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INTRODUCCION AL DISENO ASISTIDO POR COMPUTADORA

El Disenio Electrénico Asistido por Computadora (DEAC o su equivalenie anglosajon de
. C.A.E) podemos considerarlo como una rama especifica del CAD/CAM de tipo general.

Las principales aplicaciones del CAD/CAM se dan en dos;'campos de accién pr.i'n'cipallménte:
EL MECANICO Y EL ELECTRONICO, dominando el primero con un 50% el mercado,
-mientras que el diseno electronico alcanza tan solo €l 19%, (segtin datos referidos al 1988).

El mercado de CAD electrénico, conocidocomo E.D. A. (Electronic Design Automation ) ha
experimentado, a lolargo de 1989, unaserie de uniones, fusiones y alianzas entre empresas del sector
que posibilitan la oferta de una serie de productos capaces de funcionar en entornos ms amplios.

EVOLUCION DE LAS COMPUTADORAS PERSONALES Y WORKSTATION

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

Durante esta década se empleaban las minicomputadoras a las cuales se conectaban terminales’
que servian a programas funcionando el "Batch". En 1971, INTEL introduce el primer microproce-
sador, el 4004 y en 1974 presentaba el 8080, por otra parte, MOTOROLA presentaba el x6800.

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

Por otra parte, a finales de los 80's, surgén las tecnologfas de integracion RISC Y CISC
poniendoa disposicién del fabricante de software mdquinas sin limitaciones tecnologicas, capaces de
desarrollar aplicaciones més 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. : ' :
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una imagen como un medio eficaz de comunicacién.

-

INTRODUCCION

Algunos de los sistemas de computacién més avanzados que se emplean hoy en dia,

se disefian contemplando la generacidn de despliegues graficos, reconociendose asi el valor de

Practicamente, no existe en la actualidad ningln area en la cual no se pueda utilizar la
graf'icacién-con alguna ventaja; si, se encue‘ntran graficas en la mayoria de las aplicaciones en
ciencia e ingenieria se basaron en equipos costosos y complicadds, o cual se ha superado
debido a los adelantos registrados en qomputacién permitiendo asi acceder a la graficacion

como una herramienta (itil y practica a bajo costo.

Durante las fases de evolucion del CAD/CAM podemos identificar a finales de la década
de los 70's, la integracion de la graficacion por computadora al proceso de disefio, originando el
crecimiento de la tecnologia CAD - Computer-Aided Design- o Disefo Asistido por.
Computadora. Esta tecnologia ofrece poderosas herramientas para el disefo en ingenieria,

pemitiendo, entre otras cosas, agilizar el proceso de conceptualizacidn, modelado, andlisis y

-documentacién de un producto con las etapas respectivas de retroalimentacion, formando asi,

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

diseio.

La influencia de la tecnologia CAD ha alcanzado las &reas de eléctrica y electronica, con

ejemplos como el disefio de circuitos electrénicos empleando sistemas interactivos basados en

iconos graficos parala .repr_é\sentacién de los diferentes componentes, con lo cual un disefador
puede construir un circuito, agregando compoentes en forma sucesiva extraidos de una Base
de Dato. Ademas, el despliegue gréfico puede emplearse para comparar circuitos equivalentes
con la finalidad dé mihimizar el numero de componentes o bien, para lievar a cabo una mayor,

integracion.

F
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TIPOS DE MAQUINAS

‘NIVEL TECNOLOGICO
Caracteristicas

NIVEL DE APLICACION,' _ -
Caracteristicas -

* 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 gréficos.

* 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
sonde 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 mdquinas con

386 y 486 ha igualadoel nivel de prestaciones.

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

* La PC se encuentra orientada
fundamentalmente a manjejar textos

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

* La PC funciona "normalmente” enun
entorno monousuario tratando de
incrementar la productividad del individuo:
mientras que el entorno de trabajo de una

WorkStation es por lo general, multiusuario |~




EVOLUCION A MEDIANO PLAZO EN CUANTO A NIVEL TECNOLOGICO .

‘Y NIVEL DE APLICACION.

ARQUITECTURA GRAFICOS -0 SISTEMAS OPERATIVOS
' Tienden hacia el nuevo Aparecen los primeros " Se estandariza tanto en UNIX
PC| bus estandard EISA - sistemas en 3D as{ como como en 0S/2 en los dos equipo
' (MicroChanel de IBM) sistemas capaces de - mientras que en interfases de
y CPU 80486. manejar mds de 100000 usuario, vemos como el MOTIF
- ' ' vectores por seg. en 2D. empieza a incorporarse at
mundode las PC a través de
W- | Tienden a una mejora Incrementa sus ventajas
O | enloschips, asi como en 3D en tiempo real
R | laejecucion de multiples { con capacidades como
K 'instrucciones por cada fotorealismo. '
S | ciclodereloj. :
T
A
T.
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O
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JUSTIFICACION Y NECESIDAD DEL CAE.

En la actualidad los objetivos bdsicos de toda empresa en €l entorno econémico consisten en
incrementar la PRODUCTIVIDAD y mejorar la COMPETITIVIDAD. Para ello, es necesario
reducir los costos involucrados en la fase de desarrollo del producto, el tiempo empleado desde la
~ especificacién hasta la puesta en el mercado del producto; asf 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 disefio hasta la manufactura. -

dicha informacién incide de forma directa sobre dicho proceso de varias formas:
* Reduccidn de tiempos y sencillez en la etapa de diseno.

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

» * Féacil integracion sin problemds adicionales, dentro de un proceso en serie para su manufactura.

* Obtencidn de un producto econdmico, de dptima calidad y en el menor tiempo posible. |



El proceso tipico de fabricacién de un.determinado producto electrénico podemos sintetizarlo
en las siguientes fases: .

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

'EVOLUCION DEL CAE.

Los primeros sistemas de disefio surgieron como repllca de los procesos tradicionales, con la
ventaja de la facilidad de uso, edicidn y rapidez.

Conforme el hardware evoluciona y disminuyen los costos del equipo, los sistemas son mas
rdpidos ylas bases de datos de mayores dimensiones, fue apareciendo un fénomeno de insatisfaccion
en los usuarios: Un buen programa de dibujo, no bastaba; era necesario un sistema que disefiara el
prgducto desde el principio (Diagrama Esquemdtico) hasta el final (Placa de Circuito Impreso
Terminado) siguiendo Reglas de Disefio.

- Como sonsecuencia de estas necesidades surguieron los paquetes de CAE, cuyas reglas de
disefio referidas al CAE electrénico, se mencionan a continuacién:

Captura de Disefios Esquemsticos

Diseiio de Circuitos Analdgicos y Dlgntales

Simulacién Légicas y Analdgicas de Dichos Circuitos , SR
Andlisis Térmico

Disefio de la Placa de Clrcmto Impreso (PCB)

Proceso de Electrémecanica.

B OR X % ® %

VENTAJAS EN EL USO DE PAQUETES CAE

Facilidad y Comodidad en el Diseio

Ripidez, Exactitud y Uniformidad en la Fabricacién
Alto Porcentaje de Exito :
Eliminacién de la Necesidad de Prototlpos
Aumento de la Productividad

Productos mds Competitivos

® K K X % *

PRESENTE Y FUTURO DEL MERCADQO CAE

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

Los costos asociadosa la deteccidn de errores en el desarrollo pueden representar hasta 1000 -
veces mds si se detectan en una fase final del producto que si se realiza en las especificaciones.



"El factor tiempo también repercute de forma prioritaria en el desarrollo de prototipos. Los circuitos

son cada vez mds complejos, desarrollando mayor niimero de funciones, por lo tanto, deben disefiarse en

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

CARACTERISTICAS

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

* Comuin
* Especifico

y en cada uno de estos aspectos, dos niveles:

* Hardware
* Software

Caracteristicas comunes a cualquier paquete de CAD
HARWARE: '
* Necesidades de tarjetas graficas y monitores que presenten una resolucmn y color adecuados respecti-

vamente EGA, VGA, SuperVGA.

* Velocidad de gjecucion y pfesentacién de gréficos, lo que nos obliga a trabajar con eqﬁipos AT como
minimo (80286 12MH2) y para gréficos muy densos, utilizar coprocesador matématico.

* Periféricos de E/S ddecuados. Ratones y Tabletasdigitalizadoras a la entrada, por otro lado graﬁcadores
e impresoras ldser a la salida.

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

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

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

* Ed1c10n adecuada tanto de texto (tamafio, tipo de letra, posicidn, etc.) como de graficos (buenaresolucion,
acorde con el hardware) :

* incilidad_ en la colocacidn, copia, borrado, y deéplaz’amiento de objetos.

* Mends de Ayuda (On-Line) y de configuracién lo mds flexible posible (driver's de todo tipo ) de forma
que no exista restrinciones en el uso det equipos :



* Libreria de objetos, lo mds extensa posible.

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

CARACTERISTICAS ESPECIFICASVDE UN SISTEMA CAE

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

componentes

* Recomposicién automitica de lineas de conexién

*Numeracién automdtica de componentes

* Incorporacidn de uno o mds verificadores de normas y reglas eléctricas -

*Conversion de esquemas de versiones anteriores

* Simulacidn de los circuitos disefiados

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

* Andlisis térmico

*Interfase para control numérico.

Fase de Diseio

HERRAMIENTAS CAD REQUERIDAS POR EL PROCESO DE DISENO

Herfamientas CAD

Conceptualizacion

Técnicas de Modelado Gedmetrico:

- Asistencia grifica, Manipulaciones,

Visualizacion.

Modelado y Simulacién

Algunos como: Animacién, Ensamblado,
Paquetes Especiales para Modelado FEM.

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

Evaluacion

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

Comunicacién y
Documentacidon

Dibujo y Detalles; Ensamble de Piezas -




IMPLEMENTACION DE UN T[PICO PROCESO CAD DENTRO DE UN
SISTEMA CAD/CAM

' Geofﬁétrnco it
2t .:_g,xw.«.\ E s
lyas OF ed S 34..“;:
Modificaciones : e e
al Diseiio - 2
' 'y Algoritmos “dé ;Intérfasé
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e

Documentacién -*
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\ Procesd de Manufactura
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" DISENO ESQUEMATICO

(OrCAD)



OBJETIVOS -

-~ -

| ) Proporcionar los elementos necesarios para elaborar un circuito impreso empleando como
herramientas los sistemas OrCAD y smARTWORK.

Il) Proporcionar las bases para modificar y crear componentes en el sistema de disefio
esquematico. - : ‘

’



-OrCAD

£s una herramienta para disefio esquemdtico. Su Fécil uso de mends permite la
creacion, edicion, manipulacion, almacenamiento e impresion de esquemas electrénicos.

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

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

Dentro de las caracteristicas de DRAFT se incluye:

- Acceso a mas de 6000 elementos en las librerias
- Partes equivalentes a D'Morgan
- Crear lineas, buses, conectores, etiquetas, etc.
.- Rotacién y espejo de elementos
- Movimiento, copias y borrado de objetos o bloques de objetos
- Disponibifidad de una malla visible de puntos
- Paneo automatico de la hoja de trabajo _.
- 5 niveles de acercamiento
- Niveles ilimitado de jerarquia
- Directorio de librerias
- Busqueda de cadenas
- Opcidn de orientacion textos (verticales y horizontales)
- Soporta cinco tamanos de hojas de trabajo
- Etc. : :



LIBRERIAS
Incluye Ilbrerlas muy extensas de las mas comunes en la industria, tales como:

STTL B , )
- .CMOS - " -
- MEMORY

-ECL

- DISCRETAS , S
- ANALOGICAS : :

- MICROPROCESADORES

- DISPOSITIVOS PERIFERICOS

-ETC.

UTILERIAS

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

ANNOTATE: Actualiza automéaticamente cualquier componente dentro de un disefo
esquematico , numerandolo de forma correlativa, si éste se ha incluido al disefio esquematico.
Actualizando en ndmero de pines asociados a dicho compenente.

PRINTALL: Imprime una hoja esquematica o grupo de hojas esquematicas utilizando una
impresora,

-
-

PLOTALL: Imprime una hoja esquemética o grupo de hojas esqueméticas utilizando un
graficador. : :

PARTLIST: Reporta todas los elementos utilizados en e! diseno esquemauco 0 grupo de ho;as
esquemdticas (disefo jerarquico).

J Y * .' - . . *
ERC: Lleva a cabo una verificacion de regias eléctricas comunes, para advertir si existe algun
error como, p. ej. entradas sin sefal, pines desconectados, etc.

NETLIST: Genera un archivo (NETLIST) adecuado para ser capturado por un prdgrama de

. colocacién de componentes (PCB), en diferentes formatos, empleados por programas de PCB

de los mas usuales.

BACKANNO: Actualiza las referencias correspondientes a componentes que han sido
agregados o moditicados dentro de un diseno esquemdtico después de la ejecucién de
-Annotate

CROSSREF: Muestrea cualquier disefo esquematico, recopilando informacion sobre los
componentes empleados, y crea un archivo de referencia que contiene la localizacién de cada
componente.

* CLEANUP: Checa las conexiones, buses, uniones, etiquetas y cualquier objeto, mostrando
mensajes-oportunos cuando detecta algin elemento grafico duplicado, borrandolo.



EXTRACT: Crea archwos fuente para ser utilizados por el moduio de PLD'S a pamr de archwos
creados con SDT.

FLDATTRB: Modifica los atributos, ({referencia, valor y campos) de los componentes que
~integran un diagrama esquematico, ya sea de bloques, jerarquico o su’nple hamendo que estos
-sean visibles o invisibles. - - - - : ; -

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

LIBARCH: Permite crear una libreria fuente a partir de sdlo los componentes empleados en un
diseno esquematico.

SIMPLE: Convierte disefios jerarquicos complejos en jerarquias simples. .
XFEROVL: Transfiere informacion de configuracion desde una version a otra del archivo
ORCADSDT.OVL. Esto solo es posible con versiones de OrCAD/SDT Il superiores ala 3.12,
DECOMP: Esta utileria, es un decompilador de librerias de OrCAD, (archivos con extension -
.LIB) a librerias en archivos fuentes. Los archivos fuente se pueden editar usando un editor de
textos. De esta manera se pueden agregar o modificar elementos de las librerias. :

COMPOSER: Es un compilador de libreria; se emplea para convertir 1a libreria de archivo

- —~fuente-(formato ASCII) en‘libreria-de archivo objeto para ser utilizada por DRAFT,” ===~ === = =so=

+ vpihrg e e



REQUERIMIENTOS DE HARDWARE

A continuacion se detaila un configuracién minima para que el sisterna funcione cor un
rendimiento adecuado: o

“* Una computadora PC/XT 0 AT 6 compatibles.
* Coprocesador matemético opcional.
* 540 Kbytes de RAM.
* Sistema Operativo MS-DOS mayor a ver. 2.0.
* Disco duro de 20 Mbytes minimo de capacidad.
* Tarjeta grafica recomendable: EGA color.
* Uno o dos puertos serie (para ratén y plotter).
* Un puerto paralelo,
* Ratdn.
* Graficador HP o compatibles.



DRAFT.EXE

‘ : DRAFT.OVL

. S - ERC.EXE
! B : ANNOTATE.EXE
) ) NETLIST.EXE
TREELIST.EXE
COMPOSER.EXE

ETC. '

> p

'LIBRARY . SHEET

PRINTER.DRV | CMOS.LIB l ) Directorio para los disefios esquemdticos

(Manejadores de: tarjetas grificas, DEVICE.LIB
impresoras, graficadores) INTEL.LIB
R ' MOTO.LIB
' ' TTL.LIB
ECL.LIB ;
ANALOG.LIB
MEMORY.LIB
- ETC.

CONFIGURACION RECOMENDADA PARA DISCO DURO.

*
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6.9 FLOTALL
-Purp.c-sc: - ‘ .

- Ploss.a grovp of schzmatic sheets which may be a hieraichy, flat
{il=, one sheet file structure, or an annotalion file. As an option,
gridreferences may be specified.

Form:t: PLOTALL souwrce [destination) [/A][/C][/E]{/F][/G]])O]UQ]
Remzris:

Tr = source may be either the root sheet name of 2 hierarchical file
cirsciere, the nzme of a text file in a flat fil= sir‘ucmrc or the file
nze of a one shoet 6 “:P siructure.

1f the scurce is the name of 2 text file in 2 flat file structure, the /F
swiichomust beincluded. If the source is the file name of a onr sheel
1= siruciure, the /O switch must beancluded. 1 the source 18 the
anmowziion file crezied by the ANNOTATE program, then the /A
- ewiich must be includzd on the invocation line,

The destingtion is eny va :I DOS path name and is where the oulpul
of the program is 1o be placed. If a destinsiion is not specifizd, the
cutput of the PLOTALLprag 2mis ¢ directed 1o the s#nal channzl .
specified in the pletier configuration (refer to Section 2 for
configuration mi’ou. ztion).

The /A switch causss the PLOTmLL am to read the source-

~r~“) 25 20 2nnciation Hile.

The /C switch causes the configuration meny to be invoked. This
zllows the OFCAD/SDT environment to bz modified.

The /E switch causes the uii‘it) program to display the message

"Type Any Key To Continue™, enabling the system to pausc for you
to remove the DRIVER/L]BRARY dlsL in drive B and insert the
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J
SHEET. dmL This switchis uscd only on systems with two ﬂo,,py
“disk drives.

The /F switch causes the PLOTALL program to rcad the source as
atext file, for f‘at file structure applications,

The /G swilch causes GRID REFE‘{ENCES to be mcluded in the f

shieet when plotling. -

Thie /O swiich causes the file name of the source to be read &s a one
sheet file struciure.

The /Q switch causes the PLOTALL program to run "quietly”.
This means that enly the invocation messages and error messages if
any, are displayed. If this switch is not mccmed the program wll
aisplay U“ic:'r‘;cd;:ie tracking activity.

6.9.1 invocation Examples’ U_ang H:emrc‘ncaf Structured Fues
- 1. To piat sheets in a hierarchical schematic:
PLOTALL root.sch

Whare rco..sch Is the path znd name of the root sT‘;P"{ in ihe

}‘;Llc.. C

~
2. Toplot a sub-shezetin a hizrarchical schematic:

PLOTALL sheet.sch /O

Where subizlieer sch is the path and name of the sub-sheet in the
hicrarchy, /O signifies that the subsheer'sck file name is a-single sheet.

6.9.2 Invocation Examples Using Flat File Structures

- 1. Toplot a flat file structure containing multiple sheets:

6-76
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PLOTALL flaifile 1xt [F

Where fleifile txris a text file containing a hist of«cmnwnc file naimes
1o be plotied, /F.is used 1o signify that flatfile txt is a text file.

2. To plot one sheet in a flal file structure:

PLOTALL shectname.sch /O

Where skeetngne.sch is the name of the single sheet in the flat file
structure, /O is used to signify that shecmame.sch is a single shicet
schematic.

6.9.3 Invocation Examples Using A Cne Sneet File Struclure
1. To plot 2 single sheat s_cncmahc:

PLOTA LL sheemname.schfO

Where shecinarme.sch is L‘m name of the sing g
“1s used to signify that shecfrznmeschisas _.nrlc:

6.2.4 Invocation Exarr;p!e - Di:ecﬁ‘ng The Output’ To AFi2
1. To direct the ouiput of the FL_,UT‘\LL piegramioa file:
PLOT!‘SLL t!:cc,nmm schowls ar’.".’c /O
Where shceiname.scinis the naime of‘lhc si:-:gfe sheet schemmic,
whayile is the path and file namie to ];‘JIE‘C" the PLOTALL

i..fu—'m-u... and /O 1t bSCd to w‘nuy that sheciame.sclis asingle
sheet schemalic. '
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oo J\O.rE _' - . ' B - | ) ) . ’

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

C_OPY whaifile CO,\‘II

For additional information on the \IODE and COPY
comunands, refer to your DOS Users Maznual.

6.9.5 Pioiting Schematics Eased on Annotation Files
1. To plot schematics based on the annctation file information:
) PLOTALL annciaiion.out /A
\‘tﬂ""ff‘: a*ro:‘;if&'z cut is the output from the ANNOTATE

progrem, /A causes the PL OTALL p:om m to read annclation.out
s an ?me::[,on file.

6.2.6 Ser‘ ng Up The Pictler Configuration

Teo setup the e plotier configurat ion, goto the DRAFT configuration

micnu by enlening the folic: wving from the DOS comm .”d ine:
PLOTALL /C

Press the <P> and <> kevs to conligure the plotier drivers, senal

channed, bzud rates, parity end werd length.

To configure OrCAD/SDT for the plotier driver, select the letter that
cortesponds to the plotier driver that you are using at the "Enter
Letter to Select the Plotter to be used->" prompt. Ifyour plouer name
..docs not appcar prcss <S> for Spcc:al
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When selected, he platier driver name only appcars on the | - . - ;
"CO.\‘F}GURATION OF OrCAD/SDT” menu.- : _

To I'":Odlf) 1}1: senial chennel, baud rate, panl) or \xo‘d] .wm
confhiguration, press ﬂ.c colon <> key at the "Enter Letter to Sclect the
Px'mcr tor bc veed->" prompt.

"Emcr a"l” for s:na] chaznnel 1, or a “2" for serial channel 2 at thc
"Channel 1 or 2 ->" prempt. : .

Afier you select the senal channel, you may szlect the baud rate, -
parity, and word length that is required.

To mojlf) the baud rate, enier the Ict:cr that corespo“ds (o the bpud
Taie you requnc at the "Baud Rate ->" prompl

To modxf) Lhe pcmy enler L‘v number that corresponds 1o the ;u.n) |
you reqmre at the "Parity ->" prompL.

To rmodify the v'ord ifength, enier the numkber m comesponds e ﬂu.
\m,rd Je anh you require al the "Word Length ->" prompt.

When you retum to the "CONFIGURATION OF OrCAD/SDT"
menu, be sure to updzie the infonmation by piessing the letter <Us.

T mical configuration for HP %Ip?ollc*s 15 25 follows:

J

Baud Raie :2400 or 9500
Par 1y : NoPanty
Vord Length: 8bals

6.9.7 Plotier Cable Wiring D._;fc:*ns

C

. The PLOTALL vti In\ progrem s BIOS to communicaic to the ‘
ser] alkc)'l It does nai 1alk to the hardware J,e:'l) This is (o insince ~
ompantibility to all PC's and com"aub:cs

For lhns reason, additional wires other than TXD and RXD must be -
connecled o 1mplcmem hardware handshake.

el . LY P




PLOTALL . _ - Schematic Design Tools

Ficure 6-20 shdws a wiring diagram that is required for connecting a’
PC/XT (25 pin connector) to a plotter. Figure 6-21 shows a winng
hagram thatis required for connecting a PC AT (9 pin connector) to a
platier.

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

COMFUTER PLOTTER
2 - ] -
[5:}—‘——|
i_:—‘\ '

Figure 6-20. PC/XT 25-Pin Cable Wiring Diagram
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T COMPUTER . L. . PLOTTER

Z___1} - | - {2 __ ]
BT e

[é:}—“"w
@_:3——.‘

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

COoMPUTER FLOTTER
- -
B 3
5} —
B3 CR—
A 2
g

Figurc 6-22. P.C?X;I‘ 25.Pin Calble to 10!}ine Digiter

6.2.8 Plotter Problems

host plotier preblems are t)'\:cailv a result of incommectly wired
“pleiter cebles. 1f you have ¢ifficulty with your ploiter, cheek the
following items bf’fore rocceding or calling OrCAD:

p 5 5
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Wire the cable as shown in Figures 6-20, 6-21, and 6-22 above. If
your pletter works with another software package, and does not”
work with OrCAD, the first item to check 1s the wiring of your

- cable. Chances are, the other CAD packages only require the TXD

and RXD signzal ines. OrCAD requires additional connections.
The cable must be wired correctly as recommendced!
. Check for an open in the cable by performing a continuity check.

Read your plotter manual to be sure you understand how the plotier
operates. Know how it is programmed for taud rate parity, word
length, and find cut what b‘*cse sctfmvs are.

C‘\"ck 1o maXke sure that the plotter baud rate, parity, and word
length settings cenespond to tie pletier conhguration
infermation.

For Hl plotiers, if data and parity do not match, the message:
"<_<<—crror>> Uﬂ:‘.blﬁ to read bzck from '\io\\cr appears on the
screen.

. Use DOSlo send a plot file 1o the plozier. This will be useful for

g ther the pruu cm is m the serial port hardware or the
p?c-::.c hardwarf:. To do this, first send the worksheet to a plot file
. S . .

PLOTALL stcetname.sch whaifile jO

VWhere shicetnome sck s the name of the single sheet schematic,
wihiaifile is the path znd file nzme to place the PLOTALL
in,'::h.,.:o'l and /Q is usedto signifly tha! shecmameschiisa

1 1
single sheet schematic.

Then, use the DOS MODE command to configure the serial cr.a'me]
as follows:”

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

After the serial chiznnel has been configured, send the plot file to
the ploiter using the DOS COPY conunand as follows:™ -

COPY whaifile COMI1: <ENTER> ' ’
Where whatfile is the name of the plot file.
If the plotier works, this indicates the problem may be in the plotier
cable (incorrectly wired), or the harduarc hendshzking is
mcorrectly set (cucck PLOTALL configuration).

I the ploiter oes not work, this indicaies that there is a hardware

- probiem.. Check the the fo]}-‘“.wng' scrialcard, incorrect serial
-chennel configuretion, plotier hardware, or a cable nrob;c

[
=
O

en 10%ne p]oller be sure you have PROM version 114

M you change the s: e of the wor
size, then 2 B size works!

when changing workishee
refer to )oar specific plotter manu
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6.9.10 Pictler Hin!s

When making a plot, use the proper pens and paper designed for the

plotier. Plotier peper bas a "memory™ to it If it hangs on the ploiter

bed for a peniod of time, it will stretch. This cffects the registration of

the plot. Plotter paper is also temiperature sensitive. Be sure that the

paper is at room temperature bcforc plotting. The longer the drawlng
Lcs to plot, the more care must be exercised with (h‘- paper.

The conﬁnuraiioq of the ;‘ﬂollcr includes the ability to change the
vclocity of the pens. When the pen can not draw at the speed the
piotler 1s capable of meving, reduce the velocity. You will need to
cmm_?t)our plotier manual for the range to sct the \mocuy The
velocity can be set only in uholc n'-m‘\ar values. :

When you mzke a piot with & fferent pens, the plotier has a
registration inaccuracy tat must be censidered. 1f Fou wish'lo Have
the highest quality plot, always use only one pen, '

‘When you make a plct on 2 paper size that does not match the |

workshieet size, the plotier ¢rivers will scale the drawing to fit the
paper selected. We do not recommend making a plot more than one
size off of the worksheet size since the wicth of the pen is fixed. For

~cxzmple, you can plot 2 Csize wo-kuhﬂet cn B, C.or D and it will

work r—,.. If you ﬁlwt an E weorksheet on A paper, you will not be zble
to read the writing. 1f you' pxor an Av-on shee el on E size paper, the bit

mapped devices will b-c "grainy’.

m

Whea you are dis lcd Lv L,Pmo'*ra to chang p: er Gr pens,
:.-!w::;,'s wait uniif the plotier has :hed e ;“c 2nt plotamo activity.
Bcforc: nding a p! ’wrd‘r‘ectb loh,cp r, b2 sure that the plotter s

o line, the pen(s) are properly set up. an d J‘»' ,";;r size 15 correct.
e .ouh ve a pan that most be ma ,u«.z) chznged, the PLOTALL

-

ramm will pause and inform you of the objects to_bc plotied with the
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6.9.11 HP Plotters 7

The }iP.p}ré‘n crrfamilj' has a facility to set-the comer points of the plot
and automatically scale the plotto be within these points. Thesc points
are called Pl and P2, ]

When you change the paper size, or at powcr'up.-b‘}csc po'mﬁ are set o
default values which depend on the size of the paper and the plotter's
mergin requirements. You may reset P] and P2 to the outer most
boundz ry of the paper and the plot will be slightly larger.

If you plot on paper that is not the same size as the worksheet, you will
hzve 1o mznually adjust the Jocations of P and P2 to correct for the
-aspect ratio, '

6.2.12 Hl Plotiers

'

Thre Hi ploter fa:r.“} dozs not automatically scale the drawing. I you .

direct the output of the PLOTALL program to 2 file you will be

p:crwmd foreach ﬁ]o{ for the pcner size 1o use for the plot. The

_aspect ratio 1s corrected for both direct-to-plotier and re-direcizd-fo-
f]c pliots.

