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(A0424206) MICROWAVE ENGINEERING AND OPTICAL COMMUNICATION

COURSE OBJECTIVES:
« To analyse microwave circuits incorporating hollow, dielectric and planar waveguides, transmission

lines, filters and other passive components, active devices.

X3

¢

To explain how microwave devices and circuits are characterized in terms of their S-Parameters.

0,
o

To use microwave components such as isolators, Circulators, Tees, Gyrators etc.

X3

¢

To give students an understanding of basic microwave devices (both amplifiers and oscillators).

To learn the basic concepts of fibre optics communications.
To make the students learn the system with various components or process for various applications.

COURSE OUTCOMES:At the end of this course the students are
s Apply the knowledge of mathematics for analyzing the propagation of different microwaves in
different transmission lines.
Analyze the working principles of different wave guide components using S-parameters.
Study the performance of specialized microwave tubes such as klystron, reflex klystron, magnetron,
travelling wave tube anddifferent solid state devices.
Attain the knowledge of basic optical fiber communication systems and learn the latest trends in
optical communications.
% Recognize and classify the structures, types and channel impairments like losses and dispersion in
optical fibers.
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PO1 | PO2 | PO3 | PO4 | PO5 | PO6 | PO7 | PO8 | PO9 | PO10 | POIl | POI2 | PSO1 | PSO2 | PSO3
Co1 2 1
co2 3 2 1 2
CO3 2 1 1
COo4 2 1 1 2
COs5 1 3 2 1
UNIT I

Introduction, Advantages and applications of Microwaves.

Guided Waves: Introduction, Transverse Electric waves(TE), Transverse Magnetic waves(TM), TEM Modes —
Concepts, expressions and Analysis, Cutoff Frequencies, Velocities, Wavelengths expressions. Wave equations
of Rectangular waveguides, Propagation of TE and TM waves in Rectangular waveguide, Filter Characteristics-
Dominant and Degenerate Modes. Mode Characteristics — Phase and Group Velocities, Wave Impedance
Relations, Illustrative Problems.

UNIT 11

WAVEGUIDE COMPONENTS AND APPLICATIONS: Scattering Matrix— Significance, Formulation
and Properties. S Matrix Calculations for — Two port Junction, E plane and H plane Tees, Magic Tee, Two
hole Directional Coupler , Ferrites Composition and Characteristics, Faraday rotation; Ferrite Components-
Gyrator, Isolator, Circulator.

UNIT III

Microwave Amplifiers and oscillators:

Microwave Tubes: (i) Linear Beam Tubes: Two cavity Klystron amplifier —Construction, Operation, Applegate
diagram, output power and efficiency. Reflex Klystron oscillator-Construction, Operation, Applegate diagram
output power and efficiency. Travelling Wave Tube (TWT) —Construction, Operation, amplification process
and Gain considerations.(ii) Crossed Field Tubes :Magnetron oscillator-Construction, pi-mode operation, power
output and efficiency.

Microwave Semiconductor Devices: Gunn Oscillator — Principle of operation, Characteristics, Two valley
model, IMPATT, TRAPATT diodes, Parametric Amplifier.

Detailed Syllabus 28
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UNIT 1V

OVERVIEW OF OPTICAL FIBER COMMUNICATION: Historical development, the general system,
Advantages of optical fiber communications. Introduction to Ray theory transmission, Total Internal
Reflection, Acceptance angle, Numerical Aperture, Skew rays, V-number, Mode coupling, Step Index fibers,
Graded Index fibers, Mode Field Diameter.

UNIT V
Signal degradation inoptical fibers: Signalattenuation- absorption, scattering losses, Bending Losses,Coreand
Claddinglosses, Groupdelay, Dispersion-Material dispersion, waveguidedispersion,Inter model dispersion.

UNIT VI:

OpticalSourcesandDetectors:Introduction, LEDs—structure —Lightsource, Quantum efficiency, Modulation of
an LED, LASER diodes, Sourceto Fiberpower launching, Fiber Splicing, Optical Fiber connectors,
Photodiodes— Principle of Photodiodes, Avalanche Photodiodes, detector response time, Comparisonof Photo
diodes.

TEXT BOOKS:
1. Microwave Devices and Circuits — Samuel Y. Liao, PHI, 3rd Edition,1994.
2. Microwave Principles — Herbert J. Reich, J.G. Skalnik, P.F. Ordung and H.L. Krauss, CBS Publishers
and Distributors, New Delhi, 2004.
3. Optical Fiber Communications — Gerd Keiser, Mc GrawHill International edition, 4th Edition, 2008.
4. Optical Fiber Communications — John M. Senior, PHI, 2nd Edition, 2002.

