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Solid state power amplifiers (SSPA) are a critical part of many microwave systems. Designing
SSPAs with monolithic microwave integrated circuits (MMIC) has boosted device performance
to much higher levels focused on PA modules. This cutting-edge book offers engineers
practical guidance in selecting the best power amplifier module for a particular application and
interfacing the selected module with other power amplifier modules in the system. It also
explains how to identify and mitigate peripheral issues concerning the PA modules, SSPAs,
and microwave systems. This authoritative volume presents the critical techniques and
underpinnings of SSPA design, enabling professionals to optimize device and system
performance. Engineers gain the knowledge they need to evaluate the optimum topologies for
the design of a chain of microwave devices, including power amplifiers. Additionally, the book
addresses the interface between the microwave subsystems and the primary DC power, the
control and monitoring circuits, and the thermal and EMI paths. Packed with 240 illustrations
and over 430 equations, this detailed book provides the practical tools engineers need for their
challenging projects in the field.
This book is a summary of a series of achievements made by the authors and colleagues in
the areas of radio frequency power amplifier modeling (including neural Volterra series
modeling, neural network modeling, X-parameter modeling), nonlinear analysis methods, and
power amplifier predistortion technology over the past 10 years. The book is organized into ten
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chapters, which respectively describe an overview of research of power amplifier behavioral
models and predistortion technology, nonlinear characteristics of power amplifiers, power
amplifier behavioral models and the basis of nonlinear analysis, an overview of power amplifier
predistortion, Volterra series modeling of power amplifiers, power amplifier modeling based on
neural networks, power amplifier modeling with X-parameters, the modeling of other power
amplifiers, nonlinear circuit analysis methods, and predistortion algorithms and applications.
Blending theory with analysis, this book will provide researchers and RF/microwave
engineering students with a valuable resource.
Get up-to-speed on the theory, principles and design of vacuum electron devices.
This book is a comprehensive exposition of FET modeling, and is a must-have resource for
seasoned professionals and new graduates in the RF and microwave power amplifier design
and modeling community. In it, you will find descriptions of characterization and measurement
techniques, analysis methods, and the simulator implementation, model verification and
validation procedures that are needed to produce a transistor model that can be used with
confidence by the circuit designer. Written by semiconductor industry professionals with many
years' device modeling experience in LDMOS and III-V technologies, this was the first book to
address the modeling requirements specific to high-power RF transistors. A technologyindependent approach is described, addressing thermal effects, scaling issues, nonlinear
modeling, and in-package matching networks. These are illustrated using the current marketleading high-power RF technology, LDMOS, as well as with III-V power devices.
This is the first book devoted exclusively to the outphasing power amplifier, covering the most
recent research results on important aspects in practical design and applications. A
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compilation of all the proposed outphasing approaches, this is an important resource for
engineers designing base station and mobile handset amplifiers, engineering managers and
program managers supervising power amplifier designs, and R&D personnel in industry. The
work enables you to: design microwave power amplifiers with higher efficiency and improved
linearity at a lower cost; understand linearity and performance tradeoffs in microwave power
amplifiers; and understand the effect of new modulation techniques on microwave power
amplifiers.
This is a rigorous tutorial on radio frequency and microwave power amplifier design, teaching
the circuit design techniques that form the microelectronic backbones of modern wireless
communications systems. Suitable for self-study, corporate training, or Senior/Graduate
classroom use, the book combines analytical calculations and computer-aided design
techniques to arm electronic engineers with every possible method to improve their designs
and shorten their design time cycles.
Introduction to RF Power Amplifier Design and Simulation fills a gap in the existing literature by
providing step-by-step guidance for the design of radio frequency (RF) power amplifiers, from
analytical formulation to simulation, implementation, and measurement. Featuring numerous
illustrations and examples of real-world engineering applications, this book: Gives an overview
of intermodulation and elaborates on the difference between linear and nonlinear amplifiers
Describes the high-frequency model and transient characteristics of
metal–oxide–semiconductor field-effect transistors Details active device modeling techniques
for transistors and parasitic extraction methods for active devices Explores network and
scattering parameters, resonators, matching networks, and tools such as the Smith chart
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Covers power-sensing devices including four-port directional couplers and new types of
reflectometers Presents RF filter designs for power amplifiers as well as application examples
of special filter types Demonstrates the use of computer-aided design (CAD) tools,
implementing systematic design techniques Blending theory with practice, Introduction to RF
Power Amplifier Design and Simulation supplies engineers, researchers, and RF/microwave
engineering students with a valuable resource for the creation of efficient, better-performing,
low-profile, high-power RF amplifiers.
