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14EC703

_ Hall Ticket Number:

IV/V B.Tech (Regular\Supplementary) DEGREE EXAMINATION

Nevember, 2019 Electronics and Communication Engineering
Seventh Semester Microwave Theory and Techniques
Time: Three Hours Maximum: 60 Marks
(1X12 = 12 Marks)

(4X12=48 Marks)

Answer Questicn Ne. ! compulsorily.
Answer ONE queslionﬁ'om each unit.

1. Answer all questions
ages of Microwaves? V&

(1X12=12 Marks)

a) What are the advant
b) Write the applications of cavity resonator. Y
¢) What s hybrid ring? <) vy ANV
d) Whatare the properties of S-Matrix? - %
¢) Give the scattering matrix of E plane Tee. = . f‘/f ke 0
f) What is the significance of S-Matrix? (FV
g) Draw Applegate diagram for Reflex klystron.
h) What is the use of attenuator in TWT?
i) What is drift space?
1) Draw the symbol ard structure of varactor diode.
k) Givethe applications of tunnel diode.
) What is negative resistance in Gunn dioae?
UNIT 1
2. a) Discussthe applications of microwaves. 6M
b) Derive an expression for resonant frequency of a rectangular cavity resonator. 6M
(OR)
3. a) List the IEEE band designations for microwave frequencies. 6M
b) Explain the operation of Two-Hole directional coupler with neat sketch. v 6M
UNIT II v, v
4. a) Derive the scattering matrix for H plane Tee junction. [4/ o V., YA 6M
b) Find the S-Matrix for a three port circulator with an insertion 038 1 d\é{ﬁola?%on 30 dB and | 6M
. 0 2 2v D
VSWR of 1. on) n Go 7%(. 5757
5. a) Obtain scattering matrix for Circulator. 09 T t}: S / 6M
b) Derive the S-Matrix for Magic Tree. g n b 6M
UNIT II *E% % o
6. a) Explain the principle of operation of a Reflex klystron be With neat sketch. 6M
h) Compare O-type and M-type tubes. 6M
. (OR)
7. a) Explain the operation of two-cavity klystron with neat sketch. 6M
t) Discuss the operation of Cylindrical Magnetron with neat sketch. 6M
. UNITIV
8. a) Discussthe construction and operation of IMPATT diode. 6M
b) Explain different blocks and features of Microwave Bench. 6M
(OR)
9. a) Discussthe construction and working of PIN diode and list its applications. 6M
6M

b) Explain the measurement of Q of a cavity resonator.
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a) High bandwidth capability, LOS propagation and High antenna gain

b) Tuned circuits, duplexers of radars and measuring frequency
¢) Hybrid ring is a four port junction and form a complete loop whose median
and can act as power divider and power combiner.

circumference 3A\/2
d) (i) Square matrix (ii) unitary property (iii) Reciprocal property (iv) Si=0
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DIt is difficult {0 get reqli?l}ed short and open circuit tests for high frequency thus s
parameters gained importance at high frequencies
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i )The space outside the Buncher grids is called the drift space.

)
. Lerge
Depletion depletian
Pregian eigm N 1egian Pregen 'm, ' Nregior
y |
Small reverse bias High reverse bias /'?
High capacitance Low capacitance

k)Switch, microwave oscillator, memory storage device
e threshold value of 3000 V/cm for the n-typeGaAs,the

field is beyond th

1) When the electric
d the diode exhibits negative resistance.

drift velocity is decreased an
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2a) ANY 6 APPLICATIONS -6M

Scientific, Medica
Sensing. Microwave
d Navigation

| and Domestic Applications of Microwaves.

