
B.Tech. (VII Sem.) 17EC27 - MICROWAVE ENGINEERING

Objective:

This course provides the knowledge on microwave communication in terms of various bands,

advantages, applications.

The course will give an idea about microwave active and passive devices.

The course also gives the complete information regarding microwave bench setup and

microwave measurements.

Course Outcomes (COs): At the end of the course, students will be able to

CO1: Understand the operation and use of Microwave solid state devices

CO2: Analyze the characteristics of Microwave tubes.

CO3: Apply the properties of S-parameters to waveguide components.

CO4: Evaluate the various microwave parameters using microwave bench setup.
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UNIT-I

Introduction, Microwave Spectrum and Bands, Advantages and Applications of Microwaves. 

Microwave Tubes: Limitations and Losses of conventional tubes at microwave frequencies. 

Microwave tubes – O type and M type classifications. 

Klystron Tubes: Two Cavity Klystrons – Structure, Velocity Modulation Process and 

Applegate Diagram, Bunching Process– Expressions for o/p Power and Efficiency. Reflex 

Klystrons – Structure, Applegate Diagram and Principle of working, Mathematical Theory of 

Bunching, Power Output, Efficiency, o/p Characteristics. 
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The wave length of a signal which is represented by the Greek letter λ(lambda) is computed by dividing speed of 

light ( C)   by the frequency  f

What is  microwave?

The term microwave is typically used for frequencies between 3 and 300 GHz, with a corresponding electrical

wavelength between λ = c/ f = 10 cm and λ = 1 mm, respectively.

A wavelength is the distance between the crests of waves.
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Microwave Tubes: Limitations and Losses of conventional tubes at microwave frequencies.
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• Therefore the transit angle effect reduces the operating efficiency of the vacuum tube
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CLASSIFICATION OF MICROWAVE TUBES
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Fig 5.1 Schematic diagram of two cavity klystron 
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Components of two cavity klystron

Cathode: Source of electrons

Anode: for formation of electron beam

Bucher Cavity: A reentrat type resonator cavity which is kept at a +ve voltage of 

Vo w.r.t. cathode to effect acceleration of electrons. RF input voltage of

V1 Sin ωt is applied to buncher cavity.

Catcher cavity:The amplified output signal V2 Sin ωt is obtained from this 

cavity.

Collector: The elctrons after transfer of enerty to catcher cavity are collected by 

the collector.
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Let us define varous parameters used in the description and operation 

of two cavity klystron.

Vo = DC voltage between cathode and buncher cavity.

V1 = Amplitude of input RF signal, V1<< Vo

ω = 2πf = Input signal angular frequency. It is also equal to resonant 

frequency of both the cavities.

vo = Uniform velocity of electrons between cathode and 

buncher cavity. to = Time at which electrons enter the buncher

cavity

t1 = Time at which electrons leave the buncher cavity

t = Transit time of electrons in the buncher cavity = t1 - to
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θg = Angle /Phase vaiation of input signal during the tansit time = ωŤ

β = Beam Coupling Coefficient of the buncher / Catcher Cavity

When the electrons enter the buncher cavity with uniform velocity „ v0 ‟ interact with the field due to input RF 

signal V1sin ωt. The time varying field in the cavity cause the electrons to accelerate or decelerate and there by 

electrons undergo velocity modulation.

Let v(t1) = Velocity of electrons at t= t1 at the output of buncher cavity 

Let d = cavity with of buncher / catcher cavity

L = spacing between buncher and catcher cavities

L‟ is the design parameter for optimum performance of the klystron amplifier 

t2 = Time at which electrons enter the catcher cavity



LAKIREDDY BALI REDDY COLLEGE OF ENGINEERING (AUTONOMOUS)

Department of Electronics and Communication Engineering                                                                      
Unit-I

t3= Time at which electrons leave the catcher cavity

(5.2)

Evaluation of v(t1) VELOCITY MODULATION

v(t1) is the instantaneous velocity of electrons which is a time varying quantity and primarily depends

upon the average voltage in the gap during the time „t ‟ i.e. during the time period (transit) the electrons

are influenced by the field.

