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Abstract

A new method of compaction for VLSI circuits is presented. Compaction is done
simultaneously in two dimensions and uses a Monte Carlo simulation method often
referred to as simulated annealing for optimization. A new curvilinear representation
for VLSI circuits, specifically chosen to make the compaction efficient, is developed.
Experiments with numerous cells are presented that demonstrate this method to
be as good as, or better than the hand compaction previously applied to these
cells. Hand compaction was the best previously known method of compaction.
An experimental evaluation is presented of how the run time complexity grows as
the number, N, of objects in the circuit increases, The results of this evaluation
indicates that the run time growth is order O(N log{A)) f(d) where f(d) is a function
of the density, d, and A is the initial cell area. The function f(d) appears to have
negligible or no dependence on N. A hierarchical composition approach is developed
which takes advantage of the capability of the curvilinear representation and the 2-
dimensional compaction technique.
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1

The Problem:
2—-D Compaction

The amount of time required to design integrated circuits has been increasing rapidly
with design complexity[Moore 79, Lattin 79]. Present day chip designs take several
years to complete with a large portion of the time spent on layout, the transformation:
of electronic design to physical mask geometry. “Traditional” layout is accomplished
by a hand design process with the aid of automatic drafting machines. Much of this
effort is spent on compaction, i.e. minimizing the silicon area needed for the design.
Elaborate geometric design rule checking programs are then necessary to insure
an error-free design. These programs are run as a batch process. Correction of
geometric design rules errors is another time consuming process. Updates to this
design are tedious at best.

Early attempts at automating layout compaction were simplified by using only
rectangles orientated along the z and y axis. The first attempts minimized the
layout along each coordinate axis independently, This method is known as 1-D
compaction. One problems with this approach is that compaction in the horizontal
axis and the vertical axis, do not commute and the resulting layout is extremely
sensitive to the input geometry. More sophisticated attempts coupled the two 1-D
compactions into a single compaction. Unfortunately this method has been shown
to be NP-complete[Sastry 82]. Both methods are limited to wires that do not bend.
The automatic insertion of bends in wires has been called automatic jog insertion.
Some limited automatic jog insertion has been tried with mixed results. In all
of these approaches devices are rigid elements with fixed orientation. They are
only allowed to move along the z or y axis. Current automatic integrated circuit
compactors are not able to produce a design as compact as a design using traditional
methods. The automated compactors do not take advantage of the freedom allowed
by the chip media, i.e., they are limited to orthogonal geometry and orthogonal
compaction methods.


























































































































































































































































































































































































































































































































































































































































































































































































