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_____ Preface

Because education should be the accumulation of understanding, not just an accumulation
of facts, I have tried to write a textbook that emphasizes the fundamental concepts of
electromagnetics, wave propagation, network analysis, and design principles as applied
to modern microwave engineering. Although I have avoided the handbook approach, in
which a large amount of information is presented with little or no explanation or context, a
considerable amount of material in this book is related to the design of specific microwave
circuits and components, for both practical and motivational value. I have tried to present
the analysis and logic behind these designs so that the reader can see and understand the
process of applying fundamental concepts to arrive at useful results. The engineer who has
a firm grasp of the basic concepts and principles of microwave engineering, and has seen
how these can be applied toward a specific design objective, is the engineer who is most
likely to be rewarded with a creative and productive career.

Modern microwave engineering involves predominantly distributed circuit analysis and
design, in contrast to the waveguide and field theory orientation of earlier generations. The
majority of microwave engineers today design planar components and integrated circuits
without direct recourse to electromagnetic analysis. Microwave computer-aided design
(CAD) software and network analyzers are the essential tools of today’s microwave engineer,
and microwave engineering education must respond to this shift in emphasis to network
analysis, planar circuits and components, and active circuit design. Microwave engineering
will always involve electromagnetics (many of the more sophisticated microwave CAD
packages implement rigorous field theory solutions), and students will still benefit from
an exposure to subjects such as waveguide modes and coupling through apertures, but the
change in emphasis to microwave circuit analysis and design is clear.

Microwave and RF technology is more pervasive than ever. This is especially true in the
commercial sector, where modern applications include cellular telephony, personal commu-
nications systems, wireless local area data networks, millimeter wave collision avoidance
vehicle radars, direct broadcast satellites for radio and television, global positioning sys-
tems, radio frequency identification tagging, ultra wideband radio and radar systems, and
microwave remote sensing systems for the environment. Defense systems continue to rely
heavily on microwave technology for passive and active sensing, communications, and
weapons control systems. This state of affairs suggests that there will be no shortage of
challenging problems in RF and microwave engineering in the foreseeable future, and a
clear need for engineers having both an understanding of the fundamentals of microwave
engineering as well as the creativity to apply this knowledge to problems of practical interest.



The success of the first two editions of Microwave Engineering has been gratifying. For
this edition we solicited detailed feedback from teachers and readers for their thoughts about
what topics should be deleted and added. There was almost no agreement on specific material
to remove (it seemed that almost every topic in the book was being used by someone). There
was, however, fairly uniform agreement in favor of more material on active circuit design
and related topics. To this end we have increased the number of chapters from 12 to 13 and
have added new material on noise, nonlinear effects, RF MEMs, diode and transistor device
characteristics, transistor power amplifiers, FET mixers, transistor oscillators, oscillator
phase noise, and frequency multipliers. Sections on intermodulation products, dynamic
range, mixers, antennas, and receiver design have been completely rewritten. Numerous
new or revised examples and problems have been added, with several of these related to
practical design problems involving planar circuits and components. Another new feature
of this edition is a list of Answers to Selected Problems at the end of the book. Topics
that have been cut for this edition include the uniqueness theorem, Fabry-Perot resonators,
electronic warfare, and some examples related to waveguides.

This text is written for a two-semester course in microwave engineering, for seniors
or first-year graduate students. If students haVe a good background in undergraduate elec-
tromagnetics, the material in Chapters 1 and 2 can be reviewed fairly quickly. Students
with less background should study this material in more detail. Chapters 3—11 can then be
followed in sequence, but it is likely that the instructor will want to choose between a field
theory emphasis, or more of a circuit design emphasis. Alternatively, it is possible to
focus exclusively on microwave circuit design, avoiding the material on electromagnetic
analysis.

Two important items that should be included in a successful course on microwave engi-
neering are the use of computer-aided design (CAD) simulation software and a microwave
laboratory experience. Providing students with access to CAD software allows them to
verify results of the design-oriented problems in the text, giving immediate feedback that
builds confidence and makes the effort more rewarding. Because the drudgery of repetitive
calculation is eliminated, students can easily try alternative approaches and explore prob-
lems in more detail. The effect of line losses, for example, is explored in several examples
and problems—this would be effectively impossible without the use of modern CAD tools.
In addition, classroom exposure to CAD tools provides useful experience upon graduation.
Most of the commercially available microwave CAD tools are very expensive, but several
manufacturers provide academic discounts or free “student versions” of their products.
Ansoft Corporation, for example, has a student version of their popular SERENADE pack-
age available for free download at their Web site (www.ansoft.com).

A hands-on microwave instructional laboratory is expensive to equip but provides the
best way for students to develop an intuition and physical feeling for microwave phenom-
ena. A laboratory with the first semester of the course might cover the measurement of
microwave power, frequency, standing wave ratio, impedance, and S-parameters, as well as
the characterization of basic microwave components such as tuners, couplers, resonators,
loads, circulators, and filters. Important practical knowledge about connectors, waveguides,
and microwave test equipment will be acquired in this way. Alternatively, a more advanced
laboratory session can consider topics such as noise figure, intermodulation distortion, and
mixing. Naturally, the type of experiments that can be offered is heavily dependent on the
test equipment that is available. ‘

With this edition we are able to make available several resources for students and in-
structors on the Wiley Web site. A sample instructional laboratory manual, along with
SERENADE circuit files for many of the problems and examples in the text, can be
found at www.wiley.com/college/pozar. An on-line solution manual for all problems in the

«7 -



text is available to qualified instructors, who may apply for access through the Web site
www.wiley.com/college/pozar and going to the Instructor’s Companion Site.
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