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Foreword

The field of RF and Microwaves has undergone a significant paradigm shift in the last
decade. From being a technology that had its greatest utilization in defense and military-
based applications, it is currently in the forefront as a fundamental technology in
Wireless Communications and other industrial, medical, and commercial applications.
As applications of RF and microwaves continue to evolve and as this technology
becomes a common factor in the scientific and engineering communities it is impera-
‘tive that university students and practicing scientists and engineers are thoroughly
familiar with the measurement principles, electronics, and design fundamentals under-
lying this technology.

Several books on RF and microwave technology have been published since the
landmark research and development effort that went into the development of radar
and related techniques during World War II. Perhaps the most noteworthy and semi-
nal publication in this area was the MIT Radiation Laboratory series which still stands
out as an example of a major contribution to the scientific and engineering communi-
ties by a consortium of some of the world’s leading scientists and engineers and as a
memorial to the unnamed hundreds and thousands of engineers and scientists who
actually carried out the research and development work, the results of which were pre-
sented in this series. Since the publication of this series, numerous books on RF and
microwave technology have been published. These books have accommodated the
advancements in the field and have provided rigorous mathematical analysis underly-
ing the fundamental scientific principles. While these books have served their purposes
as university texts and reference guides for practitioners, there was a significant gap in
the available literature that as yet remained to be addressed. There has existed a need
for a textbook that, through the use of graphical illustrations, rather than rigorous
mathematical analysis, serves as a foundational treatise for graduate students and
practicing engineers and scientists. Dr. Radmanesh’s book Radio Frequency and Micro-
wave Electronics Illustrated is an attempt directed at bridging this gap.

The book is organized into 5 distinct parts comprised of 21 chapters. At the end
of each chapter are a list of symbols, sets of problems to test the reader’s comprehen-
sion of the subject matter presented in the chapter, and a list of references for further
reading or investigating a particular topic in greater detail. <



Foreword

Part I is comprised of four chapters. Chapters 1 and 2 introduce the reader to
the fundamental postulates and axioms of science and engineering and the basic con-
cepts and laws in electrical and electronics engineering. The presentation of these
series of postulates and axioms is extremely helpful, since it lays the foundation for
any of the engincering sciences and is particularly noteworthy, in that it has never been
presented in any scientific text on RF and microwaves. Chapters 3 and 4 discuss the
basic circuit mathematics and low frequency concepts. In Chapter 3, the groundwork
is laid for basic mathematical concepts including phasors, basic circuit elements,
Ohm’s law, and its generalized version, Kirchoff’s voltage and current laws, basic net-
work theorems, and decibel scale. Chapter 4 introduces the reader to the behavior of
the transistor circuits at DC and low frequencies. Even though microwave transistors
are built differently and have a higher frequency range of operation, analysis of tran-
sistor circuits at DC and low frequencies provides a sound foundation for analysis and
design of transistor circuits at RF and microwave frequencies.

Part II (Chapters 5-8) introduces the reader to the concept of wave propagation
via basic concepts of Radio Frequency (RF) and microwave (MW) and their applica-
tions (Chapter 5), RF electronic concepts (Chapter 6), and fundamental concepts in
wave propagation (Chapter 7). Chapter 8 is devoted strictly to RF/Microwave device
and circuit characterization. Building on the concepts and fundamentals provided in
previous chapters, Chapter 8 discusses the concepts of a two-port network. The reader
is introduced to the characterization of two-part networks and its representation in
terms of a set of parameters that can be cast into a matrix form.

Part III (Chapters 9-11) leads the reader to impedance matching concepts and
passive circuit design. In Chapter 9, the “Smith Chart” (one of the most valuable and
pervasive graphical tools in all of microwave engineering) is presented to the reader.
The chart, as a reflection coefficient-to-impedance/admittance converter or vice versa,
is discussed together with its ability to simplify the analysis of complex design prob-
lems involving transmission lines or lumped elements. Chapter 10 discusses the appli-
cations of the Smith Chart in three distinct categories: a) circuits containing primarily
distributed elements, particularly transmission lines (TLs), b) circuits containing
lumped elements, and c) circuits containing distributed and lumped elements in com-
bination. Having developed a deep understanding of the Smith Chart and its applica-
tions, the reader is now introduced to the design of impedance matching networks in
Chapter 11. :

