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Figure 9. Forward gain plot as a function of frequency for a 
68·pin grid array structure, with lead pin terminated at the bot· 
tom portion of the pin (colored curve) and lead pin terminated 
near the package (black curve). 

minated stub length of 3.8 mm. Performance can be im
proved by using 50-0 TAB and by reducing the length of 
unterminated stubs. 

The electronic packaging analysis tools were applied 
to the design and subsequent thick-film construction of 
a high-speed radar digital signal processing board, 16 

wherein the signal lines were routed over the gridded 
(power or ground) plane spaces. The power and ground 
grids were 0.38-mm lines on 1.29-mm centers. All signal 
lines were of the covered microstrip form. The maximum 
number of buried levels was prescribed, regardless of the 
number of conductor levels required for a particular cir
cuit realization. Triple printing of the dielectric 
total thickness, Dupont 5704) was done at all layers to 
reduce the capacitance loading. Vias were nominally 0.40 
mm square, and via fill artwork was used to ensure reli
able layer-to-Iayer metallization contact. Typical cross
sectional construction is shown in Figure 10. 

High-speed lines and long lines were restricted to the 
top level (air layer) and the first and second buried lev
els. A minimum line width of 0.19 mm was used on these 
lines. Critical lines on the air layer had an impedance of 
at least 45 0, which ensured proper device performance 
even on long lines. Overlapping parallel lines were avoided 
except for a few short lines. Both gold (Dupont 5715) 
and platinum/gold (EMCA 6171) conductors were used on 
the top layer. The higher-resistivity platinum/gold was 
printed over the gold conductors on all pads for chip-car
rier solder attachment. 

The dimensions of the rectangular circuit board were 
9.15 cm x 16.5 cm, and the connector spanned almost 
the entire width of the long side. This form factor was 
selected to minimize the line length for high-speed clock 
signals going on and off the board. In addition, the wide 
connector significantly reduced the effect of wire conges
tion in the center of the substrate. The dielectric constant 
of the insulating material was approximately 8 instead of 
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Figure 10. High-density, low-capacitance conductor configura
tion for multilayer thick-film signal layers with ground and pow
er grid plane. Dimensions are in millimeters. Detailed construction 
is presented in Ref. 16. A. Signal line configuration for north
south-traveling signals. B. Signal line configuration for east-west
traveling signals. 

the usual 10 associated with typical thick-film dielectrics. 
All of these factors resulted in an extremely low (for thick 
film) wiring capacitance. No single trace had a measured 
capacitance to ground in excess of 35 pF, even for traces 
as long as 23 cm. 

Pulse rise and fall times for the ceramic board clock 
signals are shown in Figure 11. Here, the input wave
form represents the signal at the input of a hex driver 
on a test set driving a 1.07-m length of twisted pair and 
a I5-cm ceramic circuit trace (the longest clock line). The 
output waveform represents the clock signal at the in
put of the device termination on the ceramic board. The 
clock pulses shown in this figure indicated no signifi
cant degradation in the pulse or rise time. 

SUMMARY 

Significant improvements in system circuit performance 
can be achieved by optimizing the system design through 
the application of effective electronic packaging, model
ing, and analysis tools. Devices with high-speed in
puts/ outputs coming on or off the circuit card should be 
placed as close to the edge connector as possible to re
duce critical line length. Circuit compaction analysis in
dicates that significant reductions in circuit density can 
be achieved when circuit-edge connections are made as 
physically wide as practical and placed on two or more 
edges of the circuit card. Lower circuit densities mean less 
crosstalk, higher line impedances, reduced power densi
ties, greater space available for heat risers or sinks, ease 
of fabrication, and greater ease of cleaning. Control of 
line impedance is essential for ensuring high-speed per
formance. Analysis shows that the dual strip-line config
uration is ideal for multilayer circuit board applications, 
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Figure 11. Waveform (top) at the point of a high·speed device 
driving a twisted pair (1.07 m in length) and a long thick-film 
trace (15 cm), and the waveform (bottom) at the input of the ter
mination device. 

although for thick films, for example, impedance may 
be too low for certain high-speed device technologies. 

A set of design software and computer protocols has 
been created for the effective package and board-level 
electrical, thermal, and mechanical modeling of VLSI 

electronic systems. These models have been validated by 
extensive simulations and experimental testing. On the 
basis of the validated models, design guidelines have been 
established for the creation of large-area, high-speed 
surface-mount electronic assemblies using very large scale 
integrated circuits. For example, the design guidelines 
have been successfully applied to the design and fabri
cation of a multilayer thick-film board assembly using 
leadless ceramic chip carriers. This board has been oper
ated at frequencies greater than 80 MHz. 
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