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Il Year - V Semester: B.Tech. [Electronics & Communication Enginesring)

SEC4-05: Microwave Theory & Techniques

Credit: 3 Max. Marlks: 150{1A:30, ETE: 120

JL+0T+0F End Term Exam: 3 Hours

SN Contents Hours
1 | Introduction: Ohjective, scope and outcomes of the course. 1

2 | Introduction to Microwsanes-History of Microwaves, Microwave Freguency
bands; Applications of Microwaves: Civil and Military, Medical, EMIS 4
EMC.

3 | Mathematical Model of Microwavs Transmissicn-Concept of Mods,
Features of TEM, TE and TM Mecdes, Losses associated with microwave
transmission, Concept of Impedance in Microwave ransrmission.

4 |Ana'ymiz of BF and Microware Transmussion Lines-Coswmsl line,
Rectansularwaveguide, Circulsr wav=guide, Strip line, Micro sitip lins.

5 Microwave MNetwork Analys:s-Equivalent voltages and currents for non-
TEMlines, HNetworkparsmeters for microwavye circuits, Scattering 4
Parsmeters.

6 | Pazsive and Active Microwave Devices-Microwave peSsive compoifients:
Directional Coupler, Power Divider, Magic Tee, Attenuator,
Fesonator. Microwsve  achive  components: Dicdes, Transistors, o
Oscillazors, Mizers Microwave Semiconductasr Devices: Gunn Dicdes,
IMPATT diodes, Bchottly Barrier diodes, PIN dicodes Microwsve Tubes:
Elystron, TWT, Maznetron.

T | Microwawve Design Principles-Impedance transformation Imgpedance
Matching, M:icrowsve Filter Design, RF and Microwave Amplifier Design,
Microwave Power Amglifier Design, Low Noise Amplifier Design, s
Microwave Mizer Design Microwave Oscillstor Design \licrowave
Antennas- Antenna parameters, Antenna for ground bazed systems,
Antennas for airborne and satellite borne systems, Planas Aatennas.

8 | Microwave Measuremenis-Power, Fregquency and impedance
measlrement &8t eucrowave  frequeney.  Networlo  Analyzer and
measurement of scattering parameters Spectrum Analyzerand 6

measurement of spectrum of a mdcrovrare signal, Noise at microwave
frequency and measuremernt cf noize figure. Measurement of Microwave
antenna garameters.

9 | Wicrowave Sysiems-Radar, Terrestrial end Satellit= Communication,
Fad:o Addsto Mawvgation, RFID, GPFS. Modesrn Trends in Microwaves
Engnesring- Effect of Microwawes on humean body, Madical and Ciwal &
apphcations of microwaves, Electromagnetic interference and
Electromagnetic Compatibility (EMI & EMC), Monolithic Microwsve ICs,
FFMEMS for microwave components, Microwave Imaging.

Total 42
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Course Overview:
Student will learn fundamentals of Microwave theory and techniques from this 40-hour course.

In this course, student will study the fundamental concepts and application of different

microwave devices and systems. Also, they will learnto design different microwave devices like
amplifier, oscillator, mixer etc. used in various communication applications.

Course Outcomes:

CO.NO. | Cognitive Level | Course Outcome
1 Knowledge Explain the working of rectangular waveguides in different
modes.
. Evaluate impedance , admittance ,current gain and voltage gain
2 Comprehension . .
using different types of parameters.
3 Application Illustrate the working of microwave passive components.
. Calculate microwave measurements such as VSWR  power
4 Analysis
measurements etc.
5 Analysis ArTaIyze the basic knowledge of the parameters related to the
Microwave and RF.
6 Synthesis Synthesize the Microwave semiconductor devices and their working.
. Develop the MW devi d it licati dt issi f
7 Synthesis evelop the evices and its application, and transmission o
microwave over the satellite channel.
Prerequisites:

1. Fundamentals of microwave signal.
2. Must have completed the course on Electromagnetic theory.
3. Student should be able to solve the problems of physics of semiconductor devices.

Course Outcome Mapping with Program Outcome:

g(l)lltl:;fne Program Outcomes (PO’s)
CO. NO. Domain Specific Domain Independent
PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | PO8 | PO9 | PO10 | PO11 |PO12
co1 2 1 1 1 0 0 0 0 0 0
€02 2 2 1 1
co3 2 1 1 2 1
co4 3 2 1 1
CO5 3 1 0 0 0 1
co6 2 1 0 0 2 1 1
co7 2 2 1 0 2 1

1: Slight (Low) , 2: Moderate (Medium), 3: Substantial (High)
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Course Coverage Module Wise:

Lecture No. Unit Topic

1 1 IMPEDANCE TRANSFORMATION AND MATCHING:

2 1 Lumped elements for MICs and MMICs

3 1 printed inductors, capacitors and resonant elements

4 1 The Smith chart- combined impedance-admittance chart

5 1 Impedance matching with lumped elements (L networks)

