---.------

Gric'a:ray 
P1:-. t:;;;.'7.e 

____ "_" ____________ .:_..J 

Slrir.g 

Figure 7-13. S_rnfax Di:1gram for a Pin Dcfinirion> 

[ pin::. grid "] [DOT] [CLK] [IN] pi11 11nmc 
[SHORT] [OUT] 

[1/0] 
!OC] 
[P\VR) 
1 PIIS) 
[IIIZ! 

7 ·.>•J 

------ .. ·-· 



n-llcrc: 

7 . .JQ 

SrhcnJ:Jtic Dc~i¡:n Toul.~ 

/1. lcttcdollowcd by a numl:-.cr. 1l1c lctlcr is onc 
of rhc following: T, L, R, I3 whcrc 

T indicalcs rhc rop of tllc symbol. 
L indicatcs rhc left side of rhc symbol. 
R indicares rhc righr sidc of rhc symbol. 
I3 indicares thc boltom of rhe symboJ.. 

Thc number rcprescnrs rhe disla·nce a long rhe 
indicared side. 1l1e disr2.nce is meJsured in unir 
Jcngths on tl1e scrcen and in 0.1 inchcs on tl1e 
printcd wo:hhcct. For cx2.mple, if rhe block 
syrnbol were 6X by IOY rhc grid u sed f01: 
pbcing pins is as follows. ll1e figure bdciw 
shows the local ion of L3. 

... 
• 
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-·--·---

·~. 

. TOP 

o 1 2 3 4 5 6 
o· ,--- --· r---
i 

2 -- - f-

3 ¡.- - --- --1-·-

4 1-

LEFT 5 RIGHT 

6 - - f-

7 r-- --

B 

g ._ 
10 

BOTTOM 

Figure 7-14. The Grid of ;:¡ 6X by lOY Dlock S_11n1Jol 

POSiTIO,N 

r:;:.:rr 7-J 5. TJ1c Position SJnf:n Di:Jgr;:¡n¡ 
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.cric! 

Schrlll:llic Dcsign Tools 

A numcric.const:llll rcprcscnting thc pin 
numbcr. TI1is is the pin numbcr lhJt Jppears in 
the scrccn symbol. 

A lcttcr fo!lowcd by J numbcr. ¡;riJ rcprcscnts 
thc pin-gric.l ;:m;:¡y pin r.urnbcr. You can only 
choose a pin-gric.l :may pin nurnbcr if, in place 
of parrsfpckg, you chosc the kcyword 
GRIDARRA Y. 1l1e lettcr must be in rhe rangc 
A through S; thc numbcr must be in thc range 1 
through 15. 

--~----+- Upr:er or lc·,...·er CJse le!ler j DECJ~.1.~N~ . .!~.~~ER(~ 
. L_F._a _';_._o._a_c_o_~_F_G_f-U_'>é_.L_'·_·.~_,?_R_S_D__, _ _, .. ,, Rt..'JG E e 1.., 6 :JI 

figure 7-IG. Gric.l:1rr::ly Pin J\';¡¡nc Synl:Jx Di:Jgr::lm 

. 
SIIORT A keyword thJt pbces .a short Jc;:¡d length JI !11c 

spccifíeq pin. 1l1e nor.m!leJd fcngth is 3. 
scrcen units or 0.3 inches. on thc printed 
worksheet. When rhe SHORT keywurd is 
prcsenl, !helead length is 1 scrcen unit orO.! 
inch on tl1e printed workshcet. 1l1e SI IORT 
kcyword c:Jnnot describe a pin thJI also has 
either rile CLK or DOT keywords. 

DOT A keyword.thJt pbces thc inve:sion symbol (the 
bubble) at the spccificd ¡;in locJtion. The DOT 
kcyword c:1nnol c.lcscribe a pin th:ll Jho h:Js the 
SI IORT kcyworc.l. ll1c primJry use of thc 
bubblc is to idc111ify pins Ul:JI J¡:¡ve lo;ic 
neg:llion. cithcr JI Jn input oran at Jll out pul. 
1l1e figure bclow shows the in,crsion symbol. 
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CLK 

-{>-. 

Figure 7-17. Thc InYcrsion DOT Syml.>ol 

A kcyword that pl?.c-cs !he clock sy;-..bol at thc 
Sfr:cificd pin location. ll1c CLK kcy"·or¡l · 
cannol dcscrihe a pin tJ1at also h2s th~ SIIORT 
kcyword. 1l1~ figure .bclow sl10ws thc CLK 
symbol. 

Figure 7-ISA. Thc CLK Sy1nbol: 

Yóu can use the CLK kcyworcl in COil,ÍIIIlL'Iinn 
w.·ith the DOT kcyworcl to prncluce ~ DOT C!.K 
symbol. 1l1e figure b:low shows ll1c DOT CLK 
symbol. 



Lihr.1rics 

IN 

OUT 

1!0 

oc 

PWR 

IJIZ 

J'lll nante 

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

A kcyword that identifics the pin ;~s an input. 

A kcyv.;ord th:lt idcnti fíes the pin ;¡s a st?.ndJrd 
totcm-pole outpuL 

A kcyword th:n idcntifics tl1e pin :~s a clu:~l 
function inputloutput pin. 

A keyword thJt identifies me pin JS JO open 
collector or opcn drain. 

A keyword mat idcntifies a power pin, su eh as 
V ce, Gnd, Vss, Vdd, and others. Powcr pins are 
not displaycd on library p3 rts whcn they appear 
on the scrcen or printed worksheet. llowever, 
me NETLIST utility connects all po~er supply 
pins thatare defined in libr:~ry sourcc files. 

A keyword thJt idcntifies a pin as p:~ssive. 
P:1ssivc pins are typic~lly pins 011 passive dcviccs 
such as rcsistors, transistors, imluctors, ;¡nd 
ot he rs. 

A kcyword tl1:1l idcntiries a pin :1s a high-
impcdJnce (3-sr:::e) out pul. 

A ch::iracter string that rcprescnts a naine for thc 
spccified pin. ror block symbols, this n:mle 

----:aL::± __ :r;..,.,._,_. ____ - ·-
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--------------------------------

PIN N4Mc STRING. 

~rp~Jrs C':l tk ~creen or thc printcd worhhcct. 
PinnJrn~\ do nol ;;¡-¡,c:H onthe scrccn m thc 
prinicd worbhcct ,\Len they are are p:111 of pin 
ddi:¡i'tions for a a bitm~p symbol. Ilowevcr. 
you m:1y still choo'c to IIS~ pin nJmcs in bitm:tp 
symbols. 'Jk: NETLJST utility still rcCPgni7.cs 
tkm, ::nd you may Ílnd th~m uscful J> per>on:tl 
rcferences. 

You c2n entcr pin namcs either in uppcr- or in 
Jowcr-casc, but.thcy always appcar in uppcr
case. 

1l1e bacl:slJslJ (\) and single quote (')are spcci~l 
characters. A backslash (\) afler a c]J;¡r;;cter 
in di cates thJl t11e character should ha ve;¡ b;¡r 
over it. Jf you wanl .lo bar multiple clJJrJCic•s, 
you mus! pbce a bccblash afler each clJar;¡cicr. 
1l1e single quote dc:limils the par1 name qring: 
'Jf yciu wanl a single quote as par1 ofthc pin 
string, yo u mus! escape it_ with anothcr single 
quote .. 

Figure 7-19. Pin 1\';:¡mc Slring Synlax Di;:¡gr:-1111 
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'2114' 
6 14 
L1 5 
L2 6 
L3· -¡ 

L4 • 
LS 3 
L6 2 
L7 1 
LB 17 
L9 16 
LIO 15 
Ll2 8 
Ll3 10 
Rl 14 
R2 13 
RJ 12 
R4 11 
TO 18 
BO 9 

E)(a>7.;:rle: 

'66020' 
15 66 
L1 C2 

Ex.arnple: 

1 7 o( 7 4 1 

'74HC14' 
6 6 
L2 2 

~" 3 
B3 1 

Srhcm:~tic Dcsign Tools 

'2148~ 

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

1N 'A4' 
IN 'AS' 
IN 'A6' 
1N 'A7' 
IN 'AB' 
IN 'A9 1 

1N 'C\S\' 
IN 'W\E\ 1 

HIZ 'DO' 
HIZ 'Dl' 
HIZ '02' 
HIZ 'O)' 
F'\oi'R 'VCC' 
PI<R 'G!;U' 

(Thi3 device· i3 in a pin-grid array package.) 
GRIDAF.R.AY 
CLK Itl" 'CLK' 

.· 

'7<1.&.LSI4' 
'7<1AC74' 

"14AS74' 

2 
12 IN 
ll C LK l N 
13 DOT IN 

. 'D • 
'CK' 
'CL' 

\'74LS74' '74514' 
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7.4.6 Bitmap Definilion · 

nm<tp 

l l1np 1 ---

f--.-[ B: "-'' P J P.iilll ~a::ne """'\ 

\. S Hong J 

L__..f CO< r,:RT 
( Pan "'a:ne """'\ 
l String J 

K P•n '\ ( 811r..~p' ""\ 
~ c.:.•··~"* '- Oerinilion J r \ l in e ) 

1 

f-..~ -~ (BIT~ . .a..P} . Stdng ~-

~OY."•'ERT P.ul N.1.~ l 
Slring J 

Figure 7-20. ~he Di!map Synlax Diagram · 

[(.,#) ... ,BITMAP 'par/nnme' ,CONYERT"parlname' J 

whcre: 

# 

A. rcprescnts cJe¡¡rcd pi;. el bit Ll-.a! is nol 
displayeq on ÜJe scrccn. 

A # represe.nLs a sel pixel bit. 
. ( 
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• If you use th~ BIT/dAP GjHÍon, k ~urc t!JJtlhc pJrt 
n?.illC yGu n:fcr lo is jHC\'ÍC'iJSly dcfin~d. 13c awarc that
DECOi\lP m2y rcordcr p2r1 dcfinitions. DECOMP 
ordcr par1s nurncrically <:nd.t!Jcn 2l;1h2octica1ly. 

EXA:'\lPLES 

Example 1: 

1 (:/J)..Cl'IOR' 

2 3 o 
Tl FAS .. 
81 FAS 1 

' 

1 Ol23<!67E;Ol23~~~E7E9r123<S67ESO} 

.t o l 2 31 
100 J •.•••....• 1 
101) .......... ·1 
102) ........ .. 1 
103) .......... 1 
!0<) .......... 1 
10~) .......... 1 
1061 .......... 1 
10_71 ••.••.••.• 1 
ICB) .......... I 
1 C91 ...... · .. .. 1 

. 1101 ........ · .. 1 
1111 .......... 1 
1121 .......... . 1 
1 1 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 , 1 1 1 " 
114 1 • 
11 5 1 •· 
11 61 • 
1171. 
1181 .. · •. . 11111111111 
1'9) ... 111 .... 1 .... 111 
120) .11 ..•.•.. l ...... 11 
121)1 ...•.... _,1.· ....... 1 
122) .......... 1. 
123) ........ .. 1 
124) ........ .. f 
1251 .......... 1 
12 61 • ' •••.••• · •. 1 
127) ... : ...... 1 
1281 .......... 1 
129) .......... 1 
130) .•.•.•.... 1 

... 

......... ' 
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·¡:\, ..... ,'e 2· Bir.lAP ·.7.~00' .. . ' .... i 1 • 

{ll1is U:cs thc bit;;1~p dcfincd for thc dcvice 7400.) 

Ex2n1plc 3: CON\'ERT '7400' 

[lllis t2kcs thc conversion bitm2p defincd for the dcvice 
¡.:oo. This pJr1 must ha ve a conversion bitm2p if the 
:ib>Jry sourcc file is to CO\\POSE wit:,out crrors.) 

7.4.7. Com'órsion Gilm2p_ 

¡;¡·n dcfir. _':ions 

pin dcfir.irion 

7-50 

Aprcvio'-lsly dcscribed idcntifier. Note that the 
pin de r •• ,:t:o:l for a con verted bitmop must ha ve. 
thc S3me v2lue for pans/pckg and the normal 
bitrnap. 

A prcviously describcd idcntificr. 

A prcviously dcfincd par1 n>:me iJ,al h~s a 
Cor"Crl"d ";''ll'P · 1 J ~ 1>.. L'. "~ •• • 
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. -- -· _____________ _, _________________ :....----------------·---·- --

i\CHES 

lf you use the CON\'ERT.'parl n,;:;;c' C•¡'lion, be surc tl1Jl 

t11e p:l:1 n~me you refcr to is prcvil>c;,]y C.cG;Jcd. Be 
2"·2rf tkXDECOMP- ;n2y rcordcr p:.r1 dcfinitions. 
DEC01·lP ordus pans nuillcric2Jiy 2:1d thcn 
oj,..,'·-\·"'1·-oJJy Ll ¡.. • J d '· ' ... l l '· . 



J..ibr:uics Schcm:~lic Dcsiin Tools 
-----.--- -- ------------- ------------ ------------~---

F:\,\\IPLES 

::. -,_ec-¡le 1: ccs,·::RT 
L1 1 4 9 1 2 IN .' 1 o'-
L3 2 S 10 13 IN 'I 1' 
R2 3 6 8 11 OUT 'o' 
TO 14 14 14 14 F¡.;R •vcc• 
BO 7 7 7 7 r;.;R 'GNO' 

::-o¡ 111111111111111111111111111 11 1111 
~1).1 .............•................. 1111 
~2) .. 1 .............•.................•.. 111 
:J 3 ) ••. 1 ...•.... ' .••••••• -......••..•.•.•.••.. 1 1 
04) .•.. 1 .....•...•..•.........•.............. 11 
~5) ..... 1 ....................................... 11 
2·5) •. -.... 1 ...............................•....... 1 
-J7) •• 111.1 ........................................ 1 
:3).1 ... 11 .....................................•... 1 
J9)1 ..... 11 ................................. : ....... 1 
10)1 ..... 11 ..........................................• 
11)1._ .... 1.1._ ...............................•......... 1 
22).1· ... 1 ... 1 .......................................... 1 
13) .. 111 .... 1 ............................... : ........... 1 

él4j ....••... l .. ~ ......................................... f 
f. 1 S) ........• 1 .... : ......................•.. -............... 1 
!16) .......... 1 ....... ············ .......................... 1 
~17) .......... 1 ....••....•. -......•••......... •·•·· ···········' 
!18) .......... 1 ....................... , ............ : .......... 1 

!19).' ......... 1 ..... ·················· ...... ···················' 
(20) •••••..... 1 .....•.•••....•....•.. : ...•..••.•........•.•..... 1 
(21) •..• • .••. -•. l ...........••................. c ••••••••••• -•••••• 1 
(22} ••.•••..•• 1 .....•....•....... · ......... · .................... 1 

:m:::::::::::::::::::::::::::::::::\::::::::::::::::::::::¡' 
(25}; ••••.. ;.1 .................... : ........................ 1 

(26} •.•. ··•·••••··•·•· ·••···•··••·· ...........•••......... 1 
(27} .. 111 .•..•..•••........•.......................... : .. 1 
(29}. l .. . l ... l ....................................•...... 1 
(20,)1 .••.. 1.1 .. ············-······· .....•........ .. .- .... 1 
{3Ó)t ...•. ll .•..••..... : .....•....................•.... l 
(31)1 .••.. 11 ...•..........•••...•............ ·••··· .. 1 
(32].1 ... 11 .......•................................. 1 
(33] .. 111.1 ........................................ 1 
(34} ...... 1 ........................... , ........... 1 
(35] ..... 1 .......................................• 1 
{36] .... 1 ..............•...................... il 
{37] .•. 1 .................................... 11 
{38] .. 1 ...•...•.......................... 111 
!39).1 ............................... , •• 1 
1 (0 J 1111 1 1 11 1 11" 1" 11111 '" 1 11 111 11 1 

!:xa::op1e 2i - CCNVERT '1(00' 
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7.5 !<. Final_ Example: r.laking il Connector-

A typical custom pJrt is a conncctor. You could u<;c module pons 10 

1..-:úc a corUJcclor, bul Ort::'AD doc~n't rccornlllcnd il. lf you u~e 
module pons lo represen! a conn~ctor, tl1e.NETLJST utility has no 
11 ay of knowing what tJ¡c pin numbcrs are: · 

J"qcad, use module pons to represen! hierarchic_al and nat ~!~ signals 
tl:21 eo from one sheet to anothcr. Connectors, howcvcr, sucMas the 
DB25 or the IBM 62-pin cdge connector, are lx:st rcprescnled as 
litrary pans. In that way, you trcat cormectors as physical dn·iccs 
with ~·in names, which is what L'Jcy are. 

1-bc is a panial exainple of a par1 dcfinition for an ·mM 62-pin cclgc 
COJiilCCtOr. 

'cc~.-::.::croR 13...~' 

10 32 o 
Ll lN 'Bl' 
L2 lN 'B2' 
L3 lN 'BJ' 
L4 lN 'B4' 
LS · lN 'E5' 
L6 lN 'B6' 

L30 lN 'B30' 
L31 IN 'B3l' 
Rl IN 'Al' 
R2 lN 'A2' 
R3 IN 'A3' 
R4 IN • A~, 
RS lN 'AS' 
R6 lN 'J..6' 

R30 IN 'A30' 
F.31 ·JN 'A31' 

r 

· .. 
7-53 1 . 

. ... 
Bllllll!llll!lllii!'-IIP"?~,..._,.,..,...IP""""<'._. ______ ···-···:.·_ -- ~:_: __ -----''~''''..7'-s·'· =····=-··=·-·--c.= 

\ 
1 
1 

\ 
i 
i 



Liur:nics Sch.clll:llic Vcsi¡;n Tools 

_7.6 ExJmplcs of SourCD Libraric~ 

Using thc tcchniques discusscd jusi dncribcd. wc can now examine 
somc n~mpl~s of library .<ourcc files. Reme moer, comrncnts are 
cnclo.<cd within bo::ccs ( ... } .. \\'e pcc:.cntt}ncc sc.mpk source_ 
librJrics. 

SAt\lPLE_l.SRC 

SA~·1PLE_2SRC 

S/\t\1PLE_3.SRC 

lliis file contains somc typicJI block symbol 
dcfinitions. 1t h~s some mcmory deviccs and 
two microproccssors, the SOS6MAX (thc SOS6 
in mz~imum modc) and thc·6S020 (a pin-gcid 
a na y). 

·mis file contains sorne st~L'ldard TTL dcvices. 
Note lhe use of a prefix dcfinition. 

Tnis file con:ains somc lypical bitmap 
.. úcfinitions. lt hJs an ANO g;lte with its 

Dcl\lorgcn cquivJlcnt, and antenna, a capacitar, 
a triode, and othcr non-squarc or non-

. rect.:mgular symbols. 

Alt.hough thcse exampks separate the kinds of defiilitions (block from 
bitm3p) into differcnl libraries, tl1at is nota ccquircmerit. You can 
intc~perse block and bitmap dcfinitions in the sane file .. 

To use these sample files, construct apure ASCII file (no fom1atting 
char.Jclers) and exccute t.he COMPOSER utility. Then reconfigure 
DRAFT tó rccognize the ncw library. For cxample, to COI\1POSE t.he 
s2mple files, enrcr the foUov.'ing cocmmnds on L'le DOS comcnJnd fine. 
ll1~ file COI\-íPOSER.EXE ar-,d the sample files mus! bC in tlle same 
directory. 

CO,\lPOSER SAl\lPLE_J.SRC SAt\lPLE_ILII3 
COI>IPOSER SA1\1PLE_2.SRC S.A.\1PLE_2 Lll3 
cm.iPOSER SA~.lPLE_3 SRC S:\i,iPLE_3.LII3 

<RETURN> 
<RETURN> 
<RETURN> 

ll1cn, reconfigure DRAFT, as outlined in Scction 2. You c:m add one 
or more of- thc resulting library files. DRAFT cxpects tlle library files 
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7.G.1 S/d.';?LE _1.S!iC: A Bio::k Sym'.l:JI Lórz-,ry ~ourcc ri\::: 

{ir: " ~ s:c.~ic F.:.::) 

'21H' 'L 1 (E' . / ~ ~ 9. '~S 1 3' ·~~}4' . 911" 1 '912'' 

6 H 1 
Ll 5 

._ .. 'AO' ... 
L2 6 ]t: • J..l 1 

L3. 7 :N 'A3' 

L~ 4 IN 'A~ • 

L5 3 IN 'AS' 

L6 2 :! ~~ 'A6' 

L7 1 lt:_ 'Al' 

LB 17 !N 1 J.. 7' 

L9 16 :a; 1 .. " 1 

"" 
LJO 15 IN 'A9' 

L12 8 IN 'C\5\' 

Ll3 lO :N ··~\!:\' 

Rl H r.IZ 'DO' 
P2 13 r.iZ 'Dl' 

R3 12 ijiZ 'D2' 
F.4 ll EiZ 'D3' 

TO lB F,.;R 'VCC' 

BO 9 Fi-\?. 'G~;o · 

(Al! of the a[)o\e m~mory dcvices Lave !he same block symbol. ll1c 
parfs siz_e is 6X by 14Y, and ir hzs one par1 pcr package.} 

{2'0SK )( l Syr:a..-r.ic RJ. .. '-1) 

'21256' '5lC256' '50256' '50257' 'EJ256' '81257' '6256' 

'6257' 1
.; 256 1 ''257' '41256' '37256' 

6 H 1 
Ll 5 n•· 'J.. O' 

L2 7 IN 'Al' 

L3 6 IN 'A2' 

L4 12 :;:N 'J-.3' 

LS ll JN • /..4 1 

L6 10 JN ·~s· 

L7 13 IN 'A6' 

LB 9 H; 'J../' 

L9 ! ]t: ' • e' h. 

Lll 4 v; 'R\r.\S' 

Ll2 15 IN 'C\J..\S\' 

Ll3 3 IN '1-i\E\, 

R1 H .li I z 'DO' 
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---~------------~~-----~--------- -- -- --------- ---·-----------

t\3 2 IN 'Dl ' 

TO 8 ¡-·,.;R ·vcc• 
50 16 r·nrt '\'SS' 

¡ . " , .. X a !:r~C;-!J 
. 27] 2 1 

7 16 1 
Ll 8 1N ·;..o• 
L2 7 IN 'Al' 

L3 6 IN 'A2' 

L4 S IN 'A3' 

LS 4 IN 'A4' 

L6 3 IN 'A5' 

L7 2 IN 'A6 1 

L8 1 IN • 'A 7 1 

L9 23 !N . .;8 1 

LlO 22 IN 1 .!.9. 

Lll 19 IN '.!.lO' 
-· L12 21 IN 1 A-11' 

Ll4 lB IN 'C\C:\' 

Ll5 20 lN '0\!.\/VC:P' 

r1 9 HIZ ·oo· 
;2 JO HIZ '01 1 

F3 ll HIZ '02' 

R4 13 HIZ '03' 

RS H HIZ ··o<,_ 
R6 15 HIZ '05' 

R7 16 HIZ '06' 
RB 17 HIZ '07' 

TO 24 F;..·R ·vcc· 
EO' 12 r·..;rt ·c:.-u• 

{'fne following are rnicroprocessor ele vices} 

- 'EOCS~J.;,_x• 

13 32 1 
Rl 16 I/0 'J.DÓ' 

R2 15 I/0 'A.Dl' 

'P.) H I/0 . ;.~2. 

R4 13 I/0 'AD3' 

RS 12 I/0 1 A.D4. 

r-.6 11 I/0 'j-.D:.. 
K7 10 I/0 . J-~6. 

... ·9 I/0 'J-.D7' 

l'<9 8 I/0 •;..!:)=' 

M lO 7 I/0 . 1-.29. 

?.1 1 6 I/0 •;._:·lÜ' 

Rl7 S I/0 •;..Dll' 

Rl3 4 u o ·r.Dl2' 
P.l4 3 I/0 'AD13' 

RlS 2 I/0 'ADi4' 
.R!6 39 I/0 -~ADIS' 

Rl7 38 OUT' 'Al6/S3' 

7-5R 
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-. ~ -- --·- -----
-·----- --~- -----. -- ·-·-------~----- ------------

r.: ~ 37 o~~-; •¡,¡ 7iS~ . 
t. 1 9_ 'ó 0\.'T '1-.16/SS' 

~.70 .3~ O'J7 ·¡.,:9/S5' 

!-?] ,3.; O'.IT _'f:\E\[\/57 

r.:. .. ~ f L).._l; (¡'.y; • .S o .. 
¡;- < - n n-~T o~l- 'S 1 . 

L. - J 

F.76 7r D·JT (l:JT . 52. 

·¡:_7 S 3? o:.:r ·~\D\' 

·-..,a -o r·:·.J UYT .' 1.C>:Y,' 
r. t. - < • 

F-30 ~) o:..~: '\,.':30. 

;:, 31 2~ c.:.;T 'C'S1' 

L3 22 JI; , ¡;:_::.!-..DY , 

L4 1 9 e;.;; IN 'CLr'._' 

L5 :t1 IN 'E!:SLT' 

L7 lE IN 'l ?;!R' 

L27 33 D·JT I/0 'i'O/GTO' 
L2S. ~D DOT I/0 't::'J/GTl' 

L29 17 IN 't.;:-:1'. 

L30 23 UOT IN ''I!:ST' 

L31 33 :N 'P.\X\' 

TO ~o p-..;x ·v.cc· 
30 20 r¡.;x 'G~~D' 

25 1 ¡: -..;x 'G~;¡:,' 

[D;i,·d~\ ice is in 2 pi:-1-¡:rid array p~cbge, t'olicc 
GRIDARRAY in place ofp2rts pcr pac\;?.ge] 

·t~'020' 

16 53 G;<; "-~-~-~-'Y 

Ll C2 e :.K IN 'CLK' 

L3 Jl2 OOT lN ' 1? LO~ 

L4 Jl3 OOT IN '1 PLl' 

L5 El2 DOT lN '1 PL2' 

L7 E2 DOT IN 'AVI.C' 

LS Al DOT JN 'BG.~CK' 

L9 33 DOT lN 'E=?..! 