Part IV (Chapters 12-14) deals with the design considerations of microwave
amplifiers. The chapters are systematically broken down to focus the reader on each of
the important design parameters: stability concepts for a two-port network
(Chapter 12), gain concepts in amplifiers (Chapter 13), and noise concepts in amplifier
design (Chapter 14). ~

The readers conceptual journey is transformed to hard-core design examples of
linear and nonlinear circuits and their applications in Part V (Chapters 15-21). The
design examples include design of small-signal, narrow-band, low-noise, and multi-
stage amplifiers (Chapter 15); design of large-signal, high-power amplifiers
(Chapter 16); microwave transistor oscillator design, using the negative-resistance
device concept in Chapter 17; microwave rectifier and detector design (Chapter 18);
microwave mixer design (Chapter 19); and microwave control circuits, specifically

«10 -




Foreword

switches, phase shifters, and attenuators (Chapter 20). The book concludes with
Chapter 21, which is devoted entirely to RF and Microwave Integrated Circuits
(MICs). The two classes of microwave integrated circuits, i.e., hybrid microwave inte-
grated circuits and monolithic microwave integrated circuits (MMIC), are discussed in
detail addressing the materials, processing techniques, reliability, and advantages of
each type.

A comprehensive glossary of technical terms at the end of the book is a great aid
in understanding RF and Microwaves and makes this book invaluable for anyone
aspiring to master this field of study. The appendix section provides a list of all symbols
used in the book, information on many physical constants, mathematical identities,
and generally known laws and makes them sufficiently accessible for easy reference.
The Computer-Aided design (CAD) examples provide actual design data and meth-
odology, which the reader should find extremely helpful in many practical situations.

In summary, this book has some unique strengths which make it different from

. prior literature and an attractive reference for the reader.

1. The presentation of a series of scientific postulates and axioms at the start of
the book lays the foundation for any of the engineering sciences and is unique to this
book compared with similar RF and Microwave texts.

2. The presentation of classical laws and principles of electricity and magnetism, all
inter-related, conceptually and graphically.

3. There is a shift of emphasis from rigorous mathematical solutions of Maxwell’s
equations, and instead has been aptly placed on simple yet fundamental concepts
that underlie these equations. This shift of emphasis will promote a deeper
understanding of the electronics, particularly at RF/Microwave frequencies.

4. Low-frequency electronics unlike most RF/Microwave texts has been amply
treated, which makes an easy transition to RF/Microwave principles and pre-
vents a gap of knowledge in the reader’s mind.

5. New technical terms are precisely defined as they are first introduced, thereby
keeping the subject matter in focus and preventing misunderstanding, and ﬁnaﬂy
the abundant use of graphical illustrations and diagrams brings a great deal of
clarity and conceptual understanding, enabling difficult concepts to be under-
stood with ease.

1 believe Dr. Radmanesh has addressed the literature gap that I discussed during
the introduction of this foreword and has presented some unique aspects, which 1
believe the graduate student, the practicing engineer/scientist, and the university pro-
fessor should find extremely beneficial and- stimulating. The book should serve as a
valuable readable reference for the RF and Microwave industry.

Dr. Asad M. Madni

C. Eng,, Fellow IEEE, Fellow IEE, FIAE, FNYAS
President and Chief Operating Officer

BEI Technologies, Inc.
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Preface

Education in the science of RF and microwave engineering consists of guiding the
reader along a gradient of known data, with the highest attention to the basic concepts
that form the foundation of this field of study. The basic concepts presented in this
book are far more fundamental than the mother sciences of engineering (i.e., physics
and mathematics) and cover the essential truth about our physical universe in which
we live. These basic truths convey a much deeper understanding about the nature of
the physical universe than has ever been discussed in any RF and microwave, or for
that matter any scientific textbook.

These basic truths set up a background of discovered knowledge by mankind,
against which a smaller sphere of information (i.e., RF and microwave. engineering)
can be examined. Many of the principles that appear in microwave books are easily
describable and thus understood much better once the basic underlying concepts are
grasped.