REFERENCES:
1. Elements of Microwave Engineering — R. Chatterjee, Affiliated EastWest Press Pvt. Ltd., New Delhi,
1988.
2. Foundations for Microwave Engineering — R.E. Collin, IEEE Press, John Wiley, ond Edition, 2002.
3. Microwave Engineering by Pozar,
4. Microwave Engineering and its applications by Om.P.Gandhi.
5. Microwave Circuits and Passive Devices — M.L. Sisodia and G.S.Raghuvanshi, Wiley Eastern Ltd.,

New Age International Publishers Ltd., 1995.
6. Microwave Engineering Passive Circuits — Peter A. Rizzi, PHI, 1999.
7. Electronic and Radio Engineering — F.E. Terman, McGrawHill, 4th ed., 1955.
8. Micro Wave and Radar Engineering — M. Kulkarni, Umesh Publications, 1998
9. Text Book on Optical Fibre Communication and its Applications — S.C.Gupta, PHI, 2005.
10. Fiber Optic Communication Systems — Govind P. Agarwal, John Wiley, 3"Ediition, 2004.
11. Fiber Optic Communications — Joseph C. Palais, 4th Edition, Pearson Education, 2004.

Detailed Syllabus 29
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NUMBEROF | |VUMBER OF
UNIT TOPIC PERIODS CUMULATIVE
PERIODS
Introduction, Advantages and applications of Microwaves.
Guided Waves: Introduction, Transverse Electric waves (TE), Transverse 2 2
Magnetic waves (TM), TEM
Modes — Concepts, expressions and Analysis. Propagation of TE and TM 3 5
waves in rectangular waveguide.
I Cutoff Frequencics, Velocities, Wavelengths expressions. Wave equations 3 8
of rectangular waveguides,
Filter Characteristics- Dominant and Degenerate Modes. Mode 2 10
Characteristics
= . 2
Phase and Group Velocities, Wave Impedance Relations, 2 12
Ilustrative Problems 2 14
WAVEGUIDE COMPONENTS AND APPLICATIONS: Scattering Matrix— ) 16
Significance, Formulation and Propertics.
I S Matrix Calculations for — Two port Junction, E plane and H plane Tees, Magic 3 19
Tee
Two-hole Directional Coupler, Ferrites Composition and Characteristics, 2 21
Faraday rotation; Ferrite Components- Gyrator, Isolator, Circulator 3 24
Microwave Amplifiers and oscillators:
Microwave Tubes: (i) Linear Beam Tubes: Two cavity Klystron amplifier — 2 26
Construction, Operation, Applegate diagram, output power and efficiency.
Reflex Klystron Oscillator-Construction, Operation, Applegate diagram 2 28
1 output power and efficiency. 1 29
Travelling Wave Tube (TWT) ~Construction, Operation, amplification process and " 31
Gain considerations. 2
(i) Crossed Field Tubes: Magnetron Oscillator-Construction, pi-mode operation, 2 33
power output and cfficiency 1 34
Microwave Semiconductor Devices: Gunn Oscillator — Principle of operation, 3 37
Characteristics, Two valley model, 3
IMPATT, TRAPATT diodes, Parametric Amplifier 3 40
OVERVIEW OF OPTICAL FIBER COMMUNICATION: Historical
development, the general system, Advantages o optical fiber 2 42
communications.
v s 45
Introduction to Ray theory transmission, Total Internal Reflection, 3
Acceptance angle, Numerical Aperture, Skew rays, V-number, 2 47
L e
Mode coupling, Step Index fibers, Graded Index fibers, Mode Field 3 50
Diameter S ISR
igng ati i tical fibers: Signal attenuation-abeormt
v Slbndj‘ dcgradauon in optica g enuation absorption, 5 53
scattering losses, -
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Bending Losses, Core and Cladding losscs

55
Group delay. Dispersion-Material dispersion, waveguide dispersion, 58
Inter model dispersion. 60
Optical Sources and Detectors: Introduction, LEDs-structure -Light 63
sources, Quantum efficiency,

vl | Modulation of an LED, LASER diodes, 65
Source to Fiber power launching, Fiber Splicing, Optical Fiber connectors, 67
Photodiodes— Principle of Photodiodes, 68
Avalanche Photodiodes, detector response time, Comparison of Photo 70
diodes.
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College Code: 09
Rajeev Gandhi Memorial College of Engineering & Technology

Autonomous

NANDYAL-518501

111 B.Tech I11-Semester- Mid-1 Examinations
MICROWAVE ENGINEERING AND OPTICAL

COMMUNICATION
(ECE)

Max. Marks: 20 Date:24-03-2023

Note: 1. Answer the FIRST question compulsorily. (5 x 1= 05 Marks)
2. Answer Any THREE from 2 to 5 questions. 3 x 5=15 Marks)

Q.No
Q.1 a)

b)

c)

d)

Q.2 a)

0.3 a)

Q.4 a)

Q.5 a)

Write short note on circulator.