LlO J2 DOT !N 'EE:RR' 

Ll1 Hl DOT ¡N 'CQl S' 

Ll3 H3 DOT :N - ''D~MCKO' 

LH J1 DOT· !N 'DSACKl' 

L21 Kl3 IIO 'DO' 

. l.? 2 K12 I/0 'Dl' 

L23 Ll3 I/0 'D2' 

L24 L12 1/0 'C·3' 

L25 Hl3 J/0 '04' 

L26 ~) 2 J/0 . os' 

L27 ~11 J/0 'D6' 

L28 LlO !/0 'D7' 

L29 ¡; 1 2 J/0 '08' 

u o t;! 1 l/0 'D9' 

L31 HlO 1/0 'D10' 

L32 L9 J/0 'D11' 

L33 N1 O· J/0 '012' 

1he kcyworJ 
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¡_~4 
~~ ~,.._ 

1.3~ 
•. -e .. 

L36 Lf 

L37 ~~ 

U8 ta<-
L39 }", ~t: 

L~O Lrt: 
~41 t~ ::::-

~4 2 r--":5 
~43 !' .. ···. 
U4 L=· 
;,_~ 5 ~.<; 

uG 1'-•-' 
L~1 !-'.::3 

L'8 L-~. 

L~9 tC 

LSO ~~::: 

L51 e: 
!..)2 !'' '-

Rl e; 
;:.2 ;.::: 
;:3 E-_ 2 

"' 
[. ._ 3 

;::5 e·_ 2 
F6 C:3 
¡:.7 E-- 3 

r.e C:2 
;;9 ;._: 3 

r-10 Cll 
Rll E:l2 
Fl2 Al2 
¡¡¡) ClO 
lll4 311 

Rl5 n1 
Rl6 El O 
Rl7 e9 
?.18 es 
Rl9 28 
F20 l-.8 
F21 37 
;;22 e?· 
~2J A7 
-?. r-.... ., A6 
P2S 

t. 

"" E2 (' es 
;._ L 1 /-.t.J 

t=LB '25 

1-2 9 M 
r:;o o 
i'Jl ~-F02 ¡..) 

1'.3 o1 f'l3 
R:i5 fl2 
R)7 El 
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110 'Dl 3' 
I /0 • L"':. ~' 
I/0 . 'Dl ~' 
I/0 '016' 
I/0 'Dl 7' 
!lO . 018. 

!/0 '. [) 1 9 • 
I/0 '020' 
l /0 'D21' 
I/0 'C22' 
I/0 '023' 
I/0 'D24' 
J/0 '025' 
IIO . 02 6' 
!/0 '027' 
IIO '028' 
I/0 '029' 
I/0 '030' 
I/0 

1 031' 
OUT 'J 'AO' 
OUT 'Al' 

C.UT 'A2' 
ovr 'A3' 
C\.!T . ;., 4 • 

()UT 'AS' 
OUT ';..6 1 

C'JT ·;..?' 

OUT ·;..a· 
OUT 'A9' 
OUT 'hlO' 
OUT- 'All' 
OUT 'Al2' 
OUT 'Al)' 
OUT 'Al4 1 

OUT 'Al~' 

OUT • l-.16' 
OUT 'Al7' 
OUT 'Al8' 
OUT . "19' 
OUT 'l-.20' 
OUT 'A21' 
CUT . 1-.2 2' 

OvT 'A23' 
OUT 'A24' 
C·lH ',<.25' 
OUT . ;..2 6. 

OUT ',<.27' 
OüT · 'A28' 

OUT 'M2 9' 
OUT •;..JO' 

OJT • ,!, 3 l . 

C0T OUT ' I? s::o' 

COT OUT 'BG' 

OUT ·reo· .· 

" ,. 



Lii>r:Jri{'S 

--·-··· --··· -·-------·-------- -·------~ 

F-:F r3 OUT 'fCI' 
t:. 3 ~ f2 (l;JT 'FC2' 
- • 1 ". r1 OUT 'SJZO' 
;= ~. 2 C-2 C'•;JT 'Si 21' 
¡:~] G3 [•JT O~ . .lT ' ~- ~- i:t~ • 

;:.~~ C.! j1:1T OUT '!:CS' 

F.~~ !:13 [1::JT OUT 'OCS' 
;:-.~ 6 [2 D::>T Oi.JT • ¡:~·+:: • 
F.~l Ll DDT C•üT ., J... S • 

r: . .; E t-:1 DJT (!UT 'L'S' 

t::.:.o L2 -OUT •¡::;,¡;..;\' 

r. ~ 1 u D::>T I/0 'HJ..LT' 

;;~2 Cl [l::JT ~ 1/0 '?.!:SLT' 

TO i;3 Fn·R ·vcc• 
Tl Dl p~·R 'VCC' 
1"3 D2 r·..;R 'VCC' 
1"6 E3 ¡:-¡.,·x_ 'VCC' 
-a G11 rn·R ·vct• . -
712 GJ3 F;.;R 'VCC' 
·ns· P. S ¡:-;.¡¡:{ 'VCC' 
J16 r:a r~·x 'VC.C' 

!'O 1-.1 o p~·R · c::a' 
;;¡ (.12 p:,...·R, · c:;o• 
!'3 ~13 :·...;x. · c~;u · 
35 J3 ¡-;..;R · G~;a · 
29 Kl t'•·•R '(;~;I)' 

512 L7 ¡:>;.;R . e~;;:,, 

E15 ~; 7 --··-rrot"\ 'G~{D' 

!316 59 r;..;R . c~;J, 

{<:nd of sou:ce f i 1 e, SK."!.?LE:. 1 .Si'C} -

7-(>1 
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7.G.2 S/.;i.1PLE_?.SRC: A TTL Block Syrnbo!Lit.Jr;:¡ry Source File 

{Ct:·sinning o[ tt.e soUrce file, s.:.~~rLt: 2.5?.C} 

:~::t!X 

' 7 ~ !.S • 'LS' 
. -;~S' • S • 
. -¡~;,l.,$ o 'f,LS' 
·7~r.s· 'AS' 

'7~HCT' 'HCT' 
'7~<1C' 'HC' 
'7~ ACT' 'ACT' 
., ~;..e, 'AC' 
. -. -· "' 

• F' 
. 7 4 1 

!: ~; D 

'7.;t,2' 'I~LS42' •t.;r.c~2' • 7 ~ ~ 3. • 7.; ~ tt 1 

5 ll l 

L4 l lN 1 A. •. 

L5 15 IN • B • 

L6 13 IN ·e· 
Ll :2 IN ·o· 
r;.-~ e ll [)07 GIJT o 9 o 

¡::g 10, DOT. CJT o 8. 

i\9 9 OOT ou-r • 7. 

R7 7 DOT OüT o 6. 

¡;6 6 DOT GUT , S • 

RS S DOT OUT o 4. 

R4 4 DOT OUT o 3. 

R) 3 DOT OUT • 2. 

R2 2 DOT C"JT • 1. 

Rl 1 OOT OUT . o o 

TO 16 • FYiR · ·vcc•· 

BO B F',.iR 'GND' 

. 7.; ~ 6 . . 7 4 4 7. '1·4 LS'i 7' 

6 B l 

Ll 4 IN 'F.\?\0\·' 

L2 5 !N 'F.\B\1\' 

L3 3 iN 'L\7\' 

L4 7 IN o l o 

L5 1 IH o 2 o 

L6 2 IN o~ o 

L7 6 IN 
o 8 ,• 

?.7 14 001 oc 'G' 

;:<6 !S L>OT oc . f. 

RS 9 DOT oc , E • 

~4 !O DOT oc ·o· 
;>.) 11 DOT oc ·e. 

. 
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~'h ;¡::l!ic Dni¡;n Tc·¡·ls l.ihr :11 in 

- -· ---- ---- ----------· -- ---------,--·--·- . ···-

F.2 12 C':-7 o: 'E • 

R1 13 n·--.- o: .. }.. . 
• "-• J 

70 1& ;-o .. :rt '\'CC' 

BO 8 'n~ • c::D' 

•¡.; !.; ' ' -; ~ .~--!.S 1 < ' •-;.:;_.::.,SI<' · 7C.S7~ • '7($/4' 

·:.;:-::7.;' '7.;,;·::7.;' 

6 ¡; 2 
!.2 2 12 .: ] t~ --·o· 
u 3 ~ll C. K Jt; 'CK' 

EJ 1 13 Ll')J l N. .'CL' 

T3 4 JO LiJ'j JN •p. 

R~ 6 e OUT 'Q\' 

F.2 5 9 WT ·o· 
TO H H r·...;j:\ 'VCC' 

50 7 7 r-.:R , G~@, 

{This p:nt h;,s two p2rts p::r pcbge. n1c fJr left column rc¡ncsrnls 
th~ pin po~i:ion. l11e seccnd colurnn co:¡:ai11s. tJH:~·r¡n n'JJnb:::rs of 111~ 

.f1rst D flip-flop iilthc pcbgc. ·n;c t~;ird colu:11n contJins thc pin 
;~u:;Jb::r of thc scco:Jd D 0\p-fl:J¡:> in tJ¡c pJd:age. Noic thc pco·,,'Cf ¡·ins 
on 14 and 7. ·n1cy are ;équired for bo:\1 dn·ices.) 

R7 
R6 
R~ 
TO 
BO 

4 
5 
t 
11 
12 
13 
H 
15· 
16 
8 

IN 
IN 
Jti 

· 0'-JT 
o:.;r 
OJT 
OUT 
O'JT 
p¡.;M_ 
p·..;R 

·oc· 
'QS' 
'Oh' 
·co· 
'VCC' 
. c.:::>" 

{ EnJ of th~ sourcc file. SAMPLE_2.SRC) 
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7.6.3 SAr.\PLE __ J.SriC: A Gitm2p Symbol Libr.Jry Source Fil_c 

j_:':~<;inning of tl-.c ~.c:.;:ce file, s,·.w'-~?LE._3.SRCJ· 

r::.:.~r·1x 
. ,-_~;o 

. ~~-~o· 
6 
L1 
L3 
R2 
TO 
80 

4 4 
1 4 
2 S 
3 6 
14 14 
7 7 

9 12 IN 
10 1 3 IN 
8 11 DOT OUT 
~4 14 r~·R. 

7 7 .ff.;R 
1 oc) 11111111. f; '1, 1 j 1,, 1, 11 j f 1 11, 1 1; 11111 j 111 1111 

'IO' 
1 1 1' 
'O' 
'VCC' 
'c~.u' 

101)1 ............................................ 111 
102)1 ............................................... 11 
103)1 ................................................. 11 
1 o 4.) ' .•••••.•••••••..•.•.•••••••••••••.• : •••.••..••••..• ' 
IC.ó)l .....•.......•..••..........•..•.•......••..•.•...... l 
1 e, é ) 1 .......................................... - .......... 1 
107)1 ................................................. : .... 1 
1 e 2 ¡ 1 .•................. · .................................... 1 
109) l ...................... · ................... -.. · ..... ·.·.·.-: .. · .•. 1 
.1 i 6) ' : ..............................•........................ 1 
lll 1 1 ......................................................... 1 
112)1 ........................................ · ... .- ........ ; .. ,.1 
113)1 .•................................................. , ...... 1 
11-~ ) '1 ........................•.................. - .•.. · ...... ' .... ' 
{15)1 ........ · ............... · ..•................. :.: .....•...•.. 1· 
{16)1 .........•........ · ............. ;, .... : ..................... 1 
{17)1 ..•................ , .............................. : ........ 1 
{18)1 ................ · ..... ; ..................................... 1 
{19)1 .................•..................... · ..... : .•..... -...... :1 
(20)1 ....................•......•....... · ........................ 1 
121)1 ........................................................... 1 
(22)1 .•.• .- •••.•.••.....•...••••••• · .•••..•.•.•.•....••... ········' 
123)1 ..........................•.... · ............................ 1 
12,)1 ..... · ...................................... : ............... 1 

:~~:::::: ::::::::::::::::::::::::::::::::::.::::::::::::::::::::: 
1") 1 ............................................ : ............. 1 
128)1.: ............................... : ..... : ................. 1 
1 2 9 1 1 .....•......•.........•..••..........•.•......•.....•.... 1 

: ~~ i:::: : : : : ... :: .... :: ::::::: : : : : :: : : : : :: : : : : : :: : : :: : :::::::: 
1 j¿) •......•... · .....•........... · ............•.........• · ...•. ' 

1 3 3 ) 1 ......•...........................................••.. 1 
i J -1 J, ......................................................• 
135)1 ....................................... · ......... ; ... 1 
136)1 ..................................................... 1 
137)1 .................................•.........•.... ,11 
(38)1 ..........................................• : ... ti 
(39)1 .............. : ................... , •.... ·: .. ."111 
f t; o 1 ' i 1 rl 1 ' ' ' ' 1 ' ;·' 1 1 1 1 ' ¡ '· 1 ; ••• ~ • ' 1 ' 1 i ' j 1 ~ ·• ' i ' ' i' 1 • 
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S" eh e; 11 :1 1 i e [)e> i ¡; n T (le>! s L i ll r a 1 ir s 
----------------- --------------------------.-- ------------ ----·-.- ·---- --

CC·~:\··::t-:T 

L1 1 ~ 9 l 2 JN . lo. 
L3 2 5 JO -13 Jll • I l ' 
F-2 3 6 8 11 OUT 'O' 
.-o H H H H p;jl ·vcc· 
so 7 7 7 7 r'r\R 'GllD' 

! e· e· ¡ , ~ ; , , , , , * , , , ' , , ' , 1 ' ' ' • • ' ' , ' t • 1 , , , 
( [¡ 1 J . ' .•.... : ..•••.....•...•......•.. ' ' , ' 
{0/) .. l.················ ................. 111 
{C\3) .•. 1.-...................... • ............. 11 
¡o;¡ .... l ..................................... ll 
10~) ..... 1 ...... ~---····· ... : ... .......•........ 11 
{06) ... : .. 1 ......................• · ..............•.• 
!07) .. 111.1 .................•................. · .•.•.•. 
¡o:¡ .1 ... 11 ......................................... 1 
{(·?)1 .... ,11 .................... ······ ............... 1 
{10)1 ..... 11 .......................................... 1 
111)1 ..... 1.1 ...............•.......................... 1 
ll2).1 ... 1 .. -.l ................................ _ .......... l 
113) .. 11-1 .... 1 ....................................... ~ ... 1 
1 1 < ) ...•.. - •. 1 .........•.......•..............•....... - ... 1 
11~) ......... 1 ..... ~---·········-· ........................... 1 
116) .......... 1 .................................. :; ......... 1 
11 7) ... · ....... 1 ...... · ........•....•..............•.•...••.... 1 
{ j 8) ..... •.· ... 1 .................................. · ............. 1 
1 1 9 1 .......... 1 .....•......................•.....•.•....... ' ... 1 

120) .......... 1 .............................................. :.:1 
1 21 ) .......... 1 ..........•........... ; ... · . . . . . . . . . . . . . . . . ..... ' 
1 27! .......... ' ............................................... ' 
{23) .......... 1 ........... -................................... 1 
1 2; ) .......... 1 ...•... ·- •....•...••..•...........•..•....•... 1 
1 2 5) ...•..... 1 ..............•.............................. 1 
1 2 6) ..•...... 1 ...................................... · ...... 1 
127) .. 111 .... 1 ........... · ...•.................... ' ....... 1 
{28).1 ... 1 ... 1 .. , ...........•.... _ ...... ················-~ 
129)1 ..... 1.1 ....•.................. · .......•.•......•.. 1 
{30)1 .•... 11 ..................... ·--~ ........... · ...... 1 
131)1 ..•.. 11 ........................ · ................. 1 
{32).1 ... 11 ....•....•..••........•..................• 
133) .. 111.1 ......................•.................• 
{3() ...... 1 ................................. _. ..... 1 
\35) ..... 1 ...................................... 11 
/?.f.} .•.. f ......•..•.....•.....................•• 

'!37) ... 1 ................... : ... .- .......... · .. 11 
!38) .. 1 ........... .-_ ....... · ............... 111 
!39).1 ............................... 1111 
1 <O i 111111111111111111111111111111111 

7-(,) 



Lil.Jr:~ries 

-------

'7 ~AL510' 
6 4 3 
L1 l 3 9 'IN 
L2 2 4 10 JN 
t3 ]J 5 11 JN 
R2 12 6 8 DOT OCJT 
70 - 14 14 14 ¡ .. ,.;M_. 

;;o 7 7 7 r·.-<R 
CIT!-'..A? .'7~00' 
CCS\.l..RT 
L1 1 3 9 l~ 
L2 2 4 1 O l ti 
L) 13 5 11 l N 
R2 12 6 8 OUT 
TO 1~ 14 14 í'"'"R 
ao 7 7 7 F;.;R 
1001 1 11111 '¡ ¡ 1 ¡ 1 ¡ ¡ ¡ ¡ '1 1 '1 1 1 1 1 1 i 1 1 1 11 t 

Schcm:~tic Dcsi¡;n Tools 

'IO' 
1 I 1 ' 
1 I 2 • 
'o' 
'VCC' 
'C:!iD' 

'IO' 
'I 1' 
'I2' 
. o' 
'VCC' 
'GNU' 

101).1 ............................... 111t 
1021 .. t ......... · ................ ········ .lit 
103) ... t .................................... ll 
1041 .... l ..................................... 11 
1051 ..... 1 .......... - ............. : ............. lt 
106) ...... 1 ........................ · ............... 1 
1071 .. 111.1 ... · .......................... · ........••. 1 
1 e 8 1 . 1 ... 1 1 .....•....•..... : . : ...... ·' ............... 1 
109)1 ..... 11 ...................... ······ ............. 1 
110)1 ..... 11. ........•................................ 1 
11111 ..... 1.1 .......................................... 1 
i12).1 ... 1 ... i .......................................... l 
(13) .. 111 .... t ......................•.......•...••........ l 
(14) ....•..•. 1 ...........•..........•••....••...•.....•.••. 1 
(15) ..•...... 1 .....•................•.............•......•. 1 
(16) .......... 1 ..•.......•...... : ....•.......• : •........•..•. 1 
(17) ..... 111 .. t ....•.......... : ..............•............... 1 
(18) •••. t ... l.l ........................................... : ... 1 
(19) ... t •.... ll .. · ....... ········· ······· ...................•... 1 
(20]1111 ..... 11 ..•...•.•...........•......•...•..... : ••.• : •••... 1 
(21) .•. 1 ..... 11 ..... , •...........•....... : .......... :.: ....•..... 1 
1221 .... l ... 1.1 ..................................•.•...•...... 1 
\?3) ..... 111 .. 1 .............................................. 1 
;24/ .......... l ............................................ · ... t 
\ 2 '> l ......... 1 ............................................. 1 . 
1 2 6) ••••.•••.. 1 ................. : .....•................ ; ... t 
1 2 7 ) .. 1 1 1 ... : 1 .......................................... : . 1 . 
128).t ... l ... t .............................. ····· ....... t 
12911 ..... 1.1 ....................................... .- .. 1 
130]1 ..... 11 .... · ............ : .................... · ..... 1 
1 : l J ' •... ,11 f . ' ... ' ...... ' ........ ' ................... ' 
132].1 ... 11 ....•......... : .......................... 1 
133] .. 111.1 .................................... · .... t 
134) ...... 1 ..............•................ :.: ..... 1 
135) ..... 1 .................................... :11 
{361 .... 1 ......•....•.................. : ..... 11 
{37) ... 1 ............ 0 •••••••••••••••••••••• 11 

·t38 J .. 1 .. · ....... :·.:. · ..........•.......... ; 1 t . 
. {391.1 .•............... · ............. 1111·· 

{ <0 l' •.• '' 1 'j; i '''' ~ 1. ·,J. f'' •.• ', 1 ·,. i' . ·. ,· 

---=::::-~-
-·--,--~--'-:..···---··"". 

.-~~ 
.-.. 

:, .. :: 



• SrlicJn:1tic Dcsi¡;n Tuols Lib,.;,,.irs 

----· ----------

'HO¡>' 
6' ~ ~ 

Ll 2 5 e 11 J ~~ 1 o' 
1.3 3 -6 9 ¡¡> H.' 'll . 
Rl 1 ~ lO 13 D:JT (1'1--' ' (\. 

TO J ~ l ~ l ~ l ~ : ... " '\'LT' 
E1~ 7 1 7 7 ~ ··r-. ·e::~· 

¡re¡'',' t,', '*, '''''' • ~· '' lttl.i ,, • ,,, 
{01}.1 ...............................•••• 
{02} .. 1 .................................. 111 
{03} ... 1 .................................... 11 
{0~} .... 1 ..............•...................... 11 
105) ..... 1 ..............•. : ..................... 11 
1 06) ...•.. 1 ....................................... 1 
107) ...... 1 ................... : .................... 1 
106) .....•. 1 ................................... : ... ·.1 
1 09) ...••.. 1 ......................................... 1 
110}111111111 .......................................... 1 
tJJf ....••.. l .......................................... l 
ll 2) ......... 1 ................... · ....................... 1 
1 J 3) ......... 1 .................... · ....................... 1 
11 ~ } ......... 1 ....... ' ................... ' ' ............... 1 
1 J 5) ......... 1 ............................................. 1 
(lf) .......... l ....................................... · ....... l 
{17} .......... 1 .............. ···-···· .................... .. · .. 1 
llt) .......... l .............................. , .. -.............. 1 
11 9) .......... 1 ............. _.. . . . . . . . . . . . . . . . . . . . . . . . . 1 

f ll'} .......... 1 ...... ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ' . 1 

f 2l } .......... 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

1 2 2) ..... · ..... 1 .......... · ..................................... 1 
1 2 3) ......•... 1 .......... ; ................................... 1 
1 2 ~ ) ......•... 1 ..•.....•.•.......•.••..•...........•.•...... 1 
{ 2 5} ...•..... 1 ..•...........••..••.•..•............•.•.•..• 1 
(26) .....•... 1 ............•.•............... ··············' 
{27) ..•...... 1 .•............•....••......... : ..•.••••..•. 1. 

{22) ...•..... 1 .........••..... · ..•••..... ················' 
12 9) ....•... 1 ...................•...................... 1 
130) 1, 1111 1 1 l ......................................... 1 
131) ..... · .. 1 ...... .- .................................. 1 
{32} ••..•.. 1 .•..••..............•...................• 
{ 33)' ..... 1 .....•....... · ........................... 1 
¡~4) ...... 1 ....................................... 1 
i3ó) ..•.. l ................. ··········· .......... 11 
i'cl .... ! ........... : ......................... 11 
{31} ... 1 .................................... 11 
!38) .. 1 ................................. . 111 
{39).1 ............................... 1111 
{<o i, 1'', f, 1 11; 1 f', 1 1 1 ', '.' t '1 1,,, 1,, 1 

·. 



o 

!.ihr;¡rics Scllcm:llic Dcsign To.ols 

~~,e-:-:;·'";:;; T 
1.1 2 5 a· 11 DOT 1 N' 10' 
L3 3 6 9 12 DOT 1 r~ · I 1 • 
;:.2 1 4 10 13 our·o· 
TO 14 14 14 ¡ 4 F ·r.-:=. 'VCC 1 

=o 7 7 7 7 ?· ..... -;..e:~:_¡, 

~: ·; ~ :..:..? •-;.¡QQ' 

• i < 33. 'i<LS33' 'i.;ALS33' 
E. 4 4 
Ll 2 S 8 11 !N'IO' 
L3 3 6 9 12 IN' Il' 

?2 1 4 10 13 DOT OUT'O' 
TO 14 H 14 H F•·;~vcc·. 

EO 7 7 7 7 r ~-r. · c;;o' 
R I J:·'_!.,p . 7-102 1 . 

C·::;· . .-r::.i'-1' 
L1 2 5 8 ~11 Cr~T IS' IO' 

L3 3 6 9 12 t~JT IN' I 1' 
R2 1 4 10 1 -- j üüT'O' 
TO H H 14 H r·.-.r. · vcc · 
so 7 7 7 7 ?·,.,¡;' G~~D' 

:;¡-:-:-'.;? '!A 00 1 

['ll1c following are clcctrical and clcctro11ic pJrts} 

2 
. 81 

1 
1 
1 
1 
r 
1 . 
1 
1 
1 
1 
1 

OUT 1 Alif 1 

o J 1 1 1 1 1 1 1 1 .1 1 1 ' 1 1 1 1 i 1 1 1 1 
1).1 ........ 1 ........ 1. 
2)~.1 ....... 1 ....... 1.. 
3) ... 1 ...... 1 ...... 1 .. . 
4) .... 1 ..... 1 ..... 1 ... . 
S! ... .. 1 .... 1 .... 1 ... . . 
(;) ...... 1 ... 1 ... 1 ...... · 
7) ....... 1 .. 1 .. 1 ...... . 
8) ........ 1.1.1 .... , .. . 
9) .... , .... 111 .... , ... . 

1 o J .•.. ' ..... 1 ... ' ' : 

7-GR 
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Scllcln:Jiic Drsi¡;n Tt•ols 

'Chi'' 
•c.=-."i'AC!JOR' 
F~!:l F.FS..t.fCE 'C' 
iXSj¡e·)2 il'Si>e•)1. 
Tl S:iC•::.r fAS 'l • 
.Bl s:-.::·;l rAS . , '2' 
·1 O) ......... :t ........ .. 

( 1) ................... .. 
( 2).1tliiiiiiii11IIHII. 
( 3 ) ..........•.......... 
( 4) .... : .............. .. 
( 5) .................... . 
( 6) ................... .. 
( 1) ...... 111111111 .... .. 
1 B) ... llf .... f .... llf ... 
( 9).1f. ...... f. ...... ll. 
('10) .......... 1. ........ . 

'G~;[' po· .. ;!:R' 
IX Si¡e ·) 2 !Y Si•e ·) 1 
71 P~K ·c~:u· 

1 OJfllllllllllllfillllll 
( 1) .................... . 
( 2) ................... .. 
1 3) ... 111111111111111 ... 
( 4) ................... .. 
( 5) ................... .. 
( 6) ...... 1flfllflf ..... . 
( 7) ................... .. 
( 8) .................... . 
( 9) ......... 111 ........ . 
( 10) ................... .. 

----~~-~"' .. - -- -· -

(rcilS per r~c\agc •)) 0 

{F~rts. per Faclage ~) C 

. 7 .(>') 

'. 