While studying sciences and engineering at the university, the author always
looked for simplicity, a higher truth, and a decper level of understanding in all of the
rigorous mathematics and many of the physical laws that were presented. Upon further
investigation, the underlying principles that form the backbone of all extant physical sci-
ences have finally emerged and are presented as the fundamentals of physical sciences
in Chapter 1 of this work.

A summary of philosophical formation of this work is presented in the form of a
pyramid in Chapter 1. From this pyramid, we can see that workable knowledge is like a pyr-
amid, where from a handful of common denominators efficiently expressed by a series of
basic postulates, axioms, and natural laws, which form the foundation of a science, an
almost innumerable number of devices, circuits, and systems can be thought up and
developed. The plethora of the mass of devices, circuits, and systems generated is known
as the application mass, which practically approaches infinity in sheer number. This is an
important point to grasp, because the foundation portion never changes (a static) while
the base area of the pyramid is an ever-changing and evolving arena (a kinetic) where
this evolution is in terms of new implementation techniques and technologies.

Following this brief introduction, the fundamental laws and basic principles of
electrical engineering, which most advanced textbooks take for granted, are discussed.
The reason for their presentation at this early stage, is that in dealing with the subject

.12.



Preface

of RF and microwave engineering, it has been found that a lack of deeper understand-
ing of these fundamentals leads to a shallow perspective and a lack of appreciation of
electrical engineering basics, which will eventually lead to serious miscomprehension
and misapplication of the subject.

This book is written with emphasis on fundamentals and for this reason all new
technical terms are thoroughly defined in the body of the text as they are introduced.
This novel approach is based upon the results obtained in recent investigations and
research in the field of education, which has shown that the lack of (or the slightest
uncertainty on) the definition of terms poses as one of the most formidable obstacles
in the reader’s mind in achieving full comprehension of the material. A series of
uncomprehended or misunderstood technical terms will block one’s road to total com-
prehension and mastery of the subject. This undesirable condition will eventually lead
to a dislike and total abandonment of the subject.

The initial motivation was to bring the basics to the forefront and orient the
reader in such a way that he or she can think with these fundamentals correctly. This
eventually led to writing the first manuscript several years ago and then the final prep-
aration of this book at present.

In preparing this book, the emphasis was shifted from rigorous and sophisticated
mathematical solutions of Maxwell’s equations and instead has been aptly placed on
RF and microwave circuit analysis and design principles using simple concepts while
emphasizing the basics all the way.

This book is intended to be used in a 2-semester course in microwave electronics
engineering for senior-level or graduate students and should serve as an excellent ref-
erence guide for the practicing RF and microwave engineer in the field as well.

The current work starts from very general postulates, considerations and laws
and, chapter by chapter, narrows the focus to very specific concepts and applications,
culminating in the design of various RF and microwave circuits. The book, divided into
five parts and 21 chapters, develops and presents these chapters with the progressive
development of concepts following the same pattern as presented in the pyramid of
knowledge in Chapter 1, which is:

Part I The Highest Fundamentals
Chapters 1-4 form the foundation of electronics.

Part II Wave Propagation in Networks
Chapters 5-8 present the basics of RF and Microwave science, wave propa-
gation, and network characterization concepts.

Part III Passive Circuit Design
Chapters 9-11 deal with the Smith Chart and its numerous applications to
matching circuits.

Part IV Basic Considerations in Active Networks
Chapters 12-14 discuss the basic considerations of circuit design.

Part V Active Networks: Linear and Nonlinear Design
‘Chapters 15-21 provide detailed analysis and design methodologies of lin-
ear and nonlinear active circuits.

«13-



Preface

A list of symbols used in each chapter and a series of problems are included at
the end of each chapter to help the reader gain a fuller understanding of the presented
materials. The book ends with a glossary of technical terms and several important
appendixes. These appendixes cover physical constants and other important data
needed in the analysis or design process, with one appendix fully devoted to several
design examples of practical active circuits using computer-aided design techniques
based on the “Libra/touchstone”® software Ver. 6.1 from HPEEsof.
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