Wireless voice and data communications have made great improvements, with connectivity
now virtually ubiquitous. Users are demanding essentially perfect transmission and reception
of voice and data. The infrastructure that supports this wide connectivity and nearly error-free
delivery of information is complex, costly, and continually being improved. This resource
describes the mathematical methods and practical implementations of linearization techniques
for RF power amplifiers for mobile communications. This includes a review of RF power
amplifier design for high efficiency operation. Readers are also provided with mathematical
approaches to modeling nonlinear dynamical systems, which can be applied in the context of
modeling the PA for identification in a pre-distortion system. This book also describes typical
approaches to linearization and digital pre-distortion that are used in practice.
RF and Microwave Transmitter Design is unique in its coverage of both historical transmitter
design and cutting edge technologies. This text explores the results of well-known and new
theoretical analyses, while informing readers of modern radio transmitters' pracitcal designs
and their components. Jam-packed with information, this book broadcasts and streamlines the
author's considerable experience in RF and microwave design and development.
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This new resource presents readers with all relevant information and comprehensive design
methodology of wideband amplifiers. This book specifically focuses on distributed amplifiers
and their main components, and presents numerous RF and microwave applications including
well-known historical and recent architectures, theoretical approaches, circuit simulation, and
practical implementation techniques. A great resource for practicing designers and engineers,
this book contains numerous well-known and novel practical circuits, architectures, and
theoretical approaches with detailed description of their operational principles.
Over the past decade, tremendous development of wireless communications has changed
human life and engineering. Considerable advancement has been made in design and
architecture of related RF and microwave circuits. Introduction to Wireless Communication
Circuits focuses on special circuits dedicated to the RF level of wireless communications. From
oscillators to modulation and demodulation, and from mixers to RF and power amplifier
circuits, all are presented in a sequential manner. A wealth of analytical relations is provided in
the text alongside various worked out examples. Related problem sets are given at the end of
each chapter. Basic concepts of RF Analog Circuit Design are developed in the book.
Technical topics discussed include: - Wireless Communication System - RF Oscillators and
Phase Locked Loops - Modulator and Demodulator Circuits - RF Mixers - Automatic Gain
Control and Limiters - Microwave Circuits, Transmission Lines and S-Parameters - Matching
Networks - Linear Amplifier Design and Power Amplifiers - Linearization Techniques This
textbook is intended for advanced undergraduate and graduate students, as well as RF
Engineers and professionals.
Doherty Power Amplifiers: From Fundamentals to Advanced Design Methods is a great
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resource for both RF and microwave engineers and graduate students who want to understand
and implement the technology into future base station and mobile handset systems. The book
introduces the very basic operational principles of the Doherty Amplifier and its non-ideal
behaviors. The different transconductance requirements for carrier and peaking amplifiers,
reactive element effect, and knee voltage effect are described. In addition, several methods to
correct imperfections are introduced, such as uneven input drive, gate bias adaptation, dual
input drive and the offset line technique. Advanced design methods of Doherty Amplifiers are
also explained, including multistage/multiway Doherty power amplifiers which can enhance the
efficiency of the amplification of a highly-modulated signal. Other covered topics include signal
tracking operation which increases the dynamic range, highly efficient saturated amplifiers, and
broadband amplifiers, amongst other comprehensive, related topics. Specifically written on the
Doherty Power Amplifier by the world’s leading expert, providing an in-depth presentation of
principles and design techniques Includes detailed analysis on correcting non-ideal behaviors
of Doherty Power Amplifiers Presents advanced Doherty Power Amplifier architectures
Broadband RF and Microwave Amplifiers provides extensive coverage of broadband radio
frequency (RF) and microwave power amplifier design, including well-known historical and
recent novel schematic configurations, theoretical approaches, circuit simulation results, and
practical implementation strategies. The text begins by introducing two-port networks to
illustrate the behavior of linear and nonlinear circuits, explaining the basic principles of power
amplifier design, and discussing impedance matching and broadband power amplifier design
using lumped and distributed parameters. The book then: Shows how dissipative or lossy gaincompensation-matching circuits can offer an important trade-off between power gain, reflection
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coefficient, and operating frequency bandwidth Describes the design of broadband RF and
microwave amplifiers using real frequency techniques (RFTs), supplying numerous examples
based on the MATLAB® programming process Examines Class-E power amplifiers, Doherty
amplifiers, low-noise amplifiers, microwave gallium arsenide field-effect transistor (GaAs
FET)-distributed amplifiers, and complementary metal-oxide semiconductor (CMOS) amplifiers
for ultra-wideband (UWB) applications Broadband RF and Microwave Amplifiers combines
theoretical analysis with practical design to create a solid foundation for innovative ideas and
circuit design techniques.