Liur:~rics Schclll:Jiic Dcsi¡;n Tools 

r:.:.rr.;...:::JCE ·a· 
3 2 cO 
L2 SHO~T IN 'GATE' 
T2 SHC:RT IN 'DKAJN', 
82 SHCRT IN 'SOüRCE' 
( 0) ......... 1 .......... 1 ..... , ...• 
( 1) .....•... 1 .....•....•......•.•• 
( 2) .... 1 .... 11111illllll ........ ;. 
( 3) .... 1 ....•..........•.......... 
( 4) .... 1 .... 1 .................... . 
( S) •... l ..•. t . .... t ..... ~ ......... · 
( 6) .... f .... t .... u: ............ .. 
( 7) .... 1 .... f ... fll .............. . 
( S) .... l .... l .. lllf .............. . 
( 9) .. c.l .... l.llllf .............. ~ 
( 10) .... 1 .... 111111111111 ........ .. 
( ll) .... l ..... t.llllf .... f ........ .. 
( 12) .. · .. 1 .... 1 .. 1111 .... 1 ........ .. 
( 13) .... 1 .... 1 .. . ttl .... l ........ .. 
( 14) .... 1 .... 1 .... 11 .... 1 ........ .. 
( 15) .... t .... l ..... l .... f ........ .. 
1· 16) .• .. ,l .. :. 1 .......... l ......... . 
1 17) .... 1 .... 1 .......... 1.· .....•... 
( 18 J •••• 1 .... 1 1 1 11 11.1 1 ' 1 ' ..••....•. 
1 19) .... 1 .... 1. ......... 1 ...... , ... 
( 20)11111 ... . t .......... 1 ...... ...• 

·. 
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Schrm:llic Dl'sign T(JOis 

~7F-.10~I:' 

~ 

L2 
<'0 
B1 
!--3 

4 
JN 
lN 
JN 
JN 

o 
·c.R:o· 
·c;...:-:<):'E' 
' f l Ll-..' ~~ !;T 
· r 1 !...J.:"'.Y. :a 

T2 -!N 'F.i ... !:J!:' 

l ' - 2' -
100 J •••.•••.••... :. 1 ¡; i i i., ji'' 
!01} ............ 11 ...... 1 ...... 11 
!02} .......... 11 ........ 1 ........ 11 
103} ........ 11 .......... 1 .......... 11 
IH~ ....... 1 ............ 1 ............ 1 
105) ..•... 1 ............. 1 .........•... 1 
106}: .... 1 .............. 1 .............. 1 
{07} .... 1 ............... 1 ............... 1 
{08} ••. 1 .•......•....... 1 ..•.......•...•. 1 
{09) ... 1.: .............. 1 ................ 1 
{10) .. 1 ....... 1illliillllillillllll ....... l 

.111) .. 1 ...•............................... 1 
{12).1 ............ · .................•....... 1 
{13).1 ..................................... 1 
{1<}1 ................. ··········•· .......... 1 
{1~)1 ....................................... 1 

. llE}I ..•.......••............................ 1 
"{17)1 ...•.. : ...•.............•..•............ l. 
1 1 e J' ....................................... 1 
{ 1 9) 1 ....................................... 1 
{ 20) .,. 111 .. 11 .. 11 .. 11 .. 11 .. 11 .. 11 .. 11 .. .••. 1 
121)1 ................................... ; ... 1 
1<2)1 .......••••..•....•.................... 1 

{23)1 ................. ·················•··· .1 
{2<}1 .•....•....•.... ~ ...........•.......... 1 
{25)1 ............... : ............... : ...... :1 
126)1, ......•..........•........... : .......•. 1 
{27}.1 .........................•........... 1 
128}.1 ............•......................... 1 
{29) .• 1 .................................... 1 
{ 30):. 1 ....... 1 11 111111111111111111 ....... 1 
{31} ... 1 ..... 11 ................... 1, ..... 1 
{ 32) ... 1 .... 1 ...•....... 1 ......... 1 ...... 1 
{33) .... 1 .. l. .......... 1. 1.' ....•. l. .... 1 
(3~) ..... 11 .... , ....... 1 ... 1 .•....•.....• 

'{35} ••••. 11 .....•.... 1 ...•. 1 .......•.. 1 
{36} .•.. 1 .. 1 ...••... 1 ....... 1 ........ 1 
{37} ... 1 .•.. 11 ..... 1 ..... · .... 1 ..... 11 
{38) .. 1 ....... 11 .. 1 ........... 1 .. 11 
139).1 .......... 11 ............. ~1 
1 .;o¡ 1 ......... 111 .1111111 • '1111. 1 '1 

l.ihr;~rir~ 
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APPENDlX A. 

SUM!.~RY OF UBRARY COM.?OUENTS 

D;iLCi":)TJ af ANALOG.l..IB 

1-<S.~ 1;.se 1 f2.1 
.l.,..;:c: E02 ;. .:>: ::;¡ " 3 ~::OEC4 

J.~: CE~ E )..2)CC!-~9 DACCé::¡Q 
:.;,_;::.t:2 :;..e::- C:i r; '"';::r E 'Ji 
::'}.CE~:! LF'137<:H l.F137 .. 1S 
L!ltiiN LF1~5H LF!~5H 

Li""2~~H LF2~tH Lf257H 
Lf3~7N Lf351H L.r35 lN 
i-F"3S3N L:'3S~H LF3S~N 

!..!3~f}: =-:-.::,;."iH LF35-:'N 

l..í< 1lN LF<l2H u e ~¡j 
L.:~ 4l.N U"<-42H !...l"4.42.N 
LT"44ti~ t.r.0~C.2N LP.C·:;·C.3Fi 
LP-101!::1 l.,.Y"..lQlJ l-~1 Ol·Jl4 
L~lC""iH !.J::U. ~ -; J' L~~(!7Jl4 

L~lCS.J. :...~~e &.n L.~l.~tt 

~llD L~llH !.-~llN 

:..~13CECN ~13:-~:cp ~:<:EH 
1._~::.(!:-.E}: ~~l~f.J t.~:(;J 

l-1.!!=5tR !...~~ ~::~ L~:.SEH 

L~ l 92..1:! - :_u.J ;u ll'...2t !..H 
L'-'...2 G1 :J"l ( . !.-.'"'~ C2.li L.~ 207Ft 
:._'-'.2 C:'i k") ( !.-~:: ·':' E.H Lu.2 O 5J 
!.-~2: ~H :....~...2.24. L~2 e 6J 
,LV_? (.,S ::..._ ... ___;: <CEJ l-~2:..EH 

L~:;o:J':·S l...e-'...2 5o~· Ul 1..!:!1 S 2 (J 

~__: S:2..H" :...lJ_; s:;::r - l..'"' .J C"• :J:l 
.:.-"-!3C·l..J14 '!..>!J:'·lN U". 3 C: .LH 
i-~3:.7J ¡_ .... _3Co7~ 1 ( L~~07H 

:..u.::e:&.J: 1.-'-!:)CS.J! LP.31fH 
L.'-'.23ClW l-""..J3 9 l-"'_J-4CUi. 
i-~3 4 f.N t....'"'-3 4 S L~J<U 

1..'13 ON 1..><3SSR ~-e 5eN 
l-~3 ~ 9N 1.>'.39001< l.J-'..3 52..6 
P·~: 9 2.N UH 2 SO ti VH~O.J 

L.'17C9H l-~'709N ~'1709!<8 

J..!> ::-o E O 1 
.kZX:O E .O 5 · 
DACOéOl 
Dl-.G: !M 
LFlO"O 
LFl ~~H 
LF34"70 

Lf353H 
U' 3 ~ 5H 
l..F<;llH 

LFHUI 
LFH~C 

!...~OC·:04H 

l-~1 C2H 
!.J-'...lc:.a 
~lO N 
L'-!124 
L.:~ l ( 5. S.J 
L.'-1! 49 
!...'-!1 S9J 
L.'"1201J 
!....~207J 

!-~LC!!.J8. 

L.~2 <E. N 

1-~2 SIJ.CJ 
l-'"'..lS2fW 
L"'.J Ol...J 
~3D7H 

L~:!CEH 

L'"'.32C 

~·w 
JY.3 ( &J: 
U'J5S.:r 
J..M~ '2.J 
~~5'5 
~725H. 

.. 

•• 

' 

A-l 

¡: 

. ; 

i' 
: ¡ .. . , .. 

; 
! 
' T. 
'!. 

J 
. ' 
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Apprndix A S cl1 cm:J! ic Dcsign Tools 

L'1125S' 
u-n 4 IN 
!~~/<4"7J 

~""!:'~es 
L-,78 LL 
L"1i&SS 
t;L~SS 

7LC 9Z.: 

1.."'!74'1_ 
l-"•rl41Sl( .. 

I-~7 4.5H 

L':n E~ 6"" 
Ll-!.7&15 
H-.:!435 
cr J.M~ 
t;)..]41.: 

Directory of A~SEMBLY.UR. 

L~"'".7~ll'f 

L'i 74 7 
-u-n .c.~ .r-. 

L"!7!S! ·' 

1-~1~1! ... · 
~1~~5 :· ' ... 
';L0/2 

L.'-ii-<1J1.( 

t.'i7 OH 
1-"'!7 t Ht 
L'fi!IQ: 

l-'·17SLJ 
~11 .. 1.. 

OS PTN 14 ¡:::::y l.h· FT.Y".. ;:.¡ FTI!I"":'"";. 

28 t'IN· -40 FD'i s;_,_.J~.-4""-a·"'F'i-N ~-.. D.P" ¿_xr .. · ~ 
E::-GE e=-~.~ c.L::::Jr : ;~TS...._...:a· .. r.a_ . .._F~c:-r:::.r-._&: 1-X:L·_: F.I:.S '--- .;..:_R; -~ : .... " 

~~S! S--:::.R ~ .. · ."'7":!.·21.1l--,- · 'j""CT." 2.9 .. 70 iZ.. :.. .. 
·x:-A.L 

Dirrc:c.ry cfC1fC'1 IK 
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smARTIJIJORK 

Wintek Personal Computer Software 

Wintek Corporation 
1801 south Street 

Lafayeite, Indiana 47904-2993 
Telephone: (317) 742-8428 

Telex: 70-9079 (WINTEK CORP UD) 

Version Number 

License Number 

'ptember 1984. 
. <!k cocporation. 

Copyright (e) 1984 by w. 
All rights reserved .. 

"smARTWORK" and "Wintek" are trademarks of 
1intek Corporation . 

.JP" is a trademark of Digital Equipment 
Corp6ration. "UNIX" is a trademark of Bell 
Laboratories. ''Hiplot" is a registered 
trademark of Houston Inst:rumeilt. "Kah-r-· 
Noor" and "Rapidraw" are· registered trade
marks of Koh-I-Noor Rapiqograph, Inc. 
"t·\icrosoft" ·is a registered tu.demark of 
the Microsoft Corporation. . "IBM" is a 
registered trademark of International Busi
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Sorne of the information on liqu{~~ink plot
ting was reprinted 'by permission from the 

· Koh-l-Noor Plotter Supplies Catalog. 
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,,;ni:ek Corporation. reserves the right to .__., 
~e changes to its products to improve 
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any liability ·arising out of the applica-
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Preface 

· •smARTWORK• is a computer software pack
age designed to aid in the d~sign and pro
.duction of ar twork for pr in ted-circui t· 
boards. This manual is a guide to the use 
of SmARTWORK on the IDH Personal Computer .· 
The. following. tapies are !.ncluded: 

* 

* 

* 

* 

* 

* 

What the programs can do 
e 

' Machine and peripheral 
operation 

requirements 

How to s tar t the prog r ams 

for 

Using smARTWORK .to e-reate and edit your 
artwork 

Saving and loading. your data 

Producing paper, vellum, or polyester 
film copies of the finished artwork -

• ·Advanced · techniques for more complex . . 
layouts 

* Error messages from the program and whQt 
to do when they appear 

o Manual Orqanizatio~ 

The information in this manu~l is or0at•
ized into severa! majar sections: 

* 

• 

.. 

* 

• 

Chapter l 
SmART\·lORK, 
and a list 

con tains an in ti:oduc t ion to 
what it is clesigned to do, 

of required computer hardware 
for its use.· 

Chapter 2 covers how to start. the pro-
. grams and backup procedures for the pró-
grams and for your data. 

.Chapter s 3 through 6 inclÚde a brief 
tutorial 011 how tó use ·the program. 

The . remafning chapt'ers are for refer
ence: they describe in detail all 
aspects of the program and its use. 

The appendices contain information for 
quick reference, including the error 
messages and an arder form for replQce
ment diskettes. 

0-l 0-2 
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.J:·:H;t.T'¡\U.Kt\ He.tecence Hanua!. 
C.2 Reference Material 

C!.2 Reference. vat · 1 . . er l. a_ 

Whi!e th!s mar.ua:!. contains a complete 
~escription of E~A~TWO~~ an~ how it is 
used, you m~y need to rc~er to the follow
:.:19 man:.~als which cescri!Je the use of the 
e " .. ''· o 1 e d · -~ .ersona omputer an 1.ts Operating 
System: 

* 

* 

* 

( 
IB~ Persona:!. Computer 

. t!.ons ma.m:al 

IBM Personal Computer 
System rnanua~ 

Guide to Ooera-

Disk Qoerati.ng· 

IB~! Personal Computer Technical Refer
~ manca!. 

' 
You may also need the manuals which were 

supplied by the manufacturer of your 
printer, plotter, and mouse. 

In .addition to the above manuals, the 
foflowing books are filled with useful 
information concerning the design, layout, 
and manufacturing of printed-circuit 
boards: 

* 

* 

Preben Lund, Generation of Precision 
Ar:twork for !'~~r.ted Circuit !:.oarcl!;, 
1978, Johñ"Bley ~ Sons, :ole,,· York, ;.JY. 

Dar:ryl Lindsey, .The Design & Draftinq ¿f 
Printed Circuits~9S2, nisho!? Craphic"S;" 
Inc., West!ake Village, CA. 

-, 
J 

0.3 !-!ilCdware Summary 

11. complete description of the hardware 
~quircd to use smli.RTWORK is included in 

2 nc::t chapter. Hhat follO\-JS hcr.e !.S a 
short summary of _machine ~equire.ncnts toe 
.quick refer·cnce: 

* 

* 

* 

Irl~\ 

HAH, 
:-:.o 

Personal Compu ter 
two disk de ives, 

oc XT with 192K 
and DOS Version 

IBH Color/Graphics Adapter with · RGB 
cOlor or black-and-white monitor 

Epson HX-100 oc FX-100 · dot-matrix 
printer 

Houston Instr:ument Hiplot 
and:-ink plotter {optional) 

Microsoft H~use (optional) 

DHP-41 pen-.. 

0.4 Program llistory 

Wintek Corporation's primary products 
are microcomputer circuit boards. tlcsigned 
for dedicated industrial appiications. 
When a search of the available printed
circuit-board CAD programs did not produce_ 
a product which could· handle complex lay
outs for a reasonable price, Wintek"s 
cngineers and comput~r scientists decided 
t~ wcite their own. 

The original program was written in e to 
run under Bell Laboratories' UNIX operating 
sy:;tem on a Digital Eq,: lpment PDP-ll/4.•1 
'"inicomputec .. Visitors and fr:iends who saw 

0-4 
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smARTWORK Reference Manua! 
O.~ Program H~story 

~he program being· used .for in-"house pro
Jects often asked about buying the program. 
T~e result was SmA!l.TI~O!l.K, an improvéd ver
Sl~n of the ~riginal in-house program, 
ta1lored to run on the inexoensive and 
widely available IB~ Personal C~mputer. 

Wintek offers the most complete line of 
6800-family microprocessor, memory, and 
real-world interface modules. Resident and 
cross-software products include as~emblers 
linkers, high-level language compilers' . ' . 
lnterp~eters, debuggers, math packages, and 
operat1ng systems. E'or a catalog covering 
your ·complete source of microcornputer pro-
ducts write or call: · 

Wintek Corporation 
1801 South Street 

Lafayette, Indiana 47904-2993 
. Telephone: (317) 742-Bt-28 

Telex: 70-9079 (WINTEK CORP UD) 

e ,, ~ ,...,. -~-""' r _, 
1. q ¡J ~"" l 

· Jní!:roduc tion 

• 

.L.~ ..LIIl:.L.v .... ' .l.. (J 1\ 

One common step in the design <Hld 
manufacturing of modern electrical equip
ment is the layout of ·~iirited-circuit 
boards. This process 'is norrnally accorn
plished at a drafting bo'\rd, .using · special 
tape on sheets of drafting film to indicate. 

.the lobation and shape of conductors at two 
or four times actual size. Once completed, 
this artwork is then reduced photographi
cally, .producing a negative ·which is used 
as the pattern for the final printed
circuit boards. 

Gen~ration of the tape attwork is ~ slow· 
·process requiring considerable skill and 
experience. , Certain 'line widths and spac
ing musr. be observed. to produce a layout 
which can be manufacturad ,with a good 
yield. 

The completed tape and dtafting film 
artwork is relátiveli f~ag~le. ,Only a lim
ited numbec of changes or modi~ications may 
be made befare the tape begil•s to lose its 
adhe!>ion. Producing sevecal vecsions of a 

l-1 



ciccui, oacd may require that the artwork 
be generated from scratch several times. 

With an inexpensive personal computer 
·nd smARTWORK, both the exoert and the 

.• ovice can produce profes~ional-looking 
.pcinted-circuit artwork in a fr.action of 
the time i t would take using older tech
niqués. · This computer-aided design system. 
allows quick and ac~urate revision and 
regeneration of previous work. 

l;l Capabilities 

"smARTWORK" is a software package for 
the IBM Personal Computer which is designed 
to aid in the design and pcoduction of art
~or k for prin ted-circui t boards. The· 
-::reen of the computer becornes a window 

.na t shows a portian of a large layout 
•orkspace. This window can be moved around 
:he "fOrkspace to Show any portian of the 
.ayout. You can choose to view one side or 
>oth sides of the board at one time. 

Using the keyboard, you can place and 
·emove conductor pads and traces. All con
:uctors .are perfectly vertical, horizontal, 
•C run at 45 degrees. 'l'he program ensures 
hat conductor spacing is adequate and that 
ine widths do not become too narrow for 
eproduction. All pad-to-pad spacing is 
ixed at multiples of 0.05 inches. 

"smARTWORK" is designed specifically for 
cinted-circuit-board artwork. The program 
nderstands electrical connections. If: you 
ant to connect two conductors with a con
uctive trace, you simply identify the two 

-2 

- -
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• 

i . 
i\ 
:j. 

1 . 

smARTWORK Reference .nulll 
l.l Capabilities 

conductors using the cursoc. The program 
will automatically find the shortest · route 
be tween those conductor s and connec t them. 
It will not cross other conductors on tl"~ 
sarne side of the board, und will m.:~:~" 
numerous bends.and turns if required. 

If a shorter path exists stárting at 
points other ~han the ones: you specified, 
the program will find and use that path. 
Of course, sometinies·. you may want to 
specify the exact route to be used. 
"smART\·IORK" allows yo u to do tha t too. 
Re!lloving all or ·a portion:·of a trace is 
just as easy·. · 

Two trace widths are aliowed. Yo u can 

change from thin to .wide traces at any 

time. Trace widths are .easily chan<Je<.l 

after the traces ha ve be en added to the 

layo u t. 

If you decide you need more spac~ 
between two component~, the' program allows 
you to "spread" the _layout aldng a~y verti
cal or horizontal axis. Any connection 
.which existed befare spreading the layout 
is maintained by appropriate conductors. 

Your layout can be saved as a standard 
DOS disk file. •rhese files may be dupli
cated as needed, allowing you to keep old 
revisions, .or to make different versions of 
a board starting from a single master. 

Papee copies of your artwork are pro
duced · us ing a dot~ma tr ix pr in ter. Papee, 
vellum, · or polyester film copies 'may be 
created using a pen-and-ink plotter. 
camera-ready artwork is · .:~vailable fróm 
eit'Jer out!_:>Ut device at twice normal size 



(2X artvor J. 
plot can also 

A quickl normal-size 
be printed. 

check-

e 

In addition to the arrow keys 1 the pro-
am allows (but does not requice) the use 

'-- a mouse to move the cursor. Thc two · 
switches on the mouse can be used to 
specify the starting and ending points for 
a conductor 1 oc may be used to erase an 
existing trace. 

l. 2 Artwork Specifica tions 

"smARTWORK" can handle -either single-
sided or double-sided printed-circuit 
bOards. The maximum size of a board: is 
.letermined · in p<).rt by the output devicc 
u:~ed to produce the camera-ready artwor:C 
t t th~ program will handle boards up t~ 
' ·' by sixteen inches. There is no limita
tion on the complexity of the board within 
this lO" by 16" space. 

To rninirnize defects 1 sml\RTWORK enforces 
certain mínimum trace spacings and fixed 
trace widths. These· conductor sizes and 
spacings have been chosen to guarant·ee that 
the circuit board can be manufactured with 
a high yield •. 

Thin Line Width 12 mils (0.012"). 
vlide Line Width 50 mils (0.050") 
Pad Diameter 62 mils (0.062") 
tünim1.1rn Spacing 19 mils (0.019") 

L_(ger conductors which are any multiple· of 
50 mils across can be constructed.' 

_______ ...;_ ___ _.;._, ____ ·_1:_~ .. -·----

! 
' 

' 

,· 
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smAR'l'WOJlK Referenc.. :a.nua '!. 
1.2 Artwork Specifications 

All pads begin as circles 62. mils in 
dia1oeter. The edge of pad will be· "st>aved" 
Hilen it approaches a neighbor ing condt>ctor, 
thus mai.ntaining 19-mi.:. spacing. !...;tL(Jl:!:" 

,pad,; can be constructed when n•=eded {'-"" 
fhe chap~er on ''Advanced Téchniqt>es"). All 
pad-to-püd spacing is fixed' at IHu.ltiples of 
50 1úils .. 'l'here is rornn to place a single 
thin· trace between bw pads ·which are 0.1 
inches apart. 

Right~angle turns 
using t1w 45-degree 
are softened using 
wedges. 

in traces are made 
angles. Intersectiorl~ 

·curves or •15-degrcc 

All of the distances above are nominal 
val~es, since the acfual distances are 
determined in part by the medium bein~ u~cd 
(ty~e of papee, vellum, or polyeDtec fillt>), 
the condition of the r'ibbon and ham:nec 
intensity (for the printec), and the tyl)e 
and condition of the pen tip and .ink {!'oc 
the plotter). 

1.3 Required Bardware 

The programs are sup~lied on a 5.25 inch 
minifloppy diskette formatted for use on an 
IB~I Personal Computec running PC-!:>OS Ver
sien 2. O {or la ter ·oos vér~ions). 'l'he com
pute e should have two di~k drives: onc 
floppy drive for the program disk and 
cither a floppy or hard disk drive td hold 
the Horks!?ace data files.· "smAR'l'I~O!l!\" 
requires a minimum of 192K bytes of central 
1nemory (Rl\!1) for its operation. 
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Required l!a.cdware 

Your computer must also have the IBM 
Color/Graphics Adaoter board, with either: 
an RGB color ·monitor or a (non-ID:·!) blac:.:-
•d-white monitor. The color monitor is 

._.,quired to simultaneously view. both sides 
of a double-sided circuit board. If you 
have a black-and-white monitor, you may 
view one side of a double-sidcd board at a 
time. Depressing a single key allows you 
to switch from one sice to the other. 
"smARTWORK •. cannot use t~e !!3M l·!onochrome 
Adapter~·board. 

An ·Epson FX-100 . or MX-ÍOO {wi th Graf
trax) or equivalent dot-matrix printer will 
be required to produce quick checkplots 
{actual size, low-quality) of your artwork. 
The dot-matrix printer can also be used to 
produce tw ice-normal-si ze plots which can 
· ' reduced photographically to pJ:oduce 
~-o.totype-quality printed-cir:cuit boai:ds. 
This camera-ready "plotting" uses the 
high-resolution graphics mode of the 

·prínter. Note that the. size of a board 
plotted. on · the printer i.s limited in size 
!:>y the ·width of the · platen. The printer 
normally uses a parallel interface with the 
computer. · 

llig"h-quality camera-ready artwork is 
produced by smART!-IORK us:'.ng a l!ouston 
Instrument DMP-(1 pen-and-ink plotter:. 
This plot is also twice no.rmal size, ready 
for photoreduction for circuit-boacd 
manufacturing. Tl1e plot .is produced on 

~er, vellum, or polye,-;ter film using ¿¡ 

l-quid-ink pen with a 0.6 11~m tip. A serial 
tnterface is used to connect t!1e computer 

·, :t.o t. he D~!P-t, 1·. 
~:::~*,: 
l_1tF; · · •••• ·::.··,á·. E ·r··¡, 

. .._./.' 
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-1.3 Requir:ed !Iardware 

Most people .will use the arr·ow keys on 
the %~yboard to position the cursor on the 
display screen. "smART!·IOHK" is cksi.gned to 
alloi-1 the use of a Microsoft Moust:, which 
facilitates positioning of the cursor ~111c! 1· 
directing the routing. \-/hile it is con- J., 
venient, the mQus·e is optional and is not 
required. · 

Hhile many manufacturers élaim that 
their computer is "compatible" with the IDM 
Personnl Compute e, only those machines 
which closely emulate the operation of. the 
ID!·! ColorjGr:aphics J\dapter "ill,. run S!!ll\HT
HORK. In· order to gain acceptable speecl 
when displaying the circuit.:.board artwork, 
the program accesses the display memory 
directly, bypassing the operating system. 
Numerous calls to the BIOS are also pr:esent 
and must be emulated by the operating
system software. 

Humán convenience was éonsidered dur i ng 
· the selection of the keys that direct the 
program's operatlon. The right hand moves 
the cursor with the arrow' keys or mouse,. 
while the left hand· is positioned over thé 
function keys te direct the- placement of 
pads and runs. "Clones • which ha ve not: 
copied the k(!yboard layout and the avail
able keys may rnake the program much more . ~ 
difficult to operate. 

"smARTWORK" will not run on InM: s PCj e. 