The HI 40 Series gefzuls to 2400 baud, and the 50 Senes d=fauhsto
9500.° :

A‘.xa sc‘w:} to mzke s u.c that the p ol{cr baud rate, 2nd data bi
SEIIngSs COITespo rd to the p]o::cr colmgurm ion i

The PJO..er Co uration” zbove).
If datz and ;.-arii} do not match, the message: "<<<error>>> Unable to
reed baok from plotter™ eppears on the s cen, '

e sure that the plotier is'on-line before beginning a plot. The HI
ciiers do not hzve 2 mzzns 10 set the velocity fo the power-up default.
If you change any of the velocity settings of the pzns in the /
configuration, you will need to set them all. The velocity ranges can
be found in the plotter operation manual for your specific plotter.
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6.9.13 Supnress’mg 'lhe Tille Bl_ock and Border

- To suppress the title block and bordcr of the worksheet, invoke the
. Cenhguration Menu by entering DRAFT/C from the DOS~

~ command line.

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

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

Format;

PRL\TALLISOIUCC’ [dcsrinnz[qn] [/A /C]I[E][ Ji/ ][/OJI/Q [’S][/\Vj
Reinarks:

The source may be either the root shect name of a hierarchical file
siruciure, the name of a text file in a flat f‘]c structure, or the file
- name ofa one sheet file struciure.

If the source is the name of 2 text file in a flat file structure, the T
switch must be included. 1f the source is the file name of a onc sheet
e structure, the /O switch must be included. If the sonrcc is the
znnotztion file created by the ANNOTATE program, then the /A
switch must bc 1nc! umd on ihs L’”vaC"HOﬂ Iine. .

The destination is 2ny valid DOS pzth nzms 2nd is where the oupul
of the program is to be placed. Ha derriniation is not spbcifcd ihe

cuipur of lhc PRINTALL pregram is direcied to the prinier PRN.

ibe /7 wlich causes the PRINTALL program to read the souree
peth et on znnolation file. '

The /C switch causes the con! Mgurztion menu io be invoked. This
z2ilcws the OrCfiD SDT environment 1o be modified.

The /E swilch causes the utility program 1o display the message
"Type Any Key To Coniinue”, enabling the sysiem to pause for you
to rcmove the DRIVER/LIBRARY disk in drive B and insert the
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SHEET disk. This switch i is u<cd only on S)s:crns wi lh two floppy -

disk dnives. ..

The /F switch causes the PRINTALL program to read the source as
atext f‘lc for Nat file structure apphcahons.

The /G swuch causes GRID REFERE\CES to be incluged in the
sheet printout. ™ -

. -

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

The /Q switch causes the PRK’\TA LL program to run "quictly”.
This means that only the invocdtion messages and error messages if
any, are disp! a)cd If this switch 1s not specified, the program Cwill
display intermediate tracking activity.

The /S switch czuses the PRINTALL program to genorate scaled
ou'put if thas switch s not spccuf ed, then the printer will print the
WOIKS lcc= in ccmpressed mode. -

The /W switch czuses the printing to formatted for wide paper.
With this swiich, the printing will be setup for 13" wide peper
based on the paramelers of the printer driver. 1f the /W switch is
not p rcs::-\z, then the printing will be formatted for 87 paper.

NOTE
Epsen MX printers cannot print in comgpressed mode. -
Therefore, printer outout will z2lways be in scale mode
F r J
even if you zitempl lo pant compressed.
6.10.1 Invoceaticn Exampies Using Hierarchical Structured Files
. To print shects in a hierarchical schematic:

PRINTALL root.sch IS
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\\"rrc root.schis the pai h and name of e root sheet 1 the
hics 1rchy N _ =

b

To print a sub-shectina hiuprc.w‘a] schemzhic:
PRINTALL subsiicersch /O /S

Where subshcetrsch is the path and name of the sub-sheet in the
hicrarchy, /O signifies. U“al the subshect.sch file name 1s a single
sheet, ‘

6.10.2 Invocation Exampizss Using Flat Fiie Structures

1. Toprinta flat ciure contzining muliiple sheets:
PRINTALLﬁcg’?/C.!ﬂ/F
Where flotfile i is a text file centaining a list of schematic file

nzmes 10 be prinied, /F is used to signt f» that flaifile txt is a text
file.

2. To print one sheet in a flat file structure:
pRIE‘\.’.T,A.LL hecirnamesch jO .
Where sheemame.schis te name of the single sheet in the fia file

structure, /O 1s uszd to signify that xhcq.r.:r..c.sd 1s a single shect
schemztic, :

n Examples Using A One Sheet File Struclure

(‘}
o
O

6.10.3 In
1. To print a single <heet schematics
PRINTALL shecmame scli /O /S
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Wzre shocinamesch is the name of the single sheet schematic, /O -
1s _scd to signify that shccl:.amc schisa smf‘lc sheet schematic.

2. Tc ci ecl the cutput of the PRI\ITALL progrum to a file:

PZINTALL sheciname. sch whrf"'le /O A

\‘e‘f‘,e re shectname.sch is the name of the single sheet schematice,
:_JJ file is the path and file pame to place lhe PRINTALL
Tormatien, and /O is used to signify that sheciname.schis a single

<".:ct chematic. -

- Since whaiftle is a binary print file, it will consuime an

exiensive arnount of disk space. . -

g

Tr,c file whaifile may be sent 1o a prinier using the DOS COPY
mznd. Forex;...,,h enter the following at the DOS prompt:

COPY wheifile pra: [o

For additicnal infermation on the COPY Command, refer to your
DOS Um.I'S T\xa,.‘dal.

€.10.4 Printing Schematics Based on Annoiztion Files -

1. Te

[

- print schematics based en the sanatziion fije infomation:
PRINTALL enrotction.ouwt JA /S
Where arrolation.out is the o anvt f.O"l ihe ANNOTFATE

program, /A causes the PRINTALL pres ram 1o read
' a:.noranon out as an annotation file.
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This section eaplains how to create your own “custom” part librarics -
for use with OrCAD/SDT. Section 7 describes the COMPOSER and
DECOMP utilities. Then, it describes the steps you would go through
to create a custom library and provides numerous examples. The
section then presents a formal.desenption of OrCAD's Symbol

cseription Language and concludes with examples of compleie
library source files. '

. 7.1 AnOverview of the Library'De\_'eIopmem Process

To create a custom library, you nted a text editor and the COMFOSER
- —utility. COMPOSER takes a library sourcc file, which you créated o
“with the text editor, and produces a hbrary data file, readzable by

DRAFT. You may also find the DECOMP uiility useful. DECOMP
takes a hibrary data file and produces a library source file. You can
think of DECOMP as the inverse of COMPOSER. Creating a custom
library consists oflhc following three steps, as illustrated in Figure
7-1. '

1.. Create a library, 1ext, or source file. The convention is to give the
. file a .SRC extension. The source file is an ASCII text file that
con!nins inslructions in OrCAD’s Symbol Description Language.

You can use any tex! editor. The o 11\ requirement is that it
produce an ASCII file without any hidden formatting characters.
For example, Wordstar in the non-document mode produces such
an ASCH file. -

7-1
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2. Cempose the source file using the COMPOSER wtility., This s
similar to a compilation; it produccs another file, a data file
readable by DRAFT. The convention is to gnc this data filc a., LIB
calension.

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

AS.C.lLIL Text
Editor
- Step 1
LEGEND - . , l
- Composer
= Develcpmant Schware Tools . . Library
L ‘ Compiler o
O.-VUSEr Gercrated Code . . -
: o .. Slep?2
| Dala -
File '

Figure 7-1: The Library Develepment Process

OrCAD Systerns supplics 2 number of part libraries for use with
DRATT. Partof conficuring DRAFT mcans choosing what libraries
it will have access td. The libraries you choose at configuration time

712
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are Imdcd into RAM when you invoke DRAIT. This ehmmalcs cisk. |
scarching and proudm for qmcL part retrieval.

You Can”choc?sc from OrCAD-supphcd librarics a% well as );ﬁnr owin
custom librarics to load into DRAFT.. The custom libraries that you
create will be 11:1\(‘,_]‘1.'\1‘ like the OrCAD supplicd hibraries.

OrCAD <upp11cd I]lmmﬁ are s}uppcd as library data files. This is for
your convenience {(data files are rcady to use) and also to save disk

~space. A library source file takes up much more disk space than its

corresponding library data file. A source file can be four or five times
as large as its data ﬁlc

By applying DECOMP 10 2n OrCAD-supplied library, you can
construct a source version of that library. This feature 1s uscfulif the
library you want to create has parts similar, but not identical, to those
in the OrCAD-supplicd library.- With a text editor, you can extract the
simitar parts and edit them. The supplied Libraries also serve as an
extensive list of examples. If, while creating your own library. you
get stuck, you can always look mcldﬂ a source version of a supplicd
ibrary " 'lo see how OrCAD did it

Creating custom librarics is preferable to modifying OrCAD-supplicd

~ libraries. If you modify an existing library, you run the risk of future

OrCAD updates negating your changes. It is riot good practice o run,
DECOMP on an OrCAD-supplied library, edit the resulting source
file, and then run COMPOSER and replace the original librnry.

You may have parts with the same name in drﬂ'ercnr libraries. If you

. do and those librarnies are selecled, DRAFT scarches Lhrcmﬂh the

libraries in the order you specify at configuraiion time.

7.2 The COMMPOSER and DECOMP Utilities

The COMPOSER utility is called COMPOSER.EXE and the
DECOMP utility is called DECOMP.LXE. Both files are found on the
LIBRARY disk. To execute cither witifity, you must be at the DOS
command Jevel in the direciory that containg the utility you want to
execute.
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7.2.1 Invcking COMPOSER
COXPOSER source library <ENTER>

where:  source is the name of the ASCII text file that describes your
custom parts using OrCAD's Symbol Descnpiion Language.
The .SRC exiension is a convention, not a requirement.
library 1s the name of the resulting library file. 'If you give
the name of an existing file, COMPOSER asks if you want 10

“ovenwnite the existing file. You cannot append ta an existing

file. <ENTER> represents the ENTER Key on your
computer. DOS commands are executed when you l)pc the
ENTER.

Both sotrce and library may be complete pathnames -- that is, if
_.citheris in a directory other than your current directory, you must.. -
specify the complete p"'lh Here are two examples. :

COMPQS ER czmom sre custom. lib <ENTER>

The fles COMPOSER EXE and custom.src are in the same directory,
and this dlreclory is your working directory. This example creates the
file custom.lib in your working dlf‘CClOry o

COMPOSER \orcacNibrﬁr)'\cm.'om Sre \ortad\libra.ry\cmmm.[ib <ENTER>

~ The file COMPOSER EXE is in your wor Lmn dlrcctory, uh)ch is not

neceqqanly\orcad\hbnry This cxamplc creates the file cusrom. hb n

hie directory Norcad\library.

7.22 Invoking DECOMP

DLCONMP litrary source <ENTLER>
u S
wheee:  [ibrary is the name of anexisting Iibra'ry file. 'The .LIB
extension is a convention, not a requircment. sonrce s the
name of lhc resulting ASCII text ﬁle lh‘ll clcacrlbcn lhc p: args

7-4
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in the speeifizd library. Commients are-included in the file
for clarity. 1f you give the name of an existing file,

- - DECOWMP asks if you wantto overwrile the exising Nle,

- You cannot append to an existing file. <ENTER> represcins
the ENTER key on your computer. DOS commands are
exccuicd when you type the ENTER. :

As with COMPOSER, both source 2nd library may be complete
pathnames -- that is, if either is in a2 directory ‘other than your curreit
' (’:rcctory you must specifly the complclc path.

Here are two examples.
DLECONP custom lib custom sre <ENTER>

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

DECOMP \orcadNibrany\cistom.dib NorcadNibian\crsion: sre <ENTER>

~ The file DECOMP.EXE 15 in your working directory, which is not
necessarily NorcadNlibrary. This example creaies the file custon.sic in
the directory Norcad\ibrary.

Note that DECOMP does not relurn your source; it mzakes its own,
FFor example, the comments in your original source are not -
reproduced. DECOMP adds its own commcents. Also, DECOMP m: y
rearrange the order of the part definitions. DECOMP lists paris in
numeric order followed by parts in a]phabdncal order, For example,
assume that you define two parts, one called resistor and onc called
7400 You place resistor in your source file before 7400, run
SAPOSER, then DECOMP to produce a new source file. Unlike
youror icinal souice ﬂ]c, the new sewprce file has 7400 listed before |

l’&.,‘} C:_);.
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7.3 Creating a Source File

A source file consists of a prefix definition followed by a scries of part
definitions. You can have only one prefix delinition per library, and it
occurs at the beginning of the hibrary. There are two types of parnt
defininons: block symbol definitions and bitmap symbol definitions.
Commcenls zre delimited with braces ({ }).

Block symbol definitions represent parts that are either square or
rectangular. These pans are typically memory chips,
microprocessors, peripheral controllers, and many TTL and CMOS
devices. Bitmzp symbol definitions represent parts that are
complicated to define graphically. Instcad, you draw ithemon a
biumap. They include such parts as resistors, diodes, transisiors,
MOSIFETs, relays, and many others.

Note that lines in a source file end with a <RETURN>. The source
examples in this section do net show the <RETURN>.

7.3.1 The Prefix Definition

The prefix definition is delimited by the keywords, PREFIX and END.
The initial delimiter is the keyword PREFIX all alone on a line.
Subsequent lines contain the definition itself.” The terminating
delimiter is the keyword END all 2lone on a line.

All.source files must begin with a prefix definition. If you decide your

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

null prefix. A null prefix consists only of the delimiting keywords.
Llere is how a null prefix definition looks.

PREFIX
[N

Croilic giber hand, you may find 2 prefix definition very useful.

(i AD specifically designed the prefix definition to handle the
various TTL logic familics. For example, ilie 741,500, the 74500, and’
the 74 ALS00 have diffcrent prefixes (74LS, 74S, and 74ALS), but'the
same sulfix (00). When you use a pichix definition, you reduce the

7-6
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memory required 1o store multiple familics of parts that have different
piclires, but the same suffix, :

lr 1C 15 &N cmmpk cfaprefix definition. The cmmplc comes from
OrCAD System's TTL source library, TTL.LIB.

PREFIX
"741.8" = LS
748" = 'S’
"TAALS .= CALS'.
"TA4AS T = CAS' -
CI4HCT = 'HCT
"7413C = 'HC
4ACT‘ - 'ACT
J14ACT = CAC
T4 F = 'F
74°
"END ’

DRAFT uses the prefix definition when you obiaina part with the Gel

command. Insicad of entéring the entire naime of the part, you can

enter just the suffix. DRAFT displays a pop-up menu that lists all the

valid part names construcicd by appending the suffix you provided

_ with the prefixes in the prefix definition. For example, if TTL.LIB is
one of your librarics and you enter the suffix 04, lhc pop-up mienu lisis

‘the follonng parLs :

74L.504
- 74504
T4ASLOA
- T4AS04
74HCT04
14HC04

~ 44
4'-11.'94

7464

A prefix definition is constructed as follows. First, enter the PREFIX

keyword followed by a <RETURN>. Then, begin the first prefix
string by entering a single quote (). Type the prcﬁx string. 1t consists
of a siring of printable ASCII characiers no more than seven
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characters long. DRAFT does not distinguish between upper- and
iowcr-msc. Closc a prefix string“with another single quote.

ﬂ]cn civier a <SPACE> fellowed by an cqual sign (=) l'ol!owcd by
another <SPACE>. To improve readability, you can delimit the equal
sizn with any number of <SP¢'\CE>5 or <TAB>s. Now cnicr the
shorthand string. This is the part of the prefix string that varies. The
~ shorthand string also consists of no more than seven printable ASCII

- characiers. Then, enter a <RETURN> and type the next line. You can
define a maximum of sixtcen prefix strings. , -

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

7.3.2 The Part Definition

The part definition defines the part's name, its size (in unit lengths on

" {he screen and in tenths of an inch on the printed workshect), the
number of parts per package and the pin functions (input, output, open
colicctor, etc.). There are two types of part dcf"nmom block.symbol
definitions and bnm‘np definitions.

You donot h”wc to group your block definitions and bitmap
definitions together. For example, your source file may contain a
block definition, followed by a bitmap definition, follou ed by another
-block defnnition.

Block and bitmap definitions follow much the same syntax. A bitmap
‘definition looks like a block definition followed by a bitmap. When
COMPQOSER sces a bitmap, it uses that bitmap to represent the part,
rather than defaulting to a square or rectangle.

A symbol definition has the following ficlds.

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

™
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“string, delisit thess with a <SPACES or put theny on separale lines,

Vhen obizining 2 pnt YOu Can use any of)om xupnhcd namcs.

‘An 0;1:1-:\;131 icference desicnator, I'hc ANNOTATE UIIII[)

au:o:n:-.:]:a]ly updaies reference designators.

ﬂ“.': ymiool size. Lach unit represents 3 unit lenzth on the screen
and 0.1 inch an the printed wosksheet, You give “the X size first and
tien the Y size. Onthe seme line vou st the nember of pants per
package. If the partis a pin grid array, specify the keyword
GRIDARRAY insizad of the number of pans per package.

The pin ¢efinition. Each pinis defined on a scparate line. A pin
definition consists of the following ficlds:

- The pin-position
- The pinnumber or GRIDARRAY pin name

-~ The of-l!ma] DOT keyword (which places Lhﬂ inversion
bubble at the pin posiiion)

- The optional CLK keyword (\xhuh places the clock symbol
at the pin position)

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

- The pin function (IN, OUT, I/O, OC, PWR, PAS. 111Z)
- The pin name slrmg

An optional b.u-nap Use this if the symbol you want is not a squarc
or rectangle.

An optiona! conversion. Thic only hasmenning if you've defined a
bitmap. The most common use Cor co.hcncd bllm“ps 15 10 <pcc1fy
the DcMorgan eauivalent of the defined pant.

1.9
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7.3.3 Block Symbol Definition

N -

IMfustrated below is an examiple of a block symbol definition. The

cxaunple does not represent a real part, although it 1s similar to a JK
NipNop. Figuie 7-2 shows the symbol produced by this block
definition, : '

*TLEXAMP!

REFZRENCE "LATCH'
& 10. 2 _ _
L1 3 11 SHORT IN - 'J°'
LS 1 13 . DOT CLK IN 'CLK'
L9 2 12 SHORT IN 'K
E3 15 14 DOT IN - cL
T3 4 10 DOT IN . ‘P’
R1 6 7 ouUT ) 'Qr
R% . 5 9 OUT QN
T0 16 16 PWR AV oled
e ] 8 a8 FWwR ‘GRD!
-ld  LATCH?A -Lg LATCH?B

Ay P a5 4y P g}bZ-

1 ' 13 :
—PCLK —=pCcuKk .

. !
c .
LKk C @2 12k £ a2 |
4 LT AEX AMMP N T AEX AMP .
=1 . 4

Figure 7-2: The Block Symbol for 74EXAMP

Patt name siring. The exazmple has enly one part name string,
TIEXAMP. '

Reference designator, Aficr the part mume siring comes the
optional reference desicnmor. '

.
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For this exzmple, the :cfcrmcc designator w ould ap ppear on the screen -
as LATCHYA. NO.C the guestion mark. When you run the B
ANNOTATE utihty the question mark will be replaced with a
number. For example, if the reference desiznator for a resistor weie
R7 and theie zre 16 resicions in vour design, ANNOTATE would
change the Sesignaiors 10 R1, R2...R16.

This cxample has more than one part per package, so the reference
designator appears with an A afler the question mark. ANNOTATE
then sequences the letters.” ANNOTATE would convert the A of the
second part into a B. Tor example, after running ANNOTATE, the
first two occurrences of the 74EXAMP would appear as LATCIIA
and LATCHIB, the nexttwo as LATCH2A and LATCH2B, etc. If you
omit the REFERENCE line, the default designator U?A appears.

Figure 7-3 illustrates the relationship between the number of parts per
package and the refzrence designator that eppears on the part. You
‘must specify a part name, that is what lets you extract the device from
the library. However, the REFERENCE keyword is an option. 1f the
REFEZRENCE keyword has not been specified, it defaults to a
designator of "U".

NUMBEA OF PARTS PER PACKAGE
SOURCE FILE ... 0 { DR MORE
DOES NOT USE e *U* IS DEFAULT
p NOTHING IS -
*REFCRZNCE® KEYRDRD . : REFERENCE
‘ DISPLAYED DESIGRATOR
S — USES REFERENCE " USES REFEREHCE
'"”ZFE,;égd KEYWORD YOU ENTER KEYKOAD YOU ENTER
‘ IN SOURCE LIBAARY IN SOUACE LISAARY

Figure 7-3. Controlling Display of Reference Designators
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~ Whatappears \\hdl‘ o ull up a part is (‘Ic.umsmd as rollom

1. If the dL\lCC has O parts per pacl age and you do ot speéify a
REFERENCE kcy word, none 1pp ars. Nor docs the parl name
appcar, ‘

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

If the cevice has one or more parts per package, and you do not -
specify a REFERENCE key word, a default reference designator
(U?A) appears. ANNOTATE replaces the 7 with a sequential
number that identifics the occurrence of the device and replaces the
A with a letter that cycles through the parts of 2 device. The pant
naimne also appears. :

Lad

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

XY size and parts/package. The next line has the three numbers 6

10 2. The first two represent the size. The size of the part is 6X by

10Y, where each unit represents one screen unit or 0.1 inch on the
printed worksheet. The 2 indicates that there are two parts per
package. If the part were a pin-gnd array, you would supply the
keyword GRIDARRAY in place of the number of parts pér package.

Pin definitions. The rest of the exaniple consists of the pin -
) p

definttions. Consider the second pin position. The first field LS
locates the pin on the left side of the part in the fifth position counting
from the top down. The Y dimension specified 11 possible positions, 0
through 10. The first possible position is LO and the lastis L10. The
Specified pin posi!ion (l S} is 0.5 inches from the top of the part, when
scen anthe prinisd woihishea
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. ) & > -
7 —
a _ i
g
10
BOTTOM

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

The next two pin position fields identify the pin numbers, 1 for the :
first pant of the package and 13 for the second pant of the package. ‘The 5
pin at LS specifies DOT to obizin the inversion bubble and CLK 1o gel
the clock symbol. In this case, DOT and CLK are modifiers of the pin’
function, IN. _ .

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

. Figure 74 shows a gnid that represents the p.ossiblcr pin bosiiion's for
- the 74EXAMP library part. -

Naote the SHORT keyword in the {irst pin position. Pins with the

SHORT keyword have 0.1-inch lezds rather than the default 0.3

inches. The SHORT keyword, however, cannot bz used with with

DOT or CLK keywords. Finally, the 'CLK' gives the pin 2 name o
Power pins. One possible pin funciion is PWR for power. Note that

power pins do not appear on the screen. The NETLIST utility,

. 7-13
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however, docs calegonze all power pm that are cor..uctf.d to lnbrary
P')ns . e .

If you want to make power pins visible, change the pin function from
PWR to IN or PAS. If you do this, you may natice that the power pin
overlaps other pin names on the symbol. To avoid this overlap, you
muyst repasition the power pin in the corresponding library source file.
Parls per Package. If the device has more than one part per
package, you can scleciively display the pins. For examiple,assume
you wanted to display the power pins YCC and GND, but only on the
second part of the device, not on the first. You could do that-by coding
the last two lines of the block symbel as follows.

TO . 0 16 PAS 'vCC'
BO 0 8  PAS 'GND’

When you place this symbol on the screen, the power pins do not ‘
display because the first column of pin locations contains a0. When
you place znother symbol on the screen, it Jocks identical to the first.
Both are called LATCH?A, and neither shows the power pins. .
However, if you exit DRAFT and run the ANNOTATE utility with the
/M option (this causes the annotation information to be merged into the
sheet directly) and then look at the sheet again with DRAFT, you'll see
the two parts labeled LATCH1A and LATCHIB. The power pms
appear only on the second part of the device, LATCHI B.

This techmquc also works for non-power pins. By spec:f;-fno a pin .
- number of 0, you can cause a pin not to appear for the part of'a
packzage. | .

However, if your device has one part per package, specifyinga pin
~number of 0 does not prevent the pin from appeaning. The pin appears
. witha pinnumberof 0. If your device has O parts per package, you
cannol spec:fv pin numnbers, and ccnseqguently, none appear. Figures
7-5A znd 7-73 illustrate how the number of parts per package, the pin
number, and the ANNOTATE utility alfect the screen symbol.

The device 740NE is identical to 74EXAMP, cxcept that it has one
part per package. Note that the ANNOTATE utility affects both the
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pinaut and refeience designator for 7Z4EXAMP, but only the reference

designator for

740ONE. A!cb note that in Figure 7-5A and 7-5B, the

~ Jocations of the power ping were moved from T0 and BO to R3 and R7,

s0 that KJN:) would not oscilep

Baftore ANNC_JTAT_E

! LLATCH?A

- -..-_

EK E ‘G_ﬁ_,._5__‘
y T LEXAMP
=1
rk LATCH?

35 F al-5-
vee 28—

— 33 cLk
GNDF_E_
c

8x I Thb—>=2-

A 7 A0ONE
=

cmmno pins.

Figure 7-5A. Before Annotation

4 LATCH?PA
=y P g8
1
—3cd LK
c
=k G
A _
A T LEXAMP
5
Jf LATCH?
—B‘JPG—@“—-
. vce P26
— 4 cLk
GND 8
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: 7 4 ONE
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After ANNOTATE

)

LATCH1A

Ao P a

— 2z cik
c .
= K o Q

1

5

AL?-
= Jd P Qg
vece

—2dbcix
GND
. C —
-al(' L a

1

5

TAEX AMP

‘LATCHZ .

.5
16

,__J)i
0
[ —
J P 9]
v_Co
> CL K
GND
K C &
9
1
pe)

)

LLATCH1B
7

7AEXAMP

LLATCH3 .

|w

J P G
vCcc

DCLK .
GND

K C &
5

Aflér Annotation

65

16

7 ACNE

If a dwlce has more than one part pcr package, you may want power
pins on sorne parts present and the power pms on other parts not 1o be

. present

Pin-grid array. If the pant were @

-l
:‘..-D.n

id array, you would supply

the gndarray pin name insicad of the pin number. A gndarray name
consists of a capital n:ucr {ollowed by a number. The lctier is in the
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range A through S and the number is in the range 1 through 16.
There canbe no space between the Jetter and the numbcr .

Heic is 2n cxmmw ofa pin'grid array par‘l dcf'nilion “The cx"nnplc' 15
the 68020 from the Motorola library, MOTO.LIB. The deflinition is
quite Jong so only the first few lines are shown,

Finure 7-6 shows the resulting screen ﬂgurc.

'6E020° -

15 66 GRIDARRAY

Ll c? CLK IN 'CLK IN’ .

L3 Ji2 IN "INPALNO\' ({the \ bars the pin name)

L4 Jl3 IN "INPALNIN

L5 H12 in 'INPALAZYNY

197
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Fig. 7-6. The Block Symbol for 65020

Pin string. "The pin string 5 delimited by single quotes. If you want
a single guote as part of the pin string, you miust use two single quoles.
For exzmple, 'CLK"s" defines the string CLK's. Also, a backslash
after the pin string name puts a bar over the name. "Q\ results in Q
with a bar over it. 1f you have.a mulii-letter pin name, you must put a\
alter each letter. For example, the 63020 shows 1PLO, and the
corresponding pin string entry in the pant definition 1s TNALNONL.

Nate that the power pins do not appear on the screen. The NETLIST
.- utility, however, does catcgorize all power supply pins that are
~connected to library parts. | '

. -
v S . LR
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7.2.4 Bitmap Symbol Dafinition

Cr=2ting a bitmap is an casy way 10 fepresent non-square or nop-
sec:zngular parts such as resistors, diodes, transistors, MOSIFETs,
relz s, aI')d many others. DRAFT draws complex parts on the scicen
by : “zlectiv ely turning on piacl bits that repsesent the hibrary part.

- Aciivating the correct piacl bit is controlicd by a bitmap in the library
sou:ce file you created. You creaic the bitmap in the library source
file.

