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documentation for a printed circuit board equivalent to 
that obtained by manual drafting methods. Schematics, 
parts lists, layouts, artwork, assembly drawings, and de
tail drawings are prepared on the system using approved 
APL drawing formats. 

Schematic diagram are prepared by inserting library 
figures and then copying, moving, and connecting them 
as required. Text is then added to complete the draw
ing. The fIle structure allows access to multisheet sche
matics as if they were a single database. The operator 
can place parts in approximate positions, use nonorthog
onal lines to interconnect them, and get a neat final 
drawing. Other commands check the database, create 
formatted listings of user-selected parameters, extract 
network data from schematics, and create a netlist. Parts 
lists, bills of material, and post-process data for use with 
other systems are also available. 

Printed circuit board layout is performed using the 
printed circuit! electrical schematic package. Automatic 
part placement speeds the process of designing printed 
circuit boards. With this program, the designer directs 
component placement. He may also pre-place compo
nents, gates, or pins that will not be changed. The com
puter assigns gates to components and places the re
maining components on the board. 

Automatic routing of printed wiring is also performed 
by the printed circuit! electrical schematic application 
software. Starting with a placed printed circuit board, 
the program automatically routes the printed wiring. This 
establishes interconnections between pins having the 
saine signal name while avoiding user-defmed obstacles 
such as tooling or mounting holes, user-described keep
out areas, and pads. The router may be stopped for 
manual editing and then restarted to complete the pro
cess. A well-placed board results in an initial comple
tion rate of at least 95 percent completed routing. After 
the operator interactively finishes the design, a compar
ison of the original schematic netlist with the circuit 
board database is performed. A user-defined rule fIle 
performs geometric checks on the routed circuit board. 
A completed board is shown Fig. 6. 

During the design process, data needed to create draw
ings, numerical control tapes, and magnetic tapes for 
photoplotting are stored in the design database (see the 
article by Strider and Wagner). Necessary manufactur
ing drawings are created by selecting the database in-
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Figure 6-A designer modifying routed interconnects on an 
NROSS circuit board. Only two of the interconnect layers are 
shown. 

formation and adding required dimensional data and 
text. Data used for drilling and routing the printed cir
cuit board are extracted from the database and auto
matically coded for the numerically controlled manu
facturing tools. 

THE FUTURE OF CAD AT APL 
The engineering, design, and fabrication community 

at APL is rapidly expanding its use of computers to in
crease productivity, enhance quality, and consolidate in
formation transfer. The CAD and CAE facilities capabil
ities are being expanded and refmed to take advantage 
of new developments including the use of personal com
puters. Information flows from the conceptual design 
to fabrication without a manual or paper interface. Selec
tion of hardware and software and the design of work 
flows will continually enhance this ideal. 
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