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Wave guiding Systems: Types of waveguides. Excitation of waveguides,
mode coupling and mode suppression.

Power transmission and attenuation. Pertubation method. Circuit Theory
for Waveguiding Systems;

N-port network analysis using Z,H,Y, ABCD parameters. Forsters reactance
theorem.

Scattering parameters, definitions and relationship with other parameters.
Passive
Microwave Devices: Phase changers. Directional couplers. Hybrid junction.
Microwave propagation in gyrotropic media,

Faraday rotation. Ferrite devices employing Faraday rotation.
Circulators. Other ferrite devices.
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Prerequisites

Electromagnetics |, Electromagnetics Il, Engineering
Mathematics I, Transmission Lines

Purpose

To enable the student to understand the fundamental
concepts of microwave, waveguide characteristics,
analysis of microwave circuits and devices and
applications.
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Course Objectives
1. Discuss components and devices used in RF & Microwave systemes.

2. Analyze microwave systems
3. Demonstrate understanding of different RF & Microwave circuits.

4. To design microwave circuits and devices
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Expected Learning Outcomes Blﬂﬂm,s Taxmmmv

At the end of this course, the student g
e

Produce new or original work
Design, assemble, construct, conjecture, develap, formulate, author, investigate

should be able to:
Appreciate the operation and analyze

Justify a stand or decision

t h e p e rfo rmance Of com p one nts an d evalu ate appraise, argue, defend, judge, select, support, value, critique, weigh
devices used in RF & Microwave b omtoanogites

[  O1ganize, relate, e, Ish,
Sy St e m S . an alyz e g ;pzl"e:li géqztil::’l]etgae compare. contrast dis ngu sh, examine,

Analyze microwave systems and
assess the impact of microwave

Use infgrmation in new situations
apply mﬁgnx;mtm:we. demonstrate, Interpret, operate,
component performances on overall

|\

| | Explainideas o concepts
Syste m pe rfo rmance. /| understand "5"2‘»\ dm:y' Sﬁi.""},’“‘lﬁf’”'e’“"’”’ identify, locate, recognize,
& W report, select, ranslate
Design and mplgment different RF & | Ay SEr i e
Microwave circuits to meet set CHITITVET

define, dupiicate, it memorize, repeat, state

requirements.
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Introduction: Components of RF and microwave design, Behaviour of
passive components, Propagation of guided waves. Micro-stripline
circuits; Evaluation of attenuation constant for the rectangular

waveguide.
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2. Waveguides and Components: Review of electromagnetic (EM) spectrum.
Rectangular waveguides, Circular Waveguides, Microwave cavities.
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(a) Rectangula , avegu ,de (b) Circular Waveguide: (c) A microwave cavity
A hollow metallic tube with a rectangular cross . . . . L
. i i A hollow metallic cylinder with an A special type of resonator, consisting of
section. The conducting walls of the waveguide . .
. o . inner radius R. a closed (or largely closed) metal
confine the electromagnetic fields and thereby guide . e : :
. In the inner air-filled volume of the structure that confines electromagnetic
the electromagnetic wave. . . . . . .
. L cylinder electromagnetic waves can fields in the microwave region of the
In the inner air-filled volume of the tube, e
_ propagate above mode-specific cut-off spectrum.
electromagnetic waves can propagate above mode-

. : frequencies
specific cut-off frequencies G
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3. Microwave antennas: electromagnetic horns; reflector antennas;

micre-strip antennas; phased arrays.

Directional couplers. Circulators, isolators. Wave guide couplings, bends
and twists, Transitions, hybrid couplers, Matched load, Attenuators and

phase shifters, E-plane, H-plane and Hybrid Tees, Hybri

Microstrip Feed

Collinear arms

[\

Port |

Collinear arms

Substrate

(a) E-plane tee (b) H-plane tee

Ground Plane /
(b) Waveguide Hybrid Tee
(a) Microstrip antenna A 3-port device that can be used to
An antenna fabricated using microstrip techniques on a either divide or combine power in

printed circuit board (PCB). a waveguide system.

(c) Hybrid ring

A type of coupler used in RF
and microwave systems. In
its simplest form, itisa 3 dB
coupler
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4. Waveguide discontinuities: Windows, Irises and Tuning screws,
Detectors, wave meters.
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(a) Waveguide iris Tuning screws
Used to places a shunt capacitance or inductance Screws inserted into resonant cavities
across the waveguide. which can be adjusted externally to the

waveguide.
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5. Strip Lines: Microstrip lines. Parallel strip lines. Coplanar strip lines.

Shielded strip lines.
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(a) Stripline

A form of printed circuit transmission line where
the signal trace is sandwiched between upper
and lower ground planes,

Ground Plane
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(b) Shielded stripline has its strip
conductor embedded in a
dialectric media between two
ground planes.
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(c) Coplanar stripline is formed
by two conducting strips with
one strip grounded, both being
placed on the same substrate
surface, for convenient
connections.