-

To c=fine a part with a bitmap, you define the part just as you would if
it v =re a block symbol, but you include a bitmap afier the last pin
definition. You can either draw out the bitmap with penods () and
pound signs (#), cr you can reference a previously drawn-out bitmap.
Previously drawn-out means the blecp was defined previously in the
hbrery scurce file.

You would reference a pieviously drawn-out bitmap if two parts had
different pinouts, but the same sy mbol. For ex ample, the 7439 and the

7500 have the same symbol;but-dilferent pinouts. Assume that you've = -

dzfined the 7400 and you're now defining the 7439, Instead of -
drawing another bitmap for the 7439, you can use the 7400's bnmap
by mc]udmg the line

BITMAP 7400

There are four points you should keep in mind when crealmg bllmaps
as oppoced to block symbols.

1. You have to pay more attention to pin placement. The pin :
definition line and the bitnap have different scales, and you nced to,
tzke the conversion into account when you draw the symbol.

2. Althrugh you cas ipu a pin name in the pin definition, the pin name
will noi zpncer onthe screen. The pin name will, howcvcr be
izengaized by the NETLIST utility.

3. A biumap symbol givcs you the opponunily to define a converted
symbol. Bitmap devices always have a normal form. You have the
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*

-7 option of also defining a converied form. Block symbels cannot
' have a converted form. When you usc the GET command and
extract a part from a library, it appears in nornal form. The

. resulting micnu enables vou to choose its converied form instead.

© You dofine what the converied foim is when you create the library

- source file. Typically, users define the cenveried form as the

~~ DcMorgan equivalent of the nonnal form.

4. The maximum number of bits allowed in a bitmap is 16,384. The
bitmap begins after the last pin definition. A pound sign (#)
indicates that the pixel bitis turmed on, 2nd a period () indicates
that the pixel bit is turned off.

Each . or # represents a screen pixel spacing of 0.01 inchin the X

direction. Each line of the bitmap represents 0.01 inchinthe Y

direction. Rerncimber, the X and Y sizes in the part definition are

civen in units of 0.1 inch. For example, if you specify Xan Y tobe 3
" and 2, your bitmap acfually 1s-31 characters in the X direction.and 21

lines in the Y direction. The extra 1 results because the bitmap starts

counling at zero. ‘ :
An example sheuld make this clearer. Here is a pant definition for a
resistor. '

7.20°
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{fart cdefinition for a zesisterd
'rnrif’ar

[Richt side}

{Bottom side)

" Note that the number of parts per pacl'aec is given as 0. Hence, there
arc no columns for pin numbers. The pin types are PAS for passive,
and there are no pin names (however, they may be'specificd).

'ﬂ)c X size is specified as 3, 50 the bitmzp has lines thatare 31
characters long. The Y size is specified as 2, 50 the bitmap has 21 hnes.
hie part definition specifes two pins, onc on the Jelt in the first

;\3571"’1 (1.1) and another on the right in the first position (R1). The
pinposiions are always c--“aced 0.1 inch aparnt. As far as the bnmnp 1S

concemed, Sin positions are 2t lines 0, 10, 20, 30, etc.

The lne rumitars are enclased in comment delimiters. 1t isn't
rizcessany to panbar the biumap lines this way, but deing so makes e
Giuen m are readable. )

S 71-21,
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—

You can reduce the size of bleaps uqccl in your llbrary by observing

the following rules.

2.

3.

.- -

An enpty row (one thai has only dots) can be represented by a dot
in the zeroth column. 1 Ll;al 1s the only characlcr on the row, thcn
the row is held as cleaied.

Emply rows below the actual symbol nced not appear in the bitmap,

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

Here s an example of the same resistor definition that follows the
reduction rules just deserived. Figure 7-7 shows the symbol that
n_sul's from this'part definition.

{Part Definition for a resistor.}’

{Top side)

-

01y. '

(09} . 8., . 0. ... b b.ob {Right sicel}

{Cottom side}

722

L T R e e
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Figure 7-7. The Symbol for a Resistor

Afier defining 2 bitmap, you have the option of defining a conversion
bitmap. As stated previously, the typical use of a conversion bitmap is
to supply a DeMorgan equivalent symbol, but more generelly a
conversion specifies another bitmap that is displayed on the screen
~whenever you choose the Convert option of the GET command. You
can retumn 1o the onginal bitmap by selecting the Normal subcon:mand
option, -

You begin the specification of a conversion bitmap with the keyword
CONVERT. The conversion bitmap consists of pin definilions
followed by a bitmap. 1f the conversion has been previously defined,
you can reference it by including the name of the part that has the
conversion in single quotes. - ’

The next example should clarify the use of conversion bitmaps. First,
is the definition of the 7400. Then, comes the conversion bitmap -- it's
the DeMorgan equivalent of the 7400: Figure 7-8 shows the normal
and converied symbols that result from this part definition.

The 7400 has five pins, two of which are power‘piris that do not appear
in the symbol. "The screen size 1s 6 X-units and 4 Y-units. 1t has four
paris per package. ' ' :

The conversion bitmap uses the same XY size and pants per package as
the normal bitmap. You must, however, redefine the pins. Note the
DOT keyword missing from the redefinition of the pin at R2.
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Note that the conversion bitmap has the szme number ol parts per
package as the nonnal bitmap. The nember of parts per package
detennines how many colemns of pin numbsers appear in the
definition. The convericd definition must have the same nuinber of
coluinns as the norinal definition. '

‘ ‘.7:?.‘4 |
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e 12 N r10°
10 13- IR ‘11
: 1 DOT T OUT 0
4 14 14 FwR 'vee!
7 7 PWR . 'GNKD'

L1 - 1
L3 2
R2 3
TO 1
BEOD 7

R s AR T B - S N
[os]

FOCTIN R4 i e i e iideqgintatattanaginl

.=[15)l ...................................................... _—

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

N R R N o b 1
WA =2 OO D dth

L T T T T T T T T T T T
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. CONVERT
L1
L3

1 9 12 o U IN ‘10
2
R2 3
1
3

4
5 10 13 o IN Il
6 8 11 . " OuUT 0
14 14 14 PWR Vet
7 1 7 ' EWR "GND

TO
a0

L S T ti1i

. 7-26



1

Schematic Design Tools : Librarics

e e eew b o

Uia
l_*!‘J 3
-_ 2]
7400 -
NORMAL

Figure 7-8. The 7400 Symbol and_‘_ils Conversion

- SR s
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7.4 SDL Refe:cncer

This section is a complete description of how to define a partina
custom library. It presents OrCAD's Symbol Descniption Lanzuace

(SDL) in the formn of syntax dizgrams. A syntax diagram consists of

identificrs {(enclosed in ovals) and tokens {enclosed in rectangles). The
syniax dingrams 2lso followed by a textual representation.

7.4.1 Syntéx Diagram

Figure 7-9 is an example of a syntax diagram. It represents the
complete syntax for a library source file. ’

. Frelix - ﬁ
- V Delinition _——T Delinition #’_‘_"_—_ >

“Figure 7-9. Syntax Diagram for a Library Source File

Torcad a syntax diagram, observe the following rules.
. " ’ i

1. Read a syntax diagram from left to right.

2. Every path that you follow in the direction of the arrows represents

a correct syntax form. '

'

Lot

Junctions represent a connection point where you have the choice of
czizcting znother poth. For example, the syntax diagram for the
Vhoaovaruroe e shown in Figure 7-9 has a junction alter a pan
d2nition.s You can choose to complete the diagram or 1o make
another part definition,

7-29
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4. You caanot continue along a path that goes ap i, -
cxample, in Figuie.7-9 after making a pan de s W irows. For
M \ .
choose to return to the prefix definition. '"you cannot

S. Teatenclosed in ovals represents an identifier " . -
squares represents a token. ' SIR tenclosed in
What are identifiers? Identifiers scrve as pla gt -
detailed level of syntax structure. Thicy do not o, ' “15 for a more
syntax or tokens. Rather, they provide the abilityy,, -_.m t‘ommar}d
of the syntax. When you create the part, you g | : 1" 1 oveiview
all the nested identifiers. For example the syntay o, i down !h{ough
source file shown in Figure 7-9 has two identifie. mnill'”” for a library
section will now expand each of those identificiy oy, tokens. This
possible tokens. : o btresent all the

What arc tokens? They are the building blocks f ,, I
Just s a sentence 3 made up of words, a library
of tckens. A token belongs to one of the follow]

"y source file.
fle is.made up

L
Sy .

LRI Fioties
- Numeric constants. A numenc constanl cuneiey., ol
-whole-number digits. : Bhie or more
Examples: 15
: 2
127
« Character sirings. A character string connivne, .4 o
. - ity
zinhapumernic ASCIL characiers. " branore
Cynrmmleg  TAAT CO4
ZENER
LS
CLOTK
+ Hewwerds, Akeyword is one of the followin,, .
BITMAP Takes an argument (an ASC]] T
' " fFate .
. part name) and represents, jhr ""':.JL ' presenting a
! e L .
idenmtified part, j» of the
\ \ - . .

7-30 | . ' o %



Schematic Design Tools , " Librarices

" CLK

CONVERT

DOT
END

GRIDARRAY
HI1Z

IN
Vo
ocC
OUT
PAS
PREFIX

FWR

SHORT

Reprcsents the clock symbol in a pin definition,
Intreduces a converted bitmap. With an argument,
Hserers 10 the converted bitmap of a bitmap
symbol. B

Represents the inversion bubble in a pin definition

Delimits the close of a prefix definition.

Spcciﬁcs thai the device is a pin-grid array. Used
1n place of the number of pants per package.

Identifies the pin as a high impzdance (3-staie)
ouiput. '

Identifies the pin 2s an input
Identifies the pin as inpul/output.

Identifies the pin as open collector.

"Identifics the pin a2s an outpul. -

Idenuifies the pin as passive. |
Delimits the beginning of a prefix definition.

Identifies the pin as a power pin. The PWR'V.
keyword prevents a pin from being displayed. .

Tzkes an zroument (2n ASCII string representing a

Crefercnze value), Overrides the default reference .

value.,

Specifies thal the pin Jead lengths be 0.1 inch

- instead of the normal 0.3 inch.
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7.4.2 Textual Representation of Syntax
In addition to the syntax diagram,’syntax is represented in text. The
“syinbols are defined as follows.

. Textenclosed in iralics represents cither a character string or a’
" numenc constant. '
(] Text enclosed in square brackets is eptional. You choose
whether to type it'in or not. Do not type the sguare brackets.

{} . Textenclosed in braces is required. You must cnter what's
- represenied within e braces.

. : N
If iteims within square brackets or'braces are separated by
commas, you must cheoose one of them only. Do rot type the
cemma. '

. Thiree penods mean you can repedtthe last'item. How many
times you can repeat the iiem depends on the coniext. Do not
type the penods.

- Here is an example of syntax represented in text.

pos (pin#. . grid..)
First, you must enier a representation of pos. An accompanying
“description explains what you can put in for pos. The square brackets
arcund the next item indicate that you don't have to enter it at all. 1f

: you do, you must choose between pin# or grid; and you can choese 2
repeated number of each.

7-32



. Schicimatic Design Tools Librarics

7.4. 3 PRE FIXD f:n.tnon ‘

Fiaiioe B ‘th

Shorthand
Siring

L 4
FrRIfix STRING - SHDATHAND §1R
_ R I Any ASCH
' 1 i Chatazier l
Figure 7-10. Syntax Diagram For a Prefix Definition
PREFIX
[ ‘prefix siring” [= "shortlhand siring” ])
END
where:
prefoc siring "A charecier ﬁ!rmg of up 10 seven prmlablc
ASCI] characters. You can have a maximum of
i6 j,‘:v::\.r" 34rings.
simriand el

oa

A character string of up 10 scven prmlnb}c
ASCl Chrl’dClC!’S
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———— ———

NOTES

The equal sigh must be separated by one or more
<SPACE>s or <TAB>s. )

EXAMPLES
Example: FREFIX
"74LS" - 'LS‘'
'745° - ‘s
'T4ALS - 'ALS'
*74As" = TAS?
"J74HCT' = CHCT'
*T4HC! = VHC!
'T4ACT = "ACT®
"J74AC". = ‘'AC’
. 'T4E" = F
740 '
END
Example: PREFIX
: END

7-34
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7.5..<. Part D2{inition

TR DR TIIDN - - . -

- L PO ,_{ﬁ_' Sl l,l Y S5
RN I : e j [aosn €y 230y [a-aely 12D

| e | -
it ':.'{,'&-J_"—".u\-:'n:' Sinng

&..":i- o Faip Ear F-'.-J? Fuor
] Froge Ce 121 ‘]ﬁ“ RS L LY i nal
"_n_:,_TE—

Ficure 7-11. Syntax Diagram for a Pert Dennition

‘part name siring’...

[REFERENCE ‘ref string” 1 -

X size Ysize { partsipckg . GRIDARRAY)
pin definition

[ Bitmap dcfinition '}

[ conversion bitmap )

PART LALME STRING

R > -
: — 4 Any Cha:acler

Ercept *

Figure 7-12. The Part Name Stfini;

7-35 ¢
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~where:.

part nanic siring A character string of up to seven printable
ASCII characters that identifies the part. This is
the string that can be used &s an argument for
the Get command. )

ref string A character string of printable ASCIH
characters. If piesent, the reference designator
replaces the delzult réference designator.

X size "A numenc constant inthe range 1 to 127, The -
horzontal size of the part as it appears on a
prinied worksheet. Each entry comresponds to
one unit length on the screen or 0.1 inch on a
printed worksheet.

Y size ' " A numeric constant in the range 110 127. The

"~ vertical size of the part as it cppears on a prinied
worksheet, Each entry corresponds to one unit
Jlength on the screen or 0.1 mch on a printed
S uorksheet :
partsipekg . - A numeric constant in the range Oto 16. If you
: specify a2 0, the pins are not numocred on the
_symbol

pindefinition © These are identifiers for a more detailed bi itmap

dcfinition level of syntax. See the - _
" coriesponding conversion bitmap entry.
\O (LS

To improve readability, you can incluce comyiments within
a pan dcrnmon You can also-place blank lines within a
source file. Typically blank lines are placed between
different part'definitions.

7—3§
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EXAMDPLES

Example 11 *211a' - +22
' 6 14

pin definition

Example 2:
74674" '74ALST
"748CT4Y 'T4ACT4
6 & 2

gin definiticen

48"
1

S

[Two part name strings. ‘These
may bz on the same or scparile

lines. )

§' '74LST4 '74874°

- 7-37
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7.4.5 Pin Definition

PIIDIFRUTION

- ———————

"= FPosilion \
w___J

-

| T Pa-ze £1.2557 +

P HNumber

) | r a gl BN sy
L G )
S e R Vi I Ci¥_ ,,_j .

S String
b .
3}
_:}_—a
—"r*_" A
""TE 3
H!Z

Figure 7-13. Syntax Dingram for a Pin Deflinition>

s [ pin#, gr:d ] [DOT] |CLK])[IN] pin'nmn‘c'

[SHORTJ [OUT]
[1/0]
[OC]
[PWR]
IPAS]
[Hnzyp
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where:

s

7-40

A Tetier Tollowed by a number. The lelter is one
of the following: T, L, R, B where '

indicates the top of the symbol. _
indicates the left side of the symbol. |
indicates the right side of the symbol.
indicates the bottom of the symbol.-

ol s Nl

The number represents the distance along the
indicated side. The distance ts measured in unit
lengths on the screen and in 0.1 inches on the
printed worksheet. For exanple, if the block
symbol were 6X by 10Y the grid used for
placing pins is as follows. The figure below
shows the Jocaticn of L3.
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"TOPR

@] i 2 3 4 S B
D' —— e
i
= .
3
4 ‘ S
LEFT -5 RIGHT
- L . ,
7 | — )
8 T ]
g -
10
BOTTOM
: Figure 7-14. The Grid of a 6X by 10Y Block Symbol
I
POSITION _
Cecimal Number
S| _ —_—
g T : Rarge"@..127 0 '
—{ R }—1 :
".’mjf -
L+ 8] "

Fizure 7.15, Thc‘Posi'tion Syntax Diagram

7-41
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‘Cl'l-ti

CRID ARRAY

A nuimeric constant rcpfucmmg the pin

number. This is the pin number that appears in -

the screcn symbol.

A letter followed by 2 number. grid represents
the pin-grid array pin number. You can only

- choose a pin-grid array pin number if, in placc

of partsipckg, you chose the kcyword
GRIDARRAY. The letter must_be in the range
A through §; the number must be in the range |
through 15.

Pt AME

Upper or Lewsr Casa Leller Dccju_-u_N nI3ER
F.an;‘.' DECDEFGMK\LL&N;RSU Em— RA‘J\JE [:‘ 16:

wehlh

Figure 7-16.

SIIORT |

DoT

$7.42

Gridarray Pin Name Syntax Diagram

A Le)word that places a shon Inad length at lhc
specified pin. The normal lead length is 3.

~ screen units or 0.3 inches on the printed

worksheet. When the SHORT keyword is .
present, the'lead length is 1 scrcen unit or 0.1
inch on the printed worksheet. The SHHORT
keyword cannot describe a pin that also has
etther the CLK or DOT keywords.

A keyword that places the inversion S\mbol (the
bubble) at the specified pin Jocation. The DOT
keyword cannot describe a pin that also has the
SHORT keyword. The pnimary use of the
bubble is to identily pins that have locic
negation, cither at an input or an at an output,
The figure below shows the inversion symbol.
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Ficure 7-17. The Inversion DOT Symbol

CLK _ A keyword that places the clock symbol at the
specified pin location, The CLK keywond
cannot describe a pin that also has the SHORT
keyword. The figure below shows the CLK
symbol.

Figure 7-18A. The CLK S,\-'mbol"'

You can use the CLK kéyword in conjunction
with the BOT keyword 1o produce a DOT CLK
symbol. The figure below shows the DOT CLK
-symbol.

S 7-43
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Figure 7-18B. The DOT CLK Symbol

IN A keyword that identifies the pin as an input.

ouT : A keyword that identifies {hc pin as a standard
lotem-pole oulput. :

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

OoC ' A keyword that identifies the pin as an open
collector or open drain.

PWR . Akeyword that 1dcnl:ﬁes a poucr pin, such as
' Vce, Gnd, Vss, Vdd, and others. Power pins are
not dlSpIa}Cd on library parts when they appear
on the screen or printed worksheet. However,
the NETLIST utility connects all power supply
pins that are defined in library source files.

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

Nz : A keyword that identifies a pin as a high-
' impedance {3-staie) output.

pinaeme : A character string that represents a name for the
specified pin. For block symbols, this name
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appeais en the scicen or the printed worksheel.
! Pinnames do not appear on the scieen or the
R - prinied workshoet whien they are arc part of pin
© definitions for a a bitmap symbol. Towever,
you may still choose 1o use pin names in biimap
symibols. The NETLIST utility still recognizes
them, and you may find them uscful as personal
references. ‘

You can enter pin names either in upper- or in
lower-case, but they always appcar in upper- ‘
case. ‘

The backslash (\) and single quote () arc special
characters. A backslash (\) alter a character
indicaies that the characier should have a bar
over il. If you want to bar multiple characiers,
you must place a backslash after each characler.
The single guote delimits the part name string!
'If).'ou want a single quote &s part of the pin
string, you musi escape it with another single

quote.
. :
PIN NAME STRING . |
_ . Any Chaizzier . Y. ‘
—{} 4 Eicepl "and V[ o ’
- s v A

Figure 7-19. Pin Name Sl[r_ing Syntax Diagram

7.45
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a

EXANMDPLES ‘ |
- - - o : ) . . \ ':
’ ‘Example: - ) .

2114 '2148°

6 14 1
L1 5 IN 'AQ?
L2 3 IN ‘Al
L3 7 IN Y Y2

. L4 { IN_ Al
LS 3 IN ‘AT
Lé 2 IN AL
L7 1 IN "AR"
L8 17 IN YAT"
L9 16 IN '*AB! -
L10O 15 IN ‘A9
L2 8 IN ‘CASN?
L13 10 IN "WAEN!
Rl 14 HIZ ‘oo
R2 13 HIZ ‘D1’
R3 12 HIZ 'p2°?
R4 11 HIZ ‘D3
TO 18 FWR *vee!
BO 9 PHR *Grot
Example:

"66020*' (This device is in a piﬁ—gzid array pacxage.])

15 66 GRIDARRAY

L1 c2 CLK IN ‘CLK’

. Example:-

7474° STV 7L4ALET4Y . ‘T4AST4Y 1 T4LSTI4 '74574°
*FAHCTAT *T4ACTA! ' : .

3 3 2 ' .

L2 -2 T12 N . ‘D"

. LA 3 11 CLK IN ‘cK*
Bl 1

13 DGT 1IN ‘CL*

746 .o
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7.4.6 Bitmap Definition - - = .

B1Tk &P DEFINITION

Jf  Eumap \
k_ Line J . s
BIIMAP Far Kame
Strng *
) Patt Name
bt Suing
4 .
D S
——— Fin v i ( B:lmap‘\ :
L.C’D'"'E'“T I Delinition 3L Line § 1

———— - Fast kane
— = BITILAP . S
String [
COrAE AT Parl Nama
Stting

Figure 7-20.. The Bitmap S_yﬁtax Diagram -

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

where: :
A .represents cleared pixel bit that 1s not
displayed on the screen.

# - A ¥ represents a set pixel bit.

S :

7-47 .
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. If}ou usclh" BITMAP option, tw surc that the part
nzme you refer 1o 1s pr"\mus]\ defined. Be aware that.
DECOMP may rcorder part definitions. DECOMP
order parlsrn1nvw1caﬂ) znd then alphabetically,

EXAMPLES

Example 1:

'CAFACITOR®

2 3 0
Tl FAS '
Bl FAS . '° i
{ 01234567E50123455E7EGC1 234567650}
A 0 1 2 3)
JO0} .o e f
103 3 . -t
[02).......... 4
{03} ... .. ]
[C&) ..., ¢
{051 .......... ] -
{06) ..., ]
{07}, onn q
{CBY . v inn, ]
{C9).neenn.. ]
{10) . ... ovn [
[ I 5 S |
. {12} eiinnn.. '
(13300800 it itriqgrodiend
{14). ’
{15}
{16).
{17%.
(18f.. .. . b0 RETIREHE
R I N X N S & N |
(20} .00 ....... Fo..... i
(2118, P A ' L~
{22) e 1.
(23}, ... e [}
{24) . 0. {
125) ... oun i n ']
[26}. .. ... as ]
122) ... 0. ]
{28 ..o ... [}
{128) .. e t
{30} e ienann. 1

L o 7.49
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Example 20 BITMAP '7400°

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

Example 3: CONVERT 7400
{ This tzkes the conversion bitmap defined for the device

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

7.4.7 Conv=rsion Bitmap_

CONVERT
pindefinions

bitrmap definition

where: _ S

pindcfinition A previously described identifier. Note that the
pin definition for a converted bitmap must have
the same value for parts/pckg and the normal

bitmap. .
bitnn definivian A previously described identificr.
pari rmie . A previousty defined part name that has a

converied bitmap. -

7-50°
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[ S o —————— e A S e e s e

NOTES

If you vse the CONVERT ‘part rigine’ option, be sure that -
the past name you refer to is previously defined. Be -
awaic that DECOMP inay reorder pzn definitions.
DECOMP orders parts numerically and then
alphizbicoically.

7:51
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- - _—— e e i e ———— e

FINAMPLES , ‘ - , o

T.wample 1: CCORVIRT
: Ll
13

1 g 12 IN J10"
2
R2 . 3
1
7

4 .
S . 10 13 IN ‘i1t
6 8 11 -.ouT - 'O
T0 i
BO 7

14 14 14  FWR ‘'vcC'
7 7 FWR  ‘GND'

A T TR 2 Y

e A ey s e P e ——
Dl WL W WL L NN
—
'
.
o~

OWm N R Oy D
i
.
.
.
B
B
L

L S S
4.
.+ .
-

.
.
*
+
.
.
.
.
.
.
.
.
.
.
.
.
.
.
+
+
.
[
-
L)
-

llllll'lllli!lllliltlIillillillll

fxample 2:  CCNVERT *7400°

7.52
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7.5 Alinal Example: Making a Conneclor-

A typical custom partis a connector, You could use module ports 1o
mzne a connector, but OrCAD doesn't recenunend it. If you use
module ports o represent a connector, the NETLIST utility has no
way of knowing what the pin m.mbcrs are.

In clced use module porls to represent hncrarchlcal and flat file signals
U:zt go from one sheet to another. Connectors, howcever, such?as the
DEBE25 or the IBM 62-pin edge connector, are best rcprescmed as
hbrary parts. Inthat way, you treat connectors as physical devices
with pin names, which is what !hcy are.

Hercis a par‘xal example of a part de finition for an 1BM 6" pm edge
CO 11]\_C!0r )

L1 IN 'Bl°
12 IN ‘B2
L3 IN ‘B3’
L4 IN ‘Bg*

L30 IN - 'B3p°

L31 1IN '"B31"*

Rl IN ALY

R2 IN *R2! . _ .

- R3 "IN Th3 : . : - .
R4 IN AL
RS IN TASY

RE . IN ‘ARG
R30 IN . R3O0

F31 CIN  ‘A3Y

Y.

. o Ao,
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7.6 Exzmples of Source Libraries

Using the techniques discussed just descnibed, we cannow examine
some examples of Iibrary source files. Remeimnber, comments are
- enclesed within braces {...}.. We present three sanmipic source_
Hbraries.

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

SAMPLE_2SRC This file contains some standard TTL devices.
Noie the use of a prefix definition.

SAMPLE_3.SRC This file contains somie typical biunap

' _definitions. It has an AND gate with its
DeMorgan equivalent, and antenna, a capacitor,
a triode, and other non-squaie or non-

rectangelar symbols.

Although these examples separate the kinds of definitions (block from
bitmap) into different Tibrares, that is not a requiremerit. You can
intersperse block and bitmap definitions in the same file.,

To use these sample files, construct a pure ASCII file (no formatting
charcters) and execute the COMPOSER utility. Then reconfigure
DR AFT 1o recognize the new library. For cxample, to COMPOSE the
sample files, enter the following commands on the DOS command line.
~ The file COMPOSER EXE and the sample files must be in the same
directory. , :

COMPOSER SAMPLE_1.SRC SAMPLE_I.LIB <RETURN>
COMPOSER SAMPLE 2 SRCSAMPLE _2.LIB  <RETURN>
COMPOSER SAMPLE 3.SRC SAMPLE_3.LIB <RETURN>

_Then, rtconﬁgurc.DRAFT, as outlined in Scction 2. You can add one .
- or more of the resulting library files. DRAFT expects the library files
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7.6.1 SAMPLE 1.S1C: A Block Symbol Lisrary Source iz

{Broinning of woetce file, SAFLE 1.ERC)

L1}

FRITIX
ND ’
{The iolliowing mpa wonliy GF tes)
1K %x 4 static FAM)
12114 'Z14Er C *2i4D ve€13 55347 *8114° '8124°
6 14 1 -
L1 5 - iN ‘RO
L2 6 ik TRLT
L3 ? IN ‘A3
L4 4 Ik ‘Aot
LS 3 IN YA
- L6 2 IN - ‘AE
L7 1 N, . AT
LB 17 IN -
18 16 iK 'ABY
110 1% IN ‘AT
L12 g IN ‘CASY!
L13 10 iN NCAYAN
R1 14 FiZ . 'pe"
R2 13 ril ‘D1
R3 12 EIZ ‘p2°
F4 .11 - KIZ ‘D3’
T0 18 FWR . e
BO -9 FWR *GND’

[ All of the above memory devices have the same block symbol. The
part's size is 6X by 14Y, and it has one pan per package.)
{226 x 1 Zyvnamic FRRM)

*21256° 151C256" 50256 '50257° *E1256' ‘'B1257' "6256'
*6257° *4256" 14257 '41256° '37256° '

6 14 S |

L1 ’ 5 ™" ‘RO ,
L2 7 IN . ‘Rl .
13 & iN ‘R2Y

‘L4 12 IK ‘A3

L5 11 IR R4t

L6 10 IN ‘RS

L7 13 b2 I ‘hE!

L8 g - N ‘AT

19 ! pEN TARET ]

L11 4 TN CRAANS

112 . 15 IN *CARASN?

113 3. - 8 - 'WAEN!

Rl 14 . JK1Z 'DO!

