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in etching printed circuit track onto the circuit substrate. 
The CAD system also generates drilling and periphery 
routing tapes directly from the electrical design database. 
The tapes drive the numerical control machine tool that 
is used to fabricate the board substrate. 

Similarly, the system generates point-to-point wiring 
tapes that drive semiautomatic stitchwelding or wire
wrapping machines. The CAD system can produce oth
er information including test data for an automatic cir
cuit board tester and high-quality detail and assembly 
drawings used to fabricate, inspect, test, and maintain 
the design. 

Two circuit boards for the Space Department's Cos
mic Background Explorer (COBE) program were de
signed using CAD. One of them is shown assembled in 
its housing in Fig. 7. The board represents, from an elec
tronic packaging design perspective, one of the more 
complex design efforts that has been undertaken on 
CAD in the Engineering Design Group. The design uses 
a hybrid mix of packaging design technologies includ
ing printed circuitry and stitchwelding. In addition to 
automated fabrication techniques in the drilling and rout
ing area and in semiautomatic stitchwelding, automat
ed testing in the form of numerical control electrical 
interconnection testing was used along with output from 
the CAD design database. For more information about 
electrical fabrication techniques used in the design, see 
the article by Strider and Wagner elsewhere in this issue. 

The COBE board described above and its mating 
board, also designed using CAD, required virtually no 
design iterations after functional testing, largely due to 
the CAD design and hardware verification methods used. 

Electrical Summary 
CAD electrical capabilities yield the most benefit at 

APL when used for applications such as high-density, 
fine-line printed circuit design or heavy bus interconnec
tion logic, and where good quality drawings and sche
matics are required. 

CONCLUSION 
In both the electrical and mechanical examples giv

en, the complexity of the design work was great. As the 
complexity increases, CAD tools show increasingly great
er benefit. In addition, the complete hardware develop
ment cycle benefits from the use of a common engineer
ing, design, and fabrication database. Thus, CAD tools 
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Figure 7-The finished COSE circuit board and housing. The 
board is a very dense dual-layer hybrid that mixes printed cir
cuitry and stitchwelded interconnection technologies. The 
board was designed on the CAD system, and numerical con
trol machining tapes were provided for housing fabrication . 

are not just tools to make drawings faster, but rather 
tools to develop complex pieces of hardware in even 
shorter time spans than have been required for less com
plex designs using manual techniques. Equally impor
tant, these designs can be more readily expected to 
function as desired the first time. 

In the future, as more CAD workstations are provid
ed at APL, it will be possible to make broader use of 
the CAD design database. As more designs are done on 
the CAD system, CAD drafters and numerical control 
programmers will be able to use the designs without 
redrawing the geometry for their own use. As develop
ment of CAD hardware continues and faster, cheaper, 
and better integrated hardware is produced, engineers 
will have more direct input to and access to output from 
the CAD system. 

Development in software offered in the future by 
CAD vendors is expected to include mechanical design 
enhancements such as refined 3-D solids modeling and 
faster two-dimensional drafting techniques. Electrical de
velopment will include better, faster circuit board rout
ers and software with an improved capability to support 
advanced electrical manufacturing needs for surface
mounted components and other electrical fabrication 
technologies. 
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