Chapter 2 

Getting Starled 

This manual assu~es that you ar~. fami~ 
liar with. the connection an~ operat1on o~ 

·your computer and its operat1ng_ system. If 
not now is a good time to read and under
sta~d the first three chapters of the I~~ 
Guide ·to Ooerations manual. I t explar 
the hardwa·re components of your compu:er 
system . how and ~here cables are connected, 
and th~ location of switches and controls. 
A'description of ~he required hardware and 
Peripherals is located in the previous 
chapter under t e ea 1n · h h d · g "Requ1red 

·Hardware". 

The keyboard has eighty-three keys. 
Make sure you are familiar with its layo~t 
and the use of the "Enter", "Backspace , 
"Shift", Alt, Ctrl, Caps Lock, Num Lock and 
function keys (Fl. .. FlO). Note that the 
"En ter", "Backspace", and · "Shi~t" keys are 
designate~ by arrows on therr keytops. 

h . h b• used There are also arrow keys w 1~ can e l 
d n left an( to move the cursor ~19, ow. t , 

right. 

:, ; 

-.u ~ectrn~ Started 

Chapter 3 · of the Guide to Ooerations 
má.nual also includes a goo'L introduction to 
the disk operating syste1n, DOS. Ma~e sure 
:ou ·understand how t·o star.t DOS, set the 
•'1te and tilne, and back up tll<.! DOS 
.. skette. You should also know hów to 

list, rename, copy, <tnd ecase files. 

Now is also a good time to · make su re 
YO<Jr printer works. If you will be using a 
plocter or the mouse,. m<tke sure they hilve 
b~en connected properly. The manuals which 
carne with these devices should expla{n how 
to connect them to your computer a~d how to 
check them for proper operation. Addi
tional useful information may be found in 
the IDM Technical Reference ~anual. 

/ l Sta r ti nq smi\HTI~ORK. 

In a plastic pocket in the back of this 
manual is · the diskette containing the 
SmARTivORK software files. It also contains 
a form which you_should complete and return 
to 1-lintek to obtain a (free) backup 
diskette. 

' .. 
. ¡ 

The diskette éontains four files: 

l. EDIT.EXE is the main program for 
WORK. It allows you to create, d 
and edit your printed-circuit ar 
the screen of your comput~r. 

Pr.o·:·. J':XE is Lh~ j>'rc~rilm whj 
"':(, [,,·producE: hJ•J copy · 
tl1. L-matrix priuLcc ,. 
plo L Le< • I t ceads · the/ 
your i<rtwork from d .V 

2 -1 2-2 

... 
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~t:art:ing smA!l.'.:.'\\OHI\ 

using the RDIT.EXE program. 

J. SMI\RT.STA is a data file used by both 
the EDI'r .RXE and PLOT .EXE programs. 
SMI\RT.STA · must reside . on a Hin te k 
diskette in -d-iii/e A. whe~- either EDI'r.EXH 
or -PLOT:E:<:!:: is staÚed. 

4. DEMO.PCB is a· printed-circuit-board 
wor~space file that is used in the 
tutorial in Chapter t.. 

The sml\RTWORK di"skette is write-
protected t:o minim(ze the chances for 
accidental damage to its éontents. 

The EDIT and PLOT programs may be copied 
to another diskette or drive using the DOS 
COPY COI)lmand. While these programs may be 
run from another drive (from the XT hard 
disk, for example)., EDI'r and PLO'l' will only 

· work when either the disket"te shiooeci witl) 
"tflemanual or the----s-;>e:,uo c--rskette o;ent to 
~ ~ Wintek is ocesent in drive !'::.· If 
one of your diskettes fails, you may use a 
copy of the form in the Appendices to order 
a replacement. 

The procedure for starting the EDIT pro
gram of Sml\Il.Tl-IO!tK is listed in step-by-step 
detail below. In brief: tucn on the com
put:er, stact DOS .. running, set the date and 
time, insert the sml\!lTWOil.K diskette in 
dcivc A, and type thc name of the smA!lTWOHK 
p~ogram you wish to ~xecute (i.e., EDIT). 

These instructions are for the IB~ Per
sonal· Computer. If you are using an I!3H 
PC-XT or another mac':line, the steps for 
starting the Ol_)eratl.nc:; system may ~e dif
ferent. Che~k the Guide to Ooer~tions 

. " \':··. 

' ··- ~ -••'-'- ,.&U.IIU'-l.J.. 

2.~ Starting sml\Il.'r\-IORK 

manual for your machine for specifics, 

Insert your DOS d!skette>'tnto drive A 
and ·close the dr i ve door. 

2. Turn 
( the· 

on the power. to the system 
computer) and tl1e monitor. 

unit 

J. After the delay associate~ 
Power-On Se_lf-Test, DOS will 
from the DOS diskette. 

wi th the 
be ioaded 

4. Set the system' s date and time. If you 
have a clock-calendar board installed in 
your machine, this step .may be accom
plished using an AUTOEXEC.DA'.r file. You 
should now see the_ DOS prompt on the 
screen: A>. This prompt will appear in 
all of the examples given concerninif DOS 
commands. In every case, DOS will pro
vide the A>; you should type the letters 
following the >. · 

"' 
5. If you have the Microsoft Mouse, install 

the mouse driver by typing HOUSE (fol
lowed by the "Enter". key) following the 
DOS prompt: 

A>MOUSE 

Note that the mouse driver software 
(HOUSE.COM) must be present on your DOS 
diskette. This ~tep can also be accom
plish~d using an AUTOEJC.EC.BA'l' or 
CONPIG.SYS file. If you do not have the 
Microsoft Mouse, ~kip this step. 

,! 

. ' 
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b. It your computer has both the IDM Mono-
-~rome Adapter and the IO~ 

Lor/Graphics Adapter, switch to tt1e 
~olorjGraph~cs ~oard using the HOOE com
mand following the DOS pro~?t: 

A>HODE BWOO 

This step can also be accomplished using 
an AUTOEXEC.BJ\T file. If you do not 
ha ve both display adapters, oc if the 
DOS prompts are displayed using t~H! 
ColorjGraphics board, skip this step. 

7. Remove the DOS diskette from drive A. 

·a. 

Insert the smARTWORK diskette into dcive 
A and close the drive door. 

Type the . name 
you wish to 
prompt: 

of the smARTWORK program 
use following the DOS 

A>EDIT , ... 1• 

Note· that you must ·use . the smA!l.TWORK 
diskette supplied with this manual oc a 
backup diskette sent to you by IHntck. 
This diskette must contain the SMART.STA 
file and rr.ust---se ohvsicallv located in 
driVe~ ---- --

9. Once the program has loaded from the 
diskette, a title page containing the 
name of the pcogram, its version number, 
and . your license number will . be 
displayed on the scceen .. If you w1sh, 
yo u may remo ve the s:nARTI-IORK diskette a t 
this time. · When you QUIT the program, 
you · should ei ther insert the sml\HTI-IORK 
diskette again (to run the PLOT program) 
oc another DOS diskette. If your 
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rnachine contains the. minirnum amou of 
MI·! needed. L·· u te thc "tnA!l.Th'OHK ~di·
tor, you rnay be required to in~cr't a DOS 
diskette containing the file COi·U·Il\NILCO!·l. 
when quitting. ~ 

'l'he title Pii<Je displayed · when t~\l! prc
gram first sL. : s contains .sevcr.:,¡l pt(:ct::; 
of useful ir11 .. , .o~iltion. The narne or tllc 
progra1n, "Printed-Circuit-Doard Artwork 
Editor'' (for EDIT) oc "Pri~tcd-Circuit
Doard Artwork Plotter" (for · PLO'r¡", will 
appear in the center of the screen. In the 
lower-left c6rner of the screen'will be the 
prog r a m ver s ion number. . ·. Your 1 icense 
nurnber will be· shown in the ,lower-i ic¡ht 
hand corner. · 

Yot.i wi1l need the program version and 
License numbers whenever you contact Wintek 

: replacement diskettes, program updates, 
oc assistance. Write thern down on ~he 
titlc page of · the manual for easy refer
encc. 

This title page will be.displayed on the 
scrcen until you type a single key.. Any 
key will work, but most people use the 
space bar or the "Entf:r" key. If you are 
running the EDI:r program, t~.e screen will 
clear, showing you a blank pag'c with the 
cursor (a small white box).-in the lower
lcft cerner. If you are runnlng the .PLO'l' 
prograrn, a menu that gives you a· choice of 
··he kind of plot to be made .will appear. 
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As.any experienced computer user knovf 
.lU should maintain a bacl<up cop,y of al~ 

pro~ram and data files just in case of 
acc1.dents (!?ower failure, fire, _ flood, 
spilled coffee, and so forth). ~ 

The printed-circu.it 1-!0rkspace files you 
create using smART:\ORK are standard DOS 
binary data files that can be copied using 
the DOS COPY and DISKCOPY commands. . You 
cannot put your data files on the smARTWORi 
diskette, since it is write-protected. You 
should· keep your data files on a separate 
diskette which can be easily copied to make 
backups. 

Both the Guide to Ooerations and the 
~ Operatinc; System manuals describe how 
to use the COPY and DISKCOPY commands to 
make backup copies of your data files. If 
you are using a hard disk for your data 
files,· you may wish to use the BACKOP com
mand. 

Because the smARTWORK software requires 
that a Hintek-supplied smARTWORK diskette 
r~side in drive A, Wintek will provide you 
w1th one free backup copy. A form you may 
us~ ·to request your backup copy is con
talned in the plastic pocket which held the 
original diskette in the back of thls 
manual. Don't procrastinate until you need 
the backup -- arder i t now J I f you need a 
replacement because one of the original 
Wintek diskettes is no longer usable, an 
arder blank is contained in the Appendices. 
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Chapter 3 

TuroriaJ:· Lesson 1 

.• 

"smARTWOHI(" was ct'esignect to be easy to 
use. You should be able to learn the ele
~entary instructions i~·a sl•ort time, since. 
there are a limited number of commands that 
you m~st remember· to edit your artw·ark. 

The four lessons in the tutorial section 
of ·.the manual· are designed to 9ive you a 
brief introduction to the smAR'l'I-IORK pro-, 
grams. Once you are familiar with the. 
tapies covered here, you may proceed to the 
refere~ce section of the •nanual for a 
detailed description of each command and 
function. Some hints and procedures fór 
producing more complex·layo~ts are included 
in the "Advanced Routing• and "Advanced.1 
Tec·hniques" chapters. : 

' . Lesson 1 is a simple walk-through of the 
procedure~ used to start tl1e Editor, enter 
commands, .and quit when you are done. 
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3.1 ~carting the Program 

The chapter titled · "Getting Started" 
•ntains a step-by-step description of the 

.-ocedure requi.red to bootstrap the com
·puter and start the smARTWORK Editor. If 
you skipped over those instructions, go 
back and read the sectioh "S tar tirig smART- · 
WORK". "' 

Once.you understand the startup instruc-· 
tions, you sh6uld oroceed to load DOS into 
the computer and. set the cate and time. 
Now remove the DOS diskette and insert the 
smARTWORK diskette into driye A. Type the 
na me of the smARTI\ORK Editor (EDIT) follow
ing the prompt from DOS (A>): 

A>EDIT 

•• ~ red light a·n the front of drive A will 
light as the comouter loa·ds the program 
from the disk~ Once 'loaded, the ·Editor 

!will display its title page. Note that the 
· title page includes both the program ver
sien number and your license number. 

When you have finished reading the title 
page, press the space bar 'to erase the 
title information. · 

The almost-blank screen you now see 
represents a 2" high by A"· wide portian 
(window) of the. total 10"-high-by-16"-wide 
w0rk area (worksoace). These dimensions 

' by 4" window, lo• by 16" workspace) a~e 
t.e linear distances that will exist on the 
printcd-circuit board that will be produced 
from your artwork. 

.a-2 
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Your window can be moved to,show a_dif-· 
ferent portian of the workspace, and you 
can look at either side of the board. 
Since there is nothing on either side of 
the board now, these commands will be saved 
for la te-r.· 

Notice the small · white box located in 
the lo.wer-left cerner of the screen. This 
box is the cursor, whicll you will movc 
using the arrow kc;ys on the r ight. sidt: of 
the keyboard. '!'he cursor is used as a 
pointer when you <>re placing pacl.s on thc 
workspace and routing conductor_s from one 
place to another. 

' ', 

3.2 Handling Error Messages 

. Press the space bar. · You w'ill hear · the 
computer•s speaker emit ·a_ low-pitched tone, 
the screen will scroll u~ on~ line, and thc 
following message will appear: 

unknown comroand 

"smARTWORK" 
bar" is not 

is compluining ·beca use 
a command it recogrÚz(!s. 

•• space 

The program detects a :number of poten
tial.errors, and will respond in a si1nilar 
faslüon whenever i.'t ·has· a problem·• ·A list 
of the possible error messages, tlleir mean
ings, and suggested responses are listed in 
an append ix. · 

Once you hkve read the message, you can 
clear the text message and restare the 
screen by pressing ,the "Enter" key. No 
o_ther comrnands will bt:: recognized until you 
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J.~ ~anrl::ng ~r:or ~essages 

press "Enter". 

J.1 Entering Commands 

Most instruction~ that you will. give the 
program are . rnade by a single keystcoke, 
usually a function key (Fl through FlO) or 
an arrow key. Other comrna~ds require more 
information, or are potentially catas
trophic, such as: loading a file into the 
workspace, saving the workspace in a file, 
and quitting the prograrn. These latter 
commands are e~tered using the· cornrnand 
line.· 

Press the "Enter" key. Once again the 
workspace will scrollruowards on the screen 
'nd a prompt will appea~: 

COMMAND> .. 
You may now type a command on the keyboard. 
If you make a rnistake, you may erase the 
last letter by hitting the "Backspace'' key. 
The entire entry may be discarded by press
ing the "Ese" key. When ~ou have finished 
typing the command, striking the "Enter'' 
key will cause the program to interpret and 
execute your command. If you do not want 
to enter. a command, clear the line (using 
"Ese"), then oress 11 Enter". . . -

When the progi:am· finishes executing the 
'Ommand, the bottom line will disappear and 
che workspace display will sccoll back to 
its normal position. 

Bring up the comrnand prornpt, if it is 
not showing now, by hittihg the "Enter• key 
again. · Type in the ~haracters hi room 
(don• t hit the '!Bntec" key yet). The com

mand line should look like this: 

COMMJ\ND> hi mom 

Now press the_ ·"Backspace" key three 
times. ·rhe letters in mom will disappear 

.one a t a timé. Now type dad. The comrnand 
line should now look like tlris; 

COHMAND> hi dad 

Pressing the "Ese" ke.y will clear the 
· cornmand line: 

. ·.·-. 

COI-'.MAND> 

· I f yo u type hi dad and then hit the 
"Enter" key, you will get the unknown com
mand error. message. Clear it from ." the 
screen by" pressing "Enter" again; 'l'he next 
section contains an example of ~sing a real 
command: qui t. 

·3.4 Quitting 
·--~---~ 

Almos.t as impoctant as knowing how to 
stact Srn/\RT\'IORK is know~·ng. how to stop it. 
'!'he 

11
quit" command · is used whenever you 

want to return .to DOS -oc turn off the corn
pu ter. 
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Bring up the 
quit. 

command 

·COKMAND> quit 

'
Pressing 
display 
message: 

the 
line 

"Enter" key 
to change to 

will 
the 

and type 

cause the 
following 

DIS~~ CURRENT WORKSPACE (y/n) ? 

Since quitting the program will cause 
whatever is in the workspace (in memory) to 
be lost, the program renÍinds you of the 
consequences · of s topping. . (The wor kspace 
can be saved in a disk file by using the 
"save• command.} If you have already saved 
your wo_rk, or if y.ou don' t .want to save the. 
~urrent- workspace, type y and then the 
Enter" key. Typing anything else followed ~ 

by "Enter" will cause the quit .command to 
be ignored and will restare the workspace 
display.· 

•. e 

•1 

i ~ 

Cilapter .q. 

Tu'i:oriaJ: 

SlnJ\H'rWOHK. ne re e e 
4. O ··~·u toe Lal: 

.. ·, 

Lesson:.2 

r~onu<•l 

,esson :! 

The CR'r screen of the comouter shows a 
2" high by •l" wide portian (_:¡indow} of the 
total 10"-high-by-16"-wide · ·. work area 
(woi:kspace}. ·. You can display eit:her side 
of the board oi both sides of the board at 
the same time. By movin'g the cursor, you 
can niove the window l.eft and right (pan
ning} or up · and down (scrolling) to see 
other parts of the work~pac~. 

Les son 2 is a br ief'' in troduc t ion to the 
display functions and the cursor operation. 

4.1 Loadinq a Vile 

In order to experiment with the_{lisplay, 
you will need to ·load · the demonstrat:ion 
file that is included on the smARTWOliK 
diskette into the workspace. Fir~t, stact 
the smAfiTWOHK Edit0r (if it ·. is noi: already 
running}, 'and. advance past the t:itle r>a'J<! 
by pCI:!.i!;ing the :;pace bilr·.' , You :;hould !>e 
looking at a bianl:: scrcen wit!1 the cursor 



(smal.._ white box) in the lower-left-hand 
cornee. 

Press the "Enter" lcey to bring up the 
command-line prom~t: 

COMHJ\ND> 

The "load" command is used to read the lay-· 
out con tained in a disk file. Make sur e 
the 'smARTWORK diskette •is still in ddve A, 
then type the · following command: load 

- a:demo.pcb. The command line should now 
look like this: 

COMMAND> load a:demo.pcb 

If you make a mistake, cor,ect it using the 
"Backspace" and "Ese" keys. 

Pressing the "Ent~r" lcey will cause the 
display line to change to the following 
message: 

' 
DISCARD CURRENT _WORKSPACE (y/n) ? 

Since loading a new layout description file 
will destroy anything you currently have in 

· the workspace, the program checks with you 
before reading the layout from the disk. 
Type y and then the "En ter" key. (Typing 
anything else followed by "Enter" will 
cause the "load" command to be ignored.) 

Four things will happen in quick succes-· 
sien: 

l. The red light on the front of drive A_ 
will light as the computer loads the 

"demonstration layout file from the 
disk. 
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4.1 · Loadi. 
-····- J. 
a r'ile · ~-

2. The mes~age: • 

] -' 

4 -

. ' 
'oiSCl\RD CURRENT t-!ORKSPJ\CE (y/n) ? y 

;, 

will disappear from the screen. 

1\ portien 6f a circuit-board layout 
will appear on the screen. 

The ciomputer will beep to tell you that 
it has finished loading the ~ayout into 
the workspace. 

one quick ·note before continuing: you 
can malee additions, deletions, and any 
other changes to the . layout in the 
workspace without affecting the file on the 
disk. To save the worksoace (and change 
·the fil~ you must _use the "save" command. 

. 4-2 Changing Layers 

\ 
"sml\RTWORK" allows you to ha ve two 

sides, or layers, on your circuit-board 
artwork. It.doesn' t mattei which layer you 
t~se as the component side or the soldec 
side; for simplicity, the two sides will 
be called the upper ·laye~ and the. lower 
layer. 

· Hhen smARTWORK loads . a file from the 
disk, it always di~plays the lbwer layer on 
the screen. To look at. the .upper laye e, ·! 
pcess the "PgUp" key. The upper layer will d 
quickly appea~ .. To switch back to the :) 
lower layer, press the "PgDn" key. If you 
are alrcndy viewing the lower layer, press-
i~g ··~gDn'' will have no effect. ~i1nllarly, 
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"PgUp" will be ignored while 
upper layer. 

viewing . the. 

If pressing "Pgup• or "Pgon• causes an 
··...__,known command" error, the "Num Lock" key 
has be en pressed, caus ing the numer ic 
teypad to be shifted. . Acknowledge t~e 
error message by pressing "Enter", then ! press the "Num Lock" key to unshift the 

~ nume r ic keypad. · · 
g " 

4.3 Displaying in Color 

If· ~you have an RGB color monitor 
attached to your computer, you can see both 
sides of the board at the same time. (If 
yo u are using a black-and-whi te monitor, 

1 can try the following functions without 
~ .. ting either the computer or the monitor, 
but the display wili probably not make a 
~ot of sense.) 

Press "Alt·-Fl" by holding down the "Alt" 
key· while you hit the "Fl" function key. 
The screen will go blank, then the layout 
will appear again, but in green, red, _and 
yellow. 7> 

The layer of the board that was 
displayed on the screen befare you pressed 
Alt~Fl is shown in green. The other layer 
of the bo11rd is shown in red. Hhere the 
two layers coincide, the screen will be 
·· · 'low. 

The 
bet,een 
display 
~ t yo u 

Alt-Fl key toggles the display 
the black-and-white single-layer 

and the color dual-layer display. 
ha ve a color monitor, you will 

.._. 

probably fi.nd yourself using both ·. mod:s, . 
depending on whether you are concentrattnc¡ 
on one side of the board, o( woriying about. 
connections on both ~ides .. 

Switch the screen into the · dual-layer· 
color mode. 'l'he "PgUp'', an.d . "PI]Dil 11 keys 
still work when the display -ts · 1n color: 
they si1nply chan~e whÍph layer is shown in 
red and which layer is shown in grecn. 

Look for the cursor in · the lower-left
hand cerner of the sC""reen ("unless you hav.i: 
moved it already with the arrow keys). As 
you will find out in·. the next· <:hapter, thc 
cursor color is always the same i\3 th.c 
color of the "active" layer. 'l'his means 
that the cursor color will remain· the sam~ 

.when you use .the ''PgUp~ and ·~gDn'' keys. 

several othe.: funcÚon keys affect the 
color display. ·oepending··-6n ·your vision, 
personal preferences, and RGll_ monitor, · you 
may find you prefer a different format than 
the green~red~yello~ combination. 

Alt-F2 toggles th¿_ intensity of the 
background color of the scr~en. 
the background has been black. 
function key is used to switch 
black background and a blue_on~. 

Up to now, 
The Alt-Ft. 

be tween "' 

Alt-F3 allows you to, switch the fore
ground color set from _gr·e,en-r_ed-yellow to 
cyan-magenta-white .. Note agatn that you 
can always identify the active layer by 
looking at the color of· · the cursor. 
I nc id en tally, the sc:lection of foreg round-
color groups (green-rc:d-yellow and. cyan-
magenta-white) is fixed ' by the IB~l. 
ColorjGruphic9 1\cl:lpter_~ 



All changes the way · ·the program 
displays areas of the board which have 
copper on both layers. The progra,m al.:.óws 
you to display the board so that the ac~ive 
layer overlays the othe~, or "idli,• !ayer 
lf the board. Wherever a traci on the idle 

-!ayer passes under a conductor on the 
active layer, it disappears. 

Alt-F6 allows you to select the color to 
be used. ·to display the active !ayer. You 
may pick red instead of green, or magenta 
instead of cyan. 

Once you have had a chance to experiment 
with all six of the function keys Alt-Fl 
through Alt-F6, cóntinue with the next sec
tion in.ttiis lesson. 

1.4 Moving the Cursor 

Whenever you are placing a pad on the 
layout, or specifying the eridpoint of a. 
trace you .wish to route, you will use the 
¿urso~ to point to the exact spot of 
interest .. Up until now, the ·cursor (the 
small square box) · has remafned in the 
lower-left-hand cerner of the screen. 

On the right side of the keyboard are. 
four ar row keys tha t can be u sed to move 
the cursor. These arrows share keytops 
which are also marked with the numbers 2, 
t., 6, and 8. Don' t confuse the "Shift", 
"Enter•, or "Backs?ace" keys with "these 
Hrow keys • 
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4.4 Moving the Cursor 

Press the up-arrow key. The cursor will 
move up a. very short distance to. the next 
"cell" on the screen. · This .. distance 
corresponds. to 50 mils (0.050. :inches) on 
your final artwork. 

Press the right-arrow k'ey twice·. The 
cursor will mo've two cells to the right, or 
a distance of a tenth of án inch (O.ú~;o• + 
0.050" = 0.100"). 'l'he cursor is· al~<ays 
located exactly over a cell: it never. 
straddles two or more cells. 

This movement of 50 mils makes measuring 
d is tances· be tween pads ver y easy. I f yo u 
need .a tenth of an inch between two leads 
of a c~mponent, just press the appropriate 
arrow key twice .. 

If you want to move farther• .. than SO 
mils; you can use the ''Shift" key with the 
arrow keys to move 5 cells (0.25 inches) at 
a time up or down, or lO cells (0.5 inches) 
at a time left or right." ·· The auto-repeat 
function of the keyboard ... can als·o be used 
to move the cursor rapidly around the 
screen by keeping an arrow key depressed. 

If the preceding explanation seems a 
little confusing because~',you observe that 

· the distance the cul.'sor ·moves is large when 
unshifted and small when the "Shift" key is 
used, youl.' ''Num Lock" kei has been pressed. 
Press "Num Lock" to . unshift. the numeric 
keypad. 
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~ /lb.~· ... 
-· ill be ignored while the frPgUp' ;¡, . 
;uppe e laye r. 
i: 
~· rf pressing "PgUp" or "PgDn" causes an 
'"\._,known command" error, the "Num Lock" key 
:has be en pre·ssed, causing the · numer ic 
~eypad to be shifted. Acknowledgé the 
i~rror raessage by pressing "Enter ... , then 
~press the "Num· Lock" key to unshift the 
'numeric keypad. 

\:: 
'{:§. 

~
l~ 
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If you have ail .RGB color monitor 
'attached to your computer, you can ·see both 
sirles of the board at the same time. (If 
yo~ are using a black-and-white monitor, 

1 can try_ the following functions without, 
~ •.. ting either the computer or the monitor, 
but the display will probably · not make a 
lot of sense .) 

Press "Alt-Fl" by holding down the "Alt" 
key· while' you hit the "Fl" function key. 
The screen will go bl·ank, then the layout 
will appear again, but in green, red, and 
yellow. :> 

The layer of the board that was 
displayed on the screen before you pressed 
Alt-~i is shown in green. The other !ayer 
of the board is shown in red. Hhere· _the 
two ·layers coincide, the screen will be 
·· · 'low. 