Vavg = Average voltage in the gap during time „t ‟
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Consider three arbitrary electrons a, b and c passing thro the gap when the field is –ve max, 

zero and +ve max respectively at time instances ta, tb and tc. 
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Consider three arbitrary electrons a, b and c passing thro the gap when the field is –ve max, 

zero and +ve max respectively at time instances ta, tb and tc. 
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(5.15) 
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Let T= Transit time for on electron travel distance „

L‟ (function of „t‟) L = spacing between two cavities

Let T0 = Transit time for electron when the field in buncher cavity is i.e. v (t1) = v0

Equation 5.16 gives the design parameter for spacing between buncher and catcher cavities. 
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Expression for output current i2‟ ac current in the catcher cavity:

Let charge dQ0‟ pass through the buncher gap at a time interval dt0 and we will assume the same amount of charge 

passes through the catcher gap later in time interval dt2

dQ0 = I0 dt0 
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It is clearly a periodic function of ωt, it can be expanded in a Fourier series, as follows 
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Construction of Reflex Klystron:

The electron gun emits the electron beam, which passes through the gap in the anode cavity. These electrons travel 

towards the Repeller electrode, which is at high negative potential. Due to the high negative field, the electrons repel 

back to the anode cavity. In their return journey, the electrons give more energy to the gap and these oscillations are 

sustained. The constructional details of this reflex klystron is as shown in the following figure.

It is assumed that oscillations already exist in the tube and they are sustained by its operation. The electrons while

passing through the anode cavity, gain some velocity.

Operation of Reflex Klystron:

The operation of Reflex Klystron is understood by some assumptions. The electron beam is accelerated towards the

anode cavity.

Let us assume that a reference electron er crosses the anode cavity but has no extra velocity and it repels back after

reaching the Repeller electrode, with the same velocity. Another electron, let's say ee which has started earlier than this

reference electron, reaches the Repeller first, but returns slowly, reaching at the same time as the reference electron.

We have another electron, the late electron el, which starts later than both er and ee, however, it moves with greater

velocity while returning back, reaching at the same time as er and ee.

Now, these three electrons, namely er, ee and el reach the gap at the same time, forming an electron bunch. This

travel time is called as transit time, which should have an optimum value. The following figure illustrates this.
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Fig: Appligate diagram

The anode cavity accelerates the electrons while going and gains their energy by retarding them during the return journey.

When the gap voltage is at maximum positive, this lets the maximum negative electrons to retard.
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The force equation for an electron in the repeller region is given by 

Since V1<<V0, V1<<Vr

at t = t1, z = d, 

v(t1) = dz / dt 

K1 = dz/ dt = v(t1) 

At t= t1, z= d K2 = d 
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At t= t1, z= d K2 = d 
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Power output and efficiency of Reflex Klystron 

Maximum magnitude of fundamental component current in the cavity I2 
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UNIT-II

Helix TWT: Significance, Types and Characteristics of Slow Wave Structures;

Structure of TWT and Amplification Process, Axial Electric Field, Convection

Current, Propagation Constants, Gain Considerations.

M-Type Tubes : Introduction, Cross-field effects, Magnetrons – Different

Types, 8-Cavity Cylindrical Travelling Wave Magnetron: Hull Cut-off and

Hartee Conditions, Modes of Resonance and PI-Mode Operation, o/p

characteristics, Frequency Pulling and Frequency Pushing, Strapping.
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https://www.youtube.com/watch?v=vgR2YcVB6pI

https://www.youtube.com/watch?v=pC3Ek6YSBgM
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High gain > 40 dB, Low NF < 10 dB ,Wide Band  Frequency range:0.3 – 50 GHzTravelling Wave Tube Amplifier: 

Contains electron gun, RF interaction circuit, electron beam focusing magnet, collector 

Amplify a weak RF input signal many thousands of times 

a) Electron gun 

_ To get as much electron current flowing into as small a region as possible without distortion or fuzzy edges 

b) RF interaction circuit 

_ Interaction structures : helix, ring bar, ring loop, coupled cavity 

_ RF circuit – complex trade off analysis, based on many interlocking parameters 

_ Low power level : helix 

_ Medium power level : ring loop, ring bar 

_ Power level & frequency increased: RF losses on the circuit become more appreciate able. 

c) Electron beam focusing 

_ A magnetic field – to hold the electron beam together as it travels through the interaction structure of the tube 

d) The collector 

_ To dissipate the electrons in the form of heat as they emerge from the slow wave structure 

UNIT-2
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Signal wave  can interact

UNIT-2
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Therefore
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Magnetron oscillator

 Magnetrons provide microwave oscillations of 
very high frequency. 

Types of magnetrons

1. Negative resistance type

2. Cyclotron frequency type

3. Cavity type
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Description of types of magnetron
Negative resistance Magnetrons

Make use of negative resistance between two anode segments but have low 
efficiency and are useful only at low frequencies (< 500 MHz).