Compare Two cavity Klystron amplifier and Reflex
Klystron oscillator.
Mention the properties of S - Matrix.

Define TE wave.

Define guided and cutoff wavelengths of a
rectangular waveguide.

Define and derive the expression for phase velocity

Derive the expression for Group velocity.

Explain the construction and working of reflex
klystron oscillator.

Derive the expression for output power and efficiency
of reflex klystron oscillator.

Derive the S-matrix for Magic Tee junction

Write short note on ferrite materials.
Explain the construction and working of isolator.

A rectangular wave guide has dimensions of a=8cm,
b=4cm for the modes TE1o, TM11, TM21. Mention the
modes which are propagate through a wave guide if
the free space wave length is 10 cm
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R-20

Time: 2 Hours

Marks CO  pawel
1M CO2 BL1
1M CO3 BL2
1M CO2 BL1
1M COl1 BL1
1M CO3 BL1
3M COl1 BIL3
2M CO1 BL3
3M CO3 BL2
2M CO3 BL1
3M CO2 BL3
2M CO2 BLI1
3M CO3 BL2
2M COl1 BL3
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Colepe Code: 09

Rajeev - N -
1Jeev Gandhi Memorial College of Engineering & Technology

Autonomous

NANDYAL-518501

111 B.Tech I1-Semester- Mid-II Examinations
MICROWAVE ENGINEERING AND OPTICAL
COMMUNICATION

Max, Marks: 20

TEaEmEREREw
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Note: 1. Answer the FIRST question compulsorily. (5 x 1= 05 Marks)
2. Answer Any THREE from 2 to 5 questions. (3 x 5= 15 Marks)

Q.No
Q.1

Q.2

Q.3

Q.4

Q.5

a)
b)
)

d)

(ECE)
Date:16-05-2023

What is the Acceptance angle.

Briefly explain the inter model dispersion losses

occurs in optical fib

er communication.

Define internal quantum efficiency in LED.

A multimodi: step index fiber has V-number of 75,

NA=0.3, refractive in

dex of the core is 1.458 and

operates at 820nm. Find core radius.

Classify different scattering losses in OFC.

Explain the refractive index profile of step index

fiber.

A silica fiber has refractive indices n; =1.48, n2=1.46.
Calculate the NA, critical angl

of the fiber.

Derive the expression for
to pulse broadening because 0

Write the short note on SBS.

Explain about micro bending losses.

Mention three mechanisms leading to absorption

losses.

Explain the construction and operation of SLED.

A DH LED operating at 1310nm has radiative and

non-radiative recom

bination times of 30ns and

100ns. The current injected in the _LED 'is 40mA.
Calculate bulk recombination life time, internal
gquantum efficiency and internal power.
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e and acceptance angle

dispersion parameter due
f material dispersion.

R-20 I

Time: 2 Hours

Marks CO

1M CO4
1M COS5
1M COS
1M COS
1M CO5
3M CO4
2M CO4
&3
3M CO5
2M CO5
2M CO5
3M COS5
3M CO5
2M CO5

Blooms
Level

BL1

BL2

BL1

BL3

BL2

BL2

BL3

BL3

BL2
BL2

BL1

BL2

BL3
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V=115
2 NA= 03
M= 1453
AT %30nm
Q=1
V= a3 (NA)
A
&= NI
Tam (NA)

Q= 75X $20%107 X 11458
- QNXo3

A= 415199 M
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Code: A0424206R0623

W
NGINEERING & TECHNOLOGY (AUTONOMOUS)
12th June 2023 '
111 B.Tech. IT Sem. (R20) End Examinations (Regular)
MICROWAVE ENGINEERING AND OPTICAL COMMUNICATION
LECE

RGM COLLEGE OF E

Total Marks: 70

Time: 3 Hrs

Note 1:Answer Question No. 1 (Compulsory) and 4 from the remaining

la

2:All Questions Carry Equal Marks

Define cut off flux density in cylindrical magnetron.

Explain the operation of a circulator.

Mention the factors causing to extrinsic absorption.

What is the importance of dominant mode for a waveguide?

What are the requirements for a optical source such that it is suitable for optical

communