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Guest Editorial

R

ECENT advances in microwave computer-aided design
(CAD) technology, the availability of powerful PC’s,
workstations, and massively parallel systems, suggest the
feasibility of interfacing electromagnetic (EM) simulations
into optimization systems or CAD frameworks for direct application of powerful optimizers. With fast, robust, commercial
EM simulators increasingly available, microwave engineers
are already pushing the frontiers beyond traditional uses of
EM simulators. The new thrust is to integrate EM simulations
directly into the linear/nonlinear circuit design process in a
manner transparent to the designer.
The previous Special Issue of the IEEE TRANSACTIONS ON
MICROWAVE THEORY AND TECHNIQUES for which I was Guest
Editor (vol. 40, no. 7, July 1992) had a broader focus: processoriented microwave CAD and modeling. This present Special
Issue addresses expectations of using EM simulations as effective tools in an automated design environment. Expectations
for this have been raised, in part by myself, based on the
considerable and excellent work currently in progress. This
emerging design technology is expected to be a cornerstone
of future integrated CAD systems.
In the call for papers, novel theoretical contributions as
well as practical applications and software implementational
aspects were encouraged, including: 1) design with tolerances and yield-driven design using EM simulators; 2) implementable adjoint parameter sensitivity computations; 3)
automatic layout optimization with EM validation; 4) techniques for capturing and automating parameterization of twodimensional (2-D) and three-dimensional (3-D) geometries; 5)
novel parameterized geometrical model primitives; 6) scalable
models for optimization; 7) space-mapping optimization; 8)
quasi-global modeling of EM simulated subcircuits and devices; 9) parameter extraction methodologies for companion
modeling; 10) novel techniques for numerical, geometrical,
and EM decomposition; 11) optimization strategies for complex and irregular shapes; 12) active device physical/EM simulation and optimization; 13) use of supercomputers, massively
parallel and heterogeneous workstations; 14) novel software
architectures for EM optimization environments; 15) use of
databases and automated table look-up for EM simulations;
16) multidimensional response approximation and effective
interpolation techniques; 17) exploitation of meshing, simulation accuracy, and simulation speed; 18) techniques for inverse
electromagnetic problems; 19) visualization for automated EM
design; 20) mixed analytical, empirical, and numerical EM
simulation and optimization; 21) merging of linear/nonlinear
circuit theoretic and field-theoretic simulations; 22) asymptotic waveform techniques applied to EM simulations; 23)
optimization techniques for chip compaction; 24) optimization
in the frequency, time, and mixed domains; and 25) applicaPublisher Item Identifier S 0018-9480(97)03379-6.

tions to filters, multiplexers, antennas, waveguides, monolithic
microwave integrated circuits (MMIC’s), interconnects, etc.
I am fortunate to be able to include three invited papers
dealing with optimization-related subjects. The first is by
Veluswami, Nakhla, and Zhang, one of the foremost groups
in high-speed/high-frequency (HF) circuit design. It deals
with the application of neural network modeling to EM-based
CAD and optimization. The second invited paper, by Jain
and Onno, documents the authors’ expertise in state-of-theart industrial applications of commercial EM simulators. The
third invited paper is a very comprehensive survey of Professor
Arndt’s approach to design of waveguide components using
EM building blocks. This approach offers both high speed
and high accuracy.
Contributed papers deal with decomposition, space mapping, adjoint sensitivity computations, neural networks, and a
variety of relevant numerical, geometrical, and computational
techniques for improving the effectiveness of EM-field solvers
in design automation. I am particularly pleased by the contributions reporting implementation by industry. I also note that
most of the papers originate in the North American continent.
Ye and Mansour present a novel technique stimulated by
the recent space-mapping technique (also discussed within the
pages of this issue) for filter design. Their technique, similar to
space mapping, enjoys the accuracy of a full-wave simulator
and the speed of a circuit simulator. Waveguide to microstrip
optimization is addressed by Lee and Itoh. The use of finitedifference time domain (FDTD) within an optimization loop
is described by Miazga and Gwarek, while MMIC element
modeling employing neural networks is studied by Creech
et al. Device–wave interaction is handled by an algorithm
merging FDTD with packaged nonlinear active components,
in an excellent example of what I believe may be a future
trend for dealing with highly integrated systems, including
electromagnetic compatibility(EMC)/electromagnetic interference (EMI) effects. Data interpolation and extrapolation over
a frequency band exploiting singular value decomposition is
described by Adve et al. This is particularly useful for fast
frequency sweeps. A finite-element modal frequency method
is offered by Brauer and Lizalek. Alos and Guglielmi present
an interesting filter design technique using an EM solver.
The Bonani et al. paper, while appearing somewhat disjoint
from the rest of the papers, does address optimization-oriented
physics-based design of devices and circuits. The boundary
between this and traditional EM simulation is likely to become
fuzzy in the future.
After working for so long in the area of adjoint network
sensitivity evaluation myself, I am particularly pleased to
see the paper by Mongiardo and Ravanelli dealing with the
application of adjoint networks to the design of radiating
structures.
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As this Special Issue shows, numerical methods of EM fieldtheory practitioners and those of circuit-theory practitioners
are now substantially intertwined. The bond between the
various computational modules is also increasingly being
further strengthened through modeling practices which ensure
effective sensitivity information transfer.
One of the best examples of practical hands-on use of
EM simulators in microwave design is exemplified by an
outstanding short course recently delivered by Dan Swanson
of Watkins-Johnson, CA. Results from his studies and runs
of several popular field solvers, from 2-D to 3-D, are presented by Swanson, including implementation of optimization
technology [1].
Defining and shaping this new collection of papers has been
challenging. It offered me a new opportunity to interact with
an outstanding group of researchers and innovators. My longtime collaborators Dr. R. M. Biernacki and Dr. S. H. Chen
of Optimization Systems Associates, (OSA), Ont., Canada,
helped me in many ways. Apart from their contributions to
the reviewing process they provided comments on the Issue’s
technical focus and content. Administrative coordination was
cheerfully assumed by my assistant, Joan Tripp, of OSA.
My thanks go to many tireless authors and reviewers, and
also to Dr. Robert J. Trew, Editor, for his enthusiasm and
support. Through the strict, but fair, review process we have
all aspired to, I believe we have all contributed to the success
of this Special Issue.
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