EEEN 566--COURSE DESCRIPTION (6)

6. Microwave Active circuits: Microwave transistors and tunnel diodes;

Microwave FETs. /

Base metal Emitter metal ~LECTRONI|CS A5iVE]

W Anode Cathode

P type base

Oxide

Collector n type epitaxial layer

n+ substrate

n-p-n silicon double diffused epitaxial transistor

(a) Microwave Transistors (b) Tunnel diode
Silicon n-p-n transistors that can provide

_ _ A semiconductor diode that exhibits negative
adequate powers at microwave frequencies

have been developed. They are with typically up resistance, meaning the current decreases with an

to 5 watts at a frequency of 3GHz with a gain of increase in voltage. | 3

5dB. Tunnel diode can be used as a switch, amplifier, and
oscillator.
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7. Transferred electron devices: Avalanche transit time devices.
Microwave linear beam tubes. Microwave crossed-field tubes.

Microwave C

microwave radiation.

Linear-beam tubes (O-type)

Cavity Slow-wave structure
Resonant Forward-wave Backward-wave
Klystron Helix TWT BWA, BWO

Reflex
Klystron

Coupled-cavity

Twystron TWT

munication Systems. Effect of Biological Exposure to

Biological Exposure to Microwave Radiation
Microwave radiation can heat body tissue the same
way it heats food. Exposure to high levels of
microwaves can cause a painful burn.

Two areas of the body, the eyes and the testes, are
particularly vulnerable to RF heating because there
is relatively little blood flow in them to carry away
excess heat.
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8. Microwave tubes: Klystron, Reflex Klystron, Magnetron, TWT BWO
Their schematic, Principle of operation, performance ch
and application.

Electron

Buncher Catcher Gun

Canity Cavity  collector
Density of Electrons [\\ ..........

caLlbd A =H=ELN
| ol . )
= 4

r - % o
\ \j Attenuator Collector
Vo
] I— Cathode
Anode I l

Microwave Microwave

O

-1

-

[«

Q.

(4]
————
||

|

r3

"l i
|

Input Output (b) Travelling Wave Tube (c) Backward Oscillator
Broadband microwave amplifiers RF wave travelling backwards in
(a) Klystron which have no cavity resonators like opposite direction to the
A Klystron (also known as a Klystron Klystrons. Amplification is done electron beam in helix
Tube or Klystron Amplifier) is a vacuum through the prolonged interaction structure. Frequency of
tube that is used to oscillate and amplify between an electron beam and Radio oscillation depends on voltage
microwave frequency signals. Frequency between cathode and helix.
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9. Microwave semiconductor devices: PIN diode, Tunnel diode, LSA
diode, varactor diode, Gunn Devices, IMPATT and TRAPATT, their
Principal of operation, characteristics and applications.

Curre
P+n n+ drift region pulse

a7 HH RSN 7 gencrater
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IMPATT diode schematic
IMPATT diode (IMPact ionization Avalanche Transit- TRAPATT or TRApped, Plasma Avalanche Triggered
Time diode) Transit diode
A form of high-power semiconductor diode used in The TRAPATT diode is based around the initial concept of the
high-frequency microwave electronics devices. They IMPATT but it has been enhanced by increasing the doping
have negative resistance and are used as oscillators and level between the junction and the anode

amplifiers at microwave frequencies.
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9. Microwave semiconductor devices: PIN diode, Tunnel diode, LSA
diode, varactor diode, Gunn Devices, {MPATT and TRAPATT, their
Principal of operation, characteristics and applications.

Cathode

Diode Circuit S - e— ﬁ{ T,
n+ £
ZS ; @ik“ ——- "
P-N Junction _
Electrode ~~  Anode LSA (Limited Space-charge Accumulation) diode
A transferred-electron diode similar to the Gunn diode

PIN Diode except that it is intended to operate at frequencies that are
A special type of diode that contains an determined by the microwave cavity in which the diode is
undoped intrinsic semiconductor mounted and that are several times higher than the transit-
between the p-type semiconductor and time frequency so that the formation of charge packets (or
n-type semiconductor regions. domains) is limited.
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9. Microwave semiconductor devices: PIN diode, Tunnel diode, LSA
diode, Varactor diode, Gunn Devices, IMPATT and TRAPATT, their
Principal of operation, characteristics and applications.

Depletion Region

Anode Cathode
Varactor Diode P n

Parallel Plate Capacitor i I

Dielectric Layer

Varactor Diode
A type of diode whose internal capacitance varies with

respect to the reverse voltage. It always works in reverse
bias ...