Schematic Design Tools Librarics



Libraries

L10
Lil
L12
" L14
L5
F1
&2
R3
R4
RS
R6
R7
RB
T0
EQ’

~ Schematic Design Tools

iN
IN
IN
IN
IN
IN
IN
IN
1N
IN
IN
IN
iN
1N
KHI1Z
HiZ
KIZ
HIZ
HIZ
HIZ
HI1Z
HIZ
EWR

FWR

'D1"
Vi
'VSS

|;10|
‘Al
'AZ'
';‘\3'
|Aql.
.F\S'
lASI
I;\?'
'{‘18.
|’-_‘9|
*AID
'AI1Y
"CANENT
PONEN/VEPRS
IOOI
'ol°
‘02'
‘03'

004 T

lOSI
losl
.07I
*vee!
*GiD!

{ The following are raicroprocessor devices}

. "EOBEMAX'

13
R1
R2
‘R3
R4
R5

O

3 B v 5 s I R 3 e 5
[ SRS T B E R IS I

m'm
— bt
WS

RS
‘R16

R17 .-

7-58

Wl N B Ly s 00

o WO

32
16
15
14
13
12
1l
10

1

"1/0

/0
I/0

‘1/0

1/0
1/0
1/0
1/0
I/0
1/0
1/0
I/0
170
1/0
1/0

1/0° -
T ouT

i;DO"! )
*£D1’

';‘32.

RD3”

l;‘Dq L]
LADY

CURDE!

1227
Vers

CAZICY
tRDILY
*2D12
*AD13"
"ADI4"

“*AD15"
T 'A16/S3.
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Schematic Design Tools ' Lihirarices
1B 37 GuT "R17/84°
19 6 ouT "RYIESSS?
20 3% (o}l TRIG/SE"
22 34 ovT *m\E\EN/ST’
24 N OuT X
r3 T 27 DOT OVT '51° -
26 78 DOT  QUT '52"
28 32 ouT *RAD\'
20 STe mIT o OUT TLOTKY
20 25 O3 Rt
31 24 CuT ‘051!
13 22 1K CFIARDY'
L4 19 Cik IN  CCLE!
LS z1 1N "EISET' .
17 1€ 1N VINTR'
127 31 02T 1/0 "RO/GTO!
128 =0 DOT 1/0 *RO/GTL!
L29 17 IN NS G
130 23 voT  IN *TEST!
.31 3 IN MAXN!
70 40 PWR Ao
20 20 FWR "V GHD!
25 i " FwWR rGuD*

{This dovice s in 2 pin-grid array package. Notice the keyword
(SRIDAJQ1Aﬁ’k1phceofpanspcrpackagc) '

*ee 020"

16 53 GRIDAFRAY

11 c2 CLK IN 'CLK'
13 - Jl2 DoT IN '1PLO"
L4 J13 DOT N '‘IPL1"
LS Ei2 DOT iN ripLZ’
17 K2 DOT IN *AVEC!
L8 A1 DOT - IN "BSACK'
19’ 83 DUT iN 'ER!
110 J2 DOT N *ETRR’
111 B1 DOT iN ‘CDIS!
113 H3 DOT IR -"DSACKO!
114 Jl DOT IN "DSACHY®
L21 K13 : 1/0 ‘Dot
122 K12 : 1/0 ‘D1t
123 L13 i/0 ‘02"
124 112 1/0 '3
L.25 H13 1/0 ‘DY’
LZ6 M17 - 1/0 - ‘DS
127 M13 Lo 1/0 ‘De’
128 110 1/0 D!
129 B12 . 1/0 ‘DB’
130 11 1/0 DY
121 M0 1/0 . 'DlO¢
132 Le 1/0 ‘DI

133 N1O - ) 1/0 ‘D12

-89
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el o

Lak :_.1 Lot 1k La? .
[« SR I Vo

|l o
. L
0

L4
R
L hr— O

-

-

144

LA
Ie L Lv A
m -~ N

Fa3
o

n

) 31 A W o
o WD M ~d NLN
o

o ol ¢
et
N

Y]
K

PRI T S0 & B L B T IS b §
[N N N
SN de L

Py

v (T,
P

it

niz

oA OWMAOOOM
e \
MR W N W NN

N N RN

C10

F13 CLOT
p2 EOT
El

1/0
1/0
I/0
1/0
1/0
1/0

1/0

1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
1/0
/0
1/0
ouT
ouT
ouT
ouT
CUT
ouT
CuT
cuT
CuT
ouT
OUT

OuT .

ouT
cuT
ouT
GUT
ouT
ouT
cutT
ouT

CUT

ouT
cuT
OVT.
CuT
CuT
CuT
GuT

CuT -
. OUT

OJdT
CUT
ouT
ouT
ouT

Schiematic Design Touls

‘D13’
AR
RN
‘D16’
‘D1
*D18B°
“n1ee
'0ed!
o2l
'p2et
‘D23’
*524¢
D25’
‘D26
‘D27
'peg?’
‘D29
'C30°
‘D31
‘A0
AL
'AZI
TR
-
A5
I;\ﬁl
AT
Y-
-y
"A10!
‘A1l
*Al2!
*A13!
*A14"
*ALS!
*Ale!
‘R17° -
'A18°
*Al9!
'R20°
A2l
"rR22T
VN
‘A24"
*R25"
P226°
'h27°
‘azB*
"h29"
‘230"
TR3NT
"IPEID”
- Tel

*FCO’
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F3 : ouT ‘FC1°*
Fe : CUuT 'rc2!

r
Fl OuT S PO
c2 . . SoUT T sz )
G3 DOT - T OUT CEOR
Gl DT - oUT ‘£CS!
£13 DOT ouT ‘OCS!
v2 DOT OuUT YRMT

b B B & e 5 B B B i £ B A B 5

P e LI PV I S o B SR TR SR Vo I AN VYR T e I W WA BRI A L L L AL A RN
.

Ll DOT .OuT TAE
M1 DOT QuT 0st
L2 o - T OUT "R/WN?
¥2 DOT 1/0 'HEALT'
Cl -DOT . .1/0 'RYSET®
A3 Fa *VCC!
Dl FWR "VCC!
n2 ’ FWR - vee!
E3 FWR A ielell
Gl1 FwR AVTaled
G13 FwWR AVelol
M5 TmR AUolol
13 FWR AV uledl
£10 FwR Coranne
crz2 FWR Gupe
E13 TWR eith R
J3 ' FWR 'GHD'
Kl PwR TEHD!
L7 R CGHND
w1 PwR ©NGHRD?

29 - FRR gty

(RS R R B B3 M) i Sl
PR O M b K v D

o Lo

s nror o ont -l

- VN

{Znd of source file, SAMPLE 1.SRC}
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7.6.2 S JPLE 2 SHC ATTL BIock Sym \01 Library

[éc-;inning of vte so{nce file,

¥ X
Sl

*34
:

" _;,

34
*T4ALS”
"T4AS”
"744CT!
*74AC"
'74ACT"
*34AC
TISET
74
£

1)
'S
mP‘HMLAJ-hU\m-JLD

'Ls!
!Si
*ARLS!
‘RS
"HCT!
IHCI
*ACT'
IAC'

1=

t

v446° Y7447 T TALS4T

- 7-62

£ 8
Ll 4 .
L2 S
L3 3
L4 ?
LS 1
L5 2
L7 6
27 14
A 15
RS 9 .
rd 10
11

x
IN
IN
in
IN
in
1
iN
DoT
oGT
DOT
DOT

COT -

ouT

. CIT

ouT
ouT
CuT
ouT

ouT

QuT
CJT

T CUT

-388%8

Schematic Design Tools

Scurce File

Sk urL:. 2 ¢RC} ) -

TRAEN0N
CREABVINY

lL\T\I
vyt
v
PR
uB-‘
n'Gu

[l

r
.E'
|DI
ccd
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R2 12 DT o0 R:N

Rl 13 DaT 0T SN
70 16 FwWR AU

B0 B TR R oS

tIa74" CTIRTETLY TTIAST4Y TI4LSTEY *74574"
VIIHDTEY TTLATIS

€ € 2

1.2 2 12 @ Ih 'pt
13 3 ~31 CLK 1IN ‘CR!
E3 ' 1 i3 DT IN, L 'CL?
T3 4 10 007 IN P!
R4 6 ] ouT et
R2 5 g outT Qg
70 14 14 . FWR 'vee!
B 7 7 FwR ‘GHDf

[ This part hes two parts per packege. The far left columncpiesents
the pin position. The secend column contzins e pin nuwinbers of the
first D flip-Nlop in the package. The third column contains the pin
sumiber of the second D flip-Nop in the package. Noie the power 'S
on 14 and 7. They are iéquired for both devices.]

"7211S160" "T4ASIACY 174181607 'T4HCIED!

"74RLEY6Y T T4ASIALT 'T4LEIEN” "I4HCIEL

172216162 '74AR51€2" '74LE1£2" '7451€2° TT4uTIED!

192215163 " "T4AS163" 'T4LE1ES' 17451637 +748C163!

B 10 1

54 1 DOT IN *CL’

1l e DOT iIN LD

L2 10 IN YENT

13 7 N 'Ehp! ;
L4 2 CLK 1IN "CLK'

S -3 . IN ‘A

L7 4 IN N

L8 5 IN A

1e & b ‘D’

R3 . il S OuT TG

®E 12 OUT - vl

R7 13 COUT el N

R6 14 ouT "GR®

74 15 ouT Cocpe

0 16 FwR v

BD B FwR GRDt

112n: of the source file, SA}*\_’;PLE__E.SRC]
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7.6.3 SAMPLE_3.SRC: A Bitmap Symbol Library Source File -

iZeginning of the scﬁ:ce.file, SAMPFLE_3.SRC)-

TETHIX .
DI LR '

RIS
6

-L1

L3
R2 -

9 12 IN ‘10" _
10 13 IN oIl .
8 11 DOT  OUT ‘D ‘
70 4 14 14 FwR AV elels

B0 7 7 T FwR *GLD'
{bcll!ili!liilriiliiili!!lfliallliislll!ii!iiiilf

q

b= el RO D
= Th WD i

(B4

~J
-

[ IRV IS o]

- T e i b e
-»
Al

{38018 .. . ... ... ..... P et Xy
{QUIIli‘lllllllllliitllllrllidlilllilifcllllllill
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e—— — — ————— —— e e i ¢ —— e, -am

CONVIRT )

L1 1, 4 12 IN . '10° o
L3 -2 5 10 '~ - -13 -, IN 11! "
F2 3 6 ‘ g8 - 11 © 0uUT s R
T 14 14 14 14 FwR VWO

RO 7 q 7 7 FRR ‘GLDeY

(oD edpaie i b iRttt ba i i :

0 T R it

a1 2 R T RO i

L O T Y Y s il

{05} . e i

{05)..... e (X

{O0€)... .. e {

oI 2 T I I I G ]

<38 R R I T ]

{0%)e. ... O t

13i0)8 ... .. I O ]
{¥y)¢..... R U ]

0 O I R e R ]
{12)..¢01 T U O PN ]

-1 T B o e e e et e e e ]
{15)......... P !
{¥6).......... e e e et e e e e e e e e ey e e '
(17) .. ... ..., S ]
{IB} ..o . U O !
1191, ... ... ... 2 O OO '
{20} .......... R AP +
{21y, ......... B o e e e e e e e e e e e e e e e e e e e e, ]
122).......... B e e e e e e e e e e e e e e e ]
123)....... ... b o e e e e e e e e e e e e e e e e e ]
{24) ..o ... B o e e e e e e e e e et e e !
{25}, ... n B o et e e e e e e e e e ]
[26)........-. O S 1
(27). .4t P ]

T I N T T O i
{z9)d..... T 1
{30)#..... I T e e e e e ]
{3150..... L 2 U ]

7 T R I T 4

O D U I 2 T L 4

[3¢)...... B o e e e e e e e e e e e [

ISy, ..., B ot e e e e i e e e e e e e e e H

L ST AN 4t

T N S i

1 R R Vit

< T O tire

SO It it eniissti eIt

7-65
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Tools

=0

eITHA

conv
Ll
L2
L3
R2
0
80

1

S 2
13
12
14
7

P 17400
ERT

10
11

) U I L W

0
1

9
)]
1
8
14
3

‘1IN

IN
IN
ouT
reR
twR

byl
IN
iN

- ouT

TwR
FwWR

iOU)lt!ilfHHHHIHHlH.iniltlHl

{GL). ¢
{02}..
{o3). ..
[(246)h.. ..

i065)
{0€)

{07) ..
(8.t
(DS} 4
L R i

(10}

{36%...

{37)..
“{38}.

139},

.......

oo

IIOl
l11|
OIZI
IOI
‘vece!
GHD!

IIO'
"T1
lIzl
IO'
IVCCI
*GND*

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

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

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

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

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

140}l-HIllni“n“ululll“.ln-l

3-66
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e e———— eme

Y7402
6
1]

L3

R2

TO

j23e)
lCC}ilf!tfi#li!llllll’_flilftli.iillfll

LI I TR fe11

I R U [N

{03}...‘ ........... b e e e v m ot o aomwnoa s s na e, e e e i’ .

R R i . -

4 4

R A ALY

(137........ b e e ]

2 1 S 2 [

(31)..... ESTE I e e e e e e e e e e L



l.ibrarics

CHVERT

Ll
L3
R2
70
20

4

ke g R

\

TTHAFR ' T400”

4

Schematic Design Topls

*3633 *T41833" *T4ALS33

48,

1THAP Y7400

5 g
3 9
4 iC
14 14
7 7
4

5 8
6 )
4 10
14 14
7 7
5 8
6 9
4 10
14° 14
7 7

11

12
13
id

11
12

13

14

T11

12

-

13
14

DOT
FwWRVCC'.

rwR'GHND!

9]

ra
“i =

Fwr'VCC?
FwR'GhD'

[The following are clectrical and clecironic parts)

7.08

TERNAY
1 0
: ouT '
CiebbIERRLEA RN
1). ... ..., | 2 ).
4 T S f....... t..
Iy .., bo..... t.
... .. .. b..... !
3 R I I
75 I 2N U S
Thooo .. I T S
B)y........ 20 I
-+ [N 7 I
0}. B S

CIN'IO*

1L'I1"
ouT'Oo"

IN'IO®
INTEL?
ouT'0!

IN'IO"
IN'IL'
CUT'O"

T
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icui

*CnTAL{ITOR'

FEFLRINCE  ‘C° o , C :

{X Si:ze =} 2 {Y Size -} 1 {Farts per Fackage =}} 0O
Tl SHURT . FAS ‘1 C e .
Bl - SHIRY FAS A S ) : .
R o} IR T e

{ Y}.......0.. ...

{ 2).¢tddiidddpiedbindin,

B R

- T

. T T I

S - R

{ 2}...... PRETbLREN .. ' ;
i 8B)...¢000....14 16, ..

{ 9Q).#4....... | SV it

{10} ....c0vn.. ...

'GRLC POWEIR®

{¥ Size =} 2 {Y Size =} 1 {ferts. per Fackage =] ¢
71 FwR *GRD'

{ OJdFededébdptgiditintid

AR U T

2 IR

{3 .. dpdisrangiiiin, .

{ 4) . i s

TS T PP

i 6)...... gty .. ...

D I T P

- S

[ 9).....v... TR N

T ¥ 1 )

. - 7-69
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770

COMDEFET N

FITERINCE 'Q°

.3 2 -0

L2 SHORT - IN ‘GATE' -
T2 SHORT IN *DRAIN', .
B2 SHORT IN ' SOURCE !
{ O0).eeon.. .. | oo,
[ 1Y ...... [ R B
- N P EE R R TR N X 1 T
{ 3}....¢ S
{ 4 N T
{ S}ee..®....8..... . L
B O3 IV Y Y & B
{ 7)....% R R N T
{ 8)....¢ N R R T 2
{ 9)....¢ R N X N X I
{ 10) . .. 4. .. vitbpbEadbRR ... ... ...
DB I I S X X I
'S TR DU S E N I IR D
{ 13}....¢ BN JE K X I R,
[ 14).... 8. .. . 8. . kb .. .0 ... ......
{ 15)....¢ Y I I B
(-16) .. e R
[ T R oL, .
SR -0 TR D F X TR NN N N XN S,
1 19} ... 8 o e ... bo... .. ..
| 20)8ed0d. ... %.......... b
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'*TRIODE!

$ 4 0

12 IN ~ 'CRID'
By N T YCATHEIDE
Bl IN PFILNIINT ]
L3 IN CFILRMENT 2 .
T2 -IN ‘FLATDY o -

{00) . . o e §Vidiiistiatk

{32).#.......... L 41

2171
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. APPENDIX A..

SUMIAARY OF LIERARY CQIAPONENTS -~

. N ’

Dirvcinry of ANALDGITB S .. - - -

1456 1ETE 7€21 AOCUECY
:5ICECT ' IOZCEDS ISCUETA ASCUEDS
FSTIEDE ADCOESY DACGESD BACOED]
TAZCEC2 «+ TACLECE . SRCTEDY DACTECE
SACEICR LF13747H LFIZ741E LF147D
LF147N " LF15%SH 1LF156H LF15TH
LF25%H LF25€H LF257H LF347D
LF347N LF3%1H LF3SIN LLF3%3H
LF3L3N Lr35%M T LF35EN LF3I%EH
LF3INEN LFILSH LF337R LF411H
LF4I1N LFe1zH ra:od LF441N
LT 41N 14 47H IX44ZNH LF484D .
Lri4eN LECOLIN LECCCRH LUSOTAH
LHIDIH M1 L~101714 1M102H
1MICTH . IMIEGT . 1MI0T I 1MICE
L=ICEY IMICETE . . MRS ] TMION
IHLID 1~11H 1ML 1m124
IHMIICECN LHI3NE0P LHMI4TEY 134557
LMIELER IMI4ET 181487 1M149
LMIESEH 1MitIRy LuIEEH 1M159T
1MIS2E | o 1Hr62Y 1mynIM 1H201J
1uPGITI 1M OZH 1M257H 182073
TMICTITL LMITEY 1MZ06) 1M2GES8
tMDYLE 224 TVRILEY 1M24EN
1MT4E INI4ET . LM2Z5ER . 1Mze08T
1M23050N TEZ ST AN | LEILI4g 1524
LM e 1MIGIT LM3nIH 13013 .7
LM301T1E TeIAn: 1m3528 IMICTH
L=3I573 LHIETI1L ILMIGTR 1~3CEH
IMICED LM3GESR IM3ILER 1M2324
T 1LMIZCIN 132y . LHI40IN . 1M346Y .
LHILEN 1M3LE LM34ET . LM3LBE
1LM3IA9N 1-3LgR : 1LHISEN LM3s8T
LM259N <350 0N 1MIS2E . . LM1823
RS TN LM4250H . 1Mi2503 155

LYTC9H 1M7DIN L47O9NE LM725H.
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LMI2E B LMTAL. STAIA IHI41J1X
LMT4IN . LMIANIE LMT4T B CLMI4TR :
1MTATT : LM 48d © . LNT4RTT T LMTLEN
LMTECS . IM7EZ R 03 21 LMigld :
LH7812° . .. LMTBIS .- - LMIP1&. -, 1M7E24 -
LM7E8S - MIIE8S 0 - RCISES T 0 - mMC1TAL
kLSS SR 15 ST SN TLOTZ . TiteZ
TLC9Z! TATALT VOLTREZFTTTRT TR 7 L

Direciory of ASSEMBLY.LTR .0 . . °

08 PIN 14 FI% - . 1€ FT ~ * - .- 24 FTm—--:" " .

28 PIN- 40 IR STTTE-MTFIN TORP L. CEF IXT 7 .-
EDGE CONLgOs SRISTSToa 17l RESFETCA IXI _FEFESTSIORIXS =7 L.
FTSISITR FACK - 77X -225%. © T TOI39 - TUTTo SZX :

XTAL ' : ’ N
Dircctory of CMOSTIR - -

4000 4C01 4002 4506 4007 4cC 4009 4010 £311

- 4012 4013 4c24 4515 {016 4017 $C18 4Cy 4520
4021 4022 4023 4024 4625 4026 4027 4C28 . 4029
14030 4031 4832 4033 4034 I4035 4037 4G3 4540

4041 4042 4043 4044 4045 4046, 4047 0 4048 4049
4C50 4051 4052 4053 4CS4 4055 4056 4057 4859 .
1060 4061 4066 . 4063 ACE3  AGTO T 407T 407 4LTIC
4075° 4C76  4GTT 4CTB - 4TEI  4TEZ  ACES. . 4C%6 - 4099
4033 3094 4035 TACSE 4338 4053 4501 4502 4503

4S04 - 4505 4506 4519 1 .4%10 4531 4512.., 4513 4SI4
. 45315 4516 4517 4518 T 4519 4520 4521 457Z0 4524
1526 4527 4S8 4S9 4530 4531 45327 4534 453§

4337 4528 4536 (541 4543 4544 4547 4549 4551

4552 4553 - 4554 4555 4556 4557 4558 £559 460

4561 4562 {5€6 4568 455 . 4572 4573 4574 4575

$520 458 L 45EZ RSEY T 4%t4 . £52% 4557 458 455%

$101 14230 S4LC1 14007 14506 “ 14307 140TE 14511 14012
14033 14014 14C15 14216 - 14CG17 14913 14020 14721 14022
14023 14024 14025 140777 L4CZE 14029 14Ci 34234 T1452S
14028 14040 14042, 14048 24044 14546 14CSI . t4car 140583
TH40EE 14268 I40E€F 1L40TL 7 IACTL . 14072 1ACDTI 14075 1476
12077 - 1407F " IACEL. . I4GEZ " I4SY¥  IWT54 "IA4S95. - T41E£4 I&ReL. -
TAZ62 141637 14174 C1417% TL1415477 14ABCL 14320 1aSTI L 145046 0 -
14505 14506 14508 ~ 314510 14513 14512 " I145LF. T45I4 ~1451% ‘
14516 14517 145STH  14%1F 14520 14577 1452 . I3SZ4 . 14526 -
145927 1452F "14%29. 14530 13531 143327 14534 .14536 . L4537 - -
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Preface

"SMARTWORK" is a computer software pack-
age designed to aid in the design and pro-
-duction of artwork for
boards. This manual is a quide to the use
of SMARTWORK on the IBM Personal Computer .
The following topics are included: a

* What the programs can do <

. . . s .
* Machine and peripheral requirements for
‘operation ' ' )

* How to start the programs

* Using SMARTWORK to create and edit your
© artwork '
. Saving and loading your data

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

* .Advanced 'teqhniques‘ for
layouts

more complex

0-1

printed-circuit

0 Manual QOrganization

* Error messages .from the program and what
‘to do when they appear i

[S

The information in this manudl is ocqan-
ized into several major sections:

* Chapter 1 contains an introduction to

" SmARTWORK, what it is designed to do,

and a list of required computer hardware
for its use..

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

*. Chapters 3 through 6 include a brief
tutorial on how to use the program.

refer-
all

* The ‘remaining chapters are for
ence: ‘they desciibe in detail
aspects cof the program and its .use.

* . The appendices contain information for
quick reference, including the error
messages and an order form for replace-
ment diskettes. -
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¢.2 Reference Material

0.2 Reference Material T

While this manual contains a complete
descrintion of <emARTWORX and how it is
vsed, you may need to refer to the follow-
ing manuals which cescribe the use of the
I3M Personal Comouter and 1its Operating
System:

‘ .
* IBM Personal Computer Guide to Opera-
.tilons manual

* IBM . Personal Computer Disk Oberating
System manual

*  IBM Personal Computer Technlca1 Refer-
©ence manual

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
_following Dbooks are filled with wuseful
information concerning the design, layout,

and manufacturing of printed-circuit
boards:

" * Preben Lund, Generatjon of Precision
— e —— Y A e T

Artwork for Prarted Circult (Roards,

1978, John Wwilev i Sons, New York, NY.

* Darryl Lindsey, The Design & Drafting of
Printed Circuits, 1952, Bishop Graoh‘cs,
Inc., Westlake Village, Ch.

3 tnzdware Summary

0.3 Hacdware Summary

A complete description of the hardware
~quired to use SMARTWORK is included in
2 next chapter. what follows here s 0
;shoct summary of machine requirements roc
auick reference:

* [BM Personal Computer or XT with 192K
itart, two disk drives, and DOS Version
2.0

* IBM Color/Graphics Adapter with ' RGB
color-or black—and-white monitor

*  Lpson MX-100 or FX-100 - dot-matrix

printer

* MHouston Instrument Hiplot DMP-41 pen-
" and-ink plotter (optional) C s

* Microsoft Mouse (optional)

0.4 Program History

Wintek Corporation's primary products
are microcomputer circuit boards. designed
for dedicated industrial applications.
When a search of the available printed-
circuit-board CAD programs did not produce
a product which could- handle complex lay-
outs Ffor a reasonable price, Wintek's
engineers and computer scientists decided
t~ write their own.

The original program was written in C to
run under Bell Laboratories' UNIX operating
system on a Digital Eqeipment PDP-11/44
minicomputer. .Visitors and friend§ who saw

0-14
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: 0.4 Program History

Fhe pProgram being used for in=ho -
Jects often asked about buying thet;?zgfgg
The result was SMARTWORK, an improved ver-
:19n of the original in-house progran,
ailored to run on the inexpensive and
widely available IpM Personal Cémputer.

Wintek offers’ the most complete line of
6800-family microprocessor, memory and
real-world interface modules. Reside%t and
Cross-software products include assemblers
;Lnkers, high-level language compilers'
Lnterpfeters, debuggérs, math packages, ané
operating systems. For a catélog covering
your -complete source of microcomputer pro-
ducts write or call: - '

Wintek Corporation
1801 South Street
Lafayette, Indiana 47904-2993
_Telephone: (317} 742-8428
Telex: * 70-9079 (WINTEK CORP uD)

b

L.y Llutiud LLton

O
£
>,
®
-t
-4

Introduction

One common step in the design and
manufacturing of modern electrical ‘equip-
_ment is the layout of ‘printed-circuit
bhoards. This process 1is normally accom-
plished at a drafting beoard, .using special
tape on sheets of drafting £ilm to indicace
.the 'location and shape of conductors at two '
or. four times actual size. Once conmpleted,
this artwork is then reduced photographi-
cally, .producing a negative which is used
as the pattern for the final printed-
circult boards.

Generation of the tape artwork is a slow"
‘pProcess requiring considerable 'skill angd
experience. . Certain line widths and spac-
ing must. be observed, to produce a layout
which can be manufactured with a good
yield. L . . i '

- The completed tape and drafting film
artwork is relatively fragile. _Only a lim-
ited number of changes or modifications may
be made hefore the tape begins to lose its
adhesion, Produclng several versions of o

1-1



circul. oard may require that the artwork
_be generated from scratch several times.
With an inexpensive personal computer
'nd_ sSmARTWORK, both the expert and the
sOvice can produce professional-looking
printed-cireunit artwork in a fraction of

the time it would take using older tech-

niques. This computer-aided design system
allows qglck -and accurate revision and
regeneration of previous work.

1.1 Capabilities

"smARTWORKf is a software package for
the IBM Personal Computer which is designed

to aid in the design and production of art-

vork for printed-circuit boards. The
creen of the computer becomes a window
-nat shows a portion of a large layout
orkspace. This window can be moved around
:he workspace to show any portion 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, horizohtal;
'r run at 45 degrees. The 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 multiplgs 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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1.1 Capabilities

conductors using the cursor. The program

will automatically find the shortest route

"between those conductors and connect them.

It will not cross other conductors on the
same slide of the board, and will max e
numerous bends .and turns if required.

If a shorter path exists starting at
points other than the ones' you specified, -
the program will find and ‘use that path.
Of course, . sometimes . you may want to
specify the exact route .to be used.
" smARTWORK" allows you to do that too.
Removing all or -a portion of. a trace is
just as easy.’ ’

rwo trace widths are allowed. You can
change from thin to .wide traces at any
time. Prace widths are .easily changed

after the traces have been added to the

‘layout.

1f vyou  decide you need more space
between two components, the program allows
you to “"spread" the layout along any verti-
cal or horizontal axis. Any connection
which existed before spreading the layout
is maintained by appropriate conductors.

Your layout can be saved as a standard
DOS disk file. These 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.