A survey of microwave technology tailored for professionals inwireless communications RF
Technologies for Low Power WirelessCommunications updates recent developments in
wirelesscommunications from a hardware design standpoint and offersspecialized coverage of
microwave technology with a focus on thelow power wireless units required in modern wireless
systems. Itexplores results of recent research that focused on a holistic,integrated approach to
the topics of materials, devices, circuits,modulation, and architectures rather than the more
traditionalapproach of research into isolated topical areas. Twelve chapters deal with various
fundamental research aspectsof low power wireless electronics written by world-class experts
ineach field. The first chapter offers an overview of wirelessarchitecture and performance,
followed by detailed coverage of: Advanced GaAs-based HBT designs InP-based devices and
circuits Si/SiGe HBT technology Noise in GaN devices Power amplifier architectures and
nonlinearities Planar-oriented components MEMS and micromachined components
Resonators, filters, and low-noise oscillators Antennas Transceiver front-end architectures
With a clear focus and expert contributors, RFTechnologies for Low Power Wireless
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Communications will beof interest to a wide range of electrical engineering disciplinesworking
in wireless technologies.
Continuing advancements in electronics creates the possibility of communicating with more
people at greater distances. Such an evolution calls for more efficient techniques and designs
in radio communications. Emerging Innovations in Microwave and Antenna Engineering
provides innovative insights into theoretical studies on propagation and microwave design of
passive and active devices. The content within this publication is separated into three sections:
the design of antennas, the design of the antennas for the RFID system, and the design of a
new structure of microwave amplifier. Highlighting topics including additive manufacturing
technology, design application, and performance characteristics, it is designed for engineers,
electricians, researchers, students, and professionals, and covers topics centered on modern
antenna and microwave circuits design and theory.
Modern wireless communications hardware is underpinned by RF and microwave design
techniques. This insightful book contains a wealth of circuit layouts, design tips, and practical
measurement techniques for building and testing practical gigahertz systems. The book covers
everything you need to know to design, build, and test a high-frequency circuit. Microstrip
components are discussed, including tricks for extracting good performance from cheap
materials. Connectors and cables are also described, as are discrete passive components,
antennas, low-noise amplifiers, oscillators, and frequency synthesizers. Practical measurement
techniques are presented in detail, including the use of network analyzers, sampling
oscilloscopes, spectrum analyzers, and noise figure meters. Throughout the focus is practical,
and many worked examples and design projects are included. There is also a CD-ROM that
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contains a variety of design and analysis programs. The book is packed with indispensable
information for students taking courses on RF or microwave circuits and for practising
engineers.

Using the load-pull method for RF and microwave power amplifier design This new
book on RF power amplifier design, by industry expert Dr. John F. Sevic, provides
comprehensive treatment of RF PA design using the load-pull method, the most widely
used and successful method of design. Intended for the newcomer to load-pull, or the
seasoned expert, the book presents a systematic method of generation of load-pull
contour data, and matching network design, to rapidly produce a RF PA with first-pass
success. The method is suitable from HF to millimeter-wave bands, discrete or
integrated, and for high-power applications. Those engaged in design or fundamental
research will find this book useful, as will the student new to RF and interested in PA
design. The author presents a complete pedagogical methodology for RF PA design,
starting with treatment of automated contour generation to identify optimum transistor
performance with constant source power load-pull. Advanced methods of contour
generation for simultaneous optimization of many variables, such as power, efficiency,
and linearity are next presented. This is followed by treatment of optimum impedance
identification using contour data to address specific objectives, such as optimum
efficiency for a given linearity over a specific bandwidth. The final chapter presents a
load-pull specific treatment of matching network design using load-pull contour data,
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applicable to both single-stage and multi-stage PA's. Both lumped and distributed
matching network synthesis methods are described, with several worked matching
network examples. Readers will see a description of a powerful and accessible method
that spans multiple RF PA disciplines, including 5G base-station and mobile
applications, as well as sat-com and military applications; load-pull with CAD systems is
also included. They will review information presented through a practical, hands-on
perspective. The book: Helps engineers develop systematic, accurate, and repeatable
approach to RF PA design Provides in-depth coverage of using the load-pull method for
first-pass design success Offers 150 illustrations and six case studies for greater
comprehension of topics
A comprehensive and up-to-date one-stop reference for engineers working in power
amplifier modeling or RF designers using power amplifier models.
This is a one-stop guide for circuit designers and system/device engineers, covering
everything from CAD to reliability.
. DC CIRCUITS. 1. Components, Quantities, and Units. 2. Voltage, Current, and
Resistance in Electric Circuits. 3. Ohm's Law, Energy, and Power. 4. Series Circuits. 5.
Parallel Circuits. 6. Series-Parallel Circuits. 7. Magnetism and Electromagnetism. II. AC
CIRCUITS. 8. Introduction to Alternating Current and Voltage. 9. Capacitors. 10. RC
Circuits. 11. Inductors. 12. RL Circuits. 13. RLC Circuits and Resonance. 14.
Transformers. 15. Pulse Response of Reactive Circuits. III. DEVICES. 16. Introduction
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to Semiconductors 17. Diodes and Applications. 18. Transistors and Thyristors. 19.
Amplifiers and Oscillators. 20. Operational Amplifiers (Op-Amps). 21. Basic
Applications of Op-Amps. APPENDICES. A. Table of Standard Resistor Values. B.
Batteries. C. Capacitor Color Coding and Labeling. D. The Current Source, Nortons
Theorems and Millman's Theorem. E. Devices Data Sheets. Answers to OddNumbered Problems. Glossary. Index.
RF and Microwave Power Amplifier DesignMcGraw Hill Professional
Here is a thorough treatment of distortion in RF power amplifiers. This unique resource
offers expert guidance in designing easily linearizable systems that have low memory
effects. It offers you a detailed understanding of how the matching impedances of a
power amplifier and other RF circuits can be tuned to minimize overall distortion.
What's more, you see how to build models that can be used for distortion simulations.
Advanced Design Techniques for RF Power Amplifiers provides a deep analysis of
theoretical aspects, modelling, and design strategies of RF high-efficiency power
amplifiers. The book can be used as a guide by scientists and engineers dealing with
the subject and as a text book for graduate and postgraduate students. Although
primarily intended for skilled readers, it provides an excellent quick start for beginners.
This extensively revised edition offers a comprehensive, practical, up-to-date
understanding of how to tackle a power amplifier design with confidence and quickly
determine the cause of malfunctioning hardware.
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Highlighting the challenges RF and microwave circuit designers face in their day-to-day tasks,
RF and Microwave Circuits, Measurements, and Modeling explores RF and microwave circuit
designs in terms of performance and critical design specifications. The book discusses
transmitters and receivers first in terms of functional circuit block and then examines each
block individually. Separate articles consider fundamental amplifier issues, low noise
amplifiers, power amplifiers for handset applications and high power, power amplifiers.
Additional chapters cover other circuit functions including oscillators, mixers, modulators,
phase locked loops, filters and multiplexers. New chapters discuss high-power PAs, bit error
rate testing, and nonlinear modeling of heterojunction bipolar transistors, while other chapters
feature new and updated material that reflects recent progress in such areas as high-volume
testing, transmitters and receivers, and CAD tools. The unique behavior and requirements
associated with RF and microwave systems establishes a need for unique and complex
models and simulation tools. The required toolset for a microwave circuit designer includes
unique device models, both 2D and 3D electromagnetic simulators, as well as frequency
domain based small signal and large signal circuit and system simulators. This unique suite of
tools requires a design procedure that is also distinctive. This book examines not only the
distinct design tools of the microwave circuit designer, but also the design procedures that
must be followed to use them effectively.