Cyclotron frequency Magnetrons

Depend upon synchronization between an alternating component of electric 
and periodic oscillation of electrons in a direction parallel to this field. 

Useful only for frequencies greater than 100 MHz.

Cavity Magnetrons

Depend upon the interaction of electrons with a rotating electromagnetic field 
of constant angular velocity. 

Provide oscillations of very high peak power and hence are useful in radar 
applications
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Cavity Magnetrons
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Cavity Magnetrons
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Cross sectional view of the anode assembly
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Fig  (iii) Electron trajectories in the 
presence of crossed electric and 
magnetic fields

(a) no magnetic field
(b) small magnetic field
(c) Magnetic field = Bc
(d) Excessive magnetic field
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Working) Possible trajectory of electrons from cathode to anode in an eight cavity magnetron 
operating in  mode
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Therefore
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UNIT-III 

Microwave Solid State Devices: Introduction, Classification, Applications. 

Transferred Electron Devices: Introduction, Gunn Diode – Principle, Two Valley Model 

Theory, RWH Theory, Characteristics, Modes of Operation. 

Avalanche Transit Time Devices: Introduction, IMPATT and TRAPATT Diodes – Principle 
of Operation and Characteristics, related expressions.
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The differences between microwave transistors and transferred electron devices (TEDs) are fundamental.

1.Transistors operate with either junctions or gates 1.TEDs are bulk devices having no junctions or gates

2.The majority of transistors are fabricated from 

elemental semiconductors, such as si or Ge
2.TEDs are fabricated from compound semiconductors, 

such as gallium arsenide (GaAs), indium phosphide (InP), 

or cadmium telluride (CdTe).3.Transistors operate with "warm" electrons 

whose energy is not much greater than the 

thermal energy(0.026 eV at room temperature) of 

electrons in the semiconductor,

3.TEDoperate with "hot" electrons whose energy is 
very much greater than the thermal energy
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• The application of two-terminal semiconductor devices at microwave frequencies has been increased usage during the 

past decades

•The common characteristic of all active two-terminal solid-state devices is their negative resistance. The real part of 

their impedance is negative over a range of frequencies

•In a positive resistance the current through the resistance and the voltage across it are in phase. The voltage drop 

across a positive resistance is positive and a power of (I2 R) is dissipated in the resistance.

•In a negative resistance, however, the current and voltage are out of phase by180°. The voltage drop across a negative 

resistance is negative, and a power of (-I2 R) is generated by the power supply associated with the negative resistance

•In other words, positive resistances absorb power (passivedevices), whereas negative resistances generate power 

(active devices).



Department of Electronics and Communication Engineering  7UNIT-3



Department of Electronics and Communication Engineering  8UNIT-3



Department of Electronics and Communication Engineering  9UNIT-3



Department of Electronics and Communication Engineering  10UNIT-3



Department of Electronics and Communication Engineering  11UNIT-3



Department of Electronics and Communication Engineering  12UNIT-3



Department of Electronics and Communication Engineering  13UNIT-3



Department of Electronics and Communication Engineering  14UNIT-3



Department of Electronics and Communication Engineering  15UNIT-3



Department of Electronics and Communication Engineering  16UNIT-3



Department of Electronics and Communication Engineering  17UNIT-3



Department of Electronics and Communication Engineering  18UNIT-3



Department of Electronics and Communication Engineering  19UNIT-3



Department of Electronics and Communication Engineering  20UNIT-3

MODES OF OPERATION
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UNIT-IV

Waveguide Components-I: Waveguide Multiport Junctions –E plane 
and H plane Tees, Magic Tee, Hybrid Ring; Directional Couplers –2 
Hole, Bethe Hole types. Scattering Matrix–Significance, Formulation 
and Properties. S Matrix Calculations for E plane and H plane Tees, 
Magic Tee, Directional Coupler. 
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Types of Waveguide Tee Junctions:

• There are a number of different types of waveguide 
junction.
The major types are listed below:
1. H-type T Junction
2. E-Type T Junction
3. Magic T waveguide junction
4. Hybrid Ring Waveguide Junction

A waveguide Tee is formed when three waveguides are interconnected in the form
of English alphabet T and thus waveguide tee is 3-port junction. The waveguide
tees are used to connects a branch or section of waveguide in series or parallel
with the main waveguide transmission line either for splitting or combining power
in a waveguide system.
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E-plane Tee(series tee):

An E-plane tee is a waveguide tee in which the axis of its side arm is parallel to the E field of 
the main guide . if the collinear arms are symmetric about the side arm. If the E-plane tee is 
perfectly matched with the aid of screw tuners at the junction, the diagonal components of 
the scattering matrix are zero because there will be no reflection . When the waves are fed 
into side arm, the waves appearing at port 1 and port 2 of the collinear arm will be in 
opposite phase and in same magnitude.