‘paper copies of your artwork are pro-
duced using a dot-matrix printer. Paper,
vellum, or polyester film copies 'may be
created using a pen-and-ink  plotter.
camera-ready artwork 1is " available from
eithor output device at twice normal size
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&
(2X artwork). A quick, normal-size check-
plot can also be printed. ' '

- <

In addition to the arrow keys, the pro-

- am allows (but does not require) the use
L. a mouse to move the cursor. The two-
switches on the mouse c¢an be used to

specify the starting and ending points for
a Fonductor, or may be used to erase an
existing trace, .

1.2 Artwork Specifications

" SMARTWORK"
sided - or double~sided
boards. The maximum size of a board: is
determined in part by the output device
vsed to produce the camera-~ready artwork,
I ¢ the program will handle boards up to
« by sixteen inches. “here is no limita-
tion on the complexity of the board within
this 10" by 16" space. .

can handle -either single-

To minimize defects, smARTWORK enforces
_ce:tain' minimum trace spacings and fixed
trace widths. These conductor sizes and
spacings have been chosen to guarantee that
the circuit board can be manufactured with
a high yield.

Thin Line Width 12 mils (0.012%).

Wide Line width 50 mils (0.050*)
Pad Diameter : 62 mils (0.062%)
Minimum Spacing 19 mils (0.019")

L.cger conductors which are any multiple of

50 mils across can be constructed.’

printed-circuit

SMARTWORK Referenc ftanual
1.2 " Artwork Specificacions

All pads begin as circles 62 mils in
diameter., 'The edge of pad will be. “"shaved*
when it approaches a neighboring conductor,
thus maintaining 19-mil spacing. Largec
.pads can be constructed when. needed ({sce
the chapter on “Advanced Téchniques®). ALl
pad-to-pad spacing is fixed at multiples of
50 mils. there is room to place a single
thin trace between two pads .which are 0.1
inches apart. :

Right-angle turns 1in  traces are made
using two 45-degree angles.  Intersections
are softened wusing -curves  or d5-degrece
wedges. e

All of the distances above are nominal
values, since the actual distances are
determined in part by the medium being used
(type of paper, vellum, or polyester filwm),
the condition of the ribbon and hammer
intensity (for the printer), and the typc
and condition of the pen ctip and ink (for
the plotter). s )

1.3 Required Mardware

The programs are supplied on a 5.25 inch
‘minifloppy diskette formatted for use on an
IBM Personal Computer running PC-30S Ver-
sion 2.0 (or later DOS versions). “The com-
puter should have two 'disk drives: one
floppy drive for the program disk and
cither a floppy or hard disk drive to hold
the workspace data files.. "SMARTWORK"

requices a minimum of 192K bytes of central
memory (RAM} for its operation.
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1.3 Required Hardware

Your computer must alsoc have the TIBM
Color/Graphics Adapnter board, with either
an RGB color monitor or a (non-IBM) black—

id-white monitor. The color monitor is
-—equired 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-sided bozrd at a
time, Depressing a single key allows you
to switch from one side to the other.

“SMARTWORK". cannot use the T8M Monochrome
Adapter~board. '

An Epson FX-100 .or . MX-100 (with Graf-
trax) or equivalent dot-matrix printer will
be required to produce aquick checkplots
(actual size, low—qual ty) of your artwork.
The dot-matrix printer can also be used to
'~ Pproduce twice-normal-size plots which can

- reduced photographically to produce
s-Ototype-quality prlnted circuit boards.
This camera- -ready ‘"plotting" uses the
high-resolution graphics mode of the
‘pPrinter, Note that the size of a board
plotted on the printer is limited in size
by the ‘width of the platen. The printer

normally uses a Parallel interface WLth the
computer,

High-quality camera-ready artwork is
produced by SMARTWORK using a Houston
Instrument DMP-41 pen-and-ink plotter.
This plot is also twice normal size, ready
for  photoreduction . for clrcuit-board
manufacturing. The plot . is Dfoduced on

Jer, vellum, or polyester f Im using a
\~-qQuid-ink pen with a 0.6 mm tip. A Serial

interface is used to connect the computer
-:Lo the DMP-41,

\\_f\.‘
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1.3 Required lardware

Most people .will use the arrow keys on
the keyboard to position the cursor on the
display screen, "sMARTWORK" 1s designed to
allow the use of a Microsoft Mouse, which
facilitates positioning of the cucsor - anc
directing the routing. While it is  con-
venient, the mouse is optional and is not

‘required. .-

While many' manufacturers qlann that
their computer is "compatible® with the IDM
Personal) Computer, only those machines
which closely emulate the operation of the
IB¥ Color/Graphics Adapter will run sSmART-
WORK. In order to gain acceptable Spe?d
when displaying the circuit-board artwork,
the program accesses the display memory
directly, bypassing the operating system.

- Numerous calls to the BIOS are also present

and must be emulated by the operating-
system software.

Human convenience was considered during

‘the selection of the keys that direct the

program's operation. The r;ght_hand moves
the cursor with the arrow keys or mouse,,
while the left hand is positioned over the
function keys to direct the. placement ot
pads and runs. vClones™ which have not
copied the keyboard layout and the avail-
able keys may make the program much more
difficult to opexate :

" sMARTHWORK" wlll not run on IDBM'S Per



Y LELting Started

3 méhch?pter % of the Guide o Overations
Chapter 2 » | e ual also 1ncl‘udes a good: introduction to
-he disk operating system, DpOS. MaKe
. .Ou understand how to start DOS set SU;E
'1Ee and time, and back " up ’thc BO?
. li;tetg:. You should also knoy how tg'
| . name, copy, and erase files.

- n_,‘ ola ' ‘
Gei’f[ng Slaﬂ.ed | Ix_Iow 1s also a good time"to‘make su
| | ' Your printer works. If YOou will be usin ‘5
plocter or the mouse, make sure the h? .
beean Connected properly. The manualéywhevﬁ
came with these devices should explain ;C
Lo connect them to your computer and how gw
. E?eqkl them fo; Proper operation. Addif
This manual assumes that you are fami- thgn§DMq;fful_1nf0rqation i by ound o
Lgarhis manual assumes that you are famis echnical Reference manual,
-your computer and its operating system. If |
not, now is a good time to read and under- .

stand the first three chapters of the IBM 21 )

Guide to Operations manual. It explains - starting smARTWORK .

the hardware components of your computer ) ] _ L .

system, how and where cables are connected, In a plastic pocket in the back of this

and the location of switches and controls. Ziggal 1s the diskette containing the

A "description of the required hardware and \RTWORK software files. It also contains
a4 form which you should complete angd return

-~

peripherals {s located in the previous to Wi _
chapter under the heading *“Required s lntek  to obtain ‘a (free) backuy
: n diskette. . . P
Hardware”. . : . . -

The keyboard has eighty-three keys. " . The disketFe contains four files:

Make sure you are familiar with its layout 1. BD L o .

and the use of the "Enter", “Backspace", wo;E'EXE 1s the main program for -

"shift", ALt, Ctrl, Caps Lock, Num Lock and - and édiétyg&iogiiygudto_create, a’
nted-circuit ar

function keys (Fl...Fl0). Note that the

"Enter®, "Backspace", and "Shift" keys are the screen of your computer.

designated by arrows on their keytops. ' CPLOTLREXE o _
There are also arrow keys whigh can be used Uﬁ@ltl‘(ylithe proyram  whj
to move the cursor up, down, left, and ch. L,::O uce hard  copy -
right. o o) t=matrix prinec s

: PLOtiec. It reads’' the”

your artwork from a §

-/

3]
i
—
[
i
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Sed starting sMARTWORK

using the EDIT.EXE program.

J. SMART.STA is a data file used by both
the EDIT.EXE and PLOT.EXE ©Drograms.
SMART.STA 'must reside _on a Wintek
diskette in drive A when either EDI'Y.EXE
or PLOT.EXT is started.

4. DEMO.PCB is a ~ printed-circuit-board
worxspace file that 1is wused in ‘the
tutorial in Chapter 4. ‘

The SMARTWORK diskette is write—~

‘protected to minimize the chances for

accidental damage to its ¢ontents,

The EDIT and PLOT programs may be copied
to another diskette or drive using the DOS
COPY command. While these programs may be
run from another drive (from the XT hard
dlsk, for example).,, EDIT and PLOT will only

"work when either the diskette shippbed with

the manual or the backuo -diskette sent to
you by Wintek is Dresent in drive A. If
one of your diskettes fails, you may use a
copy of the form in the Appendlces to order

a replacement.

The procedure for starting the EDIT pro-
gram of SmARTWORK is listed in step-by-step
detall below. 1In brief: turn on the comn-
puter, start DOS running, set the date and

time, insert the smARTWORK diskette in

drive A, and type the name of the smARTWORK
program you wish to execute (i.e., EDIT).

These instructions are for the IBM Per-
sonal - Computer., If you are using an IBM
PC~-XT or another machine, the steps for
starting the operatinc system may be dif-
ferent. Check the Guide to Ooerations

Lo T |

AY
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2.0 Startlng SMARTWORK

manual for your machine for specifics.

. insgrt your DOS disketté''into drive A
and close the drive door. L

2. Turn on the power to the system unit
(the computer} and the monltor

3. After the delay associdtnd witﬂ the
Power-0On -Self-Test, DOS will be loaded
from the DOsS dlskette.

4. Set the system's date and time. If you
have a clock-calendar board installed in
your machine, this step .may be accom-
pPlished using an AUTOEXEC.BAT file. You

~should now see the DOS prompt on the
screen: A>. This prompt will appear in
all of the examples given concerning DOS
commands. In every case, DOS will pro-
vide the A>; you should type the letters
followlng the >, .

5. If you have the Microsoft Mouoe, install
‘the mouse driver by typing MOUSE (fol-
lowed by the "Enter" key) following the
DOS prompt: .

r

A>MOUSE

Note that the mouse driver software
(MOUSE.CO!M) must be present on your DOS
diskette. This step can also be accom-
plished using an AUTOEXEC. DAY or
CONI'IG.SYS file. If you do not have the
Microsoft Mouse, skip this step.




b.

" ~“~rome

IX your computer has both the IBM Mono-
Adapter and ‘the IBM

lor/Graphics Adapter, switch to the
color/Graphics board using the MODE cowm-
mand following the DOS prompt:

A>MODE BW80

- This step can also be accomplished using

an AUTOEXEC.BAT file. If you do not
have both display adapters, or if the
DOS prompts are displayed using the

Color/Graphics board, skip this step.

‘Remove the DOS diskette from drive A.

Insert the smARTWORK diskette into drive
A and close the drive door,

Type the name of the smARTWORK program
you wish to wuse following the DOS
prompt:

A>EDIT ..,
Note that you must use the smARTWORK

diskette supplied with this manual or a
backup diskette sent to you by Wintek.

- his diskette must contaln the SMART.STA

" or

" file and must be physically located in

drive A.

Once the program has loaded from the
diskette, a title page containing the
name of the program, its version number,
and your license  number will  be
displayed on the screen. I1f you wish,
you may remove the SmARTRORK diskette at
this time. -When you QUIT the program,
you ‘should either insert the smARTWORK
diskette again (to run the PLOT program)}
another DOS diskette. If your

< 25

machine contalns the. minimum amou of
RAM necded. ... ute the SMARTWORE “dim
tor, you may De required to inscrt a pos
diskette containing the file COMMAND . COY .
_when quitting. ' '

The_title page displayed when the
gram f{rst SL. s contains several pleces
of useful ini..i.aation. The name df the
grqgram, "Printed-Circuit-Board Artwork
Editor" (for EDIT) or "Printed-Circuit—
Board Artwork Plotter" (for “pPLOT)” Wil)
appear iQ the center of ‘the screen. ’In tEE
lower~left corner of the screen will ‘be the
brogram version number. ‘Your license

number will be  shown in th i
e lower-
hand cocner. o FLGht

DLo-

. You will need the program version and
tlcense numbers whenever you contact Wintek

- T replacement diskettes, program updates,

Ocr assistance. Write them down ‘on the
title page of 'the manual for easy refer-—-

. ence, - ' o
This title page will be. displayed on the
screen.until You type a single key.. Any
key will work, but most people wuse the
space bar or the “Enter” key. If you are
running the EDIT program, the screen will.
clear, showing you a blank page with the
cursor {a small white box) in the lower—

left corner. If you are running the pLor
?rogrqm, 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 knows
Ju should maintain a backup copy of al.
program and data files just in case of
accidents (opower failure, . fire,‘;flood,
spilled coffee, and so forth).

The printed-circuit workspace files you
create using sSmARTWORK 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 SMARTWORK
diskette, since it is write-protected. vYou
should keep your data files on a separate
diskette which can be easily copled to make
backups. ' '

Both the Guide to Overations and the
Disk Operating 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 BACKUP com-
mand. |

Because the SmARTWORK software requires
that a Wintek-supplied SmARTWORK diskette
-reside in drive A, Wintek will provide you
with one free backup copy.
use ‘to request your backup copy 1is con-
tained in the plastic pocket which held the
original diskette in the back of this
manual. Don't procrastinate until you need
the backup -~ order it now! If you need a
‘replacement because one of the original
Wintek diskettes is no longer wusable, an
.order blank is contained in the Appendices.
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Chanter 3

Tuiorial: Lesson 7

2

"SMARTWORK" was designed to be easy to
use,  You should be able to learn the ele-
mentary instructions in-a short time, since.
there are a limited number of commands that
you must remember to edit your artwork.

The four lessons in the tutorial section
of -the manual "are designed to give you a .
brief introduction to the sSmARTWORK pro-
grams. Once you are familiar with the,.
topics covered here, you may proceed to the

reference section of the manual for a
detailed description of each command and
function. Some hints and procedures for

producing»more‘complex=layouts are included
in the "“advanced Routing" ' and "Advanced
Techniques” chapters.

. _ , . .
Lesson .l is’'a simple walk-through of the

procedures used to start the Editor, enter

commands, .and quit when you are done.
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3.1 »dcarting the Program

Thg chapter titled ""Getting Started®
‘ntains a step-by-step description of the
—Ocedure reaquired to bootstrap the com-
‘puter and start the sSmARTWORK Editor. TIF
you skipped over those instructions, go

WORK". =

tions, you should proceed to load DOS into
the computer and set the date and time.
Now remove the DOS diskette and insert the
SMARTWORK diskette into drive A. Type the
name of the sSwmARTWORK Editor (EDIT) follow-
ing the prompt from poOs (A>}):

A>EDIT

“ ¢ red light on the front of drive A will
light as the computer loads the program
from the disk. Once  loaded, the  zditor
:w§ll display its title page. Note that the
tftle page includes both the program ver-
sion 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 - 4% wide portion
(window) of the. total 10“-high-by-16"-wide
work area (workspace). These dimensions
. " by 4" window, 10" by 16" workspace) aze
L. e linear distances that will exist on the
printed-circuit board that will be produced
from your artwork. '

3-2

back and read the section "Starting smART--

" Once .you uhderstand'the startup instruc-

3. L starcing ¢t

Your window can be moved to, show a dif~ °
ferent portion 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 later. ' o T

Notice the small - white box located in
the lower-left corner of the screen. This

box is the cursor, which you will nmnove

using the arrow keys on the right side of .

the keyboard. The cursor 1is wused as a .

pointer when you are placing pads on the
workspace and routing conductors from one
place to another. ) '

3.2 Handling Error ﬁéssqges
.Press the space bar. . You will hear: the
computer's speaker emit a low-pitched tone,
the screen will scroll up one line, and the
following message will appear: : :
unknown command

“SmARTWORK" is complaining 'bepausél "space
bar" is not a command it recognizes.

The program detects a: number of poten-

" tial errors, and will respond in a similar

fashion whenever it has a problem: 'A list
of the possible error messages, thelr mean-
ings, and suggested responses ace listed in
an appendix. ' :

Once you have read the message, you can
clear the text message and restore the
screen by pressing the “Enter" key. NO
other commands will be recognized until you

3-3

Program .



J.2 Handl:ng Error Yessages

pPress "Enter”.

3.3 Entering Commands

Most instructions that you will give the
Program are made by a single keystroke,
uUsuvally a function key (FL through F10) or
‘an arrow key. Other commands 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 program. . These latter
commands ' are entered using the - command
line,

Press the "Enter” key. Once again the
workspace will scrolli ubwards on the screen

-

ind a prompt will appear:
COMMAND> ‘e

You may now type a commang on the keyboard.
If you make a mistake, you may erase the
last letter by hitting the "Backspace" key.
The entire entry may be discarded by press-
ing the "gsc¢* Key. When you have finished

. typing the command, striking the “Enter"

key will cause the pProgram to interpret and
execute your command. TIf you do not want
to enter. a command, clear the line (using
"Esc"), then press "Epntar~,

When the program: finishes executing the
*ommand, the bottom line will disappear and
che workspace display «will scroll back to
lts normal position,

3.3 TERtefiny T Mania~

Bring up the command Prompt, 'if it is
not showing now, by hitting the "Enter" key
again., - Type in " the characters hi 1aom

- . {don't hit the "Enter” key yet). The com-
mand line should look like this: -

COMMAND> hi mom

How press the ."Backspace" key three
times. The letters in mom will disappear
one at a time. Now type dad. The command
line should now look like this: :

CdMHAND) hi dad

Pressing the "Esc"® key will Clear the

-command line-

COMMAND >

If you type hi dad and then hit the
"Enter" key, you will get the unknown com-
mand error. méssage. Clear it from ’ the
screen by pressing “Enter" again: The next

. section contains an example of using a real

command: quit. -

3.4 Quitting

Almost as important as knowing how to
start SmARTWORK is knowing . how to stop 1it.
The "quit®™ command is used whenever you
want -to return .to DOS or turn off the com-
buter, :
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Bring up the command line, and type
quit.

- COMMAND> quit

- . " .
Pressing the “Enter"” key will cause the

display line to change to the following
message: _

DISCARD CURRENT WORKSPACE (y/n) ?

Since quitting the program will cause
whatever i{s in the workspace {in memory) to
be lost, the program reminds you of the
consegquences’' of stopping.  {The workspace
can be saved in a disk file by using the
*save* command.) If you have already saved

your work, or i1f you don't want to save the.

~urrent” workspace, type y and then the
Enter" kXey. Typing anything else followed

by "Enter” will cause the quit .command to

be ignored and will restore the workspace
display.»~

SIMARTWORK Rerere Manual
4.0 -~ rutorial esson 2

Chapter 4 I

Tutorial: Lesson 2

The CRT screen of the computer shows a
2" high by 4" wide portion {(window) of the
total 10"-high~by-16*-wide - ~ work area
(workspace). -.You can display either side
of the board or both sides of the board at
the same time. By moving the cursor, you
can move the window left and right (pan-
ning) or up ‘and down (scrolling} to see
other parts of the workspace. :

Lesson 2 is a brief’introduction to the

display functions and the cursor operation.

4.1 Loading a File

. In order to experiment with the display,
you will need to -load "the demonstration
file ¢that 1is included on ‘the sSmARTWORK
diskette into the workspace.  First, stact
the smARTWORK Editnr (if it.is not already
running), "and advance past the title bnaqe
by pressing the space barc.” | You should be
looking at a blanlk’ screen with the cursoc



(smal. white bok) in the lower-left-hand
cocrner.

Press the "Enter" key to bring up the
command-line promot:

COMMAND> N

The "load" command is used to read the lay-

out contained in a disk file. Make sure
the sSmARTWORK diskette s still in drive &,

then type the following command: load -

a:demo.pcb. The command line should now
loock like this:

COMMAND> load a:demé.pcb

If you make a mistake, correct it using the
"Backspace" and "Esc" keys.

. Pressing the "Enter" kef will cause the
display line to change to the following
message:

DISCARD CURRENT WORKSPACE (y/n) ?

Since loading a new layout description file
wlll 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 "Enter" Kkey. {Typing
anything else followed by "Enter" will
Cause the "load" command to be ignored.)

Four thlngs will happen in qu1ck succes-’

SlOﬂ'

1. The :ea light on the front of drive A

will 1light as the computer loads the

‘demonstration layout file from the
disk.

4.1 Load' a File

2. The message:
'DISCARD CURRENT WORKSPACE (y/n) 2 y

will disappear from the screen.

3.0 A portion of a circuit~board layout

will appear on the screen.

4. The computer will beep to tell you that
it has finished loading the layout into
the workspace. :

One quick -note before continuiné: you
can make additions, deletions, and any
other changes to the _ layout in the

~ workspace without affecting the file on the

disk. To save the workspace (and change

‘the file), you must use the "save" command.

4.2 Changing Layers

"ing "pgnn” will have no effect.

"SMARTWORK" allows you & to have two
sides, or layers, on your circuit-board
artwork. It doesn't matter which layer you
use as the component side or the solder
side; for simplicity, the two sides will
be called the upper ‘layer and the. lower
layer. ' :

-When smARTWORK loads a - file from the
disk, it always displays the lower layer on
the screen. To look at  the .upper layer,
press the "Pgup"™ key. The upper layer will
quickly appear. . To switch back to the
lower layer, press the "PgDn" key. If you
are already viewing the lower layer, press-
" Similarly,

4-3
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"PgUp” will be 1gnored while viewing the.

upper layer,

If pressing *PgUp™ or "PgDn" causes an
“.+known command*" ercror, the “Num Lock" key
has been pressed, causing the numeric
Keypad to be shifted. . Acknowledge the
Gfror message by pressing *“Enter*, then
fress the "Num Lock" key to unshift the
numeric keypad. -

4.3 Displaving in Color

If- .you have an RGB color monitor
attached to your compnter, You can see both
sides of the board at the same time. (X£
YOuU are using a black-and-white monitor,

! €an try the following functions without
“ .ting either the computer or the monitor,
Sut the display will orobably not make a
Lot of sense.)

Press "Alt-F1l" by holding down the "AYLt"
key while you hit the "F1" function key.
The screen will go blank, then .the layout
will appear again, but in green, red, and
vyellow, _

The - layer of the board that was
displayed on the screen before You pressed

Alt-FL is shown in green. The other layer

of the board is shown in red. Where the
W0 layers coincide, the screen will be
" Ylow.

The Alt-rl key toggles the display
Setween the black-and-white single-layer
display and the color dual-layer display.

If you have a color monitor, you will

L-y

)

probably find yourself using both  modes,

depending on whether you are concentrating '

on one side of the board, or worrying about. - .
connections on both sides. - . - ‘

Switch the screen ‘into the - dual-layer -
color mode. The "PgUp"  and *“pgon” keys
still work when the display -is in color:
they simply chande which layer {s shown in
red and which layer is“shown in green.

Look for the cursor in the lower-left- .
hand corner of the screen (unless you havé .
moved it already with .the ‘arrow Keys). As
you will find out in the next chapter, the
cursor color is always the same as . the
color of the "active" laver. This means
that the cursor color will remain- the same

when you use the "Pgup" and "Bgdn" Xeys.

Several other function Xeys affect the
color display. 'Depending on-your vision,
personal preferences, and RGB menitor, "you
may find you prefer a different format thar
the green-red-yellow combination.

ALt-F2 toggles the intensity of the
background color of the scrken. Up to now,
the background has been black. The Alt-p4

function key is used to switch between z R

black background and a blue onée.

"AlLt-F3 allows you to.switch the fore-
ground color set from green-red-yellow to
Cyan-magenta-white. . Note 'again that you
can always identify the active layer by
looking at 'the color ' of. the cursor.
Incidentally, the sclection of foreground-

‘color groups {green-red-yellow and. cyan-—

magenta-white) is fixed = by the Iny

Color/Graphicy Adapter,

a5



Alt . changes the way’  ‘the program
displays areas of the board which have
copper on both layers. The program allows
you to display the board so that the active
layer overlays the other, or “ldle,“ layer
> the board. . Wherever a trace on the idle
“layer - 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 layer. 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-Fé, continue with the next sec-—
tion in.this lesson.

1.4 Moving the Cursor

Whenever you are placing a pad on the

layout, or specifying the endpoint of a.

trace you wish to route, you wWill use the
cursor to point to the exact spot of
interest, Up until now, the curscr (the
small square box) " has remained in the
lower-left-hand corner of the screen. '

On the rigqht side of the keyboard are.

- four arrow keys that can be used toc move
‘the cursor. These arrows share Keytops
which are also marked with the numbers 2,
4, 6, and 8. Don't confuse the "Shift*,
"Enter™, or "Backspace"” keys -with uthese
ALrOW keys. o .

SWAKIWURR HeLeTence  lanmee
4.4 Moving the Cursor

- pPress the up-arrow key. The cursor will
move up a very short distance to. the next

_"cell” on the screen. . This .distance

correspondd . to 50 ‘mils (0.050. inches) on

your final artwork.

Press the right-arrow key twice. The
cursor will move two cells to the right, or
a distance of a tenth of an inch (0.050" +
0.050" = 0.100"). “The cursor 1is' always
located exactly over a cell: 1t never
straddles two or more cells.

This movement of 50 mils makes measuring
distances between pads very easy. If you
neced a tenth of an inch between two leads
of a component, just press the appropriate
arrow key twice., - P

-If you want to move farther. than 50
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 10 cells (0.5 inches})
at a time left or right.” The auto-repeat
function of the keyboard .can also be used
to move the cursor rapldly around the
screen by keeping an arrow key depressed.

If the preceding explanation seems ‘a
little confusing becauselyou observe that

"the distance the cursor ‘moves 15 large when

unshifted and small when the "Shift" key 1is
used, your "Num Lock"” key has been pressed.
Press "Num Lock" to .unshift. the numeric
keypad. ‘ '
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§'Pgup. 111 be ignored while viewing the
‘uppec layer. '

q4

-~ If pressing "PgUp" or "PgDn" causes an
i “_.knoun command” error, the "Num Lock" key
i-has been pressed, causing the ‘numeric
j:xeypad to be shifted. Acknowledgé the
j‘error message by pressing "Enter", then
i .press  the "Num Lock" key to unshift the
I'nuner {c keypad. '

ed
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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
you are using a black-and-white monitor,

! 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 "pl®
The screen will go blank, then the layout
will appear again, but in green, red, and
yellow. - o -

The - layer of the. board that was
displayed on the screen before you pressed
Alt-Fl is shown in green. The other layer

of the board is shown in red. Where the
tWwo -layers coincide, the screen will be
v V']low, .

The - Alt-Fl key toggles the display

between the black-and-white single-layer
display and the color dual-layer display.
'If you have a color monitor, you will

4-4

function key. -

still work when the display 'is

.moved it already with the arrow keys).

"ground color

probably find yourself . using wuvoth modes,
depending on whether you are concentrating
on one side of the board, or worrying about
connections on both sides. :

Switch the screen 'into. the dual-layer
color mode. The "Pgup". and “"PgDn" Kcys
1n color:
they -simply change’ whic¢h layer is shown in
red and which layer is ‘shown in green. o

Look for the cursor in the lower-left-
hand corner of the screen (unless you have
AS.
you will find out in the next chapter, the'
cursor color is always .the same as the
color of the "active" layer. This means
that the cursor color will remain the same
when you use the “PgUp" and "“Pgbn" Kkeys.

‘Several other function keyﬁ,affect the
color display. Depending on your vision,
personal preferences, and RGB monitor, you
may find you prefer a different format than
the green-red-yellow combination,

Alt-F2 toggles the- intensity of the
background color of the screen. Up to now,
the background has been black. The Alt-rF4
function key is used to switch between a
black background and a blue one. T

Alt~-F3 allows you to switch the fore-
set from green-red-yellow to’

cyan—-magenta-white,. Note again that you
Ccan always identify the acctive layer by
looking at the color of the cursor.
Incidentally, the selection of foreground-,
color groups (green-red-yellow and cyan-
magenta-white}) - is fixed by the ros’
Color/Granhics Adapter. :
' 45
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.l Placing Pads
| O
5.1 Placing Pads -
Move the cursor to the center of the
i "een using the arrow kKeys. Now press the
"Fd"  function key (not “Alt-F3", just
"¥3"). The cursor disappears and in its

vlace appears an annulus that represents a
Circuit-board pad. This conductor ‘pattern
15 used to represent a hole in the circuit
board with copper surrounding it on®both
Sides. Pressing one of the arrow keys will
make the cursor reappear beside the
F3 is the PLACE PAD function key. '

The pad is placed on both layers of the
board. You can only place a pad when there
is space for it on both sides of the lay-
out. If you try to place a pad where it

Suld connect with one or more conductors
+ either side, the program will give you
& error message 1like occupied cell in
cylinder or too close to adjacent conduc-

tor. v .