6 1 Smith chart solutions

7 1 Single stub tuning in microstrip circuits using shunt stub

8 1 Single section quarter-wave transformer,

9 1 Numerical

10 2 MICROWAVE DIODES AND DIODE CIRCUITS: Detector
Diodes

11 2 Silicon crystal diode and Schottky diode

12 2 V-I characteristic of detector diode

13 2 basic operation of detection and mixing, single diode mixer circuit

14 2 PIN diode - Equivalent circuit and characteristics of PIN diode

15 2 single-pole PIN diode switches, single bit phase shifters

16 2 Varactor diode- Device characteristics and circuit applications

17 2 Gunn diode- Gunn effect, Gunn diode principle of operation and
characteristics

18 2 Typical oscillator circuit using Gunn diode.

19 2 IMPATT diode- Characteristics,

20 2 IMPATT negative resistance, power output and efficiency, Numerical

21 3 MICROWAVE TRANSISTORS AND CIRCUITS:

22 3 Bipolar Junction Transistors (BJTs) — Geometry of silicon bipolar
transistor

23 3 BJT DC biasing, microwave equivalent circuit and characteristics.

24 3 Microwave Field Effect Transistors (FETs) - Physical structure and
principle of operation of JFET

25 3 MOSFET and MESFET characteristics

26 3 comparison of FET devices and circuit applications

27 3 Single stage FET amplifier — Block schematic of a single stage FET
amplifier circuit, Stability considerations

28 3 analysis and derivation of expression for transducer gain with

unilateral transistor, design criteria for maximum gainy g psitute 0! ="
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29 4 KLYSTRONS: Limitations of conventional vacuum tubes

30 4 Reflex klystron — Basic schematic, mechanism of operation, modes of
oscillation and modulation

31 4 Velocity modulation and electron bunching (analytical treatment)

32 4 Magnetrons- Types of magnetron, Basic structure of magnetron

33 4 Magnetron analysis, resonant modes in magnetron, operation,
mechanism of oscillations

34 4 practical consideration of cavity magnetron, Introduction to coaxial

35 4 frequency angle and voltage tunable magnetrons, Numerical

36 5 TWO CAVITY KLYSTRON AMPLIFIER- Basic schematic and
mechanism of operation.

37 5 Travelling Wave Tube Amplifier- Basic schematic of helix type TWT
tube

38 5 Introduction to CW power pulsed dual mode TWT

39 5 TWT amplifier operational characteristics

40 5 Applications of TWT, Crossed- field amplifier, Numerical

TEXT/REFERENCE BOOKS

1.

Microwave Engineering,David M. Pozar, Wiley.
2. Microwave Devices and circuits, Samuel Y. Liao, Prentice Hall
3. Microwave and Radar Engineering, M. Kulkarni, Umesh Publication

Teaching and Learning resources:

e MOOC (NPTEL): -https://nptel.ac.in/courses/108/101/108101112/

Assessment Methodology:

1.

Practical exam using lab instruments.
2. Two Midterm exams where student have to showcase subjective learning.
3. Final Exam (subjective paper) at the end of the semester.
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PCCIPEC Electronics & Communication Engineering
SEC 4-05 Microwave Theory & Techniques

Time: 2 Hours [To be converted as per scheme]
Max. Marks: 82
Min. Marks: 29
Insirnictions 1o Candidaies:
Astempt all ten questions from Part A, four questions out of eight questions from
Part B and two questions out of seven from Part C.
Schematic diagrams must be shown wherever necessary, Any data vou feel
missing may suitably be assumed and stated clearly. Units of quantities
used Jealculated muist be stated clearly.
Use of following supporting material is permitted during examinarior.

(A eritionnedd i frarmm Noo 205)

1 NIL _ . ML T — _

(Answer should be given up 1o 25 words only) [10x2=20]

(.1 Ifthe cutof T frequency of an air-filled waveguide s 1 GHz then what will be its cut off

frequency after filling with a dielectric matenial of relative dielectric constant € = 167
(0.2 Write 5 - parameter units.
rences between MIC and MMIC.

Q3 Write two diffe
TE; mode is 5 GHz then find the operating frequency of TEn

Q.4 Tf cutoff frequency of
mode.
Q.5 Draw the structur¢ of an E - plane horn.

Q.6 Write the name of one dominant loss in waveguide,

Q.7 Define noise ﬁgun: of a MW amplifier,

{5E1395] Page10f3 [1600]
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Q8 Wnie the name of two MW devices which works on bulk and do not have any

semaconductor junclion,

Q9 Why PIN diode speed is more than a normal PN junction” Give only the main re

ds0in.

Q.10 Write the name of two MW frequency bands used in military application.
PART-B

(Analytical/Problem solving questions) [4x8=32)
Attempt any four questions

Q.1 Draw the structure of a MW BJT (Heterojunction) and explain its model and working,
Q.2 Why TEM mode is not possible inside waveguide, suppor: the reasons with Maxwell's
equations. How TE and TM modes are excited in a rectangular waveguide?

