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The presence of several nonlinear analog circuits and micro-
electro-mechanical (MEM) components in modern mixed-
signal system-on-chips (SoC) makes the fully automatic
synthesis and optimization of such systems an extremely
challenging task. Our research is the development of
techniques for generating parameterized reduced-order
models (PROM) of nonlinear dynamical systems. These
reduced-order models could serve as a first step towards the
automatic and accurate characterization of geometrically
complex components and subcircuits, eventually enabling
their synthesis and optimization. Our approach combines
elements of an exising non-parameterized trajectory
piecewise linear method [1] for nonlinear systems with an
existing moment matching parameterized technique [2] for
linear systems. By building on these two existing methods,
we have created four different algorithms for generating
PROMs for nonlinear systems. The algorithms were tested
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A Figure 1: Application example: MEM switch realized by
a polysilicon beam fixed at both ends and suspended over a
semiconducting pad and substrate expansion.
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on three different systems: a MEM switch, shown in Figure
1, and two nonlinear analog circuits. All of the examples
contain distributed strong nonlinearities and possess some
dependence on several geometric parameters.

The reduced-order models can be constructed to possess
strong local or global accuracy in the parameter-space,
depending on which algorithm is used. Figure 2 shows the
output of one PROM created for the example in Figure 1
and compared to the field solver output of the full nonlinear
system. In this example the system was parameterized in
the width of the device and simulated at a parameter value
different from the values at which the model was created.
We found that in general the best algorithm is application-
specific, but the PROMs are very accurate over a practical
range of parameter values. For further details on parameter-
space accuracy and cost of the algorithms, see [3].
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A Figure 2: Center point deflection predicted by our

parameterized reduced model of order 40, compared to a finite
difference detailed simulation.
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