Microwave circuits consists of several microwave devices connected in some way to achieve 
the desired transmission of a microwave signal
The interconnection of two or more microwave devices may be regarded as a microwave 

junction. Waveguide Tees as the E-plane tee, H-plane tee, Magic tee, hybrid ring tee(rat-
race circuit), directional coupler and the circulator
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It is called an E-type T junction because the junction arm, i.e. the top of the "T“ extends from the 

main waveguide in the same direction as the E field.

• It is characterized by the fact  that the outputs of this form of waveguide junction are 180° out of 

phase with each other.

The basic construction of the waveguide junction shows the three port waveguide device. • Although 
it may be assumed that the input is the single port and the two outputs are those on the top section 
of the "T", actually any port can be used as the input, the other two being outputs.
• WORKNG:– To see how the waveguide junction operates, and how the 180° phase shift occurs, it is 
necessary to look at the electric field. The magnetic field is omitted from the diagram for simplicity.
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All these network parameters relate total voltages and total currents at each of the two ports

If the frequencies are in the microwave range, however

The H,Y and Z parameters cannot be measured
for the following reasons:
1. Equipment is not readily available to measure total voltage and total current at the 

ports of the network.
2. Short and Open circuits are difficult to achieve over a broad band of frequencies.

3. Active devices, such as power transistors and tunnel diodes, frequently will not have 
stability for a short or open circuit.

New method of characterization is needed:
The logical variables to use at the microwave frequencies are travelling 
waves rather than total voltages and total currents. These are the S 
parameters,
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S - PARAMETERS : Scattering matrix parameters: 

Definition: The scattering matrix of an m-port junction is a square 
matrix of a set of elements which relate incident and reflected 
waves at the port of the junction. The diagonal elements of the s-
matrix represents reflection coefficients and off diagonal elements 
represent transmission coefficients. 

Characteristics of s-matrix: 
1. It describes any passive microwave component. 
2. It exists for linear passive and time invariant networks. 
3. It gives complete information on reflection and transmission 
coefficients. 

A scattering matrix represents the relationship between the parameters 
an’s(incident wave amplitude) , bn’s(reflected wave amplitude). 
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Tee Junction
A waveguide or coaxial-line junction with three independent ports
Matrix of third order, containing nine elements, six of which should 
be independent. The characteristics of a three port junction can be 
explained by three theorems of the tee junction. These theorems 
are derived from the equivalent  Circuit representation of the tee 
junction

1. A short circuit may always be placed in one of the arms of a three-port 

junction in such a way that no power can be transferred through the other 

two arms.

2. If the junction is symmetric about one of its arms, a short circuit can always be 

placed in that arm so that no reflections occur in power transmission between the 

other two arms.(i.e the arms present matched impedances.)

3. It is impossible for a general three-port junction of arbitrary symmetry to 

present matched impedances at all three arms.
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E-plane Tee
Series Tee

A waveguide tee in which the axis of its side arm is parallel to the E-field of the main guide

If the collinear arms are symmetric about the side arm, 
there are two different transmission
characteristics
Two way Transmission of
E-plane tee
a) i/p-main arm
b) i/p-side arm
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Scattering matrix for E plane Tee: 
In E-plane tee junction, power in port 3 is the difference of the two 
signals entering at 1 and 2 simultaneously. It is a three port junction 
and its S MATRIX is given by 

1. The diagonal components of the S matrix, S11, S22 and S33 are zero 
because there will be no reflection.
2. When the waves are fed into the side arm (port 3), the waves 
appearing  at port1 and port2 of the collinear arm will be in the 
opposite phase and in the same magnitude. 
Therefore,    S13 = -S23 (both have opposite signs) -ve sign indicates that 
S13 and S23 have opposite signs 
17
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An E-Plane Tee junction is formed by attaching a simple waveguide to the broader dimension 
of a rectangular waveguide, which already has two ports. The arms of rectangular 
waveguides make two ports called collinear ports i.e., Port1 and Port2, while the new one, 
Port3 is called as Side arm or E-arm. This E-plane Tee is also called as Series Tee.
As the axis of the side arm is parallel to the electric field, this junction is called E-Plane Tee 
junction. This is also called as Voltage or Series junction. The ports 1 and 2 are 180° out of 
phase with each other. The cross-sectional details of E-plane tee can be understood by the 
following figure.
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|S11| 2 +     |S12| 2 +    |S13| 2 



