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M ICROWAVE AND millimeter-wave integrated cir-

cuits of increasing complexity and component den-

sit y have been designed in recent years and are needed in

the future for a wide variety of applications in computers,

communications, sensing, signal processing, etc. Elaborate

analytical and computational techniques are required for

the characterization and synthesis of these circuits. The

first step in a systematic approach to this problem is an

accurate theoretical description of the basic building blocks

from which these circuits are constructed, i.e., of micro-

wave and millimeter-wave transmission media and active

and passive components, including their mutual interaction

in an integrated-circuit environment. There are several

problem areas here where basic contributions to the state-

of-the-art are needed. To name a few: the description of

the effects of substrate anisotropy on the performance of

open and shielded waveguides; the characterization of

transitions and discontinuities in microwave/millimeter-

waveguides, to include the case of active components

monolithically integrated in these guides; and the accurate

description of the effects of finite conductivity on the

I

curr I distribution and losses in the metal parts of milli-

Imdte -wavel transmission lines, in particular when the

meta ization thickness is in the order of or smaller than

the skin depth. The complexity of these problems usually

do% not allow the development of analytical solutions, and

advanced numerical methods are needed. Basic require-

ments on such methods include high accuracy — or at

least controlled accuracy — and numerical efficiency.

Moreover, while these techniques will always involve

numerical evaluations, they should not degenerate into

brute force computer methods. It is desirable that they can

be carried through to a large extent analytically in order to

facilitate physical understanding of the phenomena in-

volved.

During the past several years, significant progress has

been made in the area of numerical methods, and a variety

of advanced techniques using different approaches has

been developed for the design and characterization of

microwave/millimeter-wave transmission media and in-

tegrated circuits. These techniques are based on such di-

verse methods as modal techniques, spectral-domain meth-

ods, variational and iterative schemes, moment method

techniques, high- and low-frequency approximations, time-

domain techniques, network and transmission-line repre-

sentations, and differential equation approaches such as

the finite-difference and finite-element methods. For an

engineer who has to solve a specific problem, the question
arises as to which method is best suited for his application

and what are the advantages and fundamental limitations

of the chosen method.

Thus, it appeared desirable to summarize and assess

recent progress in this area. In conjunction with last year’s

MTT Symposium in San Francisco, a workshop entitled

“Critical Inspection of Field-Theoretical Methods for Mi-

crowave Problems” was organized by Dr. T. Itoh and

chaired by one of the editors of this Special Issue

(J. W. M.). The conference was held on May 29,1985, a,nd

a number of keynote papers were presented highlighting

problem areas of fundamental importance and broad per-

spective. The workshop was well attended and led to a

lively, thought-provoking exchange of ideas on the topic of

numerical methods, indicating a strong interest in this area

within the MTT community. In light of this, it was re-

garded timely to devote a Special Issue of the MTT Tram-

actions to this subject. The keynote papers of the workshop

appear in this issue in expanded form as invited papers,

The call for papers for the Special Issue found a strong

response as evidenced by’ the volume of this issue. The

Special Issue has been organized in four major sections, It

contains thirteen papers on numerical methods for the
characterization of uniform microwave and millimeter wave-

guides. There are nine papers on the characterization of

transitions and discontinuities in open and closed waveguides,

and four papers on the numericaJ description of planar

integrated circuits. A final group of three papers discusses

numerical techniques for related problems including metal

losses in millimeter-waveguides, planar periodic structures,

and ferrite thin films. We hope that this issue will prow”.de

not only state-of-the-art information but a perspective on a

fast developing and diverse field.
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