. Varactor diodes are compact in size,

economical, reliable and less noisy compared
to other diodes.
Hence, they are used in the following
applications:
a) Tuning circuits to replace the old-style
variable capacitor tuning of FM radio
b) Tank circuits of receiver or transmitter
for auto-tuning as in case of TV
c) Signal modulation and demodulation.
d) Microwave frequency multipliers as a
component of LC resonant circuit
e) Very low noise microwave parametric
amplifiers
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9. Microwave semiconductor devices: PIN diode, Tunnel diode, LSA
diode, varactor diode, Gunn Devices, IMPATT and TRAPATT, their
Principal of operation, £haracteristics and applications.

I:I Anode
_ Negative

N* GaAs or GaN resisr_ance
region
Substrate

A
N Buffer layer 10m or 10 GHz ¥
A

N™ GaAs Substrate

l:[ CathOde Voltage

Gunn Diode

A passive semiconductor device with two terminals, which composes of only an n-doped semiconductor
material, unlike other diodes which consist of a p-n junction. Gunn diodes can be made from the materials
which consist of multiple, initially-empty, closely-spaced energy valleys in their conduction band like Gallium
Arsenide (GaAs), Indium Phosphide (InP), Gallium Nitride (GaN), Cadmium Telluride (CdTe), Cadmium
Sulfide (CdS), Indium Arsenide (InAs), Indium Antimonide (InSb) and Zinc Selenide (ZnSe).
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e 10. Microwave Relays: Line-of-site path characteristics, Microwave
radio stations and repeaters.
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Microwave repeater Stations

Microwave RF repeaters are designed to transfer
Microwave radio relay o signals from one radio link to another without
A technology widely used for transmitting loss of quality, data, or traffic, while

signals, such as long-distance telephone and : . .
) : : compensating for multipath and fading loss
video between two terrestrial points on a

narrow beam of microwaves



WHAT ARE MICROWAVES

1. Microwaves are a form of electromagnetic radiation with Microwaves are a
form of electromagnetic radiation with frequencies between 300 MHz (1 m)

and 300 GHz (1 mm)

2. The prefix micro- in microwave is not meant to suggest a wavelength in
the micrometer range. Rather, it indicates that microwaves are "small"
(having shorter wavelengths), compared to the radio waves used prior to

microwave technology.

3. The boundaries between infrared, terahertz radiation, microwaves, and
UHF waves are fairly arbitrary and vary in different fields of study.

Microwaves Ultraviolet Light Gamma rays

Radio waves Infrared Light X rays
104 104 10® 10'° 10'2 104 10'¢ 10'¢




STANDARD RADAR FREQUENCY LETTER-BAND NOMENCLATURE
(IEEE STANDARD 521-2002)

BAND AToR  FREQUENCY (GHZ) WAVELENGTH IN FREE SPACE (CENTIMETERS)

HF 0.003 to 0.030 10000 to 1000
VHF 0.030 to 0.300 1000 to 100
ﬁ-IF 0.300 to 1 100 to 30.N
L band 1t02 30.0 to 15.0
S band 2to4 15to 7.5 .
C band 41t0 8 7.5t03.8 <: M|Crowaves
X band 8to 12 3.8t0 2.5
Ku band 121018 2.5t0 1.7 Microwave does not relate to
K band 18 to 27 1.7t0 1.1 micrometer/micron
Ka band 27 to 40 1.1t0 0.75 = ¢
V band 40 to 75 0.75 to 0.40 _ A
W band 75 t0 110 0.40 0 0.27 fA=1x10"°
w 110 to 300 0.27 to 0.10/ Thenf = =222 =3 x 1014

=300 Terahertz



ﬁ
RECENT DEVELOPMENTS IN MICROWAVE ENGINEERING

Core Journals

 Microwave and Wireless Components Letters, |IEEE
 Microwave Theory and Techniques, IEEE Transactions on

Others in Related Fields

* [EEE Transactions on Antennas and Propagation,
* Antennas and Wireless Propaqgation Letters, IEEE
« Communications, IEEE Transactions on



https://en.wikipedia.org/wiki/IEEE_Microwave_and_Wireless_Components_Letters
https://en.wikipedia.org/wiki/IEEE_Microwave_and_Wireless_Components_Letters
https://mtt.org/transactions-editors/
https://mtt.org/transactions-editors/
https://en.wikipedia.org/wiki/IEEE_Transactions_on_Antennas_and_Propagation
https://en.wikipedia.org/wiki/IEEE_Transactions_on_Antennas_and_Propagation
https://en.wikipedia.org/wiki/IEEE_Antennas_and_Wireless_Propagation_Letters
https://en.wikipedia.org/wiki/IEEE_Antennas_and_Wireless_Propagation_Letters
https://en.wikipedia.org/wiki/IEEE_Transactions_on_Communications
https://en.wikipedia.org/wiki/IEEE_Transactions_on_Communications
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