Department of Electronics and Communication Engineering  UNIT-4



Department of Electronics and Communication Engineering  UNIT-4



Department of Electronics and Communication Engineering  UNIT-4



Department of Electronics and Communication Engineering  UNIT-4

H-plane Tee waveguide junction

This type of waveguide junction is called an H-plane  Tee 
junction because the long axis of the main top of the "T" 
arm is parallel to the plane of the magnetic lines of force 
in the waveguide.
• It is characterized by the fact  that the two outputs 
from the top of the "T“ section in the waveguide are in 
phase with each other.

To see how the waveguide junction operates, the diagram below shows the electric field lines.
The electric field lines are shown using the traditional notation - a cross

indicates a line coming out of the screen, whereas a dot indicates an

electric field line going into the screen.

• It can be seen from the diagram that the signals at all ports

are in phase.

• Although it is easiest to consider signals entering from the lower section of

the "T", any port can actually be used  the phase relationships are preserved

whatever entry port is used.
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An H-Plane Tee junction is formed by attaching a simple waveguide to a rectangular 
waveguide which already has two ports. The arms of rectangular waveguides make two ports 
called collinear ports i.e., Port1 and Port2, while the new one, Port3 is called as Side arm 
or H-arm. This H-plane Tee is also called as Shunt Tee.
As the axis of the side arm is parallel to the magnetic field, this junction is called H-Plane Tee 
junction. This is also called as Current junction, as the magnetic field divides itself into arms. 
The cross-sectional details of H-plane tee can be understood by the following figure.
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Magic  T  waveguide junction

E-plane:
– To look at the operation of the Magic T waveguide junction, take 
the example of when a signal is applied into the "E plane" arm.
– A signal injected into the E-plane port will also be divided equally 
between ports 1 and 2, but will be 180 degrees
out of phase.
• H-plane:
A signal injected into the H-plane port will be divided equally 

between ports 1and 2, and will be in phase.
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An E-H Plane Tee junction is formed by attaching two simple waveguides one parallel and 
the other series, to a rectangular waveguide which already has two ports. This is also called 
as Magic Tee, or Hybrid or 3dB coupler.
The arms of rectangular waveguides make two ports called collinear ports i.e., Port 1 and 
Port 2, while the Port 3 is called as H-Arm or Sum port or Parallel port. Port 4 is called as E-
Arm or Difference port or Series port.
The cross-sectional details of Magic Tee can be understood by the following figure.
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It is 180o hybrid having 4 ports as shown in the figure. It is also called as hybrid ring coupler.
It is used as 3 dB coupler. It is used in various RF and microwave systems as alternative to 
magic tee device. But unlike magic tee, it does not require any matching structure in order 
to obtain similar functionalities. It is available in various designs such as microstrip, stripline
and waveguide structures.
It is used in wide variety of applications such as balanced mixers, balanced amplifiers, 
antenna feeding networks, power multipliers or power dividers etc.

Hybrid Ring

As shown it has four ports which are λ/4 away from the other in the top 
half of the hybrid ring (i.e. between P1 and P2, P2 and P3, P3 and P4). In 
the bottom half of the hybrid ring P1 and P4 ports are 3*λ/4 
wavelengths away from each other. It is also called rat race coupler.
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Hybrid Ring S-Matrix
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Directional Coupler

Directional Coupler is a 4 port device which has primary and secondary waveguides. The primary wave 
guide is from port 1 to port 2 and secondary waveguide is from port 3 to port 4.

• Directional coupler is used to couple microwave power, which is unidirectional in most of the cases. The 

properties of a directional coupler are,

1. All the ports are matched.

2. When the power moves from port 1 to port 2, little portion of it would gets coupled to port 4 and not to port 3.

3. When the power moves from port 2 to port 1, little portion of it would gets coupled to port 3 and not to port 4.

4. The coupling factor of a directional coupler is the ratio of incident power to forward power.
Coupling factor = 10 log(Pi/Pf) = 10 log(P1/P4) 
• Directivity of the directional coupler is the ratio of forward power to back power. 

