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Preface

Research on microwave power amplifiers has gained a growing importance demanded by the many
continuously developing applications which require such subsystem performance. A broad set of com-
mercial and strategic systems in fact have their overall performance boosted by the power amplifier,
the latter becoming an enabling component wherever its efficiency and output power actually allows
functionalities and operating modes previously not possible. This is the case for the many wireless sys-
tems and battery-operated systems that form the substrate of everyday life, but also of high-performance
satellite and dual-use systems.

Clearly, the major role of the power amplifier (PA) resides not only in the generation of an adequate
output power to be transmitted, but above all in how efficiently the conversion of battery-stored power
into such output is performed. The role of amplifier efficient power generation therefore becomes
central, thus attracting the efforts of researchers and practitioners towards design methodologies that do
not optimize challenging parameters, at the expense of the transmitted signal quality (i.e. preserving the
amplifier’s linearity).

The authors started their adventure in power amplifier high efficiency design methodologies at the
beginning of the ‘90s, driven by the growing interest of the academic and industrial community in
such challenging component. This book is the result of many years experience in the field of micro
and millimetre PA design, and it aims to present a unified overview of high efficiency microwave solid
state power amplifier (SSPA) design approaches and methodologies. Many valuable contributions have
already been presented on the general topic of power amplifiers, but, at least in the authors’ opinion,
a gap still exists in high efficiency design techniques, above all if microwave and millimetre-wave
applications are considered.

The main concepts involved in PA design are presented in this book, clarifying some classical
misunderstandings or confusing topics (such as bias classes, or PA nomenclatures) as well as suggesting
optimum design approaches, combining theoretical (or analytical) results and computer-aided design
solutions. Thus, starting from the theoretical basis of SSPA design, examples are provided to clarify
each discussed topic. Both hybrid and monolithic microwave integrated circuit (MMIC) approaches are
addressed, highlighting design guidelines and criteria.

The techniques for high efficiency microwave power amplifier design, developed by the authors and
published in world-wide diffused scientific journals, are presented and detailed, stressing the pros and
cons as compared to different approaches, with practical examples. As a result, the book is meant to
represent a reference text for designers as well as a textbook for researchers and scientists operating in
this field. The topics treated in the book are introduced starting from simple considerations, useful from
the practical viewpoint, extending to advanced topics for people already working in the field of SSPA
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design. Consequently, the book is composed of many sections that may be regarded as introductory, but
also includes advanced material.

It is, however, self-consistent for post-doctorate researchers and wide portions may be used for
senior undergraduate courses. Practitioners in the field with Masters degrees should not encounter any
problems in picking up the relevant section dealing with their specific queries, together with the running
examples provided.

The book is organised into three main parts.

The aim of the first one is to introduce the fundamental concepts related to PA design. Starting from
the definition of the main figures of merit characterizing a PA in Chapter 1, in Chapter 2 a simplified
approach is discussed to easily infer the power capabilities of a given active device. In this chapter, a step-
by-step PA design example is discussed. Then, in Chapter 3 the non linear analysis issues intrinsically
related with the design of a PA are outlined. This first portion of the book is finally completed by
Chapter 4, focused on experimental methodologies adopted for PA design, i.e. load pull techniques.

The second part is the core of the entire book, and it is devoted to the description and detailed
discussion of high efficiency design techniques for PAs. Moving from a general theory, discussed in
Chapter 5, two main approaches are categorized, namely the switched-mode and the current-mode PA
design approaches. In Chapter 6 the former design solution is described, mainly focused on Class E
amplifiers. Starting from the low frequency theory, several topologies are discussed and the extension
of the methodology to high RF and micro-millimetre wave frequency ranges is outlined. The chapter
concludes with several design examples where theoretical concepts are applied and demonstrated. Then,
in the following two chapters (7 and 8) the current mode harmonic tuned design approaches are detailed.
In particular, Chapter 7 is devoted to Class F PA design solutions, while Chapter 8 covers the more
general harmonic tuning strategies, based on both input and output network harmonic loading behaviour
and design.

Finally, the third and last part of the book discusses advanced concepts in the design of solid state
PAs. In chapter 9 the linearity issue of a power stage is focused on in more detail. In particular, the
synthesis methodologies adopted to design PA stages with high linearity performance are described,
simultaneously optimizing power conversion efficiency. Then, in Chapter 10 an overview of power
combining techniques is provided. Finally, to account for new and challenging requirements of solid
state PA, in Chapter 11 the Doherty amplifier is discussed. Starting from the theoretical analysis, the
design relationships inferred are explained through several design examples for classical or harmonic
tuned (Class F) Doherty stage. The chapter is completed with a discussion about multi-way and multi-
stage Doherty architectures.

Paolo Colantonio
Franco Giannini
Ernesto Limiti
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1

Power Amplifier Fundamentals

1.1 Introduction

A power amplifier (PA) is an essential component, playing a key role in the realization of many
microwave and millimetre-wave systems. PA applications span a broad range of areas [1], among which
telecommunications, radar [2—4], electronic warfare, heating [5, 6], and medical microwave imaging
[7-12] represent just a few examples. Given such extremely diversified fields, PA specifications may
greatly differ in operating, technological and design requirements. As a consequence, a wide variety of
PA realizations results, from travelling-wave tube amplifiers in satellite payloads to solid-state amplifiers
for personal wireless communication handsets, from microwave heating tubes to amplifiers composing
hyperthermia apparatus.

Regardless of its physical realization, the task of a PA is to increase the power level of the signal
at its input in a given frequency band, up to a predefined level at its output. As contrasted therefore to
low-level (i.e. linear) amplifiers, often specified in term of small-signal gain, the absolute output power
level, as well as the power gain, become the PA’s primary performance.

The need for high output power levels is the main driver in the selection of the active devices com-
posing the PA, on the basis of their output power capabilities. Moreover, to limit the power consumption,
active devices are typically operated under large-signal regimes, so fully swinging their nonlinear char-
acteristics. Otherwise, a sufficiently large active device could be adopted, resulting in an almost linear
behaviour, while dissipating a large amount of DC power for voltage and current biasing.

A PA is therefore to be considered as a nonlinear system component, whose large-signal operat-
ing conditions often lead to detrimental effects on the output signal, resulting in a distorted replica of
the input. On the other hand, the linear approximation underlying small-signal amplifier design tech-
niques is no longer strictly valid, hence not allowing their direct application to PA design. Dedicated
methodologies have to be exploited and adopted, even if preliminary and first guess approaches can be
employed.

PA design is typically the result of a trade-off, trying to fulfil several conflicting requirements
such as linearity vs. efficiency or high output power level vs. low distortion. The design approach to
be selected depends on operating frequency and bandwidth, available device technology, application
(fixed, mobile or satellite communications, modulated CW or pulsed signal, etc.) and many other
factors [13].
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