There ar many Industrial, Oven Medical Science: Defence

Communication: Remote
Applications:Air traffic controlling an
-3M ,EQUATIONS 2M

The electromagnetic field inside the cavity should satisfy Maxwell's equations, subject w:‘"
boundary conditions that the electric field tangential to and the magnetic field normal to the
metal walls must vanish. The geometry of a rectangu

2b) DIAGRAM-1IM LEXPLANATION

lar cavity is illustrated

=z

. It is merely necessary to choose the harmonic functions in z to satisfy this condition at the
remaining two end walls.
H. = Haq: cos (gr: x) cos (mrTy) sin (‘—d—) (TE-w)

represents the number of the half-wave periodicity

the x direction
represents the number of the half-wave periodicity

wherem = 0,1, 2, 3. . - .

n=0.123....
the y direction
p =1, 2.3,4,. .. represents the number of the half-wave periodicity
the z direction
and
E, = Eo sin (l-m—x) sin (mrx) cos (W z) (TM )
a b d
wherem=1,2,3.4, ..
n=1,2,3,4,...
p=0,1,273,...

uation for both TE and TM modecs is given by

(5] (2] )

For a lossless dielectric, k2 = w?ue; therefore, the resonant frequency is expressed

2

The separation

by
1 \fm 2 (n\ | (PV
= VG -G+ (@) e
For a > b < d, the dominant mode is the TE,» mode. .
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3a
) BANDS-SM, FREQUENCY RANGE -3Mm

== a F N
Letter band designator Frequency range (G
= . o2
%o S: 204
ol o I T"Y R
s X 8o 12
g K. 12w 18
g |k TRwa
= K, 27 to 40
E, g V Wto 7S
E’ 5“ W 510110
= | Millimeter waves 30 to 30

3b) Diagram -2M , Explanation-4M

A directional coupler is a four-port waveguide junction . It consists of a primary waveguide 1-2
and a secondary waveguide 3-4. When all ports are terminated in their characteristic impedances,
there is free transmission of power, without reflection, between port 1 and port 2, and there is no
transmission of power between port 1 and port 3 or between port 2 and port 4 because no
coupling exists between these two pairs of ports. The degree of coupling between port 1 and port
4 and between port 2 and port 3 depends on the structure of the coupler. The spacing between the

centers of two holes must be

)

A
L=(2n+ l)'z

A

L={2n+1) i
,"' waveguid

Primary
el oy
Port3 Canceled 4 — A 4 o — TA
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4a) EQUATIONS -4M,S-MATRIX-2M ¢ the collinear arm, the out .
Working:If two input waves are fed into port 1 and po.rl 2 251 s the wave will split equally into port 1
be in phase and additive. On the otherhand, if the input is fed into port 2,

and port 2 in phase and in the same magnitude.

put wave at port 3 will

; trix.
The properties of H-Plane Tee can be defined by its  [Slaxz ™M@

o ible € 5.
It is a 3x3 matrix as there are 3 possible inputs and 3 possible output

Su S Equation 1
[S] = SQI 522 523 ........ q
531 S32 S33

Scattering coefficients Sz and Sz are equal here as the junction is symmetrical

From the symmetric property,

Si5 = 9

S1’2 = S').I S‘?ﬂ = S:W. = S1.‘2 S1R - S.‘!l

Now, the [S] matrix can be written as,

S Sz S
[S] = | S12 S99 Sia |l 000 e Eq
Si3 Sz O

We can say that we have four unknowns, considering the symmetry property.
From the Unitary property

(S S % 17T N b 5:;" i "1 0 O
SL\ 5. Sy ,: Su* Su'— . O (0
S * x o
—— ‘_:f_sz‘_‘_, . ;lf 833 __J _.55\; ) SM. SBs‘J i O 0l
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We get,

(CIE
|
l!—l
|...
|

(] [

[5]

]

S

Sk -
L

4b) EQUATIONS-3M ,ANSWERS-3M

Insertion loss=-20logS,, : Isolation loss =-20logS : Reflection coefficient=s-1/s+1

S21=0.89 S12=0.0316 S;;=S5,=S33=0

5a) DIAGRAMS-2M EXPLANATION-2M S-Matrix-2M
/ﬁ< >
) ) <
1] @D ~

D 0 1 @ﬂ?\ég 0 1
[S1=(1 0 O —’,(\. [S1=|0 © '
0 1 O 1 0

) ! a
N & \_(g

a} (b

a) Clock wise cirulator and S-matrix b) counter clock wise circulator

The only difference between the two cases is in the direction of power flow between the
ports. The solutions for Clock wise cirulator solutions corresponds to a circulator that allows
the power flow only from portl to port2, or port2 to3. Or port 3 tol. The solution for counter
clock wise corresponds to a circulator with the opposite direction of the power flow.