Directivity = 10 log(Pf/Pb) =10 log(P4/P3) 
• Isolation of a directional coupler is the ratio of incident power to back power.

I = 10 log(Pi/Pb)= . I = 10 log(P1/P3) • Isolation = Coupling factor + Directivity.

https://1.bp.blogspot.com/-lCocdKKe2SQ/XX2wHL6AffI/AAAAAAAACPw/_vpjVG8hbGgReAhxF7X3z7vH8C2bcXENgCLcBGAsYHQ/s1600/directional+coupler+s+matrix+derivation.jpg
https://1.bp.blogspot.com/-lCocdKKe2SQ/XX2wHL6AffI/AAAAAAAACPw/_vpjVG8hbGgReAhxF7X3z7vH8C2bcXENgCLcBGAsYHQ/s1600/directional+coupler+s+matrix+derivation.jpg
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Two hole directional coupler is same as conventional directional coupler, but with two holes in 
common between primary and secondary waveguides.
The spacing between these two holes is given by,
L = (2n+1)λg/4 Where, n = an integer λg = wavelength

• A fraction of energy entering into port 1 passes through holes and is radiated into port 2. The 
forward waves in port 4 are in the same phase and are added.
• The backward waves in port 3 are out of phase and are cancelled.

The general S matrix of a directional coupler is,

Since all ports in a directional coupler are matched.
S11 = S22 = S33 = S44 = 0 ----------------- (2)

• Since there is no coupling between ports 1 & 3 and ports 2 & 4
S13 = S31 = S24 = S42 = 0 ------------- (3)

https://1.bp.blogspot.com/-zBFevEmVD48/XX2weYw2bcI/AAAAAAAACP8/A6nO3Ori28UORqrZ03f3JVtoEnPo8gkZACLcBGAsYHQ/s1600/1.gif
https://1.bp.blogspot.com/-zBFevEmVD48/XX2weYw2bcI/AAAAAAAACP8/A6nO3Ori28UORqrZ03f3JVtoEnPo8gkZACLcBGAsYHQ/s1600/1.gif
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Apply equation (2) & (3) in (1)

By unitary property, [S][S]* = I

R1C1 => |S12|
2 + |S14|

2 = 1 ------------ (4)

R2C2 => |S12|
2 + |S23|

2 = 1 ------------ (5)

R3C3 => |S23|
2 + |S34|

2 = 1 ------------ (6)

R1C3 => S12 S23*+ S14 S34* = 0 ----------- (7)

Comparing eq (4) and (5)

|S12|
2 + |S14|

2 = |S12|
2 + |S23|

2

S14 = S23 --------------- (8)

Comparing eq (5) and (6)
|S12|

2 + |S23|
2 = |S34|

2 + |S23|
2

S12 = S34 --------------- (9)

https://1.bp.blogspot.com/-Cw0MhslHxuk/XX2wq2y5IpI/AAAAAAAACQA/vKJsdTGFB3YGTVDOyrnW701AqbKy9gOIQCLcBGAsYHQ/s1600/2.gif
https://1.bp.blogspot.com/-Cw0MhslHxuk/XX2wq2y5IpI/AAAAAAAACQA/vKJsdTGFB3YGTVDOyrnW701AqbKy9gOIQCLcBGAsYHQ/s1600/2.gif
https://1.bp.blogspot.com/-zuVgREBKXsA/XX2wxtT18JI/AAAAAAAACQM/w4k-rNrNL1E2nBBllcJxaWQ-2Jgt0CtHACLcBGAsYHQ/s1600/3.gif
https://1.bp.blogspot.com/-zuVgREBKXsA/XX2wxtT18JI/AAAAAAAACQM/w4k-rNrNL1E2nBBllcJxaWQ-2Jgt0CtHACLcBGAsYHQ/s1600/3.gif
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Let, S12 be real and positive,

ie, S12 = S34 = p --------------- (10)

applying equation (10) in (7)

Therefore, 
p S23* + S14 p = 0

p [S23* + S14] = 0

p [S23* + S23] = 0
S23* + S23 = 0

To satisfy the above condition, S23 should 

be a complex value.
Let S23 = jq

Therefore, the S matrix of directional coupler is

https://1.bp.blogspot.com/-IF6VpCnqUag/XX2w_tfyzeI/AAAAAAAACQU/iLhtDdgMB302WtBijRdRsjCuH0OgxvLKACLcBGAsYHQ/s1600/4.gif
https://1.bp.blogspot.com/-IF6VpCnqUag/XX2w_tfyzeI/AAAAAAAACQU/iLhtDdgMB302WtBijRdRsjCuH0OgxvLKACLcBGAsYHQ/s1600/4.gif
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•coupling process through a  single hole in directional coupler improves directivity the power 
entering port1 is coupled through coaxial  probe output and the power entering port2 is 
absorbed by the matched load 

