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To My Mother



Preface

This book is about RF power amplifiers used in wireless communications and many other RF
applications. It is intended as a concept-oriented textbook at the senior and graduate levels
for students majoring in electrical engineering, as well as a reference for practicing engineers
in the area of RF power electronics. The purpose of the book is to provide foundations
for RF power amplifiers, efficiency improvement, and linearization techniques. Class A, B,
C, D, E, DE, and F RF power amplifiers are analyzed and design procedures are given.
Impedance transformation is covered. Various linearization techniques are explored, such
as predistortion, feedforward, and negative feedback techniques. Efficiency improvement
methods are also studied, such as envelope elimination and restoration, envelope tracking,
Doherty amplifier, and outphasing techniques. Integrated inductors are also studied.

The textbook assumes that the student is familiar with general circuit analysis techniques,
semiconductor devices, linear systems, and electronic circuits. A communications course is
also very helpful.

I wish to express my sincere thanks to Simone Taylor, Publisher, Engineering Technology,
Jo Bucknall, Assistant Editor, and Erica Peters, Content Editor. It has been a real pleasure
working with them. Last but not least, I wish to thank my family for the support.

I am pleased to express my gratitude to Nisha Das for the MATLAB figures. The
author would welcome and greatly appreciate suggestions and corrections from readers,
for improvements in the technical content as well as the presentation style.

Marian K. Kazimierczuk
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electronics, PWM dc-dc power converters, resonant de-dc power converters, modeling and
controls, semiconductor power devices, magnetic devices, and renewable energy sources.



List of Symbols

A

Oaba}:ua

w
Cp

C

C.
Cds
Cis25v)
Gy
Cfmin
Cea
Cys
Ciss
COX.Y
COX
Cout
CTSS

~
SESENES

fe
Jir
Jro
S
Jo
Jo
Jr
fs
8m

Coil mean radius

Effective area of antenna

voltage gain

Magnetic flux density

Bandwidth

Output-power capability of amplifier
Resonant capacitance

Coupling capacitance

Drain-source capacitance of MOSFET
Drain-source capacitance of MOSFET at Vg = 25V
Filter capacitance

Minimum value of Cf

Gate-drain capacitance of MOSFET
Gate-source capacitance of MOSFET
MOSFET input capacitance at Vpg = 0, Cjss = Cos + Coq
MOSFET output capacitance at Vgp = 0, Cpgs = Cgs + Cyq
Oxide capacitance per unit area
Transistor output capacitance

MOSEFET transfer capacitance, C,;; = od
Blocking capacitance

Coil inner diameter

Coil outer diameter

Electric field intensity

Operating frequency, switching frequency
Carrier frequency

Intermediate frequency

Local oscillator frequency

Modulating frequency

Resonant frequency

Frequency of pole of transfer function
Resonant frequency of L-C-R circuit
Switching frequency

Transconductance of transistor



xx  RF POWER AMPLIFIERS

H Magnetic flux intensity

h Trace thickness

i Current

iC Capacitor current

Ip DC drain current

ip Large-signal drain current

ig Small-signal drain current

ir Inductor current

io Ac output current

is Switch current

1 " Amplitude of current i

y - Rms value of i

Ipyp Peak drain current

Isp Peak current of switch

Jn Bessel’s function of first kind and n-th order
K MOSFET parameter

kp Power gain

l Trace length, Winding length
L Resonant inductance, channel length
Ly Filter inductance

Lnin Minimum value of Ly

m Modulation index

ms Index of frequency modulation
my, Index of phase modulation

N Number of inductor turns

n Transformer turns ratio

)4 Perimeter enclosed by coil

Pg Gate drive power

Pr Power loss in resonant circuit
Py Average power loss due to current fall time #
Paym Power of AM signal

Pc Power of carrier

Psg Power of lower sideband

Pises Power loss

Pp Power dissipation

Py Dc supply (input) power

Po Ac output power

Pys Power of upper sideband
pp(wt) Instantaneous drain power loss
O, Unloaded quality factor at f,
OoL Quality factor of inductor

or Loaded quality‘factor at f,

r Total parasitic resistance

re ESR of filter capacitor

DS On-resistance of MOSFET

R Overall resistance of amplifier
Rpc DC input resistance of Amplifier
rG Gate resistance

Ry, Dc load resistance

Riin Minimum value of R,
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Ouput resistance of transistor
Trace-to-trace spacing
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Voltage slope

Operating temperature

Total harmonic distortion
Channel-modulation voltage

Voltage
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DC supply (input) voltage

Amplitude of the voltage across inductance
Peak voltage of switch

Rms value of v

Threshold voltage of MoSFET

Trace width

Energy, channel width

Imaginary part of Z

Input impedance of resonant circuit

Input impedance

Magnitude of Z

Characteristic impedance of resonant circuit
Fourier coefficients of drain current

Gain of feedback network

Dirac impulse function

Frequency deviation

Oxide permittivity

Efficiency of amplifier

Average efficiency

Drain efficiency

Efficiency of resonant circuit

Power-aided efficiency
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Wavelength, channel length-modulation parameter
Permeability of fee space

Mobility of electrons

Relative permeability

Resistivity

Conductivity

Fourier coefficients of drain-source voltage

Ratio Fourier coefficients of drain current

Phase, angle, magnetic flux

Half of drain current conduction angle, mobility degration coefficient
Operating angular frequency

Carrier angular frequency

Modulating angular frequency

Resonant angular frequency
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