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Introduction

High-frequency  circuit  design  is  a  rapidly  growing 

field,  driven  by  the  increasing  demand  for  wireless 

communication, radar, and other high-speed electronic 

systems. This book provides a comprehensive guide to 

the  design  and  implementation  of  high-frequency 

circuits,  covering  everything  from  basic  concepts  to 

advanced techniques.

Whether  you  are  a  student,  engineer,  or  technician, 

this  book  will  provide  you  with  the  knowledge  and 

skills you need to succeed in this exciting field. With its 

clear  explanations,  practical  examples,  and  design 
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projects,  this book will  help you to master the art of 

high-frequency circuit design.

In this book, you will learn about:

 The  fundamentals  of  high-frequency  circuit 

design,  including  transmission  line  theory, 

scattering parameters, and impedance matching 

techniques.

 The  different  types  of  microstrip  circuits, 

including  microstrip  lines,  components, 

antennas, and filters.

 The various types of connectors and cables used 

in  high-frequency  circuits,  including  coaxial 

cables,  waveguides,  and  printed  circuit  board 

connectors.

 The  different  types  of  discrete  passive 

components  used  in  high-frequency  circuits, 

including  resistors,  capacitors,  inductors,  and 

transformers.
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 The  different  types  of  antennas  used  in  high-

frequency  circuits,  including  dipole  antennas, 

patch antennas, and phased array antennas.

 The different types of low-noise amplifiers used 

in  high-frequency  circuits,  including  MESFET 

LNAs, HEMT LNAs, and GaAs LNAs.

 The different  types  of  oscillators  used  in  high-

frequency  circuits,  including  voltage-controlled 

oscillators,  crystal  oscillators,  and  surface 

acoustic wave oscillators.

 The  different  types  of  frequency  synthesizers 

used  in  high-frequency  circuits,  including 

integer-N synthesizers, fractional-N synthesizers, 

and direct digital synthesizers.

 The  different  types  of  practical  measurement 

techniques  used  in  high-frequency  circuits, 

including  network  analyzers,  spectrum 

analyzers, and noise figure meters.
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With  its  comprehensive  coverage  of  high-frequency 

circuit  design,  this  book  is  an  essential  resource  for 

anyone working in this field.
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Book Description

Comprehensive  Guide  to  High-Frequency  Circuit 

Design:  A  Practical  Approach  for  Engineers  and 

Technicians

High-frequency  circuit  design  is  a  rapidly  growing 

field,  driven  by  the  increasing  demand  for  wireless 

communication, radar, and other high-speed electronic 

systems. This book provides a comprehensive guide to 

the  design  and  implementation  of  high-frequency 

circuits,  covering  everything  from  basic  concepts  to 

advanced techniques.

With  its  clear  explanations,  practical  examples,  and 

design projects, this book will help you to master the 

art of high-frequency circuit design. Whether you are a 

student, engineer, or technician, this book will provide 

you with the knowledge and skills you need to succeed 

in this exciting field.

In this book, you will learn about:
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 The  fundamentals  of  high-frequency  circuit 

design,  including  transmission  line  theory, 

scattering parameters, and impedance matching 

techniques.

 The  different  types  of  microstrip  circuits, 

including  microstrip  lines,  components, 

antennas, and filters.

 The various types of connectors and cables used 

in  high-frequency  circuits,  including  coaxial 

cables,  waveguides,  and  printed  circuit  board 

connectors.

 The  different  types  of  discrete  passive 

components  used  in  high-frequency  circuits, 

including  resistors,  capacitors,  inductors,  and 

transformers.

 The  different  types  of  antennas  used  in  high-

frequency  circuits,  including  dipole  antennas, 

patch antennas, and phased array antennas.
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 The different types of low-noise amplifiers used 

in  high-frequency  circuits,  including  MESFET 

LNAs, HEMT LNAs, and GaAs LNAs.