•The auxiliary guide is placed at such an angle that magnitude of the magnetically excited wave 
is made equal to the that of electrically excited wave for improved directivity



Department of Electronics and Communication Engineering  UNIT-4



Department of Electronics and Communication Engineering  UNIT-4



Department of Electronics and Communication Engineering  
UNIT-5

UNIT-V

Waveguide Components-II: Waveguide Discontinuities – Waveguide irises, Tuning
Screws and Posts, Matched Loads; Waveguide Attenuators – Resistive Card, Rotary
Vane types; Waveguide Phase Shifters – Dielectric, Rotary Vane types; Ferrites–
Composition and Characteristics, Faraday Rotation; Ferrite Components – Gyrator,
Isolator, Circulator. Microwave Measurements: Description of Microwave Bench –
Different Blocks and their Features, Precautions; Measurement of Attenuation,
Frequency, VSWR, Cavity Q, Impedance, Power.
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Waveguide irises, tuning screws and posts.

Waveguide irises: In any waveguide system, when there is a mismatch there will 
be reflections. In transmission lines, in order to overcome this mismatch lumped 
impedances or stubs of required value are placed at pre calculated points. In 
waveguides too, some discontinuities are made use for matching purposes. Any 
susceptances appearing across the guide, causing mismatch ( production of 
standing waves) needs to be cancelled by introducing another susceptance of the 
same magnitude but of opposite nature.
Irises (also called windows, apertures or diaphragms) are made use of for the 
purpose impedance matching.
An inductive iris allows a current to flow where none flowed before. The iris is 
placed in a position where the magnetic field is strong (or where electric field is 
relatively weak). Since the plane of polarization of electric field is parallel to the 
plane of iris, the current flow due to iris causes a magnetic field to be set up.
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In capacitive iris, it is seen that the potential which existed between the top and 
bottom walls of the waveguide now exists between surfaces which are closer. The 
capacitive iris is placed in a position where the electric field is strong.

In parallel resonant iris, the inductive and capacitive irises are combined. For the dominant 
mode, the iris presents a high impedance and the shunting effect for this mode will be 
negligible.  Parallel resonant iris acts as a band pass filter to suppress unwanted modes. 
• A series resonant iris which supported by a non metallic material and it is transparent to 
the flow of microwave energy. 
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Irises (also called windows, apertures or diaphragms) are made 
use of for the purpose impedance matching.
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cylindrical post, extending into the waveguide from one of the broad sides, has the same
effect as an iris in providing lumped reactance at that point. A post may also be capacitive
or inductive, depending on how far it extends into the waveguide, and each type is shown
in Figure 10-31a.

When such a post extends slightly into the waveguide, a capacitive susceptance is
provided at that point and increases until the penetration is approximately a quarter-
wavelength, at which point series resonance occurs. Further insertion of the post results in
the providing of an inductive susceptance, which decreases as insertion is more complete.
The resonance at the midpoint insertion has a sharpness that is inversely proportional to
the diameter of the post, which can once again be employed as a filter, However, this time
it is used as a band-stop filter, perhaps to allow the propagation of a higher mode in a
purer form.

A combination of two such posts in close proximity, now called screws and shown in Figure
10-3 b, is often used as a very effective waveguide matcher, similar to the double-stub tuner .
A three-screw tuner, as shown in Figure10.3c may also be used, to provide even greater
versatility.
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Waveguide Attenuators- Resistive card, Rotary Vane types.
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Structural details of Rotary Vane Attenuator
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respectively
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Fixed Waveguide Attenuator

Fixed waveguide attenuators typically include a resistive film such as glass placed
inside of the waveguide. As shown in Figure 2, the resistive card is placed at the
center, parallel to the longitudinal axis and to the maximum electric field with each
end tapered sharply to point directly at the incoming wave in order to minimize
reflections due to discontinuities. The length of the material is typically two
wavelengths (2ƛ) while the length of the tapered portion is about a half a
wavelength (ƛ/2). In essence the bulk resistive material accounts for a uniform
insertion loss across select frequencies while the taper is fine tuned for a lower
VSWR.