.Move the cursor so that it 1is located
over the pad, then press the F4 function
ney. The cursor will disappear again,
showing the empty cell where the pad used
to be. Removing a pad with theLF{]function
xey deletes the pad from both layers of the
board. F4 1is the REMOVE PAD-.function Kkey.

When you place a pad on the layout using
the F3 key or remove a pad using the Fa
xey, the cursor disappears. In general,

o cursor will disappear temporarily when-
« er you place or remove a conductor, so
that you can see your result. The cursor
“will reappear when you move 1it. ’

pad.

+F>

- horizontal

‘which joins the pads.

5.1° Placinc Pads

To place two pads one-tenth of  an inch
apart, press F3, strike an arrow key. twice,
then hit F3 again. With a little practice,
you can create a simple rhythm to place a
series ,of pads in a row on tenth-inch
centers: Fl, arrow, arrow, F3, arrow,
arrow, FF3, etc. ' :

Practice placing and removing pads now.
Lay out a couple of 1l4-pin IC patterns:
two rows of seven pads on tenth-inch
centers with the rows 0.3 inches apart.
While there is a command to place .dual-in-
line (DIP) packages on the screen, with a
little practice you will find you can do it
quickly one pad at a time. (The "dip" com-
mand is described in the reference section
of the manual.) : S

5.2 Adding Traces

In .order to experiment with adding
traces to a layout, place a number of pads

on the screen. During the :followiag dis-
cussion, the terms "trace,® "run," and
“route" al}l refer to a thin conductor con-

necting two pads or other areas of copper.

Move the cursor so that it covers one of
the pads, then press the Fl function key.
The cursor will change from a box to three
lines. Now move the cursor to

pad. Press Fl1 again. After a
pause (depending on the distance
the pads), a trace will "appear
‘1Y is the MARK ROUTE

another
short
between

function key.




4D Scrolling

4.5 Scrolling .'. -

What you have been viewing on the screen
v the CRT is a small portion of the entire
workspace maintained by the program. At
any one time, the screen will contain a 2"
by 4" area of your layout. The workspace,
though, is 10" by 16* in size.

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 portion 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
portion of the larger work area.
| ,

‘ If ,you move the cursor to the edge of
‘the screen and the screen does not scroll,
you have reached the edge of the world (or
at least the redge of the workspace).

The "Home®™ key can be used to return the
cursor and the display to the lower-left-—
rhaﬁa corner of the workspace. Again, if
you get an "unknown command" error message
vhen you press "Home"”, the "Num Lock" key
has shifted the numeric keypad.

Before leaving this chapter, become fam-
{lifar with the operation of the cursor and
scrolling the screen.

..-I1f you have a Microsoft Mouse connected
to your computer, it can also be used to
move the cursor (see the chapter "Using the
Mouse"} .~ ' )

- Cm e wE el IS I
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Tutrorial:

Lesson &

Up to now, the tutorial has covered very

basic material: starting the - program, -
entering commands, changing the display,
and moving the cursor. Here 1is where the
fun begins: creating - and changing -

circuit-board artwork.

Before proceeding, . create a blank
diskette using the DOS FORMAT command.  You
‘will use this disk to save a copy of your
work at the end of thia lesson. DO NOT USE
"PORMAT" ON THE WINTEK sSmARTWORK DISKETTE:
"FORMAT" DBELETES ALL .EXTANT INFORMATION
FROi A DISKETTE. :

How start the smARTWORK Editor again.
Scroll the screen, if necessary, to a blank
portion of the workspace .in order to exper-—
iment with the following topics.



The ¢ 3t shape 1s an Indicator of
whether o: not “routing® is in progress,
ifrer you press Fl +he first time, the cur-

‘¢ changes from its normal box shape to
- fee horizontal 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 or end a trace on any con-
ductor, not just a pad. 1I1f YOu press Fl to
Start a route, but the cursor is not on a
conductor, the program will complain: route
has no anchor. Note that the program looks
for the shortest route  between the tyo
electrical networks, not .. just a route

between the particular points you identi-
+fied with the cursor.

I£f there 1is not a straight-line path
- Oom 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 portion of the trace,
then pressing rF2. ¥2 is the REMOVE ROUTE
function key. 1f you delete a pad {using
F4) that has traces connected to it on

either layer, both the pad and the traces
will be removed. :

‘The amount of time it takes to find a
-1te depends on the length of the run ang
.- the size of the two electrical networxs
connected to the starting and ending
points. If you decide you don't want to
wait, you can interrupt the route by press-
ing "Ctrl-3reak" {hold cdown the “CtrL" Key
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while you press the “"Scroll pock/Break"
kevy). The message: routing 1lnterrupted
will be displayed. '

If you have a mouse'donhec;ed to your
computer (the input deviceuﬁnqtr;he furny
creature}, the left button 15;@5& same as
the MARK ROUTE (F1) key.  The right button
has the same effect as thg BEMOVE royr:
(F2) key. For more iﬁfoumqg;on,-see the
"Using the Mouse" chapter in-the:reference
section of the manual. ; ‘ ""fUt

If>you don't like tﬁe route;g{ program
has found, a method is discussed in the

.next section for specifying the exact path

to be used.

5.3  Interactive Routing - |

e will be times when you want to
makghzrroute follow a particular path: Y?u
may be worried about crosstalk, or you may
want to avoid an area because of“other comn-
ponents to be added later-_ §mARTQORK
allows you to guide the routing ilnstead of
letting the program find the path.

Using the cursor, move the Screen to a
clear area of the workspace. Place a pad
in the center of the screen and a second
pad about ten cells to.the right.

Move the cursor to the pad on the left,
then press Fl. Now movg.the cursor up 11:?
cells . and press Fl1 again (even thou?h the
cursor 1is over a Dblank qell). After a
slight pause, the program will drgw a.triﬁi
beginning ‘at the pad and extending to t!
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cursor,

Note that the cursor is sti1) three hor-
\hlzontal lines. rnisg indicates that routing
i§ in progress. Move the cursor to the
right by twenty cellg and press py1, A
trace will appear bridging the gap from

where the Cursor was to the ney cursor
location. SR

Press the "Backspacer key.  7The cursor

yill backtraqk One cell, removing the trace
"in that cel), You may use tpe "Backspace"
key whepever a4 route is ‘ip Progress g
slowlg Consume the trace, you hava been
Creating. Keep Pressing "Backspace" uneil

the cursor jg directly absve the pad on the
right, ‘

Now move the CUrsor to the bPad on the
cight ang Press Fl. “"smARTWORK" will com-
Plete the route tq the pad, and the cursor
will return to the normal bhox shape, (A
route must always start on a conductor and
end on-ga conductor.) If necéssary,'ybu may
Place a pag {using F3) while a route is jinp
Progress, and thepn route to it, )

Now 1s a good time for you to Practice
addigg traces, using both the Dad-to-pad
fouting and the interactive rouvting,

0

s dmmLU L ._xuu‘_'."dCC‘L""__""‘J.J

5.4 Fat Traces and Fatcells

It is often necessary 'to create a con-
ductor which is wider than 12 mils (for
Power supply -and ground runs, for example)
"SMARTWORK" allows You to change any thuin
trace to a wide trace.” You may also vlace
a 50-mi) square of copper ‘in any ceil,

Move to a clean area- of “the. workspace
and place two pads on the screen about fjif-
teen cells apare, - with: one - cell slightly
above the other. Route & trace between the

"two pads. by Placing the CULsSOor over one

pad, pressing F1, moving to the other pag,
and pressing F1 again. o

Now move the cursor S0 that it straddles
the thin trace anywhere along its length,
Press the ps5 function key. The thin (12~
mil) trace will be replaced by. & wider run.
This fat trace will be 50 mils wide on the
final board. Any sharp corners shown on
the screen will be softened when the art-
work is plotted. F5 is the WIDEN.-function
key. . N e

If you place.the cursor over a fat run
and press F6, a thin trace wil)l replace the -
fat one. FP6 is the SHRINK function key.

JIE you try to widen a trace which passeg -
close tp other conductors, the trace will

"only be widened where there is room to do
' SO without causing any new connections,

Move the cursor to & blank cell and

press F7. A square Condgctor,which'%s 50
mils on a gside will appeac. in 'place of the
CUrsor. You may place a "fatcell” in an

isolated location, next to other fatcells

5=7



Chapter 6 | N

Tutorial: Lesson 4

Once you have created your layout ustg
the smARTWORK Editor, You will negd to mabg
a physical copy of it so that it cant—r
photographed and manufactured. The qusogK
Program. (the file PLOT.EXE on the smART o
diskette)  takes a file created by the rdi-
tor as its input, then producgs_a_copy on
paper using either a dot-matrix printer or

pen-and-ink plotter.

This lesson covers the creation of 1Xx

(normal-size) checkplots and 22X (twlce—A
normal-size) artwork using ~the  Epson
printer. Using the Houston Instrument

plotter to make 2X artwork is.similar_to
‘this process; the details have boon left to
the chapter "Pen-and-Ink Artwork" in the
referenée-section of this manual.

6.1  Making a Checkplot

Whenever You are designing g large or .
complex ecircuit board, vyou will probably
7iscover the need for a paper copy of the

Yout. ' You may wish to sce’ the. entire
Doard at one time, o may wish to check the
connections and SPacing of the layout as it
currently exists. R

The Plotter Program can produce a quick,
normal-size plot of the layout on an Epson
dot-matrix Printer (either the FX-100. or
the Mx-100 model) . It 1is designed - to be
produced quickly (relative to  the 2%
camera-ready artwork) .

The checkplot 'option is 4 low-quality 1x
"OPY of the artwork. - Pads -appear as
-quares; diagonals will “be somewhat
ragged. Fatcells and wide runs- stil) have

lared edges. fThe tit)e lines include the
Current date ang time, the name Of.the file
being Plotted, a hole count. (number of pads

on the. board) ang approximate board dimen-
sions. ' ’ i

Starting the smARTWORK Plotter "is very
similar to starting the Editer.’ Place the
SMARTWORK diskette into drive A, then .type
the name of the Plotter program following
the prompt fromp DOS: S '

- A>pLOT
Ve red light on the front of drive A wil)
~iqght as ‘trhe computer loads the program
f m the disk. once loaded, ' the plotter
Wlll display its title page. Note that the
Plotter title Page also includes both the
Program version number ang Your license
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?o for a fat run, or around pads to

ncreas. their sfize. An 1isolated fatcell
sy :bg removed by bDositioning the cursor
- er it and pressina F6. F7 is the P ‘
«~.JCELL function key. - ' RACE

5.5___Saving a File

Once you have created your layout on thé
screen of the computer, you will want to
save it on the diskx. This will allow you
to use the "load"” command to edit it again
anq it will allow you to print or ‘plot ié
using the smARTWORK Plotter program. '

Press the "Enter" key to bring up t
.mmand line prompt: 9 up the

COMMAND>

The "save" command is .used to. write the
layout contained in memory. to a disk file.
Place the blank, formatted diskette you
c;gaced at the beginning of this lesson in
drive. B, then type the following command:
save  b:lesson3.pcb. The command line
should now look like thils: ' '

COMMAND> save b:lesson3.pcb

The -filename extension (.pcb) is optional,
but makes ‘it easy to identify the type of
%e. I1f you make a mistake, correct it
ng the "“Backspace" and Esc keys. You
c.nnot save workspace files on the sSmART-
WORK program diskette; it 1s write-
protected. : '
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. still in memory.

pressing the “Enter" key w.

cause the

red light on the front of drive B to light

while the program preparcs

the

" momentarily. Then. the light will go out

data 1in

memory for saving. ‘The light <ijdrive.ﬁy
will ‘light again while , the. workspace 15

" written to the-disk. Finally,

the program

will beep to tell you it is done, and the
command - line "will disappear

‘screen. . The whole process may
“seconds or more, SO don't.worry i1f LE sScems

like a long time.

¢ smARTWORK" has written
workspace to the disk for

grams. the file name 1S

Any drive and legal DOS file .n
used. Files created using the

from the

take thirty

a copy- of the

later .use by
either the SMARTWORK Editor or Plotter pro-
h:lessonl.pch.

mand may be copied using the  DOS

DISKCOPY commands. Always

‘back

aine may bC
“gave" com-
copY and
up Yyour

workspace files on a reqular schedule..

you may continue to edit
this point without using the

your,

layout at

wypad" command
to restore your work, since the argwork is

-

1t is a good idea to save your work
periodically as you are creating -or editing

it.- If you write it to the disk every half
memory parity

hour, a power failure oOr

error can't destroy eight hours of work.

Always keep a spare, empty., fo;matted”
diskette handy, just in case the disk youw
are using fills up or goes bad while you
are in the smARTWORK "Epditor.

you'll get a second chance’

to

That way
save your

work if you get a disk error while using

the "save" command:
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when you have finished reading the title
page, press the space bar to’ erase the
vitle information ané display.a menu of
available output formats. .

In the upper~-right-hand corner of the
screen, the program will print the current
system dJate. This date and the current
time will be printed on any output produccd
by the Epson. 1f the date is not correct,
" you can exit the plotter program and use

the DOS DATE and TIME commands to correct -

the system date and time.

Several ~ numbered choices will  Dbe
displayed on the screen. Find the cholce
labeled 11X dot-matrix checkplot, type 1its
number, and press "Enter".

The screen will clear again, and .phe-

following prompt will appear:
Input file containing the board layout:

- Type the name of the dempnstration layout
file which -is included on the SmARTUORK
diskette: a:demo.och. Use the “Backspace”
or Esc Xeys to'correct any typing mistakes.

The end of the prom?t line should now
look lLike this:

the boar& layout:. a:demo.pch

- -

Press the "Enter™ key. The red Yight on
the A frive will light as the program reads
the layout description file.

The program may reject the - input
filename by sending a low tone over the
speaker and .erasing the

*ile or that it couldn't undecrstand the
£1le's contents. Make surce thabt the smART-
WORK diskette 'is in .-drive A, the name of
the file is spelled correctly, and that the
named file actually contalns ‘a SmMARTHORK
layout. o

Next, the prompt for the qﬂfput port
will bhe displayed: R

. Output device or file_ﬁame: lptl:

The output of the Plotter program is nor-
mally written directly +to .the printer.

Since the printer 1is usually connected to
“the first parallel port, the program pro-

ides a default device name:
chis name is correct,

- lptl:-. 1t
simply press the

"Enter” key.

If. the printer is connected to another

‘port, or if you wish to write the output to

a file instead of directly to the printer,
use the Esc or "“Backspace" key to remove
the default device name. Then ‘enter the
correct device name (for example, coml:,
com2:, aux:, prn:, or Tlpt2:) or DOS
filename and press "Enterc™.’ :

If the program emits ~the low tone,
erases your response, and prints .the
default device name again, the device name

filename was in the wrong format, or DOS
.eturned an error when the program tried to
use it. Rither correct your .response or
fix the printer, then try 1t agaln.

. b4

~input ‘fillename.
- Phis mmedns cither that it couldn®t £ind the



onc ou have entered the input filename
and th. outout device, SMARTWORX will ask
you whether you want to orint both sides of
che boaré, the lower layer ‘only, or the
upper layer only. (The lower layer of the
board is the layer the Editor displays when
you press the "PgDn" key.) Press the »ne
xey (3 for Both), then strike "Enter".

The program will print the message Worlk-
ing..., then pause for nearly a minute
while it prevares the layout for oprinting.
A vortion of a checkplot is shown on the.
next page. _ Y

Each layer of the board will be printed
on a separakte sheet o0f paper. Several
1ines of text above each plot give the
date, time, and filename. (The usefulness
of this information will become apparent
~when you have collected elght or ten check~
plots of a board uncdergoing revision.) The
“program also prints the approximate size of
the board in inches, and a count of the
number of pads on the layout. - :

Despite the coarse nature of the output,
the checkplot is orinted .at normal size.
This means you can check the
between components and around connectors,’
either by using a ruler or by actually
placing the conmponents of interest directly
on the plot,

Once you have developed your layout and
checked it with a checkolot, you're rceady
to produce the f£inal 2X artwork.

spacing
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6.2 Camera-Ready Artwork

The camera-ready artwork produced by the
rogram will be c¢reated at twice rormal
size. HMence, a circuit-board layout 10 by
6" in size widll produce a 20" by 32" plot.
whis 2X artwork is ther photogranhed and

reduced 'S0% to create a negative used in

- -
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the preuuction of the final printed-circuit ©oFd ez Acs clemmo . el
board. : EVID DT CDXT . S50 I e I JORE L QO 1oy
Twice-normal-size artwork 13 available : I(}- ' R ~
from~either the Ebson printer or Houston ' 1 Cvcmﬁ_f”__ﬁ“ugzg _ .
Instrument plotter. The remainder of this f*f“—*\;____gfb::::::::ESTC'SIIT::u N——
lesson will take you through the  steps - ,ic»————\Fi & :::::::::};:;Jf?flfof“__;::
required ﬁf produce 2X artwork on the dot- :'(}"”"““\, s : 53? s N —
matrix printer. Pen-and-ink artwork gen- o Vo N N T T
eration using the Houston Instrument _ 25: :Q C/:_' N
pPlotter 1s covered in the chapter “pen- . S - e NN =
and-Ink Artwork®. - ' . 14 GP*\_SLQ__C bl g TN g it
q O o N =
Start the Plotter program again, and C—__ ‘ C§C~————ijD L GO G
advance to the output format and output . O A\ LT L
device menu. This time-enter the number of - -L 0__§_ e N Qfanfif' —
the choice which combines 2X dot-matrix . .f N\ PSRN P
_artwork with the type of dot-matrix printer b “N <2 —- :f:——ita_n—#—%?
- you are using. ' ' LLﬁiﬁ“\ ST N TN
: : ~ A i S/ N ——
. ’ , s d(/ \ ""'\-‘/n\_ —
The input file, output device name, and : r FJ*\ T : -
board layer prompting will be the same as 1 o P A=
thats for the 1X checkplot. <Use the demons— - ‘ !J _ L;C‘ —"-?EE?;? N j%g
tration file a:demo.pcb as the input file 1'C*”—_“_“\___E%Qq:::::IZKEEEE/f7::::§:>:::~
again, and plot both layers. | O—O C/CP_—“*_jt JN?“f§ ~
' ' ‘ | o—O0~ o—=7s NN —
After the one-minute pause required to l,cp_g_ﬁ o/ — ;ki 5D Q; —
prepare the layout for printing, the pro- : i o Yo N/ N -,
gram will print the artwork a side at a ' i ;fﬁ N oo Q‘ g
time. Each layer will have several lines i © bt > ?ff"“ft , bt
of text printed above it that give - the I O— e A NS/ S N
cdate, time, filename, approximate dimen- H O CD&}*“““*Q) O L o
sions, and number of holes. These title. . ﬁ:,c»—\_ G e N - Y
lines are printed in large letters, so that It O G Q: qjlr § s
they can be easily read from the 50% F£ilm l’ e NS N o
copies. A portion of a 2X printer outnut : (hl O RN .ch ‘QT’ f;é N =
is shown on the next page. O T O e -
. : _ R l&/\ N vt O 1 L I e sppepaiipet ~
o
The printing of the board artwork 1is

much slower than the vrinting of the check-
plot. In adédition to printing lines which
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are twi as long, the print head makes at

least three passes over each line to get
the best plot resolution. -

Other changes from the CRT display- and
checkplot will be obvious ‘toco. The wide
traces and fatcells have been smoothed to
create diagonal runs and to soften 90-
degree inside and outside corners. 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

—_— ——— e e e e e

DEGREES from the way it is shown on the CRT
or is printed on a checkplot. This allows
the long dimension of the workspace ({l6-
inch dimension) to be  printed down the
page, If, your layout will exceed 6.5
inches 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
cmooth and uniform as the output produced
'on the pen-and-ink plotter. It will nor-
mally be more than sufficient for prototyp-
ing. Many of the defects you can see by
. looking closely at the output will disap-
pear when it is reduced by  50% to normal
size. ,

There are a number of things you can do

to enharnce the guality of the 2X camera--

ready artwork produced by a dot-matrix

orinter. These technigues and suggestions -

are contained in the chapter "Dot-Matrix
Artwork", which is contained in-the refer-
ence sectlon of the manual.

[Fa]
1
\o

This chagtec concludes the tutorial sec-
-:on of this manual. Now that you have
2¢n 1ntroduced to the .basic operation of
ne smARTWORK. Editor and Plotter programs
you should read the reference chapter;
v ich ﬁollow. Several of the more complex
¢.-ratlons were omitted from the tutorial
to keep it simple., A complete deﬁdriptioﬁ
of all aspects of the SmMARTWORK Programs is
contained in the teference chapters.” ]



Chapter 7

Fundamenials of
Operation

. This chapter explains many of the
details of the smARTWORK 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 called the
workspace. Each grid.is divided into 64000
squares, or cells. Each of the two grids
corresponds to one layer of .the printed-
circuit  boord;  each square  of  a  grid
represents a 50-mil (0.050 incnh) sguare

section of the final printed~circuit boarcd
at 1x magnification. The fiqure below
shows the dimensions of a grid, as well as
the way that the four points of the compass
are used to refer Lo motion across a grid.
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~.de lower-left (southwest) corner of each

grid is called the home position. The
g 3s can also be described as X-¥ (Carte-
S51Lan) coordinate grids. In this case, the

home position is the origin of -the current
X-Y plane, and the +X and +Y axes éxténd
eastward and northward, respectively, from
the origin. - S

_ The dimensions of the workspace are suf—
ficient tor designing a printed-circuit
board ‘of two . l0-by~16-inch layéfs. For
convenicnae. the lavers are referred. to as
the wupper and lower layers. The words
‘upper” "and “lower" imply nothing about che
the final artwork, since the
yers are plotted independently,
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7.2 . Ttwork Elements

The four elements from which the program
builds- the artwork £or a printed-circuit
board are shown in the figure below:

.

O
thin ‘trace pad
r ) L
fat trace fatcell

Each element represents a conductive area
on the printed-~circuit board.

The "thin trace represents a circuit-
board signal conauctor, while the fat trace
represents a power-supply or ground conduc—
tor. Either tyoe of trace can appear in a
rectilinear (north-south or east-west) or a
.diagonal (northeast-southwest : or
northwest-southeast) orientation. A com-—
Plex trace can be built from any series of
these sxmple traces.

_ The ba31c element of the fat trace is
the fatcell, - which represents a one-cell-
square area of a conductor. Fatcells
be placed 2nyulicie on the grid to revnresent
arbitrary patterns of conductive material

.
can

represents a

The vad conductor-plated
pad, via, or feedthrough hole

e It
(ad
=
2

printed-circuit board. It
ment that is three-dimensional:
pad represents a cylinder that npasses
through both board lavers, while the other

7-13
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P nLUwOrKx Elements

. .-'..-'_, .

-elements represent conductor patterns that

appear on JUSt one board surface.

1- and 2-Layer Displays

medium~resolution color-

Each editing display shows the layout of
a forty-by-eighty-cell section of one of
the workspace lavers. This display is
known as the window Into the workspace.
Only one layer at a time 1s available for

editing: it is called the active lavyer,
while the other layer is called Cthe idle

lager.

No grid lines or markings
editing dlsplays._

appear on the

display is
black-

The single~layer editing

eated using the high-resolution
und-white graphics mode of the IBM
Color/Graphics hAdapter. As the name

implies, this display is a window into one

layer of the workspace.

The dual-layer editing display uses the
graphics mode of .
the IBM Color/Graphics Adapter. Various
color schemes are used to create a window
into both layers of the worksnpace simul- .
funcLlons

. tancdously. rhe display-option :
described in the "Display Functions"

chapter are used to switch between single-
and dual-layer displays, and to 6&¢t  up
various color for

combinations thg dual-

yer display.

designed for
If you wish '’
you will .

The dual-layer display i3
use with an RGH color moritor.
to use a black~and-white monitor,

y v



f£i the single-layer display to be more
informative than the dual-layer display.
No desian functions are lost when using a
black-and-~white monitor with the single-
layer display.

7.4 Display Distortion

The Houston Instrument DMP-4)l plotter

that generates camera-ready
capable . of x=-y resoclution approximating
0.005 inch. Although every attempt has
been made to make the editing displays
appear " as realistic as possible, the IDM
Color/Graphics Adapter and most RGB color
monitors are not designed for resolution as
fine as that of the plotter. There are
some respects in which this difference in
-resolution is apparent:

artwork is

(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 1. The ratio of vertical to hor-
izontal dimensions of a cell on the
editing displays, though, 1is approxi-
mately 1.625 to 1. This difference is

usually only apparent in large areas .

of fatcells

(2) The x and y increments in diagenal fat
: Lraces are visible on the editing
displays as a  ‘"staicstep” pattern.

When these traces are plotted on the

DMP-41, however, they appear as per-
fect diagonals.

(3) Fatcells can ©only be connected to pads
or other Ffatcells on the north, south,

T-5
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east, and west faces. Al£h0q§h a
fatcell may apoear on the display to
atmost touch a pad or another fatcell

that borders it. on a northeast,
northwest, southeast, . or couthwest
corner, ' the final artwo:k plot will
place a definite gap between such con-
“ductors.

{4) "There are sglight discontinuities in
the edges of pads and diagonal thin
craces on the editing displays. These

do not appear in the plotted artworik.

7.5 Program Input

Three kinds of input are used in the
~diting program: '
1. function-Kkey ihnuﬁ
2. command-line input
3. mouse 1nput (optional)’
Functlion-key and command-line 1inputs are

entered from the keyboard.

1f you have the Mlcrosoft Mouse attached
to your system, YyOou can usc its motion to
control the cursor and its buttons to enter
the two most froguontly used funccoion Keys.
The mouse is covered in detail in  the
chapter titled "Uslng the Mouse”

Function keys are used to manipulate the
?mbolo of the editing display and the data
chey represcent. A function keystroke
causes an editing function, such as a cur-
sor movement or the insertion- or deletion
of an artwork element, to be executed

7-6



immediately. 7Tphe changes in the "editing
d” nlay thag feflect. the execution of a
£ tion depene on the nature of the func-
tion. Function-keyrinputs €annot be typeg

quickly andg efficiently.

7.6 Audible and Visual Cues
The program usesg two audio tones to sig-
nal various conditions. The low tane (110
"Hz: second A below middle ) indicates that
an error has Occurred, while the high tone
(440 Hz: A above middle c) *signals. the

Successful completion cf certain functions
and commands, '

a During a nhormal editing session, the
SCreen is Completely filled by an editing
display, and the orogram responds o any

function-key input, If an error occurs, -

though, the following events occur:-
(1) normal pfogram execution isg suspended

(2) .the editing display ' scrolls up  to
: leave a blank sSpace

(3) an errn- TISIZLISC apbeary in the blank-

space
(4) a low tone signals an error
At this point, :youy should acknowledge the
€rror message by Pressing the "Enter» key.

Any other input will be .ignored. After the

7-7
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acknowledgement, the error message " disap-

Pcars, the editing display 5Crolls back .

into position,.and normal execution contin-
s. . S '

Some commands (Like the ones that read
and write ‘gisk files) take Some time to
fxeécute. When auch a command has heen com-
Pleted withqut,error, a high tone. signalg
that the. Program i{s once again awaiting
input. '

A complete list of text messages.appears
in Appendix A, '

7-4
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8.0 Command~Line Input

Chapter 8 -

Command-Line Jnpui

_ input 1is similar
Input: a command prompt is issued, charac-
ters are echoed on the display screen,
backspacing- and line cancellation are
allowed, and the “"Enter" key must ‘be
depressed before the command is processed.

This kind of input is used to issue -com—
mands that are used infrequently or are too

Command line to DOS

~complex. to be expressed in a single keys-—

troke, such as loading the workspace from a
disk file.

. Whenever the program is awalting a
function-key input, you can switch  to
command-line input by oressing the “Enter*
The program will respond by:

{1)
(2)

suspanding normal execution

scrolling up the editing display to
leave blank space at the bottom

placing -the COMMAND> prompt in
lower-left-hand corner of the dis

the

(3)
: blay
D

‘0

e — - 5 e - ‘
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8.0

COmmand Line Input

As you type .a command, the characters
will Dbe echoed on the command line.
"mprintable characters are discarded to the

and of a low tone. All upper-case char-

-ers are converted to lower case. If you
reach the right margin, excess charactecs
will be discarded with a low tone. You can
backspace with the "packspace" key, or can-
cel the entire line with the "Esc” ke;

The command will not be. processed until

you .press the "“Enter" key again. If the
command executes successfully, the command
line disappears and the 'normal editing

display is restored.
an error messaqe.