The 
between 
display 
! f yo u 

-'-4 

. Alt-Fl kéy toggles the display 
the black-and-white single-layer 

and the color dual-layer display. 
hiwe a color monitor, you ••ill 

o ,_ -· ¡ . . ... ,y·-"<' • ·;:\\•~;0.•}: V ·. '),,, o~~-~ct\ 
~'i>-'"(\ .•,-.\'"].<J. • '· 

--v, ' ''!e:c'i.'; !JCObably find yourself · usin9 uoth. modes, 
depending on whether you are concentrating 
on ene side of the board, or worrying about 
connections on both sides: 

.__ .. 

Switch the screen 'into: the dual-layer 
color mode. The "PgUp''. and "PgDn" kej•s 
still work when the display i" in color: 
they -simply change which layE=r is shown !.z:¡ 
red and wl1ich layer is jl1own in green. 

Look toe the cursor in the .lower-left:
hand cerner of the s~reen (unless you have 
moved it already with 'the arrbw ~eys). l\s·: 

· you will find out in the next cl\apter, the, 
cursor color is always . the same as- thé 
color of the "active" layer. This me<Jn'
that th~ cursor color will remain the same 
when you use ~he "PgUp'' 'and "Pgori• keys. 

' ·severa! other function keys_ affect the 
color display. Depending on. you: vision, ¡ 
personal preferences, and RGB rnon1tor, you '· 
may find you prefer a different format than 1 
the green~red~yellow combination. j 

Alt-F2 toggles the intensity of the '¡ 
background color of the screen~ Up to now, · 
the background has been .black. The Alt-F~! 
function key is used · to sw1tch between a 1 

. 1 
black background and a blue ene. ¡ 

Alt-F3 allo11S you to switch the fore:..! .· 
ground color set from 'green-red-yellow tOJ, 
cyan-ma·genta-white. Note ii'Jaln that you• 
can always identify the acctve layer by 
looking at che color of the cursor. 
Incidentally, the selection of foreground-. 
color groups (green-red-yellow and cyan-
magenta-white) is fixed by the ID~ 
Col.or/Gril!:"hicOJ l\dapter .. 
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?lacing ?ads 

5.1 Placinq pads 0
., 
., ' ··- ' 

:-lave the cursor to the center of the 
··ecn using the arrow keys. Now press the 

".F~" function key (not "Alt-F3", just 
";:'J."). The cursor disappears and in its 
place appears an annulus that represents a 
circuit-board pad. This conductor ·pattern 
ts used to represent a hale in the circuit 
board. with copper surrounding it on • both 
s1des. Pressing one of the arrow keys will 
:nake the cursor reappear beside the pad. 
F3 is the PLACE. PAD function key. 

The pad is. placed on both layers of the 
~oard. You can only place a pad when there 
LS space for i t on both s id es of the lay
out. If you try to place a pad where it 

"luld connect with one or more conductors 
i.. • either side, the program Hill give you 

error message like occupied cell in 
cylinder or too clase to adjacent conduc-
tor. J· 

Move the cursor so that it is located 
over the pad, then· press the F•l function 
key. The cursor will disappear again, 
showing the empty cell where the pad used 

~ to be. Removing a pad with theíi;·,Q function 
~ ~ey deletes the pad from both l~y-ers of the 
~ ;1 board. F4 is the RE:OIOVE PJ\D .function ker. 
~i 
:J; 
1J 
~ 
:F 
~ 

When you place a pad on the layout using 
the FJ key or remove a pad using · the F1 
"-ey, the cursor disappears. In general, 

t ~ cursor will disappear te~porarily when~ ·
1
r¡ • er you place or remove a conductor. so 

that you can see your result. The cursor 
will reappear whén you move it. 

! 
' 
;u. el> •,..~ •- ' • 
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To place two pads one-tenth of· an inch 
apart, press·FJ, strike an arro~ key. twice, 
then hit F3 again. Hith a lit~le practice, 
you can create ·a simple rhythm to place a 
series .of pads in a row o~ tenth-inch 
ccnters: F3, arrow, arrow,·.FJ, ar.row, 
arrow, F3, etc. 

Practice placing and· removing pads now. 
Lay out a couplc of 14-pin IC patterns: 
two rows of seven pads on tenth-inch 
centers with the rows 0.3 inches apart. 
Hhile there is a cornmand · to place .dual-in
line (DlP) packages on the screen; wi th a 
little.practice you will find you can do it 
quickly one pad at a tim·e. ('ftw "clip" com
mand is described in the referende section 
of the manual.) · 

5.2· Addirig Traces 

In .order to experiment With adding 
traces to a layout, pl~ce a number of pads 
on the screen. During the :.,f'ollowi:.-.g dis
Cussion, the terms "trace,• "run,'' and 
"route'' all refer to a thin condtictor con
necting two pads or .other areas of copper. 

Move the cursor so that it c'overs one of 
the pads, then press the Fl function key. 
The cursor will change from a· box to three 
horizontal: lines. Now move the cursor to 
another pad. Press Fl again. After a 
short pause (depending on the distance 
between the pnds), a trace will appear 
which joins the pacls. Fl is the 111\RK ROUTS 
function key. 

. .... •i 
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~.:> Scrolling 

4.5 Scrolling 

What you have been viewing on the screen 
""-- the CRT is a small portien of the entire 
workspace rnaintained by the prograrn. At 
any one· time, the screen will contain a 2" 
by (" are a of your layo u t. 'J.' he workspace, 
though, is 10" by 16" in size. 

1 Use the. up-arrow key to move the cursor 
to the upper edge of the screen. If you 
try to move the ·cursor beyond the upper 
edge, the whole screen will shift · down, 
showing a new portien of .the workspace. 
Similarly, if you try to move the cursor 
past the right edge of the screen, the 
display will shift left, showing a another 
portien of the larger work area. 

If J you rnove the cursor to the edge of 
the screen and the screen does not scroll, 
you have reached the edge cit. the world (or 
at least the ~dge of the workspace). 

The. •aome•· key can be used to return the 
curs6r and the display to the lower-left
hañd cornee of the workspace. Again, if 
you get an •unknown command'' error message 
when you press "Home", the "Num Lock" key 
has shifted the numeric keypad. 

Before leaving this chaoter, become fam
iliar with the operation ¿f the cursor and 
scrolling the screen . 

... . I f you ha ve a Mict:osoft House connected 
to your coinpu ter, i t can al so be u sed to 
move the cucsor (see the cha9ter ''Using the 
Houseu). ~ 

• --u 1.. - -·- : • ----" :;fJ·.. -

Ci1apter 5 .·~. ·: ··. 

l. es son · 3 

• Up to now, the tutorial has covered very 
basic material: starting the program, · 
entering commands, changing the display, 
and moving the cursor. !lere is where the 
fun beg ins: crea ting and chang ing 
circuit-board artwork. 

Before proceeding, create a blank 
diskette using the DOS FORNAT command.· You 
·will use t;his disk to save a copy of your 
work at the end of this lesson~ DO NOT USE 
"FORHA'.r" ON ".r!IE HINTEK srnARTWOHK (iiSKETi'"J':~ 
"l:'OilHA'l"' Dr~LE11::s ALL .-Ex-"0\m-iN"FCílif.IA'l'ION 
FROi·~DISKE'L'TE. ---

Now start the smAH'rWORK Editor again. 
Scroll the screen, if necessary, to~a blank 
portien of the workspace .in. order to ~xper
iment with th~ following tcipics. 

·.s-1 



The e lC shape is an indicator of 
whet.hec Ot not "routing• is in progress. 
•fter you press Fl ~he first time, the cur-

•r changes from i ts normal box shape to 
_ ree ~orizontal lines. Once you have 
pressed Fl to specify the endpoint of the 
route·and the ·trace has been drawn, the 
cursor once again becomes a box. 

You can start oc end a trace on any con
ductor, not just a pad. If you pcess Fl t6 
start a route, but the cursor is not on a 
conductor, the program will cornplain: route 
has no anchor. Note that the program looks 
toe the shortest route between .the two 
electrical networks, not .. just a route 
between the particular points you identi-

·fied with the cursor. 

If there is not a straight-line path 
~m the start to the end of the route, the 

program will try to find the shortest route 
which does not touch another conductor. If 
a route is not found, the program will 
report: can't find a route. 

A route ·can· be removed by positioning 
the cursor above any portian of the trace, 
then pressing F2. .!:'2 is the REHOVE ROUTE 
function key. If you delete a pad (using 
F4) that has traces connected to it on 
either layer, both the pad and the traces 
vill be removed. 

.The llmount of time it takes to find a 
-~te depends· on the length of the run and 

·- the size of the two e~ectrical networ~s 
connected to the ,;tarting and ending 
po(nts. If you decide you don' t want to 
wait, you can interrupt the route by press
ing "Ctrl-.9reak" (hold do~oJn the "Ctrl" key 
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while you press the 
key).. The message: 

"Scroll Loc~/Break" 
routing int.ecruptcd 

will be displayed. 

If you have a rnouse ·c.on~ected to your 
computer (the input device,_,'::.not the furry 
creature}, the left button lS.·:.the samc a~; 

the I·IARK ROUTE (Fl} key. ,Thc ~l~~i b~~~~~ 
has the same effect as the R.:.!·: --' 

f'or more il\fonnb.t~on, ·see t!l-.! 
(F2} key. in.''t.he ·reference ••using the ~1ouse•• chapter 
se~tion of the manual. . • .1. 

·:. 

If" you don' t like ttie route ... a program 
method l. s discussed in the has found, a 

.next section for specifying the exact path 
to be used. 

. ·.:·• .. 

5.3 Interactive Routing-

There will be times · when · you want to 
make a route follow a particular path: y~u 
may be woriied about ciosstalk, or you may 

• lt ·to a·void an area because of other corn-
W.tl " An·rwonK "· t t o be added la ter. · srn "-ponen s · · t -d of 
allows you to guide th~ rout1ng 1ns Cd 

letting the program find the path. 

using the cursor, move the screen t.o a 
cleilr arca of the work_space. Place a pad 
in the center of t.he screen. and a second 
pad abo u t ten cells Lo. the e 1.gh t · 

Move the cursor to i:he pad on the l~ft, 
. Fl . Now movo; the e u r sor up f: l ve then press · h t' , 

· ;) s f'l agá.in (even thoug ~~t! 
cells and P'" 5 

· ·ll} /\(ter a cursor is over a blank ce .. 
· the prograrn will draw a .trace ~llghtipausaet, the oad . ctnd e>:tending to the beg1nn ng • .. 

5-5 
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cursor-. 

Note that the cursor ~s still three hor
lzontal lines. This ~ndicates that routing 

'--is in progress. Hove the cursor to the 
right by twenty celC.s and prcss Fl. 1\. 
trace Will appear bridging the gap from 
where the cursor was to the ne1/ CL1rsor locat!on. 

Press the "!lackspace• key. · The cursor 
will backtrack one cell, removing the trace 

·in thatcell.. You·may use the "Bac!<space" 
key whenever a route is ~n progress to 
Slowly COnsume the trace. you have been 
creating.. Keep pressing "Backspace" until 
the cursor is directly above the pad on the right. 

Now _move the cursor to the pad on the 
right and press Fl. "srnARTIWR!<" will com
plete the route to the nad, ·and the cursor 
will return to the nor-mal box shape. (ll. 
route must always start on a conductor and 
end on'a conductor.) If necessary, ~ou rnay 
Place a pad (usin~ FJ) while a route is in 
progress, and then route to it. 

Now is a good time for you to practice 
adding traces, using both th_e pad-to~pad 
routing and the interactive routing. 

5-6 

'1 • 1 

(_ 

• ~~ ........ ._.....,.._...:::... utn . .l.--:;-tr[Ct; _ _._:_¡ 

5.4' Fat Traces and Fatcells · 

It is often necessary ·to ·crea te a c_on
ductor which is . w1der ttian l2 mils (E oc 
po·,er supply -and_ ground runs, for ex:,mp.le). 
"s:Mrt'l'h'ORK" allows you tq cflanse t!t:J' thi-n 
trace to a wicle tcace. · You may il.l~o ;Jlilce 
a 50-mil squace of copper in any ccll. 

Move to a clean area· ·of · the .. work:;pace 
and place two pacls on the _screen about fif
teen cells apart, · with _on_e · cell slightly 
above the other. Route a tra~e. between the 

'two pads- by placing the CUrsor 0'/CC.. one. 
pad, pressing Fl,· moving·_ to the. othec pad, 
and pressing Fl again. -

Now move the cursor so that it stcaddles 
the thin trace anywhere ~long its .length. 
Press the E'S function key. _ The _thin (12-
mil) trace will be ceplaced by a _wider run. 
This fat trace will be 50 mils wide on the 
final board. 1\ny sharp corners sho>m on 
the screen will be. softenecl when the art
work is plotted. FS is the.WIDEN-function 
key. 

If you 
and press 
fat one. 

place the cursor ovec a fat run 
F6, a thin trace w-ill replace t~e 
F6 is the SHRINK f~nction key. 

~f you try to widen ~ trae~ which passes 
close to other ·conductors, the trace will 
only be widened where there· is room to do 
so without causing any new connections. 

M ove the cursor to a blank cell and 
press 1:'7. 1\. square conduct?r, 1-1hich -~s 50 
mils on a side will appear. in 'place ot the 
cursor. You may place a· "tatcell" !.n an 
isolated !.ocation,· next _ to ot-hcr fatcclls 

" 
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Cnapter 6 

Tutor! al: Les son ,(!_ 
• 

' 
Once you have created your layout using 

the smARTWORK Editor, Y0~ will ne':'d to ma~~ 
a physical copy of it so that· ~t can 
photographed and manufactured. The Pl~tter 
program (the .file PLOT.EXE on the Slllr\RT\VO~K 
diskett~) takes a file created by the Edl.
tor as its input, then produces a .copy on 
paper using either a dot-matr1x pr1nter or 
pen-and-ink plotter. 

th e creation of lX This lesson covers 
(normal-size) checkplots .and 2X ( twice-
normal-size) artwork us1ng . the Epson 

h Ho uston Instrument printer. Using t e . 
. Plotter to make 2X ar.twork 1s. similar to 
this process; the deta1ls have been left to 
the chaoter "Pen-an - n • d I k /\rtwork •• ~n the 
referen¿e·section of this manual. 

6-l 

6.1 Makinq a Checkplot 

Whenever you are designing a large or 
.::omplex ci rcui t board, yo u will probably 
r' iscover the need for a paper copy of the 

1yout. · You may wish to· sce · the. entire 
ooard at one time, or may wisl! to check the 
connections and spacing of thc layout as it 
currently exists. . .. v .. ' 

The Plotter program can produce a quick, 
normal-size. plot of the layout on an Epson 
dot-matrix printer .(either the f'X-lQD· oc 
the MX-100 model). I t is designed · to be 
produced quickly (relative to the 2X 
camera-ready artwork). 

The checkplot 'option is a low-quality lX 
'.opy of the ar twor k. Pads · appear as 
.guares; diagonals will ·-be. somewhat 

ragged. Fatcells and wide ruris still have 
Jared edges. The title li~es incl~de the 

current date and time, the· name ot .. the file 
being plotted, a hole count (number 6f pads 
on the. board) and approximate board dimensions. 

· Starting the sm/\RTWORK Plotter · is very 
similar to s tar ting the Editor.' Pláce the 
sm/\ll.TWORK diskette into .dr'ive /\,' then .type 
the name of the Plotter program following 
the prompt from DOS: 

1\>PLO'.r 

~e red light on the front of dri~e 1\ will 
.iqht as ·the computer loads the program 
t m the· disk. Once loaded, the Plotter 
Wlll display its title pa9e. Note that the 
Plotter title page also includes both the 
program version number and your license 
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to for a fa t run 1 or around pads to 
'ncreas .... their _s!.=e. An isolated fatcell 

>Y - oe removed by positioning the cursor 
' e r i t anc pressing Fó. F7 1·s the PLACE 
._.rCELL function key.-

5.5 Saving a File 

Once you have created your layout on the 
:Jcreen of the co:nputer 1 you will want to 
save it on the disit. This will allow y6u 
to u~e t~e "load" command to edit it again 1 

an~ l t Wlll allow you to print or 'plot i t 
us1ng the smARTW~RK Plotter program. 

_Press the ."Enter" key to bring up the 
.mmand lineprompt: 

COMMAND> 

The "save" command is ·.u sed to wri te the 
layout contained in memory. to a disk file. 
Place the blank 1 formatted diskette you 
created at the beginning of this lesson in 
dri ve- B 1 then type the following command: 
:Jave b:lesson3.pcb. The command ' line 
should now look like this: · 

COMM.AND> save b:lesson3.j?cb 

The · f ilename extension (. pcb) is optional 1 

bu t makes 1 t easy to id en tify the type · of 
·le. If you make a mistake, correct it 

ng the "Backspace" .:~nd Ese keys. Yo u 
c-.nnot save workspace files on the sm..'\R'l'
WORK program diskette¡· it is wri:te
protected. 
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Pressing the "Bnter" key w_ cause the 

red light on the. front ot dr ive B to li<Jht 
momentarily, 'l'hen the lioht will 'JO ()Ut 
while the program prepar;s the da~a in 
memory for saving. ·rhe light on drive Br 
will ·light again while .. the workspace i~ 
written to the· disk. F.inally, the proc¡ram 
will beep to tell. you i t is done, <Jnd thc 
command line · will disappear trom the 
'screen. The whole process may take thirty 

d
. ·o don' t>.wort·y· t' E 1 t secms ·sccotl sor more, 5 ~ ~ 

likc u Long titne. 

"sml\RTWORK" has w.ritten a copy- of thc 
workspace to the disk for later .use by 
either the smJ\RTI·iOHK Editor or Plotter pco
gra.ms. ·rhe f:ile name. i_s b:lcssonJ.pcb. 
Any drive and le<Jal DOS ttlc .n<Jtne may be 
used. Files created using ttle "save" com
mand may be copied usin'J the .DOS COPY and 
DISKCOPY commands. l\lways ·back up your 
workspace files on a regular schedule .. 

y
0

u may continue to-edit your layout at 
· · · the ."loa.d''. commarid this point wttl1out us1n9 . 

to restare your work 1 since the artwork is 

. still in memory. -

It 
· a c·•ood 1·dea to sa·ve you·r wock 

.15 ~ 
peciodicallY as ~ou are creating ·or editing 
it. If ybu write it to _tlie Jisk every half 
hour, a power failure or mcmory parity 
error can' t destroy eigh~ hours of work. . 

Always keep a spare 1 - empty, formatted · 
diskette handy 

1 
just in case the d.isk you': · 

are using f ills up oc g'oes bad whl.le yo u' 
are in the s¡nJ\RTWOHK ·Editor.. That way 
you' 11 get a second chance · to s_ave your 
work if you get a disk error wh1.le using 

t~e "sav~" command~ 
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numb 

When you have finished reading the title 
page, press the space bar to · erase t~e 
citle information il!Ú~. dis9lay. a menu of 
available output fornats. 

In the uooer-right-hand cerner of the 
screen, the -p-rogram will print the current 
system cate. This date and the current 
tirn~ will be orinted on any output producecl 
by ~he ~pson.- If the date is not correct, 
you can exit the plotter program and use 
t:he ·DOS DATE and . T!HE commands to corre e t 
the systern date and ti~e. 

several· · numbered choices will be 
d!splayed on the screen. Find the cho~ce 
labeled lX dot-matrix checkplot, type 1ts 
number, and press ''Ent~r·-

The screen will· clear again, and the · 
following pronpt will appear: 

Input file containing the board layout: 

Type the. name of the demonstration layout 
file which is included on the sml\H'.'.'~W!tK 
diskette: a:demo.!_)cb. Use the "Ilacks!_Jacc" 
or Ese keys to correct any typing mistakes. 

The end of the prompt line should now 
look l.ike this: 

--~ the board layout: a:oemo_pcb 

n t. "-'he Press the "Enter r..ey. 
the A drive ~~ll lig~t as the 

. - . 1 
t~e layout descrip~~on t~_e. 

red light on 
9rogram reads 

....... 

The program may rejéct the input 
filename by sending a low tone over the 
speaker an~ erasing the inp11t filename. 
'rhis meiins cither that it couldri·i .. _t find the '-
'ile or that. it couldn' t unc!l!rstancl t~le 
¡ile' s contents. Hake sure that Ltle srn;\:rr
\YORK diskette· is in -drive r,, the · narne of 
the file is .spellecl correctTy, anC! that th~ 

namecl file actually con ta ins ·a SinJ\RTHOHI\ 
layout. 

Next, the prompt for the o~tput port 
will be display~d: 

Output device or file name: lptl: 

The outout of the Plotter program. is nor
mally ~ritten directly to .tl1e ptinter. 
.Since the printer is" usually connected to 

- the first parallel port, .· the prograrn pro- -._ 
ides a defat-!lt device name: lptl:. If 

~his name is correct, simply press the 
"En ter"· key. 

If. the printer is connei:ted to another 
·port, or if you wish to write the output to 
a file instead of directly to tl•e pr in ter, 
use t;¡e Ese or "Backspace" key to remove 
the default clcvice name. Then enter thc 
corre·ct device nilme· (for example, coml:, 
com2:, aux:, prn:, or ···lpt2:} or DOS 
filename ·and press "Enter"·.~· 

If the program emits the low tone, 
erases your response, and pr.ints the 
default device n.1me again, the device name 

: filename was in the wrong forrnat, or DOS 
.eturned an error wl•en the ~rogrcim tried to 
use it. !';i thei: correct your . response or 
f'v the printer, then try it again. 



Onc ou have enterec the input fi~ename 
and th~ output qev:.ce, sm.'I.RT\\'OR~ will a!ik 
you whether you want to print ~oth sides of 
che board, t~e lower layer only, or t~e 
upper layer on~y. (The lower layer of the 
board is the lay~r the Editor displays when 
you press the "PaDn" key.) Press the ''!l" 
i<ey (9 for 9oth},· then 'str ike "Enter". 

The program will print the message 1\'ork
ing ••• , then pause for near~y a minute 
while it prepares the layout for printing. 
A portien of <'! checkp~ot is shown on the. 
next page. 

-
Each layer of the board will be printed 

on a separate sheet o: paper. several 
lines of text above each plot gi\'C the 
date, time, and fi!ename. (The usefulness 
of this informa tion will be come appar en t 

.wheri you have col!ected eight or ten check
plots of a board un¿ergoing revision.) The 

. program also prints the approximate size of 
che board in inches, and a count of the 
number of pads on the layout. -

Despite the coarse nature of the outout, 
the check!?lot is pr!.nted ·Dt normal 'sl::e. 
This means you can ~heck the sp~cing 
between components and around connectors, ,~ 
either by using a ruler or by actu<>.lly 
placing the components of interest directly 
on the plot. 

Once you have develo!?ed your layout and 
checked it with a chec\(plot, you' re ready 
to pro~uce the final 2X artwork. 

1984 

6.2 Camera-Ready Artwork 

The camera-ready artwork p~oduced by the 
rogram Hill be creatcJ at twice r:onnal 

:>.i::e. !len.ce, a ciccuit-board layout ·lo'·· by 
16" in sizc wJ.ll produce a· 20.•· by 32" plot. 
·~·his · 2X · <Ht~Jock i·s t!1er· photO<J r<1!,)hcd and 
rcduced ·50'! to crei\ te a ne<j .. i\t:.\.vc u sed in 

1 

1 
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the pr~~~ction of the final printed-circuit 
board. 

Twice-normal-size artwork is available 
from- either the Epson printer or Houston 
Instrument plotter. The remainder of this 
1esson will ta~e you through -the steps 
required to produce 2X artwork on the· dot
matrix printer. Pen-and-ink ar:twork gen
eration using the Houston Instrument 
plo.tter is cover:.:d in the chapter "Pen-· 
and-Ink Artwork". 

Start the Plotte·r program again, and 
advance to the output format and outout 
device menu. This time-enter the number-of 
the choice ·which combines 2X dot-matrix 
artvork with ~he type of dot-matrix printer: 
you are using. 

The input file, output dev!ce name, and 
board layer prompting will be the same as 
thab for the lX chec><plot. Use the demons
tration file a:demo.pcb as the input file 
again, and plot both layers. 

After the one-minute pause required to 
prepare the layout for pr in ting, the pro
gram will print the artwork a side at a 
time. Each layer will have severa! lines 
of text:: printed above it that give- the 
date, time, filenarne, approximate dimen
sions,· and number: of holes. These title .. 
lines are printed in lar:ge letters, so that 
they can be easily· read from the 501 f.ilm 
copies. A por tion of a 2X pr ~n ter o u t!)ll t 
is shown on the next page. 

The printing of the board artwork is 
much slower than the or~nting of tl1e check
plot. In addition to pr!nting lines which 

··-

.:-2: ;:.: ¿\ .- ·t:. VJ (J.-- L(: '/ :t. - C> ..... - C> 

·F :i :t t?_ = a = el e:.· <n = _ r:-j r= b · 
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are twi as long,· the. pr int head makes at 
least three passes over each line to get 
the best plot :e~o~ution. 

Other changes from the CRT display· and 
checkplot will be oovl.ous ·too. '!'_fJe wide 
traces and fatcells have been smoothed to 
create diagonal runs and to soften 90-
degree inside and outside corne(s. The 
diagonal thin traces are much smoother 
also. Pads have been shaved when a conduc
tor passes nearby. 

NOTE THAT THE 2X ARTWORK IS ROTATED 90 
DEGREES from the way it is sh01m ~ t·he CRT 
or is printed O!'l a checkolot. This· allows 
the-long· dimensiOñ· of the workspace (16-
inch dimen~ion) to be· printed down the 
page. If. your layout will exceed 6.5 
ihches in one dimension, make. sure you 
orient your layout so that the long dimen
sion is·horizontal on the screen so that it 
will be printed down the page on the 
printer. 

This 2X dot-matrix artwork is not as 
~mooth and uniform as the output produced 

·on the pen-and-ink plotter. It will nor
mally be more than sufficient for prototyp
ing. :-lany of the defec ts yo u can · se e by 
looking ~ closely at ··the output will disap
pear when i t is reduced by· 50% to ·normal 
size. 

