Preface

This book is intended to provide a comprehensive coverage of the analysis and
applications of coplanar waveguides to microwave circuits and antennas for
graduate students in electrical engineering and for practicing engineers.

Coplanar waveguides are a type of planar transmission line used in
microwave integrated circuits (MICs) as well as in monolithic microwave
integrated circuits (MMICs). The unique feature of this transmission line is
that it is uniplanar in construction, which implies that all of the conductors are
on the same side of the substrate. This attribute simplifies manufacturing and
allows fast and inexpensive characterization using on-wafer techniques.

The first few chapters of the book are devoted to the determination of the
propagation parameters of conventional coplanar waveguides and their vari-
ants. The remaining chapters are devoted to discontinuities and circuit el-
ements, transitions to other transmission media, directional couplers, hybrids
and magic-T, microelectromechanical systems (MEMS) based switches and
phase shifters, high-T, superconducting circuits, tunable devices using ferroelec-
tric materials, photonic bandgap structures, and printed circuit antennas. The
author includes several valuable details such as the derivation of the fundamen-
tal equations, physical explanations, and numerical examples.

The book is an outgrowth of 15 years of research conducted by the author
as a member of the Communications Technology Division (CTD) at the
National Aeronautics and Space Administration (NASA), Glenn Research
Center (GRC) in Cleveland, Ohio. Over the past few years, interest among
engineers in coplanar waveguides has increased tremendously, with some of the
concepts being extensively pursued by NASA for future space programs and
missions. Numerous articles exist, but there is no collective publication. Thus
the decision to publish a book on coplanar waveguides appears to be
appropriate.

In the course of writing this book, several persons have assisted the author
and offered support. The author first expresses his appreciation to the manage-
ment of CTD at GRC for providing the environment in which he worked on
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the book; without their support this book could not have materialized. In
particular, he is grateful to Wallace D. Williams, Regis F. Leonard and Charles
A. Raquet. The author is further grateful to the engineers and scientists in CTD
who shared their time, knowledge, and understanding of this subject. In
particular, he would like to thank Samuel A. Alterovitz, Alan N. Downey, Fred
Van Keuls, Felix A. Miranda, George E. Ponchak, Maximillian Scardelletti,
Joseph D. Warner, Richard R. Kunath, Richard Q. Lee, Hung D. Nguyen,
Robert R. Romanofsky, Kurt A. Shalkhauser, and Afroz J. Zaman. In addition
the author is grateful to the staff of the clean room and the hybrid/printed
circuit fabrication facilities. In particular, he is thankful to William M. Furfaro,
Elizabeth A. Mcquaid, Nicholas C. Varaljay, Bruce J. Viergutz and George W.
Readus.

The author is grateful to the staff of Publishing Services at GRC for their
efficiency in the preparation of the text and illustrations. In particular, he is
grateful to Caroline A. Rist, Catherine Gordish, Irene Gorze, and Patricia A.
Webb of the co-ordination section, Denise A. Easter and Theresa Young of the
manuscript section, and Richard J. Czentorycki, Mary M. Eitel, John L. Jindra,
and Nancy C. Mieczkowski of the graphical illustration section. The author is
also grateful to the Library at GRC for the help in the literature search.

The author gratefully acknowledges the support and the interactions he has
had with Prof. L. P. B. Katehi, Prof. G. M. Rebeiz, Dr. J. R. East, and their
students at the University of Michigan, Ann Arbor, for over a decade.

The author thanks Prof. Kai Chang of Texas A&M University, College
Station, who suggested and encouraged the writing of this book, and the
editorial staff of John Wiley & Sons for the processing of the manuscript.

Finally, the author thanks his wife, Joy, and daughters, Renita and Rona,
for their patience during the writing of this book.
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