Microwave Circuits

1.1 INTRODUCTION

The term microwave circuits means different things to different people. The prefix micro comes
from the Greek ptkpdc (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
1-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 1-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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