 The different  types  of  oscillators  used  in  high-

frequency  circuits,  including  voltage-controlled 

oscillators,  crystal  oscillators,  and  surface 

acoustic wave oscillators.

 The  different  types  of  frequency  synthesizers 

used  in  high-frequency  circuits,  including 

integer-N synthesizers, fractional-N synthesizers, 

and direct digital synthesizers.

 The  different  types  of  practical  measurement 

techniques  used  in  high-frequency  circuits, 

including  network  analyzers,  spectrum 

analyzers, and noise figure meters.

With  its  comprehensive  coverage  of  high-frequency 

circuit  design,  this  book  is  an  essential  resource  for 

anyone working in this field.
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Chapter  1:  High-Frequency  Circuit 

Fundamentals

1. Basic Concepts of High-Frequency Circuits

High-frequency circuit  design is a specialized field of 

electronics  that  deals  with  the  design  and 

implementation of circuits that operate at frequencies 

above 1 GHz. These circuits are used in a wide variety 

of  applications,  including  wireless  communication, 

radar, and medical imaging.

There are a number of challenges associated with high-

frequency circuit design, including:

 Signal loss: At high frequencies, signal loss can 

be a significant problem. This is due to the fact 

that high-frequency signals tend to travel along 

the surface of  conductors,  rather than through 

the  center.  This  phenomenon  is  known  as  the 

skin effect.
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 Parasitic effects: Parasitic effects are unwanted 

effects that can occur in high-frequency circuits. 

These  effects  can  include  inductance, 

capacitance, and resistance. Parasitic effects can 

degrade the performance of a circuit and make it 

difficult  to  design  circuits  that  are  stable  and 

reliable.

 Electromagnetic  interference  (EMI): High-

frequency circuits can generate EMI, which can 

interfere  with  other  electronic  devices.  It  is 

important to take steps to minimize EMI when 

designing high-frequency circuits.

Despite these challenges, high-frequency circuit design 

is a rewarding field that can offer a number of benefits, 

including:

 Increased  bandwidth: High-frequency  circuits 

can  operate  at  much  higher  bandwidths  than 

low-frequency  circuits.  This  makes  them  ideal 

for applications that require high data rates.
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 Reduced  size: High-frequency  circuits  can  be 

much smaller than low-frequency circuits. This is 

because  the  wavelengths  of  high-frequency 

signals are much shorter than the wavelengths of 

low-frequency signals.

 Lower  power  consumption: High-frequency 

circuits  can  consume  less  power  than  low-

frequency  circuits.  This  is  because  high-

frequency signals travel more efficiently through 

conductors than low-frequency signals.

High-frequency  circuit  design  is  a  complex  and 

challenging field, but it is also a very rewarding one. 

With  careful  planning  and  design,  it  is  possible  to 

create  high-frequency  circuits  that  are  both  high-

performance and reliable.
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Chapter  1:  High-Frequency  Circuit 

Fundamentals

2. Transmission Line Theory

Transmission line theory is a fundamental concept in 

high-frequency circuit design. It is used to analyze and 

design circuits that operate at high frequencies, such as 

microwave and millimeter-wave circuits.

A  transmission  line  is  a  structure  that  guides 

electromagnetic  waves  from one  point  to  another.  It 

can be made of a variety of materials, including copper, 

aluminum, and dielectric materials. The properties of 

the  transmission  line,  such  as  its  length,  width,  and 

dielectric  constant,  determine  its  electrical 

characteristics, such as its impedance, capacitance, and 

inductance.

When a signal  is  transmitted through a transmission 

line,  it  is  subject  to  a  number  of  effects,  including 

attenuation,  dispersion,  and reflection.  Attenuation is 
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the  loss  of  signal  power  due  to  resistance  in  the 

transmission line. Dispersion is the spreading out of a 

signal in time due to the different frequencies of the 

signal  traveling  at  different  speeds  through  the 

transmission line. Reflection is the bouncing back of a 

signal  from  a  discontinuity  in  the  transmission  line, 

such as a change in impedance.