‘Any error will invoke

If you change your mind about entering a

“ommand .after the ‘prompt appears, just
:ave.  the ‘command 1line blank and press
ater™. The normal editlng dlsplay will

be restored 1mmed11tLly

8.1 Confirming a Command

Canreh coammanda a,

- execute,

“abort

Some commands will completely destroy
the current workspace. - To keep you from
inadvertently destroying impor tant wo;k,

s e ‘-}‘e"l on

antor n the

ey
RSP ERAE L0 a~ --\_s_

command line, will ask the followlng aques-
tion via the command Line:

b

DISCARD CURRERT NORKSPACE’(y/n) ?
proceed with the c¢ommand, " type vy and
presa the "Enter® Kkey. The command will

high Ltone to
message, TO
but vy and

ending wlth efther a
j3UCcess 0L an  error
the command, type anything

signal

~ ey



pre the "Enter"™ key. The normal editing
disp_ay will be restored immediately.

B.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 command is
rejected with the message: too many parame—
ters, Any entered command that the program
does not recognize is 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:

COMMAND; clear
‘The follbwing sequence will ensue:

‘(1) the program asks you to confirm the
command

{2} all .artwork in the workspace is dig-
carded ’

{3); the cursor is moved to the southwest
corner of the lower layer of the
workspace :

(d) a high toné signals completion

.4 The QUIT Command

To clear the screen and return immedi-
ely to DOS, use the following command:

COMMAND> quit
This command also asks for conELCmatioﬁh

i

8.5 The SAVE Command

To write a disk file that contains the
current workspace, use the following com-
mand: . -

COMMAMAND> save filename

“ere. "filename" is any file. name thdt is
- .qal under DOS. The. entire workspace 'will
be ritten to the specified file in a form
that can be read back into the workspace
with the LOAD command.  This command may
take a while to execute; a high tone sig-
nals completion. : '

- -~

Possible errors during the SAVE command
are:

active route exists
can't write output file
migsing f£ilename i
too many parameters



B.6 The ‘LOAD Command

To read a previoﬁsly saveéd workspace
from a disk file, use the following com- '
mand: -

COMMAND> load filename-

where "filename™ is any file name that |is
legal under DOS. You will be asked to con-
firm the LOAD command. If the specified
file was written by the smARTWORK SAVE conm-
mand, the workspace will be loaded from the
specified file. The lower layer of the
workspace will become .the active layer; the
cursor will appear ‘in the southwest corner
of the layer. A high tone signals comple—
tion of the LOAD. :

Possible errors during the LOAD command
are:

active route exists -
can't read input file
missing filename

toco many parameters

(

smARTHORK'heferenC* Manual
5.0 Display ! rtiong

Chanier ©

Display Funciions

“SMARTHORK" can display a layout one
layer at a time in black and white, or both
layers at the same time in color.

9.1 - Change Luyer Pqu/Pan

When the Editor” is dlsplaying the layout
in' black and white, only one layer of the
board can be seen at a time. The. "pgup"
kcy positions the editing window over the
upver grid or upper layer of the workspace,
while the "pgDn" key makes the lower qgrid
the active layer. The x-y position of the
cursor does not change when changing
layers. If the reguested layer is already
the active layer, the layer-changing func-
tion is ignored. : ,

Both workspace layers can be disolayed
simultaneously in the editino window. With
the help of an R’CB color monitor, the con-
ductors on each layer appear in a differcnt
color. ‘rhe six foreqround colocs fced,

-~
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<L Change Laycer: PgUp/Pabn

green, vellow, magenta, cyan, white)
renresent conducting areas, while the two
backxground colors (blue, black) represent

jselating areas. hlthough hoth layers

pear in the window, only the active layer
13 avallable for e2diting. As a visual rem-
inder, the cursor color is always  the same
as the active layer color: The active
layer can be changed at will wusing the
"PgUp" and "PgDn" Xeys. '

Since the design of a color display that
is both Informative and pleasing to the eye
is very much a metter of individual taste,
the brogram allows you to select several of
the fundamental display elements.

The alternate °~ function keys Alt-Fl
through Alt-¥6 are used to set uv the
tal-layer editing displays. The ALt-Fl
) rough Alt-F4 Xeys control various attri-
butes of the display hardware itself, while
Alt-F5 and Alt-F6 are used to define the
relationship between data in the workspace
and the colors of the display. The Alt-Fl
Key is.useful when either tyve of ‘editing
display is on the screen; the other Keys
are useful for dual-layer editing only.

If you have a color display, experiment
with these six Ffuncticns to {ind  the
aisplay that you like  best. I£  vyou
cemenber that the cursor color 1s always

the same as the active ayer c¢olor, you

shoulédn't become confused. For more infor-
—-tion about the displays created by the

4 Color/Graphics Adapter, see the IBX
Technical Reference manual,

e e

amARTWORK henere ﬁ.!-'. arnal
c

. 9.2 ~Color, B/w ModesT Ale-wl

9.2 Color, u/w Modés: Alt—F}7

mhe Ale-Fl key swltche between:

l-l

) the SLngle luyer, high-resolution,
black—-and-white dldplay

{

(2)y the dual-laynrc, edlum—resolution,

color display

9.3 Select Intensity: Alt-F2 ‘

The A‘t F2 key toggles the intensity of
the background color. - .

9.4 Select Color Set- Alt—-F13

The ALt-F3 key saltches between the two

sets of colors offergd by the DM,
Color/Graphics hdapter. The c¢olor .sets
are: ;

set I Set II

red - . magenta

greeh cyail

vellow white

-



9.5 B around Color: Alt-F4

The Alt-r4 key switches between the two
\ckground. colors that Seem most suitable

"€ use with hoth foreground sets. blue
and black.

9.6 2- or 3-Color Set: AlLt-FS

The Alt-F5 key switches between the
two-color and three—-color ‘Scheme of
displaying the active layer superimposed on
the idle layer. 1n the two-color Scheme,
each layer is displayed in a different
color. Ate any point where the two layers
coincide, the: active layer hides the jidle

layer. . The three-color schenme uses the-

ird color to display the coincident
‘nts,

9.7 Set Active Color: Alt-F§

The Alt-Fg key swaps the active—}ayer

color with the idle-layer color.

By using the Alt-F3 and Alt-F6 keys, any
one of four color groups can be uyused to
construct a three-color display;

Group '1 Grouop 2
fou

active laver ........ reqd ‘green
©le layer .......... green - red
coincident points ... yellow  vyellow

9.7  Set Actlve r~lor: Alt=—t(

Group 3 Group 4
active layer ........ '‘magenta - cyan
idle layer ........... cyan magenta
¢coincident points ... white. white

‘Twoécolor displays are constructed using

the same groups, except that the "coipn-
cident points® color is. omitted from cach
group,

-

-
-

<

~

9.8 Set;Window Size: Alt-fF7

Normally, the screen shows a two-inch by
four~inch window of the workspace, The

-Alt-F7 key switches between this normal

display and the full display, which stws
the entire - ten-inch -, by sixteen-inch

workspace™ on one screen.. Because of the

limitations of cthe display hardware, only
the active layer is shown, and the display
is 1n black and white. Tt may take - the
program up to twenty seconds to paint the

"full display on the screen, so be patient:



- —— e

- current, or active,

Chanter 10

The Cursor

The cursor is used to point to places
and objects in the workspace on the
layer. It can be moved

using the arrow keys or the mouse.

10.1

‘at that position

Shape and Colér

The cursor appears on each editing
display as a one~by-one-cell figure, Its
position is called the focus, and the ceoll
' is called the foca) cell.
The cursor always occupies one cell of the
layout grid:. it is never partly in one cell
and. partly in another. The cursor hides
“he zzatgnts ol Lhe focal .cell, put the
cell contents are changed only' upon expli-
cit.- request. .. "he contents of the focal
cell will be displayed again when the cur-
sor is moved. ' ' ' :

The 'shape and color o6f the cursor give
important information about what the pro-
gram is doing. The normal cursor shape is

ro-1 -

Lo, L Shape- and Color

4 square, or box, that outlines the focal
“cell, When an *"active route” exists,
“hough, the ¢ursor shape changes to three

*teral bars, Actlve, routes are explained
the chapter describing "Interactive.
Routing," : ' P

. When ' using the . dual-layer display,
always remember that the color of the cur-
Sor is the same as the color of the active

layer symbols.

The cursor can be moved using the
cursor-movement functions described in -the
next section. Whenever the cursor reaches
any of the four window edges, the display
Scrolls to show a slightly different window
into the workspace. A cursor movement from

“he Dbottom 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
are in the numeric keypad, which is at the
right—hand side of the IRM-DC Yevhoord,

The four arrow Keys move the cursor back
and forth across the pPlane of the active
layer, in the directions indicated below:

10-2
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C D C D
8 6 4
A > <
Hove North Hove Eosxt Hove Yast

Depressing 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: fiva cells
for north-south movements, ten cells for
east-west movements.
If the distance the cursor moves is
large when unshifted, and small with the
" "shift" key, your "Num Lock™ key has been
pressed. . Press "Num Lock" to unshift the
numeric keypad. '

- Xf the requested movement carries the
cursor across one of the window edges, the
window is automatically scrolled to follow
the cursor. If the cursor has reached a
boundary of the workspace, attempts .to move
the cursor beyond the boundary will - be
ignored. If the north or east workspace
boundaries appear .in the edltlng wlndow,
they are " revresanted aa  hal)f.inrao-
s0lid bars that extend from the worxspacc
boundary to the edge of the window.

The "Home" key moves the cursor to the
home position of the active laver.

(
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It appears on the editing display

" from
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11.0 Placing and R wing Pacds

ucCJLJJNd
Removing Pads

The pad represents a conductor-plated
empty cylinder that passes through both':
layers of the board: it .is the only three-’
dimensional element used in the program.’
an annu-
lar {or doughnut) shape. The pad is
defined to be one cell in diameter. :

When a pad symbol is placed at some x-y
position on the active ~layer, it is,
automatically duplicated on the idle layer
at the same . x-y position.. A pad may be.
placed at a given x-y position only if its

lacement will not change any connections’
conductors on cither layeir. Once a
pad has been placed, it can scrve as a ter-.
minal point for traces on either layer. '

habuann

! .
When a pad -is removed, it is -removed
both layers simultaneously. In add:i-
tion, any traces that are conncctcd to such
a pad are al°0 removed -



- el Y A S Y 1 1 5Y .Nt:mOV.Lan PadS

Chag:e Ll.bE PAD function described in ‘this
‘.er places a single pad into the lay-
juc. The SIP and pi1p commands, which are
escribed in the chapter entitled "Advanced
\fg?mandsl, ?re used to place all the pads
Once.a 3ingle-~ or dual-inlipe Dackage at

H

11.1  PLACE PAD (F3)

The PLACE PAD function Xey Places a pad
:t the focus.. An attempt to place a pad at
N X-y position that already contains a

conductor on either layer will be rejected -

wit@ "~ the message: occupied cell i
_cyl;n@eg. If you attempt to blace a pad ;2
' positron that would cause the new pad to
e connecteq to an existing. adjacent con-
b;cto; on elther layer, the keystroke will
€ rejected with the message: too close to
adjacent conductor. : ‘

11.2 REMOVE PAD (r4)

If there is a pagd

I at the focus the
R?HOVE PAD  function key ‘will remové. it,
i:?f?,.wlFr any <traces connected to it.
Crrvte-  we o LOnneccea traces  follows  the
_:?les set forth in the chapter on "Interac-
tive Routing™, If there is no pad at the
focus, REMOVE PAD is ilgnored. i

Lz2.u Interactive Routing

Interactive Routing -

A route is simply a thin trace with two
endpoints. It may be short or long, and
may contain any number of turns, bends, and
inflections.
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 route that terminates at'another con— -

ductor (thin trace, fatcell, or pad) ia
said to be anchored at that endpoint, while
a routeé that an endpoint "in the middle

A route can thus be .anchored at both ends,

of nowhere” is said to have a dangling end.

anchored at one end (thus dangling at one

end), or dangling at both ends.

Routes are built, or run, one at a time,
although the construction' of a route may,

at your discretion, be done as a series of’

routes between . intermediate points. The

1

rotte currently being ‘run, ‘if any, is-:

called the acltive route. .

12-1
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Whenever the cursor has a square shape,
there is no active route; the cursor may be
moved to the source endpoint.to prepare for

. t?hil; ae word “endpolint" is apolied to . o
L tez;jmlnus of an active route, each com—- : o
Pleted trace (whether thin or wide)

a5 two termini, called sto g A stoal?o i macking. Whencecver there 1is  an  active
2fined as any of the fOIISGf%Q- P as ’i route, the cursor appears as three lateral
_ ' ﬂ‘ bars; the program expects. the next endpoint
¥ a point where two Or more traces meet - mark to be at. the target :endpoint. As 500
. : meet : ‘as the target is marked, the program beoino
* a point where a trace meets a pad to seek the best route betwecn the points.
. : ¢ The amount of time that it takes to find o .
* a point y route- depends on the distance between the
trgle or ;"¥Ziézl§hin.traCe neets a fat points gnd the density of c¢onductors
s . ; dalready on the layout. -
tops are used i ' - - :
tions that OPeI:f;%;:nggggi scope of func- The MARK ROUTE function is used to mark
. So both the source and -target endpoints of &
: route. Pressing the Fl key marks.the focus
as an endpoint. . If the cursor 1is -posi-~
12.1) MARK ROUTE (F1) tionad over two parallel traces at once, .
T the message cursor ‘is straddling traces
Most routing is done with the following -~ indicates that the mark’ is ambiquous. 1%

ur-step Eoint—&g-goint method:

(1) place the curs
_ Oor over one end
the desired route point of

{2) pressa the MARK RO
UTE ke t H
"Source" endpoint ¥ RO mark this

(3) move the cursor to

) the other endpoj
qr the desired route point

(4) Press MARK ROUTE aoain +o
targec” endpoint

L ) L
st b Oy vl g

‘he program will attempt to fing a short
ute between the two points that fits the

"a dangling

you attempt to mark a source endpoint that
is not on a conductor, the keystroke is
rejected with the message: route has npo
anchor. 'If the program finds @ that all
paths from source to targebt are blocked by
obstacles, the can't find a route message
is issued. )

I1f the route is run successfully to an
ancnored endpoint, the active route is
ended and the cursor resumes it square
shane, Tf the route ia run succescfullsy vo
) endpoint, - the route renainsg
active: the former target endpoint automat-
ically becomes - the new soucce cendpoint,
thus allowing a route to be run from point

.3ign lules and avoids crossing existi - to point indefinitely. “rhe program will
‘aces. The source endpoint mu;: 29 respond to no keystroke besides “inteccupt,
nchored, by n c route"” while it is searching ror a route.
o ’ t the target endpoint nay dan-— ’ . :

2y Y52



12.2  Interrubnt Route

Afte, target point is marked and the

‘rogram begins searching for a route, it is.

-ossxble to Interrupt the scarch process by

sing “Ctrl-Break” (hold down the "Ctrl"
key while you press the "Scroll Lock/Break”
key). The program will respond immediately
with the message: routing interrupted. In
acddicion, the cursor remains at the target
point, the route remains active, and the
program.will once again accept any function
keystroke. If Ctrl-Break is presscd when
the program Is not searching for a route,

the following message appears: not busy -~
interrupt ignored. '

"2.3  REPEAT ROUTE (F8)

It Is often necessary to run a serlesg of
routes that have exactly the -same shape,
Eut  that connect differenk sets of poxnts
‘the layout section in the fiqure below is
an example of this:

2 . K 56
- OC— RO
O\C— O\

{The labels are for the conunnfn"h; of this

axamn) o, 54,4 do not actually appear on the
:diting display.)

The REPEAT ROUTE function can speed up
ach repetitive layouts. After running onc
oute with the uzisal source-target marking
ecthod, the cuvrsor Ls moved to the next
arget endpoint. 2?2ressing  the REPEAY NOUTE

A
- 1

Loa N Acl. L e NIUAL (LU Y

key at this polnt "'will cause.a route with
the same shape. as the previous route to be
run backwards from the new target to the
new source endpoint. In the example, the
REVEAY ROUTE function can be used to lay

out the repetitive pattecns quickly, au

fnllows:

*  manually run the route-from'al to al

* . move the cursof to b3 and press F8 to

run the bl-bi route 3

* - move the cursoc to b5 and press F8 to
"‘run the b3-b35 route

* move the cursor to a5 and press FB to
run the a3-a5 route

* ‘manually run the route from a2 to a4

* move the cursor to b4 and pr&és F8 to
gun the b2-bLA route

* move the cursor to b6 and press r8 to

run the bi-bb6 route

* move the cursor to a6 and press P8 to
run the ad4-abd route

A route beling cun by REPEAT ROUTE stops
when it collides with anuther conducrosr, Gt

‘when it reaches Ehe expecteds position ot

the source endpoint.

12-5




12.4 _ B""XSPACE ROUTE

When an active route exists, you may
ccasionally overshoot the point at which
W wanted to stop.

hanctéon key {the "™Backspace" Kkey) will
remove a small section of the route at the
dangling end; the route remains
Repcated use of the "Backspace" key will
gradually eat away the route until a junc-
tion, fatcell, pad, or dangling
reached, There 1s no longer an active
route when the backspacing process reaches
a stop in this manner; the cursor returns
to the box shape. 1If there is no active
route, attempts 'to backspace are rejected
with the message: nothing to bacgkspace.

.5 REMOVE ROUTE. (F2)

The REMOVE ROUTE functlion removes con-
ductors from the active layer. If there is
an active route, REMOVE ROUTE deletes the
entire active route, regardless of “the
position of the focus, This occurs even if
no part of the active route is displayed on
the screen. If there is no active route,
the following rules apply:

(L} "If there is a pad at the focus, ali

thin traces that are rmonnectcd Lo ithe
paad on the active layer will be
deleted up to the first stop.

Fatcells and fat traces. connected to
the pad are not affected. The pad
itself can be removed only with the
REMOVE PAD function.

{2) Iﬁ' there 1s a fatcell at the focus,

The BACKSPACE ROUTE

active.’

end is

(3)
(4)
(5)
‘\-.-/

hl

“traces connecte

. REMOVE ROUTE 1is 1gnor

2 jtaelf will be deleted
e, ‘thin ‘traces connectc:
to the fatcell will be dléllseteac:]dupﬁzr

i rop. Fatce; h
the et monnec S'to the fatcell at £h

focus are not affected.

the .
In additlon,-all

i . iracé or.a junctio
5 a thin trace or.a jun D
ks A ho focus, each thi
up .to the firs -

Tf£ there ‘
of thin traces at the

trace will be -deleted
stop. : . ‘ |
1f the cursor 13 straddling two paral

: th
1s unconnected).tcageq, .
Lo e RoUTE keystroke is rejectc

21OVE  ROUTE _ :
&Etg the message: cursor is straddlzir
tracesS.

condudtor at the focuﬁ

If there is no cor



Chapter 13

Widening and
Shriniing Traces

All traces constructed using the routing
process are thin traces. There are func-
tion keys for converting such thin traces
to fat traces, to convert fat traces back
to thin traces, and to place
fatcells on the layout grid.

13.1  PLACE FATCELL (F7)

- Each time the PLACE FATCELL function Yey
s pressed, a fatcell is placed at the

focus. Fatcells may be placed in isolated
locations, 1laid end-to-end to form fat
traces, or placed around pads to 1increase

the size of the conducting area. In addi-

tion, fatcella mav be placed in the middle

of existing thin "traces to form temporary

or permanent junctions. An attempt to

place a fatcell directly onto a - pad,

though, will be rejected with the message:
" can't fatten a pad. '

13~-1

individual_

factor at the focus.

section of a trace which, if widened,

13.2 WIDEN (F5)

The WIDEN function 1is used to widen all
nin traces that are connected to the con-
If there 13 no con-

ctor at the focus, the WIDEN function
Places a Ffatcell there, just as the PLACE
FATCELL function does. Otherwise, the pro-

gram will select a thin trace connected to
the focus and widen it wuntil a stop 1is
reached. This process is repeated for each
thin trace connected to the focus.

The WIDEN functlon will: not widen an;
would
cause .a new e¢lectrical connection to be
made. Nonetheless, the widening process
will proceed past that point: it is not
“reated as a stop.

If no thin traces ére connected to the
\”nductor at the focus, the WIDEN keystroke
is ignored. .

13.3 SHRINK (F6)

a ﬂg

The SHRINK function is used to shrink
all fat traces that are connected to the
conductor at the focus. If the conductor
at the focus is a fatcell with ne conncc-
tions, the SHRINK function removes it com-
Pletely. Otherwise, the program will

. Select a fat trace connected -to the focus

'd ‘shrink it until & stop is reached.
.5 process is repeated for, ecach faL trace
¢ nnected to the foccus. -
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Wh ver the SHRINK function is used on
a fat trace with a dangling end, the final
fatcell at the dangling end is removed com—
pletely. :

If no fat traces are connected to the

focus, the SHRINK keystroke is ignored.

Ld . u Us iy e ouse

Mouse

If you have a Microsoft Mouse attached
to your computer, you can use it to make
the layout editing process even more con-
venient. If you do not have a Microsoft
Mouse, you may skip this chapter.

Before attempting to use: the mouse with
the SmARTWORK software, you should read the |
parts of the HMicrosoft #ouse manual that
describe both hardware and software instal-’
lation. You must have installed the mouse .
driver software by issuing a MOUSE command
(either manually or from "a .BAT file)
before running SmARTWORK.. g

AfLed you enter Lhe SmanRTwWORK program,
no mouse input is accepted uﬂtll You issue
the mouse command, as shown:

COMMAND> mouse
The SMARTWORK program will - then -activate.
the mouse. If there i3 missing hardware, a

14-1



ld.U uUs* -~y the Mouse

nardware malfunction, or mlssing. mouse-
driver software, the error message mouse

installation failed is issued.
- high tone signals successful activation.

The most convenient way to use the mouse
1s to place it on a flat surface directly
to the right of the computer keyboard, with
the cord and buttons pointing away from
you. You can then control the cursor with
your right hand on the mouse, as shown in
‘the following diagram:

~ Move
Cursor '
- Hork N 't'h Balata
Route or fouta

A

s v

Move
Cursor

South

Otherwise, -

_ Move ' | Move .
Cursor =€— —=> (ursor
West | Fast

_ _ kk |

- functions.
. cutes the MARK ROUTE function; depres sing

T T éﬁKKTwGHK'RéTEl .Cé Manual
14.0 -Uuing'the Mouse

In additlion, you can use the mouse but-
tons to perform the two most common editlng
Depressing the left button exe-

the right button executes the DELETE ROU«WwE
fgnct;on. To perform successive functions
with a mouse button, you must depress the

“button, release it, and depress ‘it again:

there is no equivalent of "auto-repeat”
operation with the mouse buttons.



Chapter 15

-Advanced Commands

: command described in this chapter con-
'§g§25 o%ma command keyword followqd by one
Or moOre parameters, For convenlience of
notation, keywords and literal character
strings are shown 1in upper case, while
' single-letter parameter symbols ~are shown
in lower case. Characters" that. actually
appear on the smARTWQRK display will all be
typed and displayed in lower case. )

15.1 The CLEAVE Command

The CLEAVE command spreads out ‘closely
' spaced routes so that new routes can be run
between them., It has the_fo:m:

' COMMAND> cleave d

The "d* parameter that follows cgﬁéyﬁ
specifies one of the four_coqpans d{r%u-
tions: it must be one of the four lentucg
n, s, e, or  Ww. Each CLEAVE comman

operates on a well-defined rectanjyular area
of the workspace.

15-1

°rn edge of

As an example, the definition of the
Cleave n rectangle follows: -

.1) north edge: the row of cells that
' contains ' the - northernmost nonempty
.cell in the workspace o :

(2] south edge: the row of cells that

cortains the focus
{(3) east and west edges: the easternmost
and westernmost columns of cells in
the workspace, respectively.

‘The cleave n command translates the con-
tents of each cell within the rectangle one
cell to the -north, thus creating an east-
west "cleft® in,the'workspace at the south-
the rectangle. all clecerical
nnections are preserved by’ bridging the
efr with thin north-south traces at the

points where connections ‘must. be main-
tailned. .
The other three forms of the command

work like cleave n, pushing a rectangular

section of the ,layout toward - one of the
workspace edges. If there is no empty
epace between the leading edge of the rec~

tangle and the edge of the workspace, the

-command is rejected with the message: no
e€xpansion gpace at board edge,
'or convenience of discussion, we have

treferred to the area of the workspace upon
“ich CLEAVE operates.as a rectanqgle. FEach
EAVE command, however, operates on
congruent rectangles in each layer of the
workspace. This ¢nsures that rad align-
ments are preserved after a CLEAVE opera-
tion. ' '

15-2
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SIMRIWURK Reference Manual
15.1 The CLEAVE Command

The time needed to execute a CLEAVE is
directly proportional to the size of the
‘rectahgle, and can range from a few seconds
to several minutes. In every case, thugh,
the CLEAVE process is overwhelmingly faster
‘than the corresponding manual process of

taking apart a -complex layout and rebuild-

ing it in order to squeeze in a route that

was not anticivated in the early stages of

the layout process. In short, CLEAVE is to’
be used as a last resort to escape from a
situation where you have, so to speak,
painted yourself into a corner that allows
no other route of escape. -

15.2 The SIP and DIP Commands

Thé SIP. command will place all the pads

for a single-inline package at once. 1t

has the following form:

COMMARD> sip d n
Qhere'"d“ is one of the compass directions
{n, s, e, or w, just as in the c;znvg con-
mand), and "h" is the number of pins in the

package. _
the focus; the

. that extends -in the indicated direction
away from oin 1. )

The command

COMHAND> sip e 8

i ] - a for pln 1
would, for example, “place thg pa \ i
of aé eight-pin éingle-inllne package at MY

the focus, then olace the remaining pads at

The pin-l pad will be placed at’
remaining pads. will  bhea -
cloced ac O.1l-inch intervals along a line

smARTWORK Reference Manual
15.2 The SIP and pIP Commands

0.1-inch intervals along=th " line that
€éxtends eastward from the fdcus.
The DIP command will place all the pads
-for a dual-inline backage at once. It has
‘the following form; ' :

COMMAND> dip d n c

where "d" andg "p" have the same meaning as-
they do in the sIP command. The "c¢" ‘param~
eter specifies the distance between the two
rows of the package in tenths of an inch.
The pin-1 pad is placed at the focus; the
Pads for pins 1 through {n/2) are placed
along a line extending in the indicated
direction away from the focus. The second
row of pads, for pins (n/2 + 1) through n,
are placed along a line parallel to and
(c/10) inches away from the initial line.
*he direction of an imaginary vector drawn
Lrom the pin-1 pad to the Pin-n pad, will be
the same as the corresponding vector that

could be drawn betwean those pins in stan-
dard descriptions of dual-~inline pPackages.

The command . . :
COMMAND> dip e 16 3

wbuld, for‘examble, place the pin-l' pad of.

‘a2 sixteen~pin dual-inline Package at the

focus, then place the pads - for pins 2
thecough 8 at 0.1-1inch intervals -along a

'.line that extends eastwarid from the focus.

It would then place the pin-16 pad 0.3
ches north of the pin-l pad, - and finally
.tace the pads for pins 15 through 9 at
0.1-inch  intervals along a - line chat
extends eastwacrd from the pin-16 pad.



= S5IP and DIP commands may report any
of errocs that can occur when placing a
singie pad le.qg., occupied cell in
cylinder). In addition, the error message
stopped at workspace border may appear
whenever either SIp .or DIP encounters a
wgrkspace border while travelling along the
line of pads  that it is Placing. Whenever
an error occurs, eitheér command will ter-
minate immediately instead of attempting to
Place any remaining pads.

‘Chapter 16 |

. turable.

| Ao!vancedlﬂoz!fmg

The routing algorithm used by the smART-
WORK Editor is designed to enforce 2 set of

"design rules which assure that the result-

ing printed circuit board is very manufac-
This is important . in subsequent
production; it results in high yield, low
cost per board, and maximum profit in the
finished product. ' '

Sometimes, however, the user may wich to
override the automatic path.chosen by’ the

router. Acsthetics or operator “look-
ahead" factors may enter into the routing’
considerations in a way that the routing

algorithm may not anticipate.