There are a number of things you can do 
to enhar.ce the quality of the 2X camera-' 
ready artwork produced by a dot-matrix 
?Cinter. These techniques and suggestions 
are contained in the chaptér "Dot-z.tatrix 
Artwork", which is contained in·the rcfer
Pnce section of thc manual. 

G-9 

This chapter concludes the í.:utor·i-al se.c-
-~on ?f this manual. Now thkt yoú have 
.en 1nt~oduce~ ~o the . basic operiltion of 

.ne sml\R1WORK. Ed1tor and Plotter · programs 
Y?~ hshould read the reference c!Japter~ 
., \C follow. Several of the 111orc complex 
<-_ e,ratlor:s were omitted from the · tutorial 
to keep 1t simple. A complete de~~ripti~;1 
of al~ asp~cts· of the sn~RTWORK progia1ns is 
conta1ned 1n the reference .chapters.· 
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Chapter 7 

i=undamení:aJs ... 
or 

Operation 

This chapter exptains rnany of the 
details· of the srnARTI\ORK environment: · the 
workspace, the graphic elements used to 
create the artwork, the display of the art
work on the screen, the forms of input to 
the program, and the audible and visible 
feedback from the program. 

7.1 The Wcrkspace 

All artwork editing is done within a 
pair of rectangular grids cal.led the 
workspace. Each grid.is divided into 64000 
squares, or cells. Each of the two grids 
corresponds to one !ayer of -the printed
circ•.!i.t ~::::..~~; c::o.L:l, !-.lquo.re ot a 9.rid 
represents a 50-mil (0~050 inch) square 
section of the final printed~circuit board 
at lx magnification. The figure below 
shows the dimensions of a grid, as well as 
the way tha t the four poin ts of the cop1pas s 
are used to refer to motion across a grid. 
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·_,le lower-left (southwe~t) corner of each 
grid is called the home posítion. The 
9 js can also be descr ibed as' X-Y (Carte
S1an) coordinate grids. In this case, the 
home position is the orígin of ·the current 
X-Y plan e, and the +X and +Y axes extend 
eastward and northward, respectively, from 
the origin. 

The dimensions of the workspace are suf
ficient for designing a printed-circuit 
board _of two. 10-by-16-inch la~~rs. For 
conven1.encP.: th-:.~ l.::..re:r;:; are reterred. to as 
the ~Epec and lower layers. 'l'he word>" 
11 11 -·-..-- :) 

upper and "lower'' 1mply nothing about the 
rr¡pology' of the final artwork, since the 

yers are plotted independently. 
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7.2 .rtwork Elements 

The four elements from which the program 
builds · the artwork for a printed-circuit 
bóard are shown in the figure below: 

o 
thin 'trace pad 

fat trace fatcell 

Each element represents a conductive 
on the printed-circuit board. 

are a 

The 'thin trace represents a circuit
_boarc signal conauctor, while the fat trace 
represents a power-supply or groun~onduc
tor. Either type of trace can ap~ear in a 
rectilinear (north-south or east-west) or a 

.diagonal (northeast-southwest · oc 
northwest-southeast) orientation. A com
plex trace can be built from any series of 
these simple traces. 

The basic element of .the fat trace is 
the fatcell, which represents a one-cell
square area of a conductor. Fatcel}.s cP-:1 
be ~1~~~~ ~~y .. :~cLe on t~1e grid to re,lrescnt 
arbitrary patterns of conductive mat;rial. 

The oad represents a conductor-plated 
pad, v ia-;- or feecl t!'lrough hale. in the 
printed-circuit board. !t is the on!v e!e
ment that: is three-cimensional: that · is, a 
pad represents a cylinder that oas~es 
through both board 1<'-yers, while the · ot'1ec 

nl..t.:..WQ(i( Elements 

·.•·. 
-elements represent conductor patterns that 
appear on just one board surface. 

.. 3· 1- and 2-Layer Di~plays 

Each editing display shows the layout of 
a for t~·-by-eigh ty-cell se e tion of one of 
the workspace layers. This display is 
known as the window !rito the workspace. 
Only one layer at a time is available for 
edfting: it is called the active !ayer, 
while the other layer .Ls called the idle 
layer. 

No grid lines or markings appear oh the 
editing displays. 

The single-layer editing display is 
eated using toe high-resolution black

uold-white graphics mode of . the IBM 
Color/Graphics Adapter. As the name 
implies, this display is a window into ene 
layer of the workspace. 

The dual-layer editing display uses the 
medium-resolution color- graphics · mode of 
the IBM Color/Graphics Adapter. various 
color schemes ár.e ·used to create a window 
into both layers of the works!:'~G" si:~:.:l·· · 
tan~ously. Th~ display-option functions 
described in the ''Display Functions'' 
cl¡apter are used to .. switch between singl~
and dual-layer displays, and to. oct up 
va r ious color combina t ions for t:he dual-

yer display. ' 

'l'he dual-layer display .ts designed for 
use with an RGU colof mor.itor. If you wish 
to U9C a black-and-white monitor, you will 

i 

1 
i 
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fi the single-layer display to be more 
int~cmative than the dual-layer display. ' 
~o desiqn functions are lost when u~ing a 
black-and-white monitor with the single
layer display. 

7.4 Display Distortion 

The Houston Instrument DMP-41 plotter 
that generates camera-ready artwork is 
capable of x~y resolution approximating 
0.005 inch. Although every attempt has 
been made to make the editing displays 
appear ·as realistic as possible, the IDH 
Color/Graphics Adapter and mas t RGB color 
monitors are not designed for resolution as 
fine as that of the plotter. There are 
sorne respects in which this difference in 
resolution is apparent: 

(1) When plotted at a magnification of 2X, 
the dimensions of a cell are 0.100" by 
0.100", for height-to-width ratio of 1 
to l. The ratio of vertical to hor
i zcin tal d imens ions of a cell on the 
editing displays, though, is approxi
mately 1.625 to l. This difference is 
usually only apparent in large areas. 
of fatcells. 

(2) The x and y increments in diagonul fat 
L~aces are visible on the editing 
displays as a ''stairstep" pattern. 
When -these traces are plotted on the 
DMP-41, however, they appear as per
fect diagonals. 

~ ' ( 3) 
fi 

Fatcells can only be connected to pad~ 
or other fatcells on the north, south, 
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e as t, and wes t faces. Al.though .a 
fatcell may appear on the display to 
almost touch a ptld or another fatcell 
that borders it. on a northeast, 
northwest,_ southeast, or south•.:cst 
cerner,· the f-inal ar.twork plot will 
place a definite gap between such con-

. ductors. 

'l'here are sl'ic¡hl'. discontinuiti.es in 
l:h" edges of pads and dia<]onal thin 
crilces ori the editing displays. These 
do not appear in tl1e plotted artwork. 

Proqram Input 

Three kinds of input are used in the 
·,ctiting program: 

l. 
2. 
) o 

function-key input 
·command-line input 
mouse inpu¿ (optional). 

Function-key and command-line inputs are 
entered from the keyboard. 

If you have the Microsoft Mq~se attached 
to your systern, you can use its mot1on to 
contról the cursor and its buttons to enter 
the th'Ó mos':· !":::2:_iül~i,:..:.l,y U::it:U funcc.~on keys. 
Tl1e mouse is covered in detail in the 
chapter titled ''Uslrig the Mou~e· •. 

Function keys are used to manipulate the 
ymbols of the editing display and the data 

.:hey represent. A functiori. keystroke 
causes an editing function, such as a cur
sor movement or the insertion· or deletion 
of an artwork elemeJlt, to be executed 
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immediately. The changes in the · editing 
d' ,lay that; reflect. the execution of a 
L tion depen~ on the nature of the func
tion. Function-key inputs cannot be typed ahead. 

The combination of single keystrokes and 
immediate execution lets you edit a layout 
quickly and efficiently. 

7.6 Audible and Visual Cues 

The program uses two audio tones to sig
na! var ious condi tions. The low tone ( 110 

·Hz: second A below middle C) indJ..cat:e$ that 
an error has occurred, while the hiqh tone 
(440 Hz: A above middle C) ·signals .--¡::¡:¡e 
successful completion cf certain functions 
and commands. 

r During a normal editing session, the 
screen is comple tely f illed by an ed i ting 
display., and the program responds to any 
function-key input. If an error occurs, 
though, the following events occur:· 

(1) 
normal program execution is suspended 

(2) the editing display· scrolls up to 
leave a bla~k space 

(3) an P.rrn~ ~~===:.:;~ ü.filJear~ in the blilJlk· 
space 

( 4) a low tone signals an e,ror • 

At this point, 'you should acknowled<Je the 
error rnessage by pressi.ng the "Enter" key. 
Any ~ther input will be ignored: After the 
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acknowledgement, the error message · disap
pears, the editing display scrolls back 
into position, and normal exec~tion contin-s. 

Sorne commands (like the ones that read 
and write ·disk files) take ,some .time to 
execute. Hhen such a command has been co1n
Pleted wi thqut .error, a. hiyh tone slc¡nal!J 
that the. program is once again aw,liting inpu.t. 

A complete list of text messages appears 
in Appendix A. 

' ', 
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8.0 Command-Line Input 

Chapter 8 

Command-Line lnpvt 

Command-line input is similar to DOS 
input: a co~mand prompt is issued, charac
ters are echoed on the display screen, 
bacl<spacing · and line cancellation are 
¡~.llowed, and the "En ter" l<ey must 'be 
depressed befare the command is processecl. 
This l<ind of input is used to issue ·com
mands that are used infrequently or are too 
complex. t6 be .expressed in a single keys
trol<e, such as loading the workspace from a 
disk file. 

Whenever the program is a~;aiting a 
fu.nction-key input, you can s~;itch to 
command-line input by ~ressing the "Enter' .. 

.Key. · The ~rogr~m will. respond by: 

(l) suspending normal execution 

(2) scrolling up the editing cHsplay to 
leave blank space at the bottom 

(3) placing ·the CO~D> prompt !n the 
lower~left-hand cerner of the display 

_2, '/ 

8.0 Commanci-Line Inpüt 

As you type a cornmand, the characters 
will be echoed on the command line.· 
"""lprintabl.:: clwracters are discarded to tile 

.und of " low tone. l\ll upper-c~.se chac
:ers are converted to lower case. If you 

reoch t!1e ri9ht margin, cxcess chLtcactecs 
will be disc~rded with. a low tone. You can 
backspace with the ''Dackspace'' key, or can
cel thc ~ntire line with the ''Ese" kéy. 

The command will not be.processed until 
you .press the "Enter" key again. If the 
command execu tes success fully, . the command 
line disappears and · the normal editing 
display is restored. Any erior will invoke 
an error message. 

If yoli change your. mind about entering a 
-'>mmand .after the 'prómpt appears, just 

:ave the 'cornmand line blank ánd press 
.1ter". The normal t!diting displ.ay, \IÍll 

be res tored imm.;dia tely. 

8.1 Confirminq a Command 

Sorne cornmands will comp1etely destroy 
the current workspace. · 'l.'o keep you from 
inaduertently destroying important work, 

· •":nf"'h I""Atr>m::ln.4o '' i=t·.-...- '"r"" non•····~• ... l'C"l 0'1 thC 
-~-~-- __ 0,000 ...... 00 ......... , L ....................................... L~ .......... 0 lo 0 

command line, will as k the following ques
tion via the command line: 

DlSCARD CUfillE.Wl' HO!lKSPJ\CE' (y/n} ? 

proceed with the commar¡d, type y and 
pres::J thc ~)~nter• key. 'l'tle cornmand -wi.!.l 
execute, ending wlth e!ther a l1igh tone to 
siCJnal succe_ss .or an error rne~s<HJe. To 

· ilbor t thc conunand, typt-: any thintJ bu t Y and 



pre the "Enter" key. The normal editing 
disl----'Y will be restored immediately. 

8.2 Command-Line Errors 

•• 1 Any group of characters in a command 
that is set off by spaces from other groups 
of characters is a parameter. Each command 
requires a different number of parameters. 
If you enter more parameters. than are 
necessary for a command, the comrnand is 
rejected with the message: too many parame
ters. Any entered comma~d that the program 
does not recognize i·s rejected with the 
message: unknown command. · 

8.3 The CLEAR Command 

To discard all artwork in the workspace 
and start again from scratch, use the fol
lowing command: 

COMMJ\ND> clear 

The following sequence will ensue: 

(l) the program asks. you to confirm the 
command 

(2) all .artwork in the workspace is dis
carded 

(4) 

the cursor 
corner of 
workspace 

is moved to thc southwe,;t 
the lo~-:er layer of the 

a high tone signals completion 
.. \ 

. ~ The QUIT Conunand 

To clear the screen and return immedi
ely toDOS, use the follo~ing command: 

COMMJ\ND> quit 

This command also asks for confirmation . 

8.5 The SAVE Command 

To write a disk 
cur rent wor'kspacc, 
mand: 

file that contains the 
use the following com-

COHMJI.ND> save filename 

<ere. "filen·ame" is any file. name thát .. is 
_ .Qal u-nder DOS. The. entire workspace :w1ll 
bl -ritten to the specified file in a form 
that can be read back into the workspace 
wi th the LO/W command. This command may 
take a while to exccute;·. a high tone sig
nals complction •. 

Possible errors during the SAVE command 
are: 

active routc exists 
can't write output file 
mi!1sing filcname -
too many pa1:ameters 

Ío. ">_-. ) . 
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To 
from 
mand: 

The·LOAD Command 

read a previously saved workspace 
a disk file, use the following com-

COMMAND> load filename· 

where "filename" is any file name that is 
legal under DOS. You will be asked to con
firm the LOAD corpmand. If t.he specified 
file was written by the smARTWORK SAVE com
mand, the workspace will be loaded from the 
specified file. The lower layer of the 
workspace will !:lecome .the active layet:; the 
cursor will appear "in the southwest cornee 
of the layer. A high ~one signals comple
tion of the LOAD. 

Possible errors during the LOAD command 
are: 

active route exists 
can't read input file 
missing filename 
too many parameters 
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smAR'rWOHK Referenc" •·!anual 
9.0· Display :tion~ 

Chal')ter 9 • 

DffspJay FuncY:ffons 

"smAR'rl-101"{!(" can display a layout one 
layer at a time in black and white, or botl1 

layers at the s~me time in color. 

9.1 Change r.ayer: PqUp/P~-Dn 
. . . 

When the Editor· is displaying the layout 
in· bl'ack and V~llite, only one layer of thc 
board can be secn at a time. 'l'he. "PglJp" 
ke:y positions the editing window over the 
upper grid or upper layer of the workspace, 
while the "PgDn" key makes. the lower gr id 
the active laye r. The x-y pos i tion of the 
cursor do es not change when chung i ng 
layers. If the requested layer is already 
the active layer, the layer-chang ing func
tion is ignored. 

lloth workspace layers can be dis!Jlayed 
simultaneously in the editing window. With 
the help of an ~en color monitor, the con
ductors on each layer ~ppea~ in a differcnt 
color. 'l'hc ~·i>< _for~Lound co.'_ors ! re<!, 

. ,i 



'! .. !. Chang~ Laycr: PgUp/PgDn 

qreen, yellow, magenta, cyan, whitc) 
~cp~esent concuct!.n:; arcas, w!:lile thc tHo 
bac~qround colors (!:>lue, black) reoresent 
1se~ating areas. Although both ·layers 
pear in thc wi~dow, only the active !ayer 

lS avai!ab!e for editing. As a_visual rem
inder, the cursor .color is always· t!1e same 
as the active !ayer ~olor; The active 
!ayer can be changed at .will using the 
''PgUp'' and "PgDn" ~eys. 

Since the design of a color display that 
is both informative and pleasing to the eye 
is very much a matter of incividual taste, 
the program allows you to select severa! of 
the fundamental display elements. 

The alternate · function keys Alt-Fl 
through Alt-F6 are used to set up the 

tal-!ayer editing displays. The Alt-Pl 
rough Alt-F~ keys control various attri

butes ·of the display hardware itsclf, whi!e 
,\lt-FS and Alt-"'6 are used to define the 
relationship between data in the workspacc 
and the colors of the display. The Alt-Fl 
'o<ey is. useful when either type of edittng 
display is on the screen; the other. keys 
are useful for dual-layer editing or1ly. 

If you have a colo~ display, experiment 
with these sl.x F.·.::-.::::.:.c~.z Lú fintl the 
als!_)lay that you like best. If you 
remer.t!:ler that the cursor color is always 
the same as the · active layer color, you 
shouldn't become confused. Por more infor
--tion about the displi'.ys created by the 

~ ColorjGraphics Adapter, see the ID~ 
Technical Reference manea!. 
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. Color, D/W MOdC~- hlt-!'! 

color, D/W Modes: Al t-Fl· 

The Alt-fl key switches between:· 

the single-lnyer, high-rcsolution, 
black-and-whit~ display 

tl1e dual-layer, 
color display 

medi~m-resolution, 

9.3 Select Intensity: Alt~F2 

The Alt-F2 key toggles the intensity óf 
the bac~ground color. ' 

9.4 Select Color Set: Alt-FJ 

The Alt-FJ key switches between the two 
sets of colors offered by the ID~!. 
ColorjGraphics Adapter. The color .sets 

are: 

Set I 
. -----
red 

yellow 

Set II 

rnagenta 
cya.u· 
w~t i te 

•, 
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9.5 B qround ~olor: Alt-F4 

The Alt-~4 key swit9hes between the two 
1ck9round. colors that seem most suitable 
·e use with both .foreground sets: blue 

aud b_lack. 

9.6 2- or 3-Color Set: Alt-FS 

1 Th~ Alt-F5 . key switches between the 
two-color and three-color scheme of 
cisplayi_ng the active layer supecimposed on 
the id le layer. In the ~wo-color scheme, 
each layer is displayed in a different 
color. At any point where the two layers 
coincide, the ·active layer hides the idle 
layer. The. three-color scheme us~s the 

ird color to display the coincident 
'.n ts. 

9.7 Set Active Color: Alt-F6 

The Alt-F6 key swaps the active-layer 
color with the idle-layer color. ' 

By us!ng the Alt-F3 and Alt-F6 keys, any 
one of four color groups can be used to 
construct a thcee-color display: 

4Ctive layer ••••••.. 
:1e laye e •••••••••• 

coincident points •.. 

Group·l 
-------
red 
green 
yellow 

Group 2 
-------
gceen 
ced 
yello•.• 

r 

~.7 Set Active r~lor: Alt-~~ 

Gr"oup 3· 
-------' 

active layer •••••••• ·magen~a 
idle layer .•..•••••• cyan 
coincident' pointc; • • . white. 

Group 4 
-------
cyan 
lllci<J en t a 
white 

Two~color displ~ys are constructed usiny 
the same ']coups, exceot that tile "coin
cident point,.;" ·color i;. omitted from each 
group. 

9.8 Set-Window Size: Alt-F7 

Normally; the scree1~ show~ a two-inch by 
four-inch window of tl1e wockspace. Thc 

. Alt-F7 key switches b·etween this normal 
el i splay and the full display, wh ich sho•J:; 
the entire- ten-inch · by , sixteen-inch 

·wockspace- on onc screen. · Beca use -of the 
limitations of the display hardware, only 
the active layer is s!Jo011, ~nd the display 
is in black and white. It may take · thc 
program up to· twenty seconds to paint the· 

·rull display on the screen, so be patienL' 

,. 



Chapter 1 O 

The Cursor 

The cursor is used to point to places 
and objects in the workspace on the 
current, or active, !ayer. It can be moved 
using the arrow keys o~ the mouse. 

10.1 Shape and Color 

The cursor appears on each editing 
display as a one.:..by-one-cell figüre·. Its 
position is called the focus, and the cell 
at that position is called the focal cell. 
The cursor always occL!pies one cell-oi the 
layout grid: it is nev~r pirtly in one cell 
and. par tly i"n c.no':her. •rhe cursoc hides 
... h,..,. :::.::::~~;-:.~.::: ·'" ~··-= .Cúc...:aJ.. .cell, ou.t the 
cell content~ are changed only· upon expli
cit- request. ·.'.!.'he cor.tents of the focal 
cell will be displayed again when the cur
sor is moved. 

The ·shape and color cif the cucsor give 
important information a~out 1~hat the ~)ro
gram is doing. The nocmal cursor shapc is 

10-1 

10.1 s;-¡ar:>e and Color 

a square, or box, that outlines the focal 
cell. Hhen an "active route" exists ,· 
'·

1
10U<Jh, the cursor shape changes tci three 
•ter al bars. Active, routes are explained 

the chapter describing "Interactive_ 
Routing." 

When using 
always remember 
sor is thé same 
layer syrribol~: 

• the . dual-!'ayer display, 
that the color of the cur
as the colcir of the active 

The cursor can be moved using the 
cursor-movement functions desccibed in ·t"he 
next section. Whenever the cursor reaches 
any of the fbur window edges, the display 
scrolls to show a slightly different window 
into the workspace. A cursor movement from 
'~e bottom to the top of the screen 

presents a south-to-north (+Y) movement 
the workspace; a left-to-:right · screen 

move represents a west-to-east (+X) 
workspace move. 

10.2 Moving the Cursor 

All of the cursor-movement function keys 
ace in the numeric .keypad, which is at the 
right-hand sid~ of the !B~!-PC kcybc~~~-

The four acrow keys move the cursor back 
and forth across the plane of the active 
layer, in .the directions inclicated below; 

• 
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Ho .... South Hove E.:a~t 

Oepressing a movement key will move the 
cursor one cell in the.indicated direction: 
Using a "Shift" key with a movement key 
will. produce larger movements: fiv"} cells 
fo_r north'-south movements, ten cells for 
east-west movements. 

If the distance the cursor moves is 
large when unshifted 1 and smal_l with the 
"Shift" key, your "Num Lock" key has been 
pressed. P·ress "Num Lock" to unshift the 
numeric keypad. 

-~If the requested movement cai:ries the 
c~rsor across one of the window edges, the 
w1ndow is automatically scrolled to follow 
the cursor. · If the cursor has reached · ¿¡ 

boundary of the works~ace, attempts .to move 
~he cursor beyond the boundary wi~l. be 
lgnored. If the north or east workspace 
boundaries appear .in the editing window, 
they are re!JrP.!">P.nt-.~ñ ¿¡~ h_~, F._ ....... ,. .... -.;~-·· 

sol id bar s that extend f ro m . th; ~-~;k~~;;~~ 
boundary to the edge of the window. 

The "Home" key moves the. cursor 
heme position of the active layer. 

'(0 
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ll.O Placing and n •ving Pad'; 

_Chapter 11 

D 7 -' " ..., e .-·ng ú ;,e!· J '-· snd 

j}IC]emo ving Pacls 

The pad represents · a conductor-plated 
empty cylinder that passes through bot~ · 
layers of the board: it :is the only threc-· 
dimensional element used ln the prograrn. 
It appears on the editing display iln annu-
lar (or doughnut) shape. 'rhe pad is 
defined to be one cell in diameter. 

When a pad symbol is placed at sorne x-y_ 
position on the active · layer, it is 
automati~ally duplicated on tl1e idle layer 
at the same. x-y position.· !\ pad may be 
placed at a given x-y position only if its 
placement wlll not change any connection.s · 
bet~e~~ cc~a~c_tors en cither layec. Onc~ i\ 

pad has b~en placed, it can serve as a ter-.J 
minal point f~r traces 6n either layer. 

Hhen a 
from hoth 
tion, any· 
il_ pad ace 

pad · i's ·'removed, it is ·removed 
la~,'t:Cs simultaneOusly. In add.!.
traces that ace connected to suc!1 
also cemoved. 

"!. '_-l 
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The i 'E PAD · h · -~ function described in ·this 
e a¡Jter places a single pad into the la -
-:>ut •. The ~!P and DIP commands, which a~e 
!escribe~ l.n the chapter entitled ''Advanced 

_f ::>mmands ' are used to place al.l _ the pads 
or a single- or dual-inlin-e pa_ckage at 

once. 

11.1 PLACE PAD (F3) 

The PLACE PAD f · at unctl.on key places a pad 
an the foc~~- An attempt to place a oad at 

x-y posl.tion that already conta-ins a 
c~n~uctor on either layer will be rejected 
Wlt_ the message: occupied cell in 
~Yll. n~e7 • I f yo u a t temp t to place a pad a t 

pos1.t1on that would cause the new pad to 
e connected to an existing adjacent con

b •cto~ on either !ayer, the keystroke will 
e reJected with the message: too clase to 

adjacent conductor. 

11.2 REHOVE PAD (F4) 

If there i s a oad at the focus, the 
REMOVE PAD functio~ key will remove "t 
~:~~:_.with any traces connected to ~t~ 
· ·- -.------ ~~ <..:vunec cea traces follows the 
rules set forth in the chapter on ''Inter•c-

. t:• ve Routi " '' f • ng • If there is no pad at the 
ocus, RS~OVE PAD l.S ignored. 

ll- :> 

--

A( 

.u.u lnteractive Routing 

A route is simply a thin tcace with two 
endpo1.nts. It may be short or long, anc~ 

rnay contain any number of turns, bends, and 
inflections. By definition, a junction of · 
thin· traces ·is an endpoint for all routes 
that arrive at the junction. In addition, 
a junction between a route, and a fatcell or 
a route and a pad defines an · endpoint of 
the route. 