Transmission line theory is used to design circuits that 

minimize  these  effects  and  ensure  that  signals  are 

transmitted with minimal distortion. This is important 

for high-frequency circuits, where even small amounts 

of distortion can cause significant problems.

Some of the key concepts in transmission line theory 

include:

 Characteristic  impedance: The  characteristic 

impedance  of  a  transmission  line  is  the 

impedance  that  it  presents  to  a  signal  at  all 

frequencies.  It  is  determined  by  the  physical 
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properties  of  the  transmission line,  such as  its 

length, width, and dielectric constant.

 Propagation  constant: The  propagation 

constant  of  a  transmission  line  is  a  complex 

number that describes how a signal propagates 

through the transmission line.  It  is  determined 

by  the  characteristic  impedance  of  the 

transmission  line  and  the  frequency  of  the 

signal.

 Standing wave ratio: The standing wave ratio 

(SWR) of a transmission line is a measure of the 

amount  of  reflection  that  occurs  on  the 

transmission line. It is determined by the ratio of 

the maximum voltage on the transmission line to 

the minimum voltage on the transmission line.

Transmission line theory is a complex subject, but it is 

essential  for  understanding  and  designing  high-

frequency circuits. By understanding the principles of 

transmission line theory, engineers can design circuits 
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that  operate  at  high  frequencies  with  minimal 

distortion.
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Chapter  1:  High-Frequency  Circuit 

Fundamentals

3. Scattering Parameters

Scattering parameters are a powerful tool for analyzing 

and designing high-frequency circuits. They provide a 

complete description of the input-output behavior of a 

circuit,  and  can  be  used  to  calculate  a  variety  of 

important circuit properties, such as gain, return loss, 

and isolation.

Scattering parameters are defined as the ratio of  the 

reflected wave to the incident wave at each port of a 

circuit.  They are typically measured using a network 

analyzer,  which sends a  signal  into  each port  of  the 

circuit and measures the reflected signal.

The  scattering  parameters  of  a  circuit  can  be 

represented in a variety of ways, including:
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 A scattering matrix, which is a square matrix of 

complex numbers.

 A  Smith  chart,  which  is  a  graphical 

representation of the scattering parameters.

 A  set  of  two-port  parameters,  which  are  a 

simplified  representation  of  the  scattering 

parameters for a two-port circuit.

Scattering  parameters  are  used  in  a  variety  of 

applications, including:

 Matching circuits to optimize power transfer.

 Designing filters to reject unwanted signals.

 Analyzing the stability of amplifiers.

 Troubleshooting high-frequency circuits.

Scattering parameters are an essential tool for anyone 

working in the field of high-frequency circuit  design. 

They provide  a  powerful  way to  analyze  and design 

circuits, and can help to ensure that circuits perform as 

expected.
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The Dance of Light and Shadows

Scattering  parameters  can  be  used  to  analyze  and 

design  a  wide  variety  of  high-frequency  circuits, 

including antennas, filters, and amplifiers. In the case 

of  antennas,  scattering  parameters  can  be  used  to 

determine  the  antenna's  gain,  directivity,  and 

impedance.  For  filters,  scattering  parameters  can  be 

used to determine the filter's passband, stopband, and 

insertion  loss.  For  amplifiers,  scattering  parameters 

can  be  used  to  determine  the  amplifier's  gain, 

bandwidth, and stability.

Scattering parameters are a versatile tool that can be 

used  to  analyze  and  design  a  wide  variety  of  high-

frequency  circuits.  They  are  an  essential  tool  for 

anyone working in the field of high-frequency circuit 

design.
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This extract presents the opening three 

sections of the first chapter.

Discover the complete 10 chapters and 

50  sections  by  purchasing  the  book, 

now available in various formats.
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