RF and Microwave Microelectronics Packaging presents the latest developments in packaging
for high-frequency electronics. It will appeal to practicing engineers in the electronic packaging
and high-frequency electronics fields and to academic researchers interested in understanding
leading issues in the commercial sector. It covers the latest developments in thermal
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management, electrical/RF/thermal-mechanical designs and simulations, packaging and
processing methods as well as other RF/MW packaging-related fields.
Do you want to know how to design high efficiency RF and microwave solid state power
amplifiers? Read this book to learn the main concepts that are fundamental for optimum
amplifier design. Practical design techniques are set out, stating the pros and cons for each
method presented in this text. In addition to novel theoretical discussion and workable
guidelines, you will find helpful running examples and case studies that demonstrate the key
issues involved in power amplifier (PA) design flow. Highlights include: Clarification of topics
which are often misunderstood and misused, such as bias classes and PA nomenclatures. The
consideration of both hybrid and monolithic microwave integrated circuits (MMICs).
Discussions of switch-mode and current-mode PA design approaches and an explanation of
the differences. Coverage of the linearity issue in PA design at circuit level, with advice on low
distortion power stages. Analysis of the hot topic of Doherty amplifier design, plus a description
of advanced techniques based on multi-way and multi-stage architecture solutions. High
Efficiency RF and Microwave Solid State Power Amplifiers is: an ideal tutorial for MSc and
postgraduate students taking courses in microwave electronics and solid state circuit/device
design; a useful reference text for practising electronic engineers and researchers in the field
of PA design and microwave and RF engineering. With its unique unified vision of solid state
amplifiers, you won’t find a more comprehensive publication on the topic.
A Comprehensive and Up-to-Date Treatment of RF and Microwave Transistor Amplifiers This
book provides state-of-the-art coverage of RF and microwave transistor amplifiers, including
low-noise, narrowband, broadband, linear, high-power, high-efficiency, and high-voltage.
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Topics covered include modeling, analysis, design, packaging, and thermal and fabrication
considerations. Through a unique integration of theory and practice, readers will learn to solve
amplifier-related design problems ranging from matching networks to biasing and stability.
More than 240 problems are included to help readers test their basic amplifier and circuit
design skills-and more than half of the problems feature fully worked-out solutions. With an
emphasis on theory, design, and everyday applications, this book is geared toward students,
teachers, scientists, and practicing engineers who are interested in broadening their
knowledge of RF and microwave transistor amplifier circuit design.
A majority of people now have a digital mobile device whether it be a cell phone, laptop, or
blackberry. Now that we have the mobility we want it to be more versatile and dependable; RF
power amplifiers accomplish just that. These amplifiers take a small input and make it stronger
and larger creating a wider area of use with a more robust signal. Switching mode RF
amplifiers have been theoretically possible for decades, but were largely impractical because
they distort analog signals until they are unrecognizable. However, distortion is not an issue
with digital signals—like those used by WLANs and digital cell phones—and switching mode RF
amplifiers have become a hot area of RF/wireless design. This book explores both the theory
behind switching mode RF amplifiers and design techniques for them. *Provides essential
design and implementation techniques for use in cma2000, WiMAX, and other digital mobile
standards *Both authors have written several articles on the topic and are well known in the
industry *Includes specific design equations to greatly simplify the design of switchmode
amplifiers
Switchmode RF and Microwave Power Amplifiers, Third Edition is an essential reference book
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on developing RF and microwave switchmode power amplifiers. The book combines
theoretical discussions with practical examples, allowing readers to design high-efficiency RF
and microwave power amplifiers on different types of bipolar and field-effect transistors, design
any type of high-efficiency switchmode power amplifiers operating in Class D or E at lower
frequencies and in Class E or F and their subclasses at microwave frequencies with specified
output power, also providing techniques on how to design multiband and broadband Doherty
amplifiers using different bandwidth extension techniques and implementation technologies.
This book provides the necessary information to understand the theory and practical
implementation of load-network design techniques based on lumped and transmission-line
elements. It brings a unique focus on switchmode RF and microwave power amplifiers that are
widely used in cellular/wireless, satellite and radar communication systems which offer major
power consumption savings. Provides a complete history of high-efficiency Class E and Class
F techniques Presents a new chapter on Class E with shunt capacitance and shunt filter to
simplify the design of high-efficiency power amplifier with broader frequency bandwidths
Covers different Doherty architectures, including integrated and monolithic implementations,
which are and will be, used in modern communication systems to save power consumption
and to reduce size and costs Includes extended coverage of multiband and broadband Doherty
amplifiers with different frequency ranges and output powers using different bandwidth
extension techniques Balances theory with practical implementation, avoiding a cookbook
approach and enabling engineers to develop better designs, including hybrid, integrated and
monolithic implementations
The recent shift in focus from defense and government work to commercial wireless efforts has
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caused the job of the typical microwave engineer to change dramatically. The modern
microwave and RF engineer is expected to know customer expectations, market trends,
manufacturing technologies, and factory models to a degree that is unprecedented in the
Microwave and RF Design: Amplifiers and Oscillators presents the design of amplifiers and
oscillators in a way that enables state-of-the-art designs to be realized. Detailed strategies and
case studies are presented. Design of competitive microwave amplifiers and oscillators is
particularly challenging as many trade-offs are required in design, and the design decisions
cannot be reduced to a formulaic flow. The emphasis is on developing design skills. This book
is suitable as both an undergraduate and graduate textbook, as well as a career-long reference
book. Key Features * The fifth volume of a comprehensive series on microwave and RF design
* Open access ebook editions are hosted by NC State University Libraries at
https://repository.lib.ncsu.edu/handle/1840.20/36776 * 9 worked examples * An average of 23
exercises per chapter * Answers to selected exercises * 6 extensive case studies following the
design of competitive amplifiers and oscillators with world leading performance * Volume 5 of a
five volume series on microwave and RF design, all available as open access ebooks * A
companion book, Fundamentals of Microwave and RF Design, is suitable as a comprehensive
undergraduate textbook on microwave engineering

This newly revised edition offers a comprehensive and current treatment of the
subject and includes expanded derivations and problem sets, helping to make
the material even more accessible and easier to master.
This first book on load-pull systems is intended for readers with a broad
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knowledge of high frequency transistor device characterization, nonlinear and
linear microwave measurements, RF power amplifiers and transmitters. LoadPull Techniques with Applications to Power Amplifier Design fulfills the demands
of users, designers, and researchers both from industry and academia who have
felt the need of a book on this topic. It presents a comprehensive reference
spanning different load-pull measurement systems, waveform measurement and
engineering systems, and associated calibration procedures for accurate large
signal characterization. Besides, this book also provides in-depth practical
considerations required in the realization and usage of load-pull and waveform
engineering systems. In addition, it also provides procedure to design application
specific load-pull setup and includes several case studies where the user can
customize architecture of load-pull setups to meet any specific measurement
requirements. Furthermore, the materials covered in this book can be part of a
full semester graduate course on microwave device characterization and power
amplifier design.
The latest power amp design methods Fully updated to address cutting-edge
technologies, the new edition of this practical guide provides comprehensive,
state-of-the-art coverage of RF and microwave power amplifier design. The book
describes both existing and new schematic configurations, theoretical
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approaches, circuit simulation results, and implementation techniques. New
chapters discuss linearization and efficiency enhancement and high-efficiency
Doherty power amplifiers. Featuring a systematic approach, this comprehensive
resource bridges the theory and practice of RF and microwave engineering. RF
and Microwave Power Amplifier Design, Second Edition, covers: Two-port
network parameters and passive elements Nonlinear circuit design methods
Nonlinear active device modeling Impedance matching Power transformers,
combiners, and couplers Power amplifier design fundamentals High-efficiency
power amplifier design Broadband power amplifiers Linearization and efficiency
enhancement techniques High-efficiency Doherty power amplifiers
This much-anticipated volume builds on the author's best selling and classic
work, RF Power Amplifiers for Wireless Communications (Artech House, 1999),
offering experienced engineers a more in-depth understanding of the theory and
design of RF power amplifiers. An invaluable reference tool for RF, digital and
system level designers, the book includes discussions on the most critical topics
for professionals in the field, including envelope power management schemes
and linearization.
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