A rbute that terminates at another con
ductor (thin tcace, fatcell, or pad) is 
said to be ancl1ored at that endpoint, while 
a routé that has an endpoint "in thc middle 
of nO\.here" is said to have !: S!..:o"l_n<]_li_nq .':."-t!. 
A route CéUl thus be .anchored at:. both end!.i, 
anchoced at one end (thus dangling at one, 
end) 1 or ~angling at both ends. 

noutes are built, or run, one at a time, 
a1though the construction· of a route may, 
at you-r discretion,· be done as a series of 
routes between intennediate points. Thc 
coete currently being cun, if any, is · 
called the active coute. 
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Whih •le word "endpo!nt" is ilp•:>lied t 
a terminus of an active route e~ch o 
pleted trace (whethcr. thin or' .d ) com-
as two t 1 i Wl e also . erm n , ca11ed stops A 
~fLned as any oE the followLng: stop is 

... 
a point where two or more traces meet: 

• a point where a trace meets a pad 

* a point where a thi.n trace meets a fat trace or a fatcell 

Stops 
tions 

are used to 1imit the scope 
that operate on traces. 

of func-

12.1 MARI$ ROUTE (Fl) 

M os t routing is done wi th the followi 
ur-step point-~-point method: ng 

(1} 

( 2) 

(3) 

( 4) 

place the cursor over 
the desired route 

one endpoint of 

pres3 the H.J\RK ROUTE key to mark this 
"sourcc• endpoint 

mc:ve the cursor to the other endpoint 
ot the desired route 

presa MARK ROUTE a'CL~ln ta ::::::.::k ·Ua.i-. 
<.acgt:c" endpoint 

~he program will attemnt to find 
·u~e between the two points that 

~ slgn ~·ules and. avoids cross ing 
• acen. 'l'he source endpoint 

a shor t 
fits th.e 
existing 
must be 
r.1ay dan-nchored, but the target cndpoint 

J e. 
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Whenever tl1e cursor has a squilre shap~, 
there is no active route; the cursor may b~ 
cioved to the source endpoint.to prepare for 
marking. Whencver there is ~n activ~ 
roúte, the cursor appears as three lateral 
bars; the progcam expects the n<:xt end¡:>oint 
mark to be at. the target ;endpoint. As ::;oo¡ 
·as the l:arget is marked, the pro0ram begin~ 
to seek the best route between the points. 
The amount of time that it takes to find ~. 
route· depends on the distance between th.: 
points and the density of conductor~. 
already on the layout. 

The f.!ARK ROU'l'E function is used to mark 
both the source and ·target endpoints of. c. 
route. Pressing the Fl key macks.the focu~ 
as an endpoint. If the _cursor i,; ·po!;i
tioned over two ·.raral·lel traces at once, 
the message cursor is straddlin'] traces 
indica tes that the mar k' is ambiguous. · I:': 
you ai:tempt to mark a soucce endpoint th;•t. 
is not on a con.ductor, the kc!ysl:roxc i': 
rcjected with the ¡nessage: routc h;.,; ,; •. ; 
il11chor. If the progra•n finds that all 
paths from source to target are b.!.ockcd by 
Ob!itaclc:-J, thq can• t fint..l ·a· routc me~flaC.Je 
is issued. 

If thc route is · run successfully to an 
anc~ored endpoi11t, tl1c iJCtive route i~ 

ended and the cursor resumes it square 
sha!_)e. If t:hD f:'(ll.lt•~ i~ !"t!!! ~'..!CC~~:;~f~!~-~· ':.::: 

a dangling enclpoint, the route reu"dn!> 
active: the form.:,r · taq¡et endpoint autou•:•t
ically bccomes the ncw sourcc cndpoint, 
thus ullowin<J. a route to· .l)c run frc.m polnt 
to point indefinitely. ··rile progu"n "ill . 
rc:spond to no keystroke l>csides "intecrupt. 
route" ~1hile it is searchin'] I'or a !Oute. 
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12.2 !riterruot Route 

ll.fte. target point ls marlted and the 
'rog~am beglns ~earchin~ for ~ route, it is. 
•osslble to lntcrrupt the suarch proccss by 
cessing "Ctrl-Dreak" (hold down thc "Ctrl'' 

key while you pcess the "Scroll Lock/Dreak" 
k7y). 'the program will respond im¡acdiatcly 

· I.Jlt~ the message: routing interruptcd. In 
ad~ltlon, the cursor remains at the targct 
po1nt, the route remains active,· ancl the 
progra~will once ·again acccpt any func~ion 
l<cystcoo<e. If Ctrl-Break is presscd \-:hcn 
the program is. not searching for a route, 
the following message appedrs: not bu!ly -:
interrupt ignoced. 

• 2. J REPE!\T ROU'r.E (FB) 

It is often necessary to run a series of 
routes that have exactly the · s¡¡me shape, 
!::Ut · that connect different sets of points. 
·rhe layout section in_ the figure below is 
an example of this: 

a 
b 

l 2 3 4 5 6 

(The labels are for the conv~>ni-:!:-:::::c or. un'J 
'"~m:--:'.::, .:;¡,.:; do not actually appear orr the 
~diting display.) 

The REPEAT ROU'l'E function can · speec'l up 
Jch ~epetitive layouts. After cunning one 
oute with the usJal .sourcc-target marklng 
~tl1od, thc cursor is moved to the next 
arqct endpoint. ?res!::inCJ the nEI'EI\'1' HOU'l'C: 

·---... 

~ 

., 

,o 
~~ ? 

1 

.lL,.l REPEfi.'L' ll0UTE · (l:'U) 

key at this point will cause. a routc witll 
the same shape. as thc previous.route to be 
cun backwards from the new targ_et to t.l•.:: 
new s<.iurce endpoint. In the ex.1mple, t~11:: 
IIE:~'l.::J\'1' nou•r¡' function can· be uc;cd to l:•Y 
out the rei?etitive pattern!.i quickly, ,1,; 

f0llm1s: 

.. manuully run the ro u te· f cou1 al to a3 

m ove the cursor to b3 and pcess Ffl t. o 
run the bl-b) route 

m ove the cursor to bS. and prCS!l FB to 
· r: un t. he b3-b5 route 

* ·move the .cursor to a) and press FB to 
run th~ a3-a5 route 

.. 
* 

* 

.. 

·manually (Uil the r:oute from a2 t. o a-1 

move the cursor to b4 and press FB to 
~un the b2-tA ro u te 

movc the CliCSOC to bG and press FB to 
run the b·1- b6 route 

move the cursor to a6 and pre::;s FO to 
run the a4-a6 route 

ll. route bein<J r•lll by Rt::PE/1.'1' FOll'rE stcq1~ 
whc·n it c:nJJ.t.,:!~~!: ~.--~~:-, u•'uti1er conducto¡_·, Gc 
\;l\en it r.ead1c!i the expect:ed· positior, ot 
thc so u re e e:ndpoin::.. 
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When an active route exists, you mav 
-:casionally overshoot the point at which 
">U wanted to stop. The BACKSPACE ROUTE 

. . .mction key (the "Backspace" key) will 
remove a small scction of the route at the 
danglin~ end¡ the io~te remains active.· 
Repl!ated use .of the "Backspace" key will 
gradually eat away thc route until a junc
tion, fatcell, pad, or dangling end is 
reached. There i~ no longer an active 
route when the backspacing process reaches 
a stop in this manner¡. the cursor rcturns 
to the bmc shape. If there is no active 
route, attempts •to back.space are rejected 
with the message: nothing to bac;kspace. 

·• 5 RE110VE RO UTE . ( F 2) 

The REMOVE ROUTE function removes con
ductors from the active laycr. · rf· there is 
an active route, REHOVE · ROU'l'E dele tes. the 
cntire active route, regardless of "the 
~osition of the focus. ~his occurs even if 
no ~art of the active route is displayed on 
the screen. If there is no active route, 
the following rules apply: 

(1) · If there is a pad at the focus, all 
thin traces that ilre t:'0~.~~-.:::::d ~.:::. Use 
pdo on the active layer will be 
dcleted up to the first stop. 
Fatcells and fat traces. connected to 
the pad are not affected. Thc pad 
itself · can be removed only w.!th the 
llEHO'JE PAD function. 

{2) If there is a fatcell at the focus, 

L2-6 
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(3) 

(4) 

(5) 

fatcell itselE will be dcleted 
the . . . 11 thin 'traces·connectc• 
In ild<ll.tton, a· .

11 
·be déleted up t• 

to th7. filtcell \H Fatcells and fa 
the Ilrst s~opd.to the f~tcell at th 

·traces connecte ..... 
focus are not affected . 

or. a junctio 
each tlü 
the fic; 

l · trace If there is a tllR. 
f thin traces a t the focus, 

o . ").). be. neleted up ,to trae<! w1 

stop. 
is straddling· two "paral 

If the cursor urlconnected) trace~, th 
lel (that is, k y-troke is rc]ect~ 
I'E·"!·\OVE ROUTE e "' · ddl. ~ . cursor is stra 1I 
with the message. . 
traces. 

If there is no c~nd~ctor at 
REMOVE ROUTE is lgnored. 

the focu: 

l 
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Chapter 13 

Wio'ening and 

Shrinfring Traces 

All traces construc~ed using the routing 
process are thin traces. There are func
tion keys for converting such thin trac~s 
to fat traces, to conver:t fat traces back 
to thin traces, and to place individual 
fatcells on the layout grid. 

13.1 PLACE FATCELL (F7) 

Each time the PLACE FA'fCELL function !:ey 
is pressed, a fatcell is placed at the 
focus. Fatcells may be placed in isolated 
locations laid end-to-end to form fat , . 
traces, oc placed ar:ound pads to 1ncrea~e 

the size of the conducting area. In addl
tion, fatcells may be plaEe~ in ~h~ mi~dle 

of existing thi'n ·traces to form temporary 
or permanent junctions. An attempt to 
place a fatcell directly onto a pad, 
though~ ~ill be r:ejected with the message: 
can't fatten a pad. 

lJ-1 
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l3. 2 WIDP.N (FS) 

The WIDEN function is used to widen all 
nin traces that are connected to the con

i'·,ctor at the focus. If there is no con-
e toe a t the focus, i:he ~liD EN func tion. 

Plilces a fatccll ther:e, just as the l'Li1CE 
Fl\'rCELL function cloes. Otherwise, the pro
gram will selcct a th~n trace connected to 
the focus and widen it until· a stop is 
reached. This pr:ocess is r:epeated for each 
thin trace connected to the focus. 

The WIDEN. function will• not widen any 
section of a trace which, if.widened, would 
cause . a .new electr ical connection to be 
m~de. Noncthcless, tl1e widening pcoc~ss 
w ill proceed past tha t point: i t is not 
•reated as a stop. 

If no thin traces are connected to the 
, .~ductor at the fo~us, the WIDEN keystroke 
is ignored. 

' ·. 
13.3 SIIRINK (F6) 

The SIIRINK function is used to shr in k 
all fat traces that ·are connected to the 
conductor a t the focus. I f the conductor 
at the ·rocus is a fatcell t·rith. no co!1!1::C·· 
tions, · the SIIHINK function removes it com
pletely. Otherwise, the program will 
select a fat trace connected · to the focus 

·d · rihrink it until a stop is reached. 
i_s process is repeated for. each fat trace 

t ~nected to the focus. 
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Wh .ver the S!IRINK .function is Ufied on 
a ·fat trace with a dan.gling end, the final 
fatcell at the dangling end is removed com
pletely~ 

If no fat traces are connected to the 
focus¡ the SURINK keystroke is ignored. 
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Chapter -¡ /l 
~ .. .-

If you have a Hicrosoft ~louse attached 
to your compu ter, you can use i t to milf:e 
the layout editing process even mor:e con'
venient. If you do not: have a Hicrosoft 
House, you may skip this chapter. 

' . . 

Defore attempting to use. tlle mouse with 
the Sml\!l.TYIOHK softwar:e, you shoulcl r:ead the. 
parts of the J.licrosoft !·lousc, manual that. 
descr:ibe botll hardware ~nd software instal- · 
lation. You must have inst?.J.led the mou:>.i. 
dr:iver: software by issuir1g a MOUS~ command 
(eithec manuitlly or f!:om ··a .D!\1' file) 
befare rurining sn~RTWORK .. 

; ... .z:..cL yvü e:nLc:t: i....~1c =.:.,ú~;í\.'i'WOilK p.cográm, 
no mouse input is accepted until you issue 
the mouse command, as shown: .. 

CO!·!I-IAtlO> mouse 

'l'~e smARTWOHK 
the mousc. If 

·: •;..,:: 

proc¡cam will ·. then activ;Ú:e. 
t~\ele i~ rnis3irlg t1ardware, a 
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us· ''1 ene Mousl! 

lardware malfunction, or missing mouse
:!r ivcr software, the error message mouse 
in:.iti!llation failed is issued. Otherwi::;e,. 

high tone signals succe::;sful activation. 

The most convenient way to use the mouse 
is ·. to place it on á flat surface directly 
to the right of the computer keyboard, with 
:he cord and b~ttons pointing away from 
you. You can then control the cursor with 
your right hand on the mouse, as shown in 
-~lle following diagram: 

Hork 
Route 

Hove 
Cursor <

'.les-t 

· ... .., 

Hove 
Cursor 
North 

~\ 

D D 

\ 

Oalaia 
Routo 

Hove 
-~ Cursor 

E.:~st 

. ~'----'-----~) 
\}! 

Hove 

Cursor 
South 

. 1 

1. 

srnlill:TW6ITJ\ Retet 
14. O -Usin<J 

.ce¡..¡ anual 
the House 

In addit!on, you can use the rnouse but
tons to perform the two most com~on cditin~ 

-functions. Dcprcssing the left button exe~ 
cutcs the 1-!ARK fl0U1'f: function; depces::;in<J · 
the right button ext'cutes tllc DI::LE'l'E ROll'c'-!; 
function. 'ro per Eorm suc:Ct!Ssive function:; 
with a mouse !Jutton, you mc1st clepress tl1c 

· button, release it, and dt::prcss it a·gain: 
thece is no equivalent of ''auto-repc<t·t'~ 
operation with the rnouse buttons; 

~··. 
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Chapter 15 

Advanced Commands 

Each comrnand described in this chapter con
sists of a command keyword followcd by onc 
or more parameters. For convenicncc of 
notation, keywords and literal charac~er 
strings are shown in upper case, whtle 
:;ingle-1etter parameter symbols. are shown 
in 1ower case. Characters · that actuully 
appear on the smART\~ORK display wi11 all be 
typed and displayed in lower case. 

15.1 The CLEAVE Command 

The CLEAVE 
spaced routes 
between them. 

command spreads out · closely 
so that new routes can be run 
It has the form: 

COHMJ\ND> c1eave d 

The "d" parameter that follows CLEAVE 
spec1fies one of the four . compans clirec
tions: it must be one of the fouc let:ters 

e O[ u Each CLE/WE cOJOilland n, s:, , ..... 
operates. on a we11-defined rectan']ulac arca 

Ll [' 1 of the workspace. l~ 

15-1 

As an example, the defini~ion of 
cleave n rectangle follows: the 

... 
• L) north edge: the row of cclls thilt 

contains ' the · northérnuiost nonernpty 
· .. cell in tl1e workspace 

·. 
(2) south edge: t!te row of cells that 

cortains the focus 

(3) east and west edges: the easternmost 
and \~estecnmost· columns of· cells in 
the workspace, respectively . 

. The cleave n command translates .the con
tents of each cell within the cectangle one 
cell to the north, tlJÚs cceétting an east
west "cleft" 1n.the workspace at the south
orn edge O[ the rectangle. All electrical 

•nnections are presecved by· br icging the 
eft with thin north-south tcace,; at .the 

~oints where connections must. be main
tained. 

The other three forms · of the comrnand 
work like cleave n, pushing a rectangular 
section of the ,layout toward . one of the 
workspace edue,;. If there is no empty 
space between tl1e leading edge of the rec
tangle and the· edge of the workspace, !:he 

.command is cejected with the message: no 
expan~ion space at bnnrd edge. 

Por convenience of discus;ion, we have 
refecred to the area of the wockspace upon 
'•ich CLEAVE OL)ecates. as a rectan') le. Each 1 

EAVE command, however, · opecates on 
congcuent rectangle,; in each luyec of the 
wockspace. 'l'his t:nsures that pad align
ments are preserved after a CLEAVE opera
tion. 

15-2 

--



:>uu•K.rwuJ<.K. .H.eterence ManÜal 
15.1 The CLE~VE- Command 

The time needed to execute a CLEAVE is 
directly proportional to the size of the 
r~ctahgle, and can range from a few seconds 
to sevE:ral minutes. In every case, though, 
the CLEAVE process is ovetwhelming¡y taster 
than the corresoonding manual process of 
taking ·apart a ·c::,m-plex layout and ret1uild-

.. ing it in order to squeeze in a route that 
was not anticioated in the early stages of 
the layout pro~ess~ in shor~, CLEAVE i~.to· 
be used as a last resort to escape from a 
situation where you have, so to speak, 
painted yourself into a co~ner that allów~ 
no other route of escape. · 

15.2 The SIP and DIP Commands 

The SIP command 'will place all the ~ads 
· for a sinole-inline package at once. It 

has the foilowing for~~ 

COMJ-11\ND> sip d n 

where "d~ is ene of the compass directions 
(n, s, e, or w, just as in the CLEAVE com
mand), and "h" is the number of pins in tl1e_ 
package. 'l'he pin-1 pad will be placed at 
the focus; · the remaining pads- will. he 
¡::l:..::<:d ai:. ü.l-inch inte.rvals a1ong a line 
that. extends in the indicated direction 
away from pin l. 

• 
The command 

COHHAND> sip e O 

would, for example, "place the pad for pln 1 :¡(\! 
of an eight-pin single-inline package' at , 
the focus, the-n olacc the remaini:19 Pild3 at .. 

-· _,. -smARTWORK Reference Manual 
15.2 The SIP and DIP Commands 

0.1-inch intervals along .a line 
extends eastward from the f6cus. 

" 

that 

The DIP ~om~and will place all the pads 
for a dual-1nl1ne package at once. rt has 
the following form: -

cmu-wm> dip d n e 

where "d" and "n" have the same meaning as 
they do in the SIP command. The "e" param-· 
eter _specifies tl1e. distan~e betwecn the two 
rows of the package in tenths of an inch 
The pin-1 pad is placed at the focuD; th~ 
pads for pins ·1 through (n/2} are placed 
a~ong _a line. extending in the indicated 
d 1 rect 10n a1~ay from the focus. The second 
r ow of pads, for pins ( n/2 + Í) th~-ough n, 
are placed along a line pai:allel to and 
(c/10) inches away from the initial line 
~he direction of an imaginary vector draw~ 
.:rom the pi.n-1 pad to the pin-n pad. wi11 be 
the same as the corresponding vector that 
could be drawn between those pins in stan
dard desc.riptions of dual-inline packages. 

The command 

COMMNID> dip e 16 3 

would, for example, place the pin-1· pad of. 
a sixteen-pin dual-inline package at the 
focus, then place the p~ds fo.r pins 2 

. th.rough o· at 0.1-inch intervals -a1ong a 
_line that extends eastwar,J fiom the focus. 
It wou1d then place the pin-1G pad o. 3 

1Ches.north of the pin-1 pad, and final1y 
.lac~ the pads for: pins 15 through 9 at 
O .1-lnch intervals a long a line t:ha t 
extends eastwacd from the-pin-16 pad. 



l 
.. 

~ SIP and DIP commands may report any 
of . errors t~at can occur .when placing a 
sin y 1.e pad · (e. g., occupied cell in 
cylinder). In addition, the. error message 
stopped at workspace border may appear 
whenever either SIP or DIP encounters a 
w~rkspace bordee while travelling along the 
l1ne of pads· that it. is placing. Whenever 
an error occurs, eith~r command will ter
minate immediately instead of attempting to 
place any remaining pads. 

15-5 

Chapter 16 

··.-.· . 
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Advanced Roúting 

., 

The routing algor i thm u sed by the smART
WORK Editor i·s designed to en force <! se t of 
design rules which assure that the result
ing printed circuit board is very mallufac
turable. 'l'his is important. in !"•Jbsequent 
production; it results in high yield, low 
cost per board, and maxinium profit in the. 
finished product. 

Sometimes, however, the user may wi5h to 
override the automatic path· ·chosen by the 
router. Aestheti~s or op'erator "look
ahead" factors may enter into the routing 
considerations in a way that the routin? 
algorithm may not anti~ipate. 

This chapter explains a variety of ways 
fror the 11ser to guide the router: so tha't 
r uns m ay be prec i. se ly placeo. 'flll_,:.;'c· 
methods are not unique: the ádept designer· 
would prob¡¡bJ,y arrive at either these .or 
alternate me<~ns to achieve. the same end~ 
even witt16ut this explanation. 

.i 
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Thes, echn!ques in no way inc.rease the 
~~nufacturabil!ty of the resulting board. 

~r may be usefu1 to~either the meticu1ous 

1 
~-sner who wants to produce eye-pleasing 
'work or th~ person ·who wishes to under

s~and th~ finer points of the router opera
tion ¡to 1ncrease its effectiveness. 

16.1 Routing Direct!on 

When interconnecting. one ~etwork with 
another, the router attempts to run a line 
f':om the "source" (the network marked 
flrst). to· the ·•target" (the network · marked 
last) • . J\11 other · things being equal, the 
r~~te ls f~rst 1aid paralle1 t;o the axis 
" .r~ the dlsta.nce· between source and tar
. · 1s 1argest. When the two distances are 
! ~1, the route then proceeds diagonally 
:u the target. 

The examples below ~how this effect. r 
:he n 

top route, · the leftmost (source) pcld 
1as marked befare the rightmost (target) 
>ad • In the lowe r ro u te, the oppos i te i s 
.rue. The routes span equal distance but 
:hey turn at differcnt point~. 1 

/) 
()>----~/ 

;hoi:t, if you don• t like the 
co D1 try routing from n to"A. 
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16.2 Connec~ing Pairs of Pins 

It is often necessary to connect pa!rs 
of pins where the pins are in two co1linea~ 
rows. If 1eft to itsclf, the router might · 
make the interconnections shown below: 

All the connections were specified marking· 
the left pads first. Note that the ri')ht 
sides are neat and angular wt1ile the left 
sides are •trumpled." · 

One method for countecacting this effect 
!s to use fatcells to specify intcrmediate 
routing endpoints. Delow, a set of 
fatcells are inserted to serve as temporary 
endpoints. In the left-·hand figure that. 
follows, these endpoints were marked 'first 
to specify the intermediate endpoints; th~ 

original pads were tl1en marked as targets. 
In the right-hand figure,·. the operation .is 
almost complete, with a single half-route 

· remaining·. .! 

0000<00000 

Once both traces have been routed to the 
intermedia te E a tcell 1 use the SIIHINK func
tion to replace the fatcell with a thin 
tr:ace. 
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Incremental Routing 

The :emcn tal ro u ting fea tu re 
1mARTWORn package can sometimes be 
.dvantage by the user 1 as shown 
xamples that follow. 

of the 
used to 
in the 

The au~omatic 'router tends ~o avoid 
pads. Thus 1 when · routing closc to a pad 1 
it may be necessary to "hand-hold" the 
router. In the following example, th¿ 
left-hand route was generated automati
cally. In tl1c right-hand version, the 
incremental-route feature was used to 
specify the cells just to the ieft and just 
below the offending pad. 

Sometimes the router will run traces 
that leav.e insufficient clearance for a 
trace that· the user knows must be inserted 
la ter. In the example tha t folloHs 1 the 
routes 6~ the left were generated automati
cally by the ·router. In the right-hand 
example·; the user applied the incremental
routing feature to force a route that 
allowed thc iniertion of the third trace. 

Sometimes it is necessary to force the 
ro u ter to use a subopt imum pa th. In the 
left-hand example below 1 a power-supply 
interconnection is attempted between the 
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cerner pins of an IC. · When th 
widened 1 as shown on the right1 
quacy of this path is apparent. 

! 

run is 
inade-

o ~ o ·~ 
(l¡ 00 (¡) (; 00 o 
o 00 o o . \) <D o 
o· o o 0 o 00 o 

Hhen the router is forced to take thí, 
suboptimum route by specifyin'] two in ter-
media te cells 1 th¿ widened .version showr; 
below is more appropriate. 

rí 1 
1 1 1 bo <) u o l> o o 

o o o Q o o o o 
<O (ll{;¡ o o O<:l o 
o 00 o o o-o o 

16.4 Fatcells as Ripstops 

sometimesl 
small portian 
removing the 
over 1 the u ser 

·the user wishes to reroute ; 
of a long route. R~ther tha' 
entire route and sta.rt~n· 
can choose to .remove only 
·-~~ ~:~u~~ b•! i~se~ti~· puc t.iou 

"ripstops" 
ROUTE. 

.. r. 
'-''- I....IIC -- _. 

to limit the action of HE~IOV 

16-. 



In L example below, the operator wants 
to reroute the right porti6n of the trace, 
thus leaving room to insert a pad. 

· '' In the figur.e on the left, a fatcell is 
inserted at a midpoint on the trace. The 
right-hand example shows the layout after 
the r igh t half- trace has be en re moved and 
the pad inserted. 

·~··tJaoo 

Finally, the new route is made (left) and 
:ubsequently shrunk (right). · 

When several runs must be ripstopped, 
fatcells are best applied in a zig-zag pat
tern. This avoids building connections 

. between. the runs. (Hemember, fatcells are 
not connected when they appear to touch 
8;-',:!_j~ :0':: ~!iCi.( LuLJit!lS.J 

' 

. , 

16.5 Deflec' g Il.outc!l· 

16.5 Deflecting Routes 

Th& fatcell can also be used as an "obs-· 
tacle" to deflect the router from its. nor
mal pat¡.h. 'l'his technique can be u2ed ~:o 
squeeze runs into a tighter bundle thQn 
would otherwise,occur. IncrementAl routing 
is insufficient to producc_a tigl1ter l~yout 
than that shown in the left-hand cx;:~mple 
below. The addition Óf the two fntcclls i1l 
the right-hand example forceo the .lower run 
clos~r to tl1e upper one. 

[) 

Routin'g a Loop 

Sometimes a closed loop of c~nductor is 
required. Ana lag· circu i ts, for ex':lmple·, · 
sometimes .requir:e a guard.· band; a d1g1tal 
board is often tramed wi th a ground loop. 
This operation requir~s the router to 
interconnect a. ~source" 'and "target" net 
which are already interconru;cted. Host of 
the loen can he mnrlf· usirHJ in~rementn1 
routing,- but · the final clo!.iure can only be 
made · by ·inserting a fatcell to c_lose the 
loop. After_ this manual operat1on, the 
route may be widened or shrunk a~ d~sired • 



In the le ft-hand example below, a clo
sure of a ?en "U'' was attempted, leaving 
he resulL shown. The final closure was 

. .jade with a single fatcell, as shown on the ·'--
\ght. In a subsequent operation, the thin 

-~ace will be widened. 