Q.3 Explain any one scheme of MW power measurement when the MW power is less than

1 Watt. hitps://www.rtuonline.com
y How differential negative mobility region achieved in MW devices? Draw the two
valley diagram of 2 Gunn diode and explain its working.
QS5 Draw the electric and magnetic field line distributions/pattern in —
{a) Microstrip line
(b) Co-planar line
Q.6 Design a power divider with maiched lerminations and operating at 10 GHz,

Q.7 Explain and wrile the s-parameter of a magic tee when iU's all port are matched, What
/ will be the effect on port mismatch and how 5-paramzier change with it?
' i - ide al —
: cotric and field pauern insided wavegui
QB Draw the lecic i maogie (e
{) TMn
(5E1395] Page20/3 [1600]
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Q1

Q4
Qs

https:/fwww. rtionline.com
PART - ¢
ALSIPL ADY 1% 0 Gquestiony

Fnd ol lectne ool gt fretds expression for TM mode inside a rectangular

g punie woath b bl of Mavwell's equaty

e
s

If the S parametes of a two port MW system 15§, = 2.4 PoSa=d e 11,8 = 24 and
Soos 0t 1 2 Find ns gan, rellection and transmiscon consrant

Explam the working of two hole directional coupler and desig
the wavepaide i filled with e, = 4,

nitforf=5CGHz Assume

Explan the impedance measurement techmigque used in MW system,
Dicfine the quality factor of a MW resonator and explain its -

ta)  Under coupling

@) Over coupling

Lritical coupling condions

Diefine EMI and EMC, Draw w0 scheme for obtuin the MW S¥len which 1= compatibrie
with required EMI/EMC | .\

How Kiystron works” Diraw the sorior .

wie Sliuciure
bunching phenomena in i,

B TR -
o i two cavity Klystron and explain the
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- SEC 4-05 Microwave Theory and Techniques

Time : 3 Hours . Maximum Marks : 120

Min. Passing Marks : 42

Instructions to Candidates:

Attempt all ten gquestions from Part A, five questions out of Seven from Part B
and Four questions out of Five from Part C.

Schematic diagrams must be shown wherever necessary. Any data you feel missing
suitably be assumed and stated clearly. Units of quantities used/calculated must
be stated clearly.

PART - A
(Answer should be given up to 25 words only) -

All questions are compulsory (10x2=20)
1. Define microwave.
";2_ Define TE mode for microwave transmission.
_3. Draw the microstrip line structure. il s
24, Write down the S - matrix for a two port network. '
-2 Define coupling factor of a directional coupler.
6. Draw the energy band diagram of a Gunn diode.
7.  Define transducer power gain for microwave amplifier.
8. Why do we require measuring VSWR in a microwave circuit?
fEI. ~Write down use of Network Analyzer.
)l]_ What do you understand by monolithic microwave integrated circ_uit&
PART - B
(Analytical/Problem solving questions)
Attempt any five questions {5><8=40j
1. Describe the losses associated with microwave transmission,
SE1395 /2019 (1 [Contd....
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A microstrip line is to be designed and its specification is strip thickness ; < 0.005%;
substrate board is alumina; relative dielectric constant €,=10; ratio of w/h=0.95;
Calculate '

a) effectiverelative dielectric constant

b}  characteristics impedance Z

A shunt impedance Z is connected across a transmission line with characteristics
impedance Z,. Find the S - Matrix of the junction.

frequency.

5. oa) Describe the process involved in fabrication of MMICs.
“pp)  Write down the medical and civil appllcauons with suitable diagram of

microwaves.
. €)  Write short notes on microwave imaging.

4, Prove that it is impossible to construct a parfe:ctly matched, lossless, reciprocal
three - port junction.
5. Explain in detail the analytic approach to optimum oscillator design using § -
. Parameters.
6 Explain the éxpr:rimental set - up for measurement of radiation pattern and beam '
width. hep:/‘www.rtuonline.com
7. Draw the block diagram of a basic radar and explain how it works.
PART - C
(Descriptive/ Analytical/Problem Solving/Design Questions)
Attempt any Four questions (4x15=60)
1. TheS - parameters of a two - port network are given by
= 8, =0220, 8§ =0.120
5, =0.6290°, 5, =0.6£90"
a) Prove that the network is reciprocal but not lossless.
b) Find the refurn loss &t port 1 when port 2 is short circuited.
2.  Explain the velocity modulation and bunching process in two - cavity kiystron.
“ Also derive the expression for bunching parameters.
3. Designalow - pass, maximally flat lumped - element fitter having a passband of
: 0-2 GHz, and an attenuation of at least 20dB at 3.4 GHz. The characteristics
impedance is 50 ¢y
4. Describe the method of frequency and impedance measurement at microwave
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