5b) EQUATIONS -4M,S-MATRIX-2M

A magic tee is a combination of the E-plane tee and H -plane tee
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ible i ible outputs.
It is a 4x4 matrix as there are 4 possible inputs and 4 possibl P

P2 P22 ¥oo ¥4 . Equa
[5] = S31 Szz S Sma

As it has H-Plane Tee section

As it has E-Plane Tee section

Sog=—814 = e Equati

The E-Arm port and H-Arm port are so isolated that the other won't deliver an output, if :
one of them. Hence, this can be noted as

534 = .S43 =0 e Equatio

From the symmetry property, we have

St = 8
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From Unitary Property, [S] [5]* = (1]

S
Si: §12 Sz Sy S S, Sy S
22 Sz —Sy Sla  S3 Sy =Sy

?3 g 0 Sw S 0 0
" —Sl4 0 0 S14 —S514 0 0
1 0 0 0
c 1 © 0
0 01 o
0 0 0 i _
{ )
) 0 "'P o
g 0 = =
[Sl=1 , . TJQ i
FoA A

6a DIAGRAM-2M EXPLANATION-4M

RF owgput o
E-! -] |=— £
Anocde
Cathode 1 r e Rep
heam " g

;' Eleceron &

The working

of reflex klystron is somewhat similar to the working of two-cavity klystron. So,

working principle of reflex klystron is velocity and current modulation. So, electron beam is
injected from the cathode and that injected beam travel with a uniform velocity till the cavity.

And in the cavity gap,

electrons enter the repeller space with different velocities and because of th

the velocity of the electrons is modulated. And those velocity modulated

e velocity modulation

Scanned by CamScanner



i of the
. the return journey
hing takes p ce 1n e e
" Ihef l?rl;?zftiongthere will be current modula ;hould e
 be hat the phase of gap voltage Sho
o to the cavity. So,

transfer from electrf)ns. o
Q0. this is how oscillations are S
2

la

and repulsive forces from the repeller pl
electron to the cavity. Because of the bunc
cavity. The timing of this bunching should be suc
retarding. This is done to ensure the muximunT po.wer
because of this power transfer there will be oscillations.

6b ’g\f)if erences-6 M 7
) : —

' M type Tubes O type Tubes 7
travels
The electron beam is perpendicular to both In linear beam tubes Lh?[ eleei[r((;)ant}]fsggjan q
electric and magnetic fields al‘i?g ta straight path betwe
collector

Static magnetic field is same direction to the

electric field

Static magnetic field is perpendicular to the
electric field

Magnetron is the M type Tube Klystron and TWT are the O type tubes

Electron travel in curved path Electron travel in linear path

Efficiency and output both are high Moderate efficiency and Moderate output

Noise is high Noise is low

7a) DIAGRAM-3M EXPLANATION-3M

The two-cavity klystron is a widely used microwave amplifier operated by the principles of
velocity and current modulation. All electrons injected from the cathode arrive at the first cavity

with uniform velocity. Those electrons passing the first cavity gap at zeros of the gap voltage (or
signal voltage) pass through with unchanged velocity; those passing through the positive half
cycles of the gap voltage undergo an increase in velocity; those passing through the negative
swings of the gap voltage undergo a decrease in velocity. As a result of these actions, the
electrons gradually bunch together as they travel down the drift space. The variation in electron
velocity in the drift space is known as velocity modulation. The density of the electrons in the
second cavity gap varies cyclically with time. The electron beam contains an ac component and
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i\ . L] o
i snid (o be current-modulate,

'r-,-— 1 |
Buncher cavity Catcr'ur cavit
RFP fnput ‘ :
Anode
Cathode ) Drift space ‘
. Y ) My = —
e e s B o Ew o= — =
T - - T iy
: Bunched
' l i electron
—‘ll V‘ f beam
TR 4+ d + 2
_-”lf v ‘IJ ‘1’ [ 4 VPP P L ' ll‘

The kinetic energy is transferred from the electrons to the field of the second cavity.

