
Microwave Circuits

1.1 INTRODUCTION

The term microwave circuits means different things to different people. The prefix micro comes
from the Greek fiiKpog (micros) and among its various meanings has the meaning of little or
small. Little and small are relative words. Microwave means little or small waves. This often
means that the wavelength is small with respect to the physical variations in a circuit or small
with respect to a component size. To many people, microwave means those frequencies in the
l-to-10-gigahertz range. This is the range over which the wavelength in air varies from 30
centimeters to 3 centimeters. In dielectric materials, the wavelength is reduced from its value in
air by a factor of the square root of the dielectric constant. In the l-to-10-gigahertz frequency
range, components with linear dimensions of 3 to 30 millimeters or approximately 1 to 20
millimeters for common dielectric materials become a tenth of a wavelength long. Other peo-
ple like to think about microwave circuits as those for which distributed effects are important.
For those circuits, wave propagation effects are important. Whether wave propagation effects
are important depends again on the physical size or fabrication technology used to fabricate a
circuit that is being described or characterized. Between the middle and the end of the twen-
tieth century, microwave circuit techniques included printed circuit board (PCB), microwave
integrated circuit (MIC), and monolithic microwave integrated circuit (MMIC) technologies
in addition to coaxial and waveguide technologies. The circuit designer uses packaged devices
roughly one centimeter in size for PCB circuits, beam-leaded devices roughly one millimeter
in size for MIC circuits, and monolithic devices roughly ten to a hundred microns in size for
MMIC circuits.

In this book, the term microwave circuits includes those circuits fabricated on printed
circuit boards (PCB), microwave integrated circuits (MIC), or monolithic microwave integrated
circuits (MMIC) for which the circuit parasitic elements form a significant portion of the circuit
element values. A parasitic element might arise due to distributed circuit effects or arise from
fabrication constraints. This definition includes but is not limited to those circuits for which
distributed effects need to be considered. Printed circuit boards and microwave integrated
circuits are in use in most avionics and wireless circuit applications. The relative amount
of a parasitic element depends on the dielectric constant of the medium in which the circuit
element is embedded, the distance a signal needs to travel from a source to a load, or the
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distance between a component and a ground conductor or region. This concept can be used to
describe circuits that are analog in nature, digital in nature, or mixed mode (analog and digital)
in nature. Both parasitic elements and distributed effects need to be considered in microwave
circuit design. For the digital designer, these parasitics affect the time delay and wave shape
associated with voltage or current pulses traveling along a wire or conductor.

A model of a circuit element accounts for the electric, magnetic, and dissipated energies
in the circuit element. A combination of lumped-constant elements consisting of resistors,
capacitors, or inductors can often be used to model a circuit element. A resistor is used to
characterize the power or energy lost in a circuit, while a capacitor and an inductor are used
to characterize the electric and magnetic energy stored in a circuit respectively. In those cases
where the circuit is large with respect to a wavelength, a transmission line model consisting of
resistors, capacitors, and inductors will be used to characterize the distributed parameter effect
for the circuit elements.

Giving the reader the necessary tools needed to analyze or synthesize microwave circuits
is the objective of this book. Some of these tools will be developed in a sequence and other
tools are developed in specific chapters. Some general analysis tools are developed and then
the tools needed to design an amplifier, the tools needed to design an oscillator, and the tools
needed to design filter circuits are developed. The scattering matrix formalism is developed
and then measurement methods for obtaining the scattering parameters are described. For
those readers who are interested in differential circuit characteristics, scattering parameters
of active differential circuits are described before stability, gain, and match are described.
For those readers who are interested only in single-ended circuits, Chapter 4 can be skipped
and the reader can go directly to Chapter 5. Readers who are not interested in measuring
scattering parameters and who wish to use scattering parameters directly may go from Chapter
2 to Chapter 5. Chapter 6 contains material that will give the reader several methods to
match lumped- and distributed-constant circuits. Different modes of power amplification are
discussed in Chapter 7 before oscillators are discussed in Chapter 8, in order to give the reader
the design information needed to design oscillators for high power-conversion efficiency.

Chapters 2, 3, 5, 6, 7, and 8 provide the material necessary for designing an oscillator
including any necessary phase shifters, an attenuator, an amplifier, and a filter. Material from
this set of chapters has been used for over a decade in a one-semester beginning microwave
circuits course for senior and first-year-graduate students at Iowa State University. The thrust of
that course has been to look at the circuit's aspect of microwave circuit design. The distributed
nature of the design is incorporated using de-embedding techniques and the scattering matrix
for transmission line sections. The laboratory portion of the course consists of the design,
fabrication, build, and test of a 1-gigahertz oscillator, followed by an attenuator, an amplifier,
and a two-pole filter using microstrip printed circuit boards and leaded as well as chip parts
for the discrete passive components. During the time the students were fabricating and testing
those parts of a single-frequency power source, selected material from Chapters 10 and 11 was
included in the lecture material.

Other topics in this book include noise in Chapter 10, and detection and frequency
translation in Chapter 11. Special attention is given in Chapter 12 to the use of PIN diodes for
switching applications for the reader who is incorporating sensitive receivers with high-power
transmitters in a single antenna system. Chapter 12 contains a description of some microwave
components that can be used by the microwave engineer to build a system. Fully developing
that chapter in a college course could easily comprise a semester of learning and fill several
books. However, sufficient material is given to allow the reader to use the components in a
system. Components and connecting wires that are used in microwave circuits need to be
characterized. Methods to measure, manipulate, and verify component values are discussed.
A method for time domain analysis applicable to high-speed digital and mixed-mode digital-
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