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SUMMARY
Introduction

Microwave and millimeter-wave circuit designers strive to employ in their design process the best
and most accurate simulation techniques available. Recent advances in electromagnetic (EM) field-
theory based simulation, in particular the improved efficiency of the algorithms combined with ever
increasing computing speed, cause enormous interest in EM design.

EM simulators need to be integrated into circuit optimization in order to fulfil the requirements
of automated design. This has already been accomplished for passive microwave and millimeter-
wave filters, with either EM simulation in the frequency domain [1, 2] or TLM simulation in the
time domain [3]. Recently, this has been extended to nonlinear circuits simulated using the
harmonic balance analysis with the passive microstrip structures simulated by Sonnet’s em [4].

EM simulation of passive components and device simulation are of disjoint nature. It makes it
necessary to combine the results of both simulations at the circuit level by means of circuit-
theoretic analysis. Moreover, both simulations could be carried out by independent simulators. The
process of invoking such independent simulators and combining their results must be automated to
allow for design optimization. This work breaks the ground for software architecture suitable to
address these problems. We focus our attention on employing SPICE for device simulation, em for
simulation of microstrip subcircuits, and OSA90/hope for circuit level simulation, optimization and
statistical processing.

Capturing SPICE Device Models

Public domain SPICE by itself does not provide any means for optimization or for statistical
representation. Incorporating the results of EM simulations of passive subcircuits into SPICE
requires equivalent circuit representation and is not available in an automated fashion for
optimization. Rigid structure of commercial versions of SPICE allows for limited optimization only.

SPICE device models are highly regarded by the microwave community. In our work SPICE is
interfaced to OSA90/hope as one of many child processes, as shown in Fig. 1. OSA’s Datapipe
technology based on UNIX pipes is utilized for that purpose. The interface allows for OSA90/hope
to drive SPICE in an automated manner, with the SPICE input data determined in OSA90/hope and
the SPICE results returned to OSA90/hope.

SPICE is invoked to simulate the device only. The SPICE output is returned to OSA90/hope and
further postprocessed. This is achieved using the expression processing capabilities of OSA90/hope,
for example simulated node voltages are used to determine the S parameters of the device. In fact,
two SPICE simulations are carried out to determine the parameters of a 2-port network.
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Statistical SPICE Device Modeling

Statistical modeling from a sample of GaAs MESFET measurement data is performed using the
SPICE model. For each device outcome parameter extraction is driven by OSA90/hope’s £,
optimizer with the SPICE MESFET model captured as described in the previous section. The model
responses are compared by OSA90/hope against the measured data. This leads to a sample of
individually extracted device models. The model statistics including the mean values, standard
deviations and the correlation matrix are obtained by postprocessing this sample of models.

Yield Optimization with SPICE device Models and
EM Simulation of Passive Components

Using the aforementioned statistical MESFET model we designed a small-signal amplifier shown
in Fig. 2. Circuit-level simulation and optimization is performed by OSA90/hope with the SPICE
model captured for any specific parameter values needed either in statistical analysis or in
optimization. Model statistics are fully described within and all the Monte Carlo outcomes are
generated by OSA90/hope. All L, C and R components in Fig. 2 are chosen as design variables.
A total of 28 statistical parameters is considered.

EM design integrated with SPICE device simulation is illustrated by yield optimization of a small-
signal amplifier (Fig. 3). The microstrip components are simulated by em and the MESFET model
is captured from SPICE (see Fig. 1). The circuit-level simulation and yield optimization are carried
out by OSA90/hope. We consider 8 geometrical parameters as design variables. Before optimization
yield is 43%. After optimization it is increased to 74%

Conclusions

We have presented a new approach to automated nominal and statistical device modeling and design
of microwave circuits. For the first time accurate EM simulation of passive microstrip structures
has been integrated with SPICE device modeling and powerful circuit-level design optimization.
This work breaks the ground for software architecture suitable to address integration of physical
and physics-based device simulators in a similar fashion. Rapid development of such simulators
promises to bring the accuracy of device simulation and modeling to a level similar to that of EM
simulation of passive structures.
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Fig. 1. Datapipe interface between OSA90/hope and several external simulators including SPICE,
em, TLM [3] and AWE [5].
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Fig. 2. The small-signal amplifier.
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Fig. 3. The broadband small-signal amplifier with microstrip components.