This chapter explains a variety of ways
far the aser to guide the router so that
runs may Dbe ' precisely placed. - Thuse
metheds are not unigue: the adept designer-
would probably arrive at elther these o1’
alternate means to achieve the same end:
even without this explanation. :
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echniques In no ya
Tfnufacturability of the regﬁESEi;aiga:ge

?g may be useful to-either the meticulou;
_:flgner who wantsg top produce eye~-pleasing
¢ 'Wwork or the person ‘who wishes to under-
S.and thg finer points of the router opera-
tionito inCrease its effectiveness,

16.1 Routing Direction

ano??en interconnecting one network with
anot ei& thﬁ routef attempts to run a line
e e_ lsqprce (the network marked

£st) to the “target" {the network marked
laat)._ All other things being equal, the
rsgte is f{rst laid parallel to the axis
v’ e the dlstanqe'bétween source and tar-
- - 18 largest. When the two distances are

> 31, the route then roceed i
¢ the target, d o ’ dlagénally

_ The examples below show this effect. In
:he top rcute,  the leftmostk (source) pad
‘as marked before the rightmost: {(target)
’ad.  In the lower route, the opposite is

E;ge. The routes span equal distance, but
-Aey turn at different points.

s

o

o

/

» ‘hort, {f you don't 1ike the route from
€0 B, try routing from B LO"A,

L0 L Lonnecuinyg ralrs oL l:'lr.\S

16.2 Connecting Pairs of Pins

‘rows.

It is often necessary to connect pairs
of pins where the pins are in two collinear
If left to itself, the router might’
make the interconnections shown below:

SEOBDBY.

All the connections were specified marking-
the left pads first. Note that the right
sides are neat and angular while the Jleft
sides are "¢rumpled." ‘

One method for counteracting this effect
is to use fatcells to specify intermediate
routing -~ endpoints. Below, a set of
fatcells are inserted to serve as temporary
endpoints. In the left-hand figure cthat
follows, these endpoints were marked first
to specify the intermediate endpoints; the
original pads were then marked as targets.
In the right-hand figure, the operation is
almost complete, with a single half-route

"remaining.

. 1 . )
W) S
DOGOOOCO GO (DC(ETETS\b o
Once both traces have been routed to the

intermediate fatcell, use the SURINK func-—
tion to replace the fatcell with a thin

trace.




e 1643 Incremental Routing

v

The ‘emental routing feature of the
1mARTWORn package can sometimes be used to
«dvantage by the user, as shown in the
xamples that follow.

The automatic ‘router tends to avoid
pads. Thus, when routing close to a pad,
it may be necessary to “"hand-hold" the
router., In the following example, the
left-hand route was generated automati-
cally. In the right-hand version, the
incremental-route feature was used to

specify the cells just to the left and just
below the offending pad.

° : o

r

Sometimes the router will run traces
that leave insufficient clearance for a

trace that the user knows must be inserted

later. In the example that follows, the
routes on 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 the insertion of the third trace.

D0 - - /J‘Q

Z;;}f““ . —_—
) Sometimes it 1Is necessary to Fforce the
router to use a suboptimum path. 1In the

left-hand example below, a power—supply
interconnection is attempted between the

16-4

corner pilna of an IC.

:wﬁen.th

widened, as shown on the right,

guacy of this path is apparent.

. 0. | .

- Q o0 O

O O O TO

< OO0 <
When the router is

forced to  take the:

COao

7

run is .

inade-
1)

OGO

suboptimum route by specifying two inter-
mediate cells, the widened NErsion shown
below is more appropriate. )

I

SR I

O o0 O o) WO (o

O o0 & O GO 9]

O o O O < O Q0 O

O T 00 o ) o O

16.4 Fatcells as Ripstops.

Sometimes, .
small portion of a long route.

removing

the entire

rou

te and S

‘the user wishes to reroute
Rather thai
tartin: -

over, the user can choose to .remove only

porition
"rlpatopa“
ROUTE.

A A

- AT
kL whi

to limit

R R Rl o
COouce

the

o i
~1

action of

Qoo b,

REMOV
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In o example below, the operator wants
to reroute the right portion of the trace,
thus leaving room to insert a pad,

In the figure on the left, a fatcell is
inserted at a midpoint on the trace. The

-right-hand example shows the layout after

the right half-trace has been removed and
the pad inserted.

Finally, the new route is made
‘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. - (Remember, fatcells are
not connected when they appear to touch

Ao N e o [ . . -
Vet - LHCAL Culliel N, )
hY

(Left) and

o

16-6
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16.5 Deflec’ '

16.5 Deflecting Routes

The'fatcell can.also be used.as an "obs-
tacle™ to deflect the router from its. nor— .
" mal path.

This technique can be ugsed o
squeeze runs into a tighter bundle chan
would otherwise .occur.
is insufficient to produce_a. tighter layout
than that shown in the left-hand example
below, The addition of the two fatcells in
the right-hand example forces the Lower run
cloger to the upper one.

16.6 Routing a Loop

Sometimes a closed loop of conductor is
required. - Analog circuits, for
sometimes require a gquard.  band; a digital

board is often framed with a ground loop.
router Lo .

This operation requires the
interconnect a. "source" 'and "target™ net
which are already interconnected. Most of
the Jloop can he made using incrementa)
routing, but the final closuce can only be
made by ‘inserting a fatcell to close the
loop. After . this manual operation, the
route may be widened or shrunk as desired.

TR-T7

Incremental routing

example,

|
1
E




In the Yeft-hand example below, a clo-
sure of a 2en *"U" was attempted, 1éaving
he resulL shown. ‘The final closure was
~ade with a single fatcell, as shown on the

‘ight. 1In a subsequent-operation, the thin
-cace will be widened.

58

_ “Chapter 17 -

Advanced ‘Techniquses

This chapter includes several tips for
confining routes to bounded areas of the
workspace, manipulating wide traces, creat-
ing larger pads, and handling connectors or
components which cannot be placed on S0-mil
centers. ' .

17.1 Confining Routes

It is often necessary to confine all
routing = to a particular area of the
workspace, prevent routes: from passing
through a particular area, or both., .Three
characteristics of closed. conductor loons
can be used to effect such constraints:

{(l) A route whose endpoints'lie within a
closed loop will lie completely within
the loop. :

(2) A route whose endpointé lie outside of
a closed loop will lie completely out-
side the loop.

¢
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7.1 Cor 1ing Routes

) It is not possible to create a route
which has one endooint inside of and
the other outside of a closed loop.

When designing a flve—by—seven—inch
rrcuit-board, for example,
o confine 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 it
ccording to the instructions in the-
Advanced Routing* chapter. When this is

one, run a loop on the upper layer that
oincides with the lower-layer loop. Any
oute that you begin within either loop is
uaranteed to remain within it. You may
emove the confining loops before generat-
ng artwork, if you like.

Conversely, if vyou 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 from pass-
ng through the area to be punched. To do
his, run and close a loop that clir-
umscribes the restricted area .on cach
ayer. Any route that you begin outside of
ither loop is guaranteed to lie completely
utside of it. Again, you may remove the
onfining loops before generating artwork.

1.2 Removing a Wlde Trace

To delete a widened trace that comprises

single width ol fatcells, £irst SHRINK
he run and then perform the REMOVE ROUTE
unction. If this is not done, the REHOVE
OUTE function simply deletes the single
atcell at the focous. :

you will want’

' 2

‘to terminate.
the

"inserted where

17.3 Fatcells as .DEN Stops

17.3 Fatcells‘aé WIDEN StoPs:¥

In a technigue similar. to ripstopping,
fatcells can be used to limit run-widening.
Since the WIDEN function ceases whenever a
junction is - encountered, the widening can
be "pinched off" by insecting a fatcell
into a run at the point where widening is
In the example -below,
left half of the run |is
First, as shown on the'left,
the widening should
is then placeé over the

widened.

stop.

The cursor left

subtrace, and the WIDEN © function is
invoked.

Q@ ' 00— ¢ G
17.4 Building f.arge Pads

when a largeér solder area is needed for
is "afforded by a single.

a component than
pad, .the area around the pad can be built
up using fatcells. The .examples show a

single pad, and pads augmented by 8, 29,
36, and 68 fatcell nelghbors.”
: - r. ~y
=3 Foo, T
| o j r -7 LT T
© LN A A o
! d -t ! ST .

only

a fatcell is




In ‘he  final artwork} the exéosed
corne. of_'the. Fatcells will be shaved,
vielding the results shown below: '

0.0 O

' Pads may also be augmented by two or four
neighboring fatcells. : '

17.5 Retouching Artwork

Occasionally, the need arises to do
mgthlng the router simply cannot do.
. Wnen this occurs, the only recourse is to

r ouch .the final artwork. Some eXamples
aLe shown here. a o

In an extremely tight layout, there may
be NG room to run a widened trace. Two
solutions are shown below. In the first
example, the trace is left thin. Retouch-
.19 can be done later to widen the narrowed

region of the run. ‘The trace will not be
fully 0.50" wide, but it Will suffice in
most applications. . ' :

O

o -
o
oy =l
© o)
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the two thin cuns {(right).:

An alternate solution is to 1_.. two thir
traces, as shown on the left. 'The artwork
is retouched to flesh out. the space between

O O
) . <N
[Sometipawon C =20
O D
O - O
HINT: Always retouch in a. contrasting
color (red, for example) 0 that the

retouching can be easily located for dupli-
cation when the artwork is revised.

Another problem that arises is installa-
tion of a connector on centers other -than
multiples of 0.05".. fThis problem has
become less frequent as the 0.05" connector
has emergedl as the industry standacd. When
this occurs, features on the 0.05" grid can
be used to "hold a place" for the connector
in approximately correct locations. After
the artwork 1is plotted, the connecctor 1is
added with conventional stick-on pattecns,
pads and tape. 1In the example shown below,
a 0.156" edge-connector is added to the
artwork. The left-hand illustration shows
fatcells. marking the approximate locations
of the connector fingers .and secving as
"anchors" during routing. The right-hand
illustration shows the . artwork _after the
connector fingers are added manually.

LIV (F A
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18.0 Not-Matrlx ArtworX

Chanter 128

Dot-Matric Artworik

Once you have entered your printed-
circuit-board artwork using sSmARTWORX'S
Editor and saved the result in a file on
‘the disk, the smARTWORK Plotter may be used
to create a copy of the artwork on paper.
This chapter describes using the dot- matrix’
printer for hardcopy output.

18.1 Types of Ou;put

The SmMARTWORK Plotter program can Ppro-
duce 11X checkplots or 2X artworg using
" either an Epson FXx-100 or MX-10C0 printer.

-

The checkplot option is a low-quality 1X

copy of the artwork. Pads appear  as
squares; diagonals will be .gomcghat
ragged. Fatcells and wide runs still nhave

syuared edges. The title lines include the
curteﬁt date and time, the name of ‘the rfile

ing plotted, a hole count {(number of pads
on the board) and’ appr0\1mate board dimcn-
sions. .

ks

s RT M w e Rc::.cx:enué Manual _
18.1 ° rypes of Output

v

The 2X artwork option 1is used to create
paper copies of the layout which are then
reduced photographically . to ° create
drototype-quality printed-circuit boards.
This - camera-ready "plotting” uses the.

- Yigh-resolution graphics mode. - of the
erinter. While the edges of ‘the conductors
are not as smooth as those produced by the
pen-and-ink plotter, most of this roughness
will disappear when reduced to 1Xx.

In' contrast with the checkplot the 2%
artwork has the wide traces and fatcells
smoothed to create diagonal runs .and to
soften 90-degree inside "~ and - outside

corners. Pads appear as clicles, except

where they have been shaved  because of a
nearby conductor. Note that - two-sided
boards may suffer from registration prob-
lems caused by the stretching of the paper
\_where it is hammaned by Lhe print head.

-~

18.2 Using the Program

To run the SmARTWORK Plotter, you must
) place the smARTWORK diskette into drive A.
i Type the name of the smARTWORK Plotter fol-
g lowing the prompt Exom DOS:

i A>PLOT
Once loaded;' the Plotter -program will
display its title page. Note . that the

screen 1ncludes both the program version
y umber and your license number. "

When you have finished readthg'the title
‘page, Dress the space bar ko erase the
title inforwation. The next?screcn Is a



me which 4llows you to choose between
several types of output for either the
dot-matrix printer or pen—and-ink plotter.

Find the menu entry that matches the
output format you want (either 1X dot—
matcix checkplot or 2X dot-matrix artwork) .
Type the number of your choice, then hit
“Enter“ . )

The sc:eeh will clear again, and -the
following prompt will appear:

Inbut file containing the board layout:

The program will pause, awaiting the name
of a layout file you created using the
smARTWORK Editor. nter the £filename  in
standard DOS format (e.g.,  a:demo.pcb).
.Use the "Backspace" or Esc keys to correct
any typing mistakes. Press the. "Enter" key
after typing the filename. The program
will pause as it reads the layout descrip-
tion file.’

The program hay reject “the input
filename by sending a low tone over the
speaker .and erasing the input filename.

* This means either that it couldnt find the
file or that it couldn't -understand the
file's contents. Make sure that the name
of the file is spelled correctly, and that
" the named file actually contains a smART-
~WORK layout.

output port

Mext, the prompt for the

will appear:

Qutput device or file name: lptl:

of the plotter program 1s

The output

18-3 -

N
normally written directly to the printer.
Since the printer is usually connected: to
the first parallel port, the program pro-
vides a default device name: 1lptl:., "IEf
this name 1s correct, simply press the

-"Enter" kay.

If the printer 1is connected to another
port, or-if you wish to write the output to
a file instead of directly to the printer,
use the Esc or "Backspace" keys to remove
the default dévice name.
correct device name (for’
‘com2:, aux:, prn:, or
filename and press "Enter".

example, coml:,

lpt2:) or

low tone,
prints the

If the program emits the
erases your response, and -
default device name again,

or filename was in the wrong Lormat, or DOS

returned an error when the program tried to
Either change your response or fix

se it.
he DLlntEr.

Once you have entered the input filename
and the output device, smARTWORK will ask

_ you whether you want to print both sides of

the board, the
upper layer only.
board is the layer the Editor displays when
you press the "PgDn" key.) Press the I key
(for Both}, I. key (for Lower), or U key
(for Upper), then strike "Enter".

lJower layer only, or the

will print the
pause for nearly a

The program
Working.-.., then
while, it prepares

message:

xamples of dot-matrix printer output can
‘e found in the “Tutorial: - Lesson 4"
chapter. '

18-4

Then enter the

DOS

the device name’

~{The lower layer of thc-

minute
the layout for printing. .



Ear ‘ayer of the board will be printed

on a <parate_ sheet of . paper. Several
lines of text above each plot give the

date, time, and filename. The program also
prints the approximate size of the board in
inches, and a count of the number of pads
on the layout. - :

4

18.3 Suggestions

Several precautions should be taken to
optimize "prototype auality" output from
the dot-matrix 2X artwori:

' * Make sure the platen-release lever is in

the "release” position so that the paper .

is pulled through the printer using the
pin-feed mechanism. - Make sure that the
paper bail is used to hold the paper
against the platen.

» Move the print-intensity control back to

its minimum-impact 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 printer is free
.from any tension .caused by the sides of
"the paper box, printer cables, or paper
leaving the printer. '

* Leave several sheets of paper attached
' to the paper leaving the printer so that
their weight provides a uniform tension

- on the page being printed.

i. ® If the plot of one side of a board will
’ extend across a fold in the paper, align

18-5
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the paper so that the fold is away from
the print head to minimize ‘'smearing
caused by the ribbon. ’

paper to
the 1image

* Use a good-quality 'printer
minimize. the stretching of
caused by the print hammers. .

* After printing a two-éided;board, check

the registration of the pad holes by
supecimposing the two sides in front of
a- light source and viewing the holes
through the paper. . The stretching of
the '‘paper 1s aggravated by large unbro- -
ken areas of fatcells. Try to avoid

. these large areas of copper by substi-
tuting an interconnecting grid of
fatcells and/or normal runs. This - is
good ~practice anyway, since large
(unbroken) areas of copper can cause
problems during etching of the circuit
>oard. g ‘

* If you abort printing in the middle of a

plot, you will probably need to turn the

"printer 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 commands
sent at the start of the next plot.

* Because of the porous nature of paper,

archive your artwork using both the
diskette and the 1X film created during
‘the - photographic reduction process.
Over a period of months, the ink will
‘'bleed into the paper and reduce- the
sharpness of the image.

18-6
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19.1 Connecting the Plotter

. o ' : : symmetric, so that each end may - be used
Chapter 19 , with either serial porkt. - :
' IBM "coml® Port

. : . C oy o
A . ——0 )
Pen-and-ink Artwork 150 o2
o ' - 16 Gf/t -
17 o —+
10 o
-—-—-0 B
: : 18 A R—
Besides producing paper copies of your ‘“;:" o 7
layout ' on.a dot-matrix printer, the smART- —t q I
WORK Plotter program can dr_i..ve a Houston 21 o ' '
_[Ijgirt;rument DMP-41  pen-and-ink plot._e:: 7 'hf2.2-o 2 14 1
g the DMP-~41, you can produce camera- ~“Zo  1g o ? 5.
ready 2X artwork on paper, vellum, or 23 o {5 o+t
polyester film. . 11 ‘ —0 .3
- ETN TS 5, 5
25 17 )
o 0 e
. ' otte
_19 X Conﬁecting the Plotter - DBQSS 19 0_______8 ,
. The DMP-41 plotter is normally connected 2 I 7.
to the IBM PC using a serial interface. . ° a L
While instructions for wiring the plotter L 2 0° ‘L'J“"_““
to a computer are contained in’ the manual : - o
which comes with the DMP-41, the following —0 19
.suggestions may facilitate the process. . ~g§0- 0;;“
A wiring diagram for the RS5-232 cable _ ' --2—£’—o i2
~ needed to connect the PC and the plotter is , . 3K e
shown below. Make the cable six to-ten - " ——° 13
feet long, depending on the physical loca- . . DBQSS ‘
tions of the two devices. The cable is o o _
' N C Houcton Sarlal fr--- °

19-1.
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The  gram assumes that the plotter
will be connected to the IBM PC's coml:
port (a default you may override). Commun-
ication occurs at 2403 baud -- the default
‘condition after the DMP-41 is powered on.

The SmARTWORK Plotter 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 the DMP-41's input
buffer. This lead must be asserted (it is
active low) in order for the computer to
send characters. The DMP-41l may tem—
porarily suspend its input stream by taking
CTS to the unasserted state,' : :

The DSR (data set ready) input to the
PC's serial port must remain asserted dur-

ing the entire transmission from the com-

puter to the plotter. .Two output leads
from the serial port, RTS (request-to-send)
and DTR (data terminal ready), are asserted
by the program.

19.2 Liquid-Ink Plotting

In order to produce high-quality plots
for photographic reduction, you will need
to use a liquid-ink pen with the Houston
Instrument plotter. While you can use the
felt-tip pens provided with the DMP-4l for
rough drawings, they do not give the con-
.trolled line width or opacity required for
camera-ready artwork.

The -liquid-ink-pen.,.
Houston Instrunent,
Staedtler.
for computer

adapter 1is
Koh-I-Noor, and

nlotters.
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sold by

You must use a pen tip desiqned-
Standal_d tipe uo_

- yleld
19-mil

““~oth a 0.6~ and a 0.7-mm pen tip.

. cleaning kit.

LT UTED L WPk bgnava Bl o

(B

Aot work

{they f£it the holder, but they
don't draw properly). Wintek strongly
“ecommendS a. tungsten-carbidé point, since

tecel points wear out rapidly when used in
this appllcatxon

softtware assumes
Sub—~

The - SmARTWORK Plotter
the use of a 0.6-millimeter pen tip.
ject to variations caused by humidity, type
of ink, .and plotting medium, this should
artwork with 12-mil -thin "lines and
spacing. If you prefer a slightly
wider trace, Yyou may wish to try a 0.7-
millimeter pen tip. Nominal dimensions foc
plots made with the .0.7-mm tip are l4-mil
th1n traces and 17-mil spacing.

: Initiarly, you will prbbably wish to buy
You will
pen adapter and a pen-
The Koh- I Noor pdrt numbers
fnr these items are: :

"lso need ‘the

63TB-2/.60 0.6-mm tungsten carbide

pen
tip
- 63TB-2.5/.70 0.7-mm tungsten carbide pen
tip
7006WOP Plotter pen adapter
3068~SYKT Syringe pen éleaher/starter
: kit

Almost as important as the choice of pen
t'm {s the choice of ink and medium. Win-
L- 4 has had good luck with Koh-I-Noor #3080
Rapidcaw Ink on vellum. You' may wish to
use polyester filmm for artwork which will

19-4°



be archived or which contalns large .areas
of un ken copper.

Cleanliness 1is everything. Make sure
the pen has been completely cleaned before
beginning a new plot. If you have trouble
with ink blots, skipping, ragged edges, or
the centers of pads being filled, CLEAN THE
PENI

19.3 -Using the Program

The procedure for using the. SmARTWORK
Plotter program to create pen-and-ink art-
work is almost identical to the p.ocedure
for the dot-matrix printer. - An outline of
the steps required are repeated 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 Plotter fol~
lowing the prompt from DOS:

A>PLOT

Once Jloaded, the Plotter brogram will
~display its title page. Note that the

screen includes both the program version

number and your license number.
When you have flnished reading the title
page, press the space bar to erase the
title information. The next screen is a
menu which allows you to choose between
several types of output for either the
dot-matrix printer or pen—and-ink plotter.

19-5

spelled correctly,

Find the menu entry that matche the
output format you want (2X pen-and-in  rt-
-wock) . Type the number of your choice,

"Enter™. S

then hit

- " 7The screen will clear again, and a list

S output devices will appear. Type the
number that will select your plotter, then
hit "Enter".

The screen will clear again, and the

following prompt will appear:
Input file containing thce 60a:d layout:

awaiting the name

The program will pause,
ing the

of a layout file you created us
SMARTWIORK Editor. Enter the filename in
standard DOS format (e.q a:demo.peh) .
Use the "Backspace" or ESc keys to correct
any typlng mistakes. Press the YEnter™ key
fter typing the filename. The progran
lll pause as it reads the layout file.

The program may reject the input
filename by emitting a low tone and erasing
-the input filename. This means cither that

it . couldn't find' the Ffile or that it
couldn't understand the file's contents.
Make sure tLthat the name of the [file is

and that the named file
actually contains a smARTWORK layout.

NMext, the for

the output porc
will appear: :

prompt

Output device or file name--coml-

normally writes its

~hé Plotter program’

_ output directly to the pen-— ~and-ink plotter.

Since the plotter 1is usually connected to ’

19~-6 .



the fir serial port,.the program provides
a defau  device nanme: coml:. If this name
is correct, simply press the "Enter" Xey-

If thg printer is conﬁectedvto another

port, or if you wish to write the output to
a file instead of directly to the printec,
use the Esc or "Backspace" Kkeys. to cemove
the default device name. ~Then enter the
correct device name. (Zor example, com2:,
auxs:, pcn:, 1lptl:, or ipt2:) or DOS
filename and press "Enter".

If the program emits the low tone,
erases .your response, and - prints the
default device name again, the device nanme
or filename was in the wrong format, oOr DOS
returned an error when the program tried to
use it. Either change your response or fix
the plotter. : :

_ you may write the plot-output text to a
file instead of directly to the plotter.
1f you eventually copy that file to the
plotter, you will need to initialize the
serial port using the DOS MODE command.
The normal settings for the port are 2400
baud, eight data bits, no parity bit, two
stop bits, and retry time-out errors.

Once you have entered the input filename
and the autput device, SMARTWORK will ask
you whether you want to plot both sides of
the board, the lower layer only, ©Or the
upper layer only. (The lower layer of the
board is the layer the Editor displays when
you press the "PgDn" Xey.) If you request
to have both sides plotted, both plots must
"fit on the same sheet of paper. Press the
‘B key (for Both), L key (for Lower), ocr U

key {for Upper), rhen strike "Enter™.
| ' 19-7

" press "Enter™.

i The final prompt requests the size of
t e paper that you have . leaded” into
%otter.' "sti;e" drawings use paper that
3 17 by 22 inches in size, and allow plot-
E ﬂ?‘to;occur_in an area 15 by 20 .inches.
14 size® drawings use paper that is 22 by
¥nchg;, and allow plotting over a 20 by

32 inch region. Type cither C or D, ‘then

wori?g program will print the message:

o ng..., then pause for nearly a minute
while 1F prepares the layout for plotting
A portion of an example plot is ‘show;

below:
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F ~h" layer of the board 'will be sur-

rou } by a border drawn with a dashed
line. You nay use the corners of this
border as registration targets ‘when plot-
ting two-sided artwork. The program uses

the dashed line to start the ‘ink. flowing.

properly thcough the pen tip.

19.4 Troubleshooting

Most -of the - problems that will occur’

with the generation of plotter artwork will
be related to some combination of the pen
- tip, ink, and medium (paper, vellum, or
-polyester film). ‘Here are some typical
problems and checklists for diagnosis: ‘

* No ink flow: Check ink supply. = Check
for clogged pen tip. Check for surface

contact in .pen-down position. Clean,
inspect point, and restart pen. : :
* Ppen skips -- inconsistent or irregular

"Clean if clogged;
"Check and
Check draw-

lines: Check point.
replace if damaged or worn.
'adjust pen-force setscrew.

ing surface for imperfections or contam--
ination. Xeep hands c¢lean while working =~

with-drafting medium, and always- handle
it at edges. WLpe surLace wth clean,
lint- free towel.

.

* Ppen point clogs frequently: Check and

Check pen
Check ifor

adjust pen-force sctscrew.
point for wear or damage.
drawing-surface contamination.

19-9

* Ink Dlob at line start; Chevk and just
pen-force setscrew. Check eV Point” for
wear or damage.

Ink smears: Check for exceswlve humidity
in plotting acrea. Check Lor drawing-
surface contamxnatlon Experiment with
faster drvxng 1nk :

* Poor ink adhesion: Check t0or drawing-
-surface contamination. =~ Check  for
deteriorated or contaminated inz.  Ver-
ify proper combination ¢f ink ang
medium. o ' S '

t

~* Poor registration or inaccurate dimen-

sions: Try using polyester film instead
of 'paper or wvellum. Chech roller and
pinch wheels for dirt. - '

Koh-I-Noor produces an excellent catalog
describing its products ~ that includes
suggestions for using liquid-ink pens and g
troubleshooting guide. Reguest @ copy of
the Koh-I-Noor Plotter Suppli€s catalog
from your local dealer or directly fron
Koh~I-Noor: : - .

Koh~I-Noor Rapidograph !9C.
P. 0. Box 68 |
Bloomsbury, NJ 086804 .
Telephone {201} 479-4124
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Appenaix A:
Appendix A
Command Summary

The following page contains a succinct
summary- of each function key and. command -

recognized by the sSmARTWORK Editor.

Command Summary

Appendix A: Command Summary-

Singlé-Kéxstroke.Functions:

MARK ROUTE -~ F1 ~ ° F2 -—- REMOVE ROUTE

PLACE PAD —— P3 -« P4 ~= REMOVE PAD
. WIDEM -~ FS =+ . F6 —— SURINK
P: ' 'E FATCELL -- F7 "+ F8 ~-— REPEAT ROUTE
Change layer -- PgUp or PgDn Kkeys
Backspace route -~ Backspace key
; " Interrupt route -- Ctrl-Break
' Move Cursor L Cell ~- Arrow keys

Move 5 or 10 Cells -- Shift-hArrow keys
Prompt for Command -- Enter key

Display~-Control Functions:

. Command~Line Inputs’

" ALt-Fl —- Toggle color—-b/w mode

Alt-F2 -- Toggle color intensity
Alt~F3 -- Toggle color scheme
Alt~-F4 -< Toggle background color
lt~P5 ~- Toggle opaque/transparent mode
Alt-Fé ~- Toggle active layer's color

ALt-F7 ~- Toggle window size’

clear
cleave <direction> .-

siP- dip <direction> <} pins> <spacing>
load <filename>
mousc
quit -
. save <filename> :
. sip <direction> <f§ pins>
Backspace ~— Delete character
_fsc —— Crase response '
Enter -- Process response
-
b2
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