Tb)DIAGRAM-2M EXPLANATION-4M

It is a diode with cight re entrant cavities and is S

concentric with an oxide coated cathode. A permanent
Anode Block Cavity

magnet was used for applying a magnetic field thatis

Electrons

parallel to the cathode surface.In the anode block a

number of holes and slots act as resonant anode

Cathode
cavitics.
Operation
The cavity magnetron has 8 cavities that are tightly coupled to each other .A N-cavity tightly
coupled system will have N-modes of operation each of which is uniquely characterized by a

combination of frequency and phase of oscillation relative to the adjacent cavity .In addition

these modes must be self consistent so that total phase shift around the ring of cavity resonators

is 2n7m where n is integer.The minimum phase shift should be 45"

The relative phase change ¢, =2nn/N
Case 1: If n=N/2 ¢, = This mode is called = mode

Case 2: If n=0, ¢, =0. Which means there will be no RF electric field between anode and cathode
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$a) DIAGRAM-3M EXPLANATION-3M
resistance by tWo effects:

Impatt diodes :These diodes exhibit a differential negative
d the ac

. . -or current fo(t) an

1. The impact ionization avalanche effect, which causes the carrc

voltage to be out of phase by 90°

i the ac voltage
2. The transit-time effect, which further delays the external current Z.(¢) relative t0

V
Vdr i
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8b) BENCH-ZM, EXPLANATION M

Klysiron power Crystal I V""ﬂ%,
Supply A detecter | | Paed

lxl str ' ' : v
g‘.\k 9::::?H|50|afor Frequency “Varable . Sh_:lled ) Unit undey - v\‘fk \
Meter edtenuatoy !’mc test e

—

Signal Ge . R TI

g enerator:As the name implies, it generates a microwave signal, in the order of a few

milli : . .
illivolts. A Gunn diode oscillator or a Reflex Klystron tube could be an example for this

microwave signal generator.

Isolator :It allows the signal to pass through the waveguide only in one direction.

Precision Attenuator :It adjusts the power flowing in a wave guide. They can be either fixed or

variable attenuator

Frequency Meter: This is the device which measures the frequency of the signal. With this

frequency meter, the signal can be adjusted to its resonance frequency.

g wave ratio.A crystal detector is inserted in the probe

Slotted line used for measuring standin
nsing the relative field strength of standing wave

and is used to adjust the modulated signal by se

pattern in the wave guide.

9a) PIN Diode-DIAGRAM-2M EXPLANATION-4M

Highly Doped Highly .Do?ux

Lightly Doped

P | | N

I }Elnnd 7nn.n{
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o qimi rdinary .
ion 18 gimilar to © < the diode has a

Upto 100 M1z the operat
Under zero an

Operation:
variable w:»l.slnm.c

neies the PIN diode acts a8

; ; mpedance
owave [requencics an Y

freque
d a very low i

very high impedance at micr

currents i.¢. 1t behaves as s microwave switch

ob) (MICROWAVE BENCH-2M, EXl’LANATlON-4M)

as a cavity. The impurmr}t

¢ is defined
frequency resonant or anti-

a memllic surfac

A volume that is completely surrounded by
measure of selectivity of the

parameter of a cav ity is quality factor. [t is i
resonant cireuit and is defined by the following cquation:

i \1'\\|mmu Lmu,\«'stomdm1csonm1tcnrcu1t
Energy stored per cycle

Fower
mater
MICTOW V! P SS———
Py mur‘n b -——'-I Isolator n\"‘“"“"'t“ Cavty .. bx:t\::‘g Masched
H e nuator
| O — FEEonae: doteclor _ lowd

Runeh sefup for measanvneinr of (O by rrasesuzisston maehiod

Figure

The cavity resonntor is used as a transmission device. in this method. and the output power is mea-

sured as a lunction of the frequeney resulting in the resonance curve

N AN

il e s A A N
|
|

40 — /
~— i

- Fraquancy

Power outpul {cB)
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(i) Changing the fre

measured. The halg
Figure 11,24,

where (2, - loaded value
(= unloaded Q

0: = Qaif the coupling between microway

are neglected.

*queney ul'lllc source of the
(i) Tuning the cavity and ly

power bnnd

IIIILI(IWIIVC
& both signal ey el and

2A= |

)
o)

~

C source and cayity

["zJ i[z‘(z;';,;"; )

und hy keeping the signnl level constunt,
quumcy constang,
width can be caleulated (24) from the res

the output power ix
ONance curve in the

]

and that between detector and cavity
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