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Preface

Complete Wireless Design gives the reader a solid grounding in the latest
radio-frequency (RF) design methods and communication circuits employed
in today’s wireless equipment and systems, and will assist any engineer, tech-
nician, or ham, to design—down to the circuit level——anything from a basic
two-way radio to the wireless receivers and transmitters of a digital commu-
nications system.

Included with the book is a free and complete copy of Caltech’s Puff RF/
microwave circuit simulation software, along with Sonnet Lite’s electromag-
netic simulator, Agilent’s AppCad RF design software, and National’s PLL
design programs.

Unlike many wireless books, Complete Wireless Design does not simply pre-
sent predesigned circuits and expect readers to modify them in some haphaz-
ard fashion for their own wireless applications, nor does this book present
overly complex equations for the design of wireless circuits and systems, which
most readers, even engineers, would have difficulty understanding, much less
applying. Instead, Complete Wireless Design allows the reader, using simple
algebra, to design cutting-edge oscillators, amplifiers, mixers, filters, phase-
locked loops (PLLsg), frequency multipliers, RF switches, microstrip elements,
automatic gain control (AGC) loops, power splitters, attenuators, and diplex-
ers easily and quickly. This book will also explain the practical aspects of
designing with radio-frequency integrated circuits (RFICs) and monolithic
microwave integrated circuits (MMICs); and how to perform all the necessary
calculations for impedance matching, perform wireless link analyses, complete
a frequency plan, and integrate a complete communications system. The book
covers vital high speed and circuit design issues as well.

Cotter W. Sayre
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Chapter

Wireless Essentials

A firm understanding of how passive and active components function at high
frequencies, as well as a strong grasp of the fundamental concepts of lumped
and distributed transmission lines, S-parameters, and radio-frequency (RF)
propagation, is essential to successful circuit design.

1.1 Passive Components at RF
1.1.1 Introduction

At radio frequencies, lumped (physical) resistors, capacitors, and inductors are
not the “pure” components they are assumed to be at lower frequencies. As
shown in Fig. 1.1, their true nature at higher frequencies has undesirable
resistances, capacitances, and inductances—which must be taken into account
during design, simulation, and layout of any wireless circuit.

At microwave frequencies the lengths of all component leads have to be min-
imized in order to decrease losses due to lead inductance, while even the board
traces that connect these passive components must be converted to transmis-
sion line structures. Surface mount devices (SMDs) are perfect for decreasing
this lead length, and thus the series inductance, of any component (Fig. 1.2),
while the most common transmission line structure is microstrip, which main-
tains a 50-ohm constant impedance throughout its length—and without
adding inductance or capacitance.

As the frequency of operation of any wireless circuit begins to increase,
so does the requirement that the actual physical structure of all of the
lumped components themselves be as small as possible, since the part’s
effective frequency of operation increases as it shrinks in size: the smaller
package lowers the harmful distributed reactances and series or parallel
resonances.
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COMPONENT LF BEHAVIOR HF BEHAVIOR RESPONSE

WIRE A A A W

CAPACITOR

u ||
RESISTOR
AN | = T

Figure 1.1 A component’s real-life behavior at high frequencies (HF) and low
frequencies (LF).

i

Figure 1.2 A surface mount resistor.

1.1.2 Resistors

As shown in Fig. 1.3, a resistor’s actual value will begin to decrease as the fre-
quency of operation is increased. This is caused by the distributed capacitance
that is always effectively in parallel with the resistor, shunting the signal around
the component; thus lowering its effective value of resistance. As shown in the fig-
ure, this distributed capacitance is especially problematic not only as the fre-
quency increases, but also as the resistance values increase. If the resistor is not
of the high-frequency, thin-film type, a high-value resistor can lose much of its
marked resistance to this capacitive effect at relatively low microwave frequen-
cies. And since the series inductance of the leads of the surface-mount technology
resistor are typically quite low, the added reactive effect is negligible in assisting
the resistor in maintaining its marked resistance value.

1.1.3 Capacitors

Capacitors at RF and microwave frequencies must be chosen not only for their
cost and temperature stability, but also for their ability to properly function at
these high frequencies. As shown in Fig. 1.1, a capacitor has an undesired lead
inductance that begins to adversely change the capacitor’s characteristics as
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Figure 1.3 Ratio of an SMD resistor’s resistance at DC to its resistance at AC for increasing
frequencies.

the frequency is increased. This effect is most pronounced if the lead induc-
tance resonates with the capacitance of the physical capacitor, resulting in a
series resonance—or a total reactance of nearly zero ohms (resonating a capac-
itor can also be purposeful: a jO capacitor is the type that becomes series reso-
nant at the frequency of interest by resonating its own parasitic inductance
with its own small value of marked capacitance, which creates a very low series
impedance, perfect for coupling and decoupling at very high frequencies). Above
this series resonant frequency the capacitor itself will actually become more
inductive than capacitive, making it quite important to confirm that the cir-
cuit’s design frequency will not be over the series resonance of the capacitor.
This is vital for coupling and decoupling functions, while a capacitor for tuned
circuits should have a series resonance comfortably well above the design fre-
quency. The higher the value of the capacitor, the lower the frequency of this
series resonance—and thus the closer the capacitor is to its inductive region.
Consequently, a higher-value capacitor will demonstrate a higher inductance,
on average, than a smaller value capacitor. This makes it necessary to compro-
mise between the capacitive reactance of the capacitor in coupling applications
and its series resonance. In other words, a coupling capacitor that is expected
to have a capacitive reactance at the frequency of interest of 0.1 ohm may actu-
ally be a much poorer choice than one that has a capacitive reactance of 5
ohms—unless the capacitor is chosen to operate as a jO type.

Only certain capacitor classifications are able to function at both higher fre-
quencies and over real-life temperature ranges while maintaining their capac-
itance tolerance to within manageable levels. The following paragraphs
discuss the various capacitor types and their uses in wireless circuits:

Electrolytic capacitors, both aluminum and tantalum, are utilized for very
low frequency coupling and decoupling tasks. They have poor equivalent series
resistance (ESR) and high DC leakage through the dielectric, and most are