-' 

o 
o 
o 

Chapter 17 

Advanced Techniques 

This chapter includes se'veral tips for 
confining routes to bounded areas of the 
workspace, manipulating wide traces, creat
ing lacger pads, and handling connectocs or 
components which cannot be ·placed on 50-mil 
centers. 

17.1 Confining Routes 

It is often necessacy to confine all 
couting to a particular acea of the 
wockspace, pievent c.outes; from passing 
through a particular acea, oc both. ,'l'hree 
charactec istics of closed. conductor loo!>s 
can be used to effect such constraints: 

(l) A route whose endpoints ·lie within a 
closcd loop will lic complctely within 
the loop. 

(2) A route whose endpoints lie optsidc of 
a clo~eJ loop will lie crn"pletcly out
side the loop. 

5-B s~l 11-1 
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7.1 Cor 1ing Routes 

3) It i13 not possible to create a route 
which has one end!?oint inside of and 
the' other outside of a clos~d loop. 

When designing a five--by-seve·n-inch 
J.rcuit-board, for example, you will want· 
o co-nfine all routing to a five-by-seven
nch area of the workspace. To do this, 
un a loop around a five-by-seven-inch sec
ion of the lower ·layer, ·then close i t 
ccording to the instructions in the 
1\dvanced Routing• chapter. Hhen this is 
one, run a loop on the upper layer that 
oincide!'i with the lm1er-layér loop. A~y 
oute that you begin within either loop is 
uaranteed to remain within it. You may 
emove the confining loops befare ~enerat
ng artwork, if you like. 

Conversely, if you design a board that 
.1 eventually have a· two-inch-diameter 

ole punched through it at a certain point, 
ou will want to prevent routes f~om pass
ng through the are a to be punched. 'l'o do 
~is, run and clase a loop that cir
umscribes the restricted crea .on each 
ayer. Any route that you begin outside of 
ither loop is guarante.ed to lie com¡_:>letely 
utside of it. Again, you may i:emove the 
onfining loops tiefore generating _artwork. 

7.2 Removing a Wide Trace 

To' delete a widened trace that comprises 
single width o:: fatcells, first Sl!IUNK 

he run and then perform the HF:~!OVE ROU'l'E 
unction. If this is not done, the HE:·IQVE 
OUTE function simply deletes the single 
atccll at thc fo=us. 

- -

' 1 

1 
. ' 

1 

ss 
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17.3 Fatcells as .EN Stops 

. . . 

17.3 Fatcells as WIDEN Stops 

In a technique similar. to ripstopping, 
fatcells can be used to limit run-widening. 
Since the WIDEN function ceases whenever a 
junction is · encounteré:d,. the widening can 
be "pinched off" by inscrting a fatcell 
into a run at the point where widening is 

·to termínate. In the ex<.llnple belO\J, only 
_the left half of the run is widened. 
Pirst, as shown on the · ieft; a fatcell is 
inserted where the widenin9 should s'top. 
'l'he cursor is then placed over the left 
Stlbtrace, and the WIDEN · function is 
invoked. 

17.4 Buildinq Larqe Pi;~dS 

When a larger solder area is needed for 
a compone'nt than is · afforded by ::1 single 
pad, . the arP.a around the pad can be buil t 
up using f3tcells_. 'l'he .exarnples show a 
single pad, and pads augmented by O, 2Q', 
36, and 68 fatcell neighbors. 

• 

r--1 r-. ., 

r :· J 
~ 

:·•· 
·."'1. 

:.:· 

r ."'! r- -.1 
J •. ·.' ¡' ., 
! ...J -L 
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In he final artwork, the 
carne. of the. fatcells .will be 
••ielding th~ results shown below: 

exposed 
shaved, 

o 
,. .. ®m· .. 
o 8 

I'ads may also be augmented by two or four 
neighboring fatcells. 

17.5 Retouching Artwork 

Occasionally, the need arises · to do 
mething the router simply cannot do. 

wne~ this occurs, the only recourse is to 
r :>Uch . the final ar twork. Sorne examples 
a1~ shown here. 

In an extremely tight layout, there may 
be no room to n;n a widened trace. Two 
solutions are ·shown below. In the first 
~xample, the trace is left thin. Retouch
lng can be done later to widen the narrowed 
reglan of the run. The trace will not b.c 
fully 0.50" :oo~ide, but it will suffice in 
most applications. · 
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J\n altecnalc solution is to l ..• two thir, 
traces, as shown on the left. The art~o;ork. 
is retouchcd ·to flcsh out. the space between 
the two thin runs (rightJ.: 

o 
~·o . 
"--U? 

o 
o 

l!INT: Always retouch in a, contrasting 
color (red, foc cxarnple) ,;o tha·t tl"ic 
retouching can be easily located foc dupli
cation wl1en the artwock is revised. 

J\nother problem that arises is installa
tion of il conncctor on ccntcrs othcr ·•than 
multiplcs of O. Q5".. This problcm has 
become less frequent is tbe 0.05" ¿onnector 
has emerged as ~he industry standard. When 
this occurs, features on the o.os• grid can 
be used lo "hold a pluce" foc the conncctor 
in ap¡:iroximately correct locations. 1\fter 
the artwock is plotted, the connector is 
added with conventionul stick-on pattern·s, 
pads and tape. In thc exo:llilple shown bclow, 
a O .156" eclge-conncc.tor is added to thc 
artwork. 'l'he left-hand illustrat,i.on c!10·,.¡s 
fatcells. marf;ing the approximate location:; 
of the connector fingcrs . and servln<J a e 
"anchors" clucing routing: The right-hand 
illustration shooo~s the. ar.twork . aft•!r · thc 
conncctor fingers are added ¡aanually. 
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18.0 oot-Matrix Artwor~ 10.1 Typcs of Output 

Chapter 18 

\ 

Once you have entered your printed
circuit-board artwork using smARTI'IOR!<' s 
Editor anu saved the result in a file on 
the disk, the s1111\RTHORK Plotter m·ay be used 
to crea te a copy of the artwork on paper. 
Tt.is chapter describes using the dot-r.~atr ix · 
printer for· hardcopy output. 

18.1 Types of Output 

The smARTWORK Plotter program can pro
duce lX checkplots or 2X artwork using 
either an Epson FX-100 or MX-lOQ printer. 

The checkplot option is a low-quality lX 
copy of the artwork. Pads a[>pcar as 
squa res; d iagona:!.s w ill be somcwha t 
rogged. Fatcells and wide runs stil:!. l1ave 
g~uared edges. Thc title lines includc_~he 
curicnt date and time, th~ name oE ·the ~1le 
bc!ng plotted, a hale count (!lUmber o!: p«ds 
on t~e board) and · approximate bo:úd dilncn- ~'}-
s-ions. 

The 2X artwork option i~ used ~o·'create 
paper copies of the layout which are then 
reduced photographically. to ·' create 
prototype-guality printed-circuit boards. 
'l'.!1is · camera-ready "plotting" uses the. 
~igh-resolution graphics m6de . of the 
2rinter. Whi1e the edg~s of the conductors 
are not as smooth as those ~roduced by the 
pen-and-ink plotter, most of tl1is roughness 
will disappear when reduced tó lX. · 

In· contrast with the checkplot, the' 2X 
artwork has the wide traces and fatce1ls 
smoothed to create diagonal runs -é!nd to 
soften 90-degree inside and · outsid~ 
cornees. Pads appear as circles, except 
where they · have been shaved • because of a 
neil e by conductor. Note tha t two-s idee 
boards may suffer. from registration prou
lems caused by the stretching of thc papee 

<.where it is hammer:ed by the print head. 

\ 

1B.2 Using the Pr.ogram 
~> 

To run the smAHTWORK Plotter, you must 
place the smARTI·:OilK diskette ínto driv~ A. 
'l'ype the name of the smAHTWORK Plotter fol
lowing tl1e prompt from DOS: 

A>PLO'r .. · 
Once loaded, the Plotter .· program will 
display its tit1e page. Note that the 
screen includes both the program · version· 
¡umber and your license number. · 

When you have finished reading the title 
.p¡¡ge, ,press the spi\ce bar to. erase the 
title information. The next·•, screcn ls a 

., 
• 
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me which allows 
sev~ral typcs of 
dot-matrix printer 

you to choosc between 
output for either _the 

oc pen-and-ink plotter. 

Find the menu entry that matches the 
output format you want (either lX dot_
matrix checkplot or 2X dot-matrix artwork) • 
Type the number of your choice, then hit 
••En ter ... 

The screeh will clear again, and · the 
following prompt will appear.: 

Input file containing the board layout: 

The program will pause, awaiting the name 
of a layout file you created using the 
smARTWOil.K Editor. En ter the filename · in 
standard DOS format (e.g.,· a:demo.pcb). 
Use the "Backspace" or Ese keys to correct 
any typing mistakes. Press the-"Enter" key 
after typing the filename. The prog~am 
will pause as i t reads t-he layout de ser lP:
tion file.· 

The program may reject the input 
filename by sending a low ·tone over · the 
speaker .and erasing the input filename. 
This means either that it eouldn'·t find the 
file or that it couldn' t undei:stand the 
file' s eontents. Hake sure that the name 
of the file is spelled correctly, and that 
the named file aetually contains a smhll.T-

. 1'/0RK layout. 

Next, the prompt for the output port 
will appear: 

O u tput devie·e or file name: lptl.: 

The output of the Plotter program is 
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nocmally written directly tó __ the pcinter. 
Since the pe in ter is u:.;ually _ c_onnected· to 
the first parallel port, the· progcam pro
vides a default device name: lptl:. ··rf 
this name is correct, si1nply press the 

··"Enter" _key. 

If the printe·r is connected to another 
port, oc if you wish to write the output to 
a file instead of directly to the printer, ,. 
use the Ese oc "llackspace" keys to remove 
the default dévice name. Then enter the· 
correct clevice narne (for ·example, conil:, 
·com2:, aux:, pr-n:, oc lpt2: l. oc DOS 
filename and press ''Enter". 

If the pcograrn emits the low tone, 
erases' your respon¡¡e, and prints the 
defaul,t devicc name again-1 the device name·_ 
oc f ilename was in the wron·g tor Jllil t, or DOS 
returned an error when the program tried to 
·•se it. Either change your response oc fix 
.he pe in ter._ 

Once you llave entered the input filename 
and the output device, sm/\R'l'I-JOHK will ask 
you whether you want to print both sides of 
the· board, the l01-1er layer only, pe the. · 
upper laycr only. ('l'he 101-_!•~r laye e of the 
board is tl1e layec the Edit~r displays w!1en 
you press the "PgDn" key.) Press the D key 
(for Both) 1 r. key (for L011e_r) 1 oc u key 
(for Upper), then strike "Entec" . 

T_he program will print the message: 
Working ••• , then pause for neacly a minute 
while_ i t prepares the layout E oc pr intiug. 
~,<i\mples of dot-matrix printer output can· 
-~ found in the "Tutorial: Lessori 4" 
chapter. · 

10-4 

' 

.! 



Í_.... 

Ea• ayer of the board will be printed 
on a ~parate. sheet of paper. Several 
lines of text above each plot g.lve the 
date, tim~, and filename; The program also 
prints the approximate size of the board in 
i nches, and a coun t of the number of pads 
on the layout. 

1B.3 suggestions 

Several precaütions should be taken to 
optimize "prototype quality" output from 
the dot-matrix 2X artwor~: 

* Make sure the plateri-re.lease lever is in 
~he •release" position so that the paper 
is pulled through the printer using the 
pin-feed mechanism. Hake sure that the 
paper bail is used to hold the paper 
against the platen. 

* Hove the print~intensity c6ntrol back to 
its minimum-imp~ct position to minimize 
streaks caused by the printer ribbon 
brushing against the paper. 

* Make sure that the paper feeding from 
the. paper box into the printec is free 

.from any tension .caused by the sides of 
· the papee box, pr.inter cables, or paper 
leaving the printer. 

* Leave several sheets · of paper attached 
t6 the paper leaving the pri~ter so that 
their weight provides a uniform tension 
or. the page being printed. 

* If the plot of one side of a board will 
extend across a fold in the papee, align 

lB-~ 

' :.· 

.. Ul • .l . :;..:gg~s::1ons 

the paper so that the 
the print head to 
caused by the ribbon. 

fold is away from 
minimize smearing 

* Use a good-quality printer 
minimize the stretching of 
caused by the print hammers •. 

paper to 
the image 

* After pc.intir¡g a two-sided' boar:d, check 
the registration of the pad hales by 
super.im.posing the t·."o side's in front oE 
a light source a~d ~iewin~ the hales 
through the paper. The stretching of 
the ·paper is aggravated by large unbro
ken «reas of fatcells. •rry to a~oid 
these large areas bf copper by substi
tuting an interconnecting . grid of 
fa tcells and/or normal runs. Th is · is 
good practice anyway, since large 
(unbroken) areas of copper can cause 
problems during etching of the circuit 
Joa~d. · 

* If you abort printing in the middle of a 
plot, you will probably need to turn the 
¡::.rinter off and then back on to reset 
it. Otherwise, the printer may be 
trapped in the middle of a graphics com
mand and ignore the initial conunands 
sent at the start of the next plot. 

* Beca use of the porous natlire of paper, 
archive your artwork using both the 
diskette and the lX film crcated during· 
·the photographic reduction process. 
Over a period of months, the. ink will 
'bl~ed into the paper and ~educe· the 
3harpness of the image. 
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Chapter 19 

Pen-and-lnk Artwork 

Besides pr:oducing paper: copies of your: 
layout"on a dot~matr:iK pr:inter, the s~\RT
\iORK Plotter program can dr~ve a Houston 
Instrument mlP-41 pen-and-ink plotter. 

·Using the DMP-41, you can produce camera-
ready 2X artwork on paper, irellum, oc 
polyester film. 

19.1 Connecting the Plotter _ 

The DMP-41 plotter is normally connected 
to the IllM PC using a serial interface. 
lihile instructions for wiring the plotter 
to a computer are contained ·in· the manual 
which comes with the DHP-41, the fo1lowing 
.suggestions may facilitate the procesn. 

A wiring diagram for the RS-232 cable 
needed to connect the PC and the plotter is 
shown below. Nake · the cable six to · ten 
feet long, depending on the physical loca
tions of the two devices. The cable is· 
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The gram assumes that the plotter 
will be connected to the IBH PC' s coml: 
port (a .default you may override). Commun
ication occurs at 2400 baud -- the de(ault 
condition after the D:.IP-41 is powered on. 

The smArtTIWRK Plotte.r program depends on 
the CTS (clear'-to-send) input to the PC' s 
serial port to control the flow of data 
from the program to thc D:·IP-41' s input 
buifer. This lead must be asserted (it is 
active low) in arder for the computer to 
scnd characters. The DNP-·11 may tem
porarily suspend its input stream by taking 
CTS to the unass~rted state, · 

The DSR (data set ready) input to the 
PC' s serial port must ::emain asserteq dut
ing the. en tire transmission frOm the com- .· 
puter to the plOtter. . Two output leads 
from the serial port, RTS (requcst-to-send) 
and DTR (data terminal ready), are asscrted 
by th'e program. 

19.2 Liquid-Ink Plotting 

In arder to _produce high-quality ploi:s 
for photographic reduction, you will necd 
to use a liquid-ink pen 1..'ith the. Houston 
Instrum~nt plotter. Hhile you can use thc 
felt-tip pens provided with the DMP-41 for 
rough drawings, they do not give the con
_trolled line width or opacity required for 
camera-teady artwork. 

The -liquid-ink-pen .. adapter is sold by 
Houston Instrur.tent, Koh-I-Noor, and 
Staeátler. You rr.ust use !: ~ tío dc_si~~<!. · 
for compute cniotterS':"'" S tand.:u:d tips <ÍO. 
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.10t work (they fit the holder, but they 
don' t draw properly). Wintek strongly 
-ccommends a. tungsten-carbide point, since 

tcel points wear out rapidly when used in 
this application. 

'fhe · smAR'l'I~ORK Plotte.r software assumes 
~he use of a 0.6-millimeter pen tip. Sub
]ect · t.o vaciations caused by humidity, type 
of in k, and plol:t insr medium,. this should 
yield actwock with 12-mil ·thin ·lines and 

.19-mil spacing. If. you pcefer' a slighÚy 
1~idcr tcace, you may. wish to: try a O. 7-
millimeter pen tip. Nominal dimensions for 
plqts made 1á th. the . O. 7-mm t~p ar·e l4.:.mil 
thin traces and 17-mil spacing. 

Initiarly, you will probably wish to buy 
·"oth .a O. 6- and a O. 7-mm pen tip. Yo u will 

. lso need ~he pen adaptec and a pen
cleaning kit. The Koh-I-Noor pact numbecs 
fnr these items are: 

63TB-2/. 60 0.6-mm tungsten carbiae pen 
tip 

63TB-2.5/.70 0.7-mm tungsten carbide pen 
tip 

7006WOP Plotter pen adapte,r 

3068-SYKT Syringe pen cleancr/starter 
ltit 

Almost as important as the choice Of. pen 
t'~ is the choice of ink and medium. Win
L .~has had good luck'with Koh-I-Noor #3000 
Hapiclraw Ink on vellum. You· may wish to 
use polye¡¡ter film for artwork whic:h will 



be archived or which contains large areas 
of un ken copper. 

Cleanliness is everything. Make sure 
the pen has been completely cleaned befare 
beg inning a new plot. I f yo u ha ve trouble 
with ink blots, ~kipping, r~gged edges, or 
the centers of pads being filled,. CLEAN THE 
PENI 

19.3 ·Using the Proqram 

The procedure for using the. smARTWORK 
Plottec program to create pen-and-ink art~ 
work is almost identical to the p~ocedure 
for the dot-matrix printer. · An o'utline of 
the steps required are cepeated here with' 
changes where appropriate. 

To run the smARTWORK Plotter, you must 
place the smARTWORK diskette into drive A. 
Type the name of the smARTWORK Plottec fol
lowing the pcompt from DOS: 

A>PLOT 

Once loaded, the Plotter program w.ill 
display its title page. Note that the 

· screen includes both the program version 
number and your license number. 

When yciu have finished reading the title 
page, press the space bar to erase the 
titlé information. The next screE:n is a 
menu which allows you to choose betweeri 
severa! types of output for either the 
dot-matrix printer.or pen-and-ink plotter. 
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~~ind the menu entry that matche·· the 
output format you want (2X pcn-anJ-in Jrt

.work). · Type the nuJ;,ber o~ your choice, 
then hit ''Enter". 

The screen will clear again, and a list 
~ output devices Hi.ll appear. Typ.e the 

.nurnber that wi:ll select your plotter, then 
hit "Enter". 

The screen will cl.ear again, and the 
following prompt will appear: 

Input file containing thc board layout: 

The program will pause, .awaiting the name 
of u layout file you created using the 
smAR'l'I·IOnK Ecli toe. En ter the filename in 
standard DOS format (e.g., a:demo.pcb}. 
Use the ''Dackspace" or Ese ke~s to correct 
any typing mistakes. Press the "Entcr" key 
fter typing the filename. Thc yrogcam 

.. ill,pause as it reads the layout f1le, 

The program may reject the input 
filename by emitting a low t~ne and erasing 
the inp~t filename: This mea~s either that 
it. couldn' t find the file or that it 
couldn' t understand the file's contents. 
Hake sure that the name of the file is 

· spelfed correctly; and th<~t the named file· 
actually contains a sml\RTWORK layout. 

Next, the prompt for the output port 
will appear: / 

Oútput device or file name: coml: 

~h~ Plotter program nórmally .writes its 
output directly to the pen-and-1nk plotter. 
Since the plotter is usuall:t; ·connected to 
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the fir serial port, the program provides 
a defa~ device name: coml:. If this namc 
is correct, sirnply ?ress thc "Enter" key. 

If the printer is connected to another 
port, or if ~ou wish to write the output to 
a file instead of directly to the printer, 
use the Ese or "Backspacc" keys. to removc 
the · default device name. - Then cnt.er thc
correct. device name- (~or example, com2:, 
aux:, prn:, lptl:, or lpt2:) or DOS 
filename and press "Enter". 

If the program emits the low tone, 
erases _yo\)r response, -and prints the 
default device name again, the device name 
or filename w~s in the ~rbng format, or DOS 
returned an error whcn the program tried to 
use it. Eithér change ybur response or fix 
the plotter. 

You may write the plot-output text to a 
file instead of directly to the plotter. 
If you eventually copy that file to the 
plotter, you wíll. need to initiillize the 
serial por t using the DOS l>lODE com:nand. 
The norm-al settings for the port are 2<100 
baud, eight dat.a bits, no parity bit, tilO 
stop bits, and retry time-out errors. · 

Once you have entered th~ input filename 
and the uutput device, smART\-IOHK will aslt 
you whether you want' to plot bot.h sides of 
the .board, the lower layer only, or the· 
upper layer only; (The lower layer of the 
board is the layer the Editor dis~lays when 
you ?ress the "PsDn" key.) If yo u reques t 
to have both sides plotted, both plots must 

· fit on the same sheet of paper. Prcss the 
·n key (for !3oth), L kcy (ror Lowcr l, or U 

key (for Upper), then strike "Enter". 
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The final prompt requests the ·size of 

the o a De r tha t yo u ha ve loaded · into 
~:ott~r: "C:-size" drawings use paper that 

. ': 17 by 22 1nc_hes in size, and allow plot
; "~?. to .. occur. 1n an area 15 by 20 . inchcs. 

":'1zc - draw1ngs use paper th.:.t is 22 ·b 
34 1nch d · · · Y 
32 

. es, a~ alloll plotting ovcr' a 20 by 
lnch reg1on. 'l'ype either e or o --then 

~ress ''Enter". ' 

T~e program will piint the' message·. 
work 1 · · · . 1n"!···• twn pau:>e for nearly a m1nute 
wh1le 1~ prepares the layout Eoc plotting. 
Ab. port1on of an exarnple plot is · shown 

elow: 

lY 19-0 



...... · ~ " . 

1" -h layer of the board will be zur
rou l by a bordcr drawn with a dashcd 
line. You nay use the coxners of this 
border as rcgistration targcts ·when plot
ting two-sidcd artwork. Thc program uses 
the dashed line to start the ink-; flowing 
properly through the pen tip~ 

19.4 Troubleshootin9. 

Most · of the · problems tha.t will occur 
with the generation of plottei artwork will 
be rela.ted to ·sorne combination of the pcn 
tip, ink, and medium (paper, vellum, or 

. polyester film}. Here are sorne typical 
problems and checklists for diagnosis: 

* No in k flow: Check in k supply. Check 
for clogged pen tip. Check for surface 
con.tact in ,pen-down posi tion. Clean, 
inspect point, and restart pen. 

* .Pen skips -- inconsistent or irregular 
lines: Check point. · Clean if clogged¡ 
replace if damagcd or 1-10rn. ·Check and 
adjust pen-force setscrew. Check draw.
ing surface for imperf.ections or contam
ination. Keep hand~ clean while working 

* 

• with · drafting medium, and always · handle 
it at edges. Wipe surface with clean, 
lint-free towel. 

Pen point cloc;s frequently: Check 
adjust pen-force sctscrew. Check 
point for wear or damage. Check 
drawing~surface contamination. 

and 
pen 
f.o e 
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Ink blob at linc start: Ch•'''k and()ust 
pcn-force sctscrew. Chcc:, t''-'n· potn't for. 
wear or dama<Jc. 

Ink smears: Check for exce~~ive hu1nidity 
ln plotting areil. Check tor dr<~•Ún<J
surfacc contaminiltión. Exl'"' imt::nt with 
faster~drying i11~. 

Poor ink adhesion: Check (OC dcawing-
surface contamin~tior1. Chcck foc 
deteriorated or contaminate•l 
ify proper combination 1>f 

in% .. 
in k 

.Ver
and 

medium· . 

! 

Poor registration or inacc11Cate dimen
sions: 'l'ry using polyester l'illil instead 
of ·papee or vellum. Checl' rolle r anc 
pinch wheels for dirt. 

Koh-I-Noor produces an exce]lent catalog 
descr ibing i ts pcoducts th•l t includes 
suggestions for using liquid-inli pen5 and u 
trou.bleshootin<J guide. negue~,L a copy of 
the Koh-1-Noor Plotter suppJ.iCS catalog 
from your local dealer or di cectly fro1n 
Koh-I··Noor: 
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Koh-1-Noor Hapidograph 1r1c. 
P. O. Box 60 
Dloomsbucy, NJ 00004 
Telephone ¡201) 479-4124 

' . ' 
....__ .. ,i 



command Summa.ry 

Appendix A 

~ '::\ . 

Command Summary 

The following page contains a succinct 
surnmary· of each function · key and command 
recognized by the sint\RT\•:ORK Editor. 

. ¡ 

... -- ~ ...... ._ ..... u ....... uc.aJ.. 

1\ppendi:< A: Command Summary· .o 
Singlé-Keystro~e Functions: 

Pl 

NAHK ROUTE --· Fl 
PLI\CE PI\D ~' 3 

\'/ID EN F5 
, 'E FA'!'CEtL F7 

Change layer 
Backspace route 
lnterrupt route 

Move Cursor l Cell 
Move 5 or lO Cells 
Prompt for Command 

F2 RENO VE ROUTE 
F'4 -- REMO VE PAD 
F6 -- SIIRINK 
F8 Th§PEI\T RO UTE 

PgUp or PgDn keys 
nackspace key 
Ctrl-Dreak 
Ar row. keys 
Shift-1\rrow keys 
Enter key 

Display~Control Functions: 

1\lt-Fl 
Alt-F2 
Alt-F3 
l\lt-F4 
lt-F5 

Alt-E'6 
Alt-F7 

Toggle 
Toggle 
'J:oggle 
Toggle 
Toggle 
Toggle 
Toggle 

. Command-Line Input:· 

clcar 

color-b/w mode· 
color intensity 
color scheme 
background color 
opaquejtransparent mode 
active layer's.color 
wind0\'1 size .· 

cleave <dlrection> ' ... 

~·r- dip <direction> <1 
load <filename> 
ffiOU!.ié 

quit. 
savc <filename> 

pins> <spacing> 

sip <direction> <D pins> 
&ac~space -- Dele~e character 

.. ~ce-- Erase response · 
Enter -- ~rocess response 

...__ 
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