Figure 2: The resistive element causes attenuations while the taper minimizes reflections. The 
taper shape can vary with a single taper or a double taper.
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field
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Faraday rotation 

The Faraday effect is a fundamental property of ferrite materials that are magnetized

parallel to the direction of propagation.

A ferrite is a nonmetallic material (though often an iron oxide compound) which is an 
insulator, but with magnetic properties similar to those of ferrous metals

When electromagnetic waves travel through a ferrite, they produce an RF magnetic field in the
material, at right angles to the direction of propagation if the mode of propagation is correctly
chosen. If an axial magnetic field from a permanent magnet is applied as well, a complex
interaction takes place in the ferrite.

common ferrites are manganese ferrite (MnFe2O3), zinc ferrite (ZnFe2O3)
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Isolators:
Ferrite isolators may be based either on Faraday rotation, which is used for powers up to a few hundred 
watts, or on resonant absorption, used for higher powers. The Faraday rotation isolator, shown in Figure 
10-40, will be dealt with first.
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The isolator consists of a piece of circular waveguide carrying the TE1,1 mode, with transitions 
to a standard rectangular guide and TE1,0 mode at both ends (the output end transition being 
twisted through 45°). A thin “pencil” of ferrite is located inside the circular guide, supported by 
polyfoam, and the waveguide is surrounded by a permanent magnet which generates a 
magnetic field in the ferrite that is generally about 160 A/m. A typical practical X-band (8.0 to 
12.4 GHz) device may have a length of 25 mm and a weight of 100 g without the transitions.
Because the dc magnetic field (well below that required for resonance) is applied, a wave 
passing through the ferrite in the forward direction will have its plane of polarization shifted 
clockwise (through 45° in practical Waveguide Isolator and Circulators) by the time it reaches 
the output end. This wave is then passed through the suitably rotated output transition, and it 
emerges with an insertion loss (attenuation in the forward direction) between 0.5 and 1 dB in 
practice. It has not been affected by either of the resistive vanes because they are at right 
angles to the plane of its electric field; this is shown in Figure 10-40b.
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A wave that tries to propagate through the isolator in the reverse direction is also rotated 
clockwise, because the direction of the Faraday rotation depends only on the dc magnetic 
field. Thus, when the wave emerges into the input transition, not only is it absorbed by the 
resistive vane, but also it cannot propagate in the input rectangular waveguide because of its 
dimensions. This situation is shown in Figure 10-40b. It results in the returned wave being 
attenuated by 20 to 30 dB in practice (this reverse attenuation of an isolator is called its 
isolation). Such a practical Waveguide Isolator and Circulators will have an SWR not 
exceeding 1.4, with values as low as 1.1, which is sometimes obtainable, and a bandwidth 
between 5 and 30 percent of the center frequency.
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Circulators:
A circulator is a ferrite device somewhat like a rat race. It is very often a four-port (i.e., four-
terminal) device, as shown in Figure 10-42a, although other forms also exist. It has the
property that each terminal is connected only to the next clockwise terminal. Thus port 1 is
connected to port 2, but not to 3 or 4; 2 is connected to 3, but not to 4 or 1; and so on. The
main applications of such circulators are either the isolation of transmitters and receivers
connected to the same antenna (as in radar), or isolation of input and output in two-terminal
amplifying devices such as parametric amplifiers.
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four-port Faraday rotation circulator is shown in Figure 10-42. It is similar to the Faraday 
rotation isolator already described. Power entering port 1 is converted to the TE1,1 mode in 
the circular waveguide, passes port 3 unaffected because the electric field is not 
significantly cut, is rotated through 45° by the ferrite insert (the magnet is omitted for 
simplicity), continues past port 4 for the same reason that it passed port 3, and finally 
emerges from port 2, just as it did in the isolator. Power fed to port 2 will undergo the same 
fate that it did in the isolator, but now it is rotated so that although it still cannot come out 
of port 1, it has port 3 suitably aligned and emerges from it. Similarly, port 3 is coupled only 
to port 4, and port 4 to port 1. This type of circulator is power-limited to the same extent as 
the Faraday rotation isolator, but it is eminently suitable as a low-power device. However, 
since it is bulkier than the Y (or wye) circulator (to be described), its use is restricted mostly 
to the highest frequencies, in the millimeter range and above. Its characteristics are similar 
to those of the isolator.
High-power circulators are fairly similar to the resonance isolator and handle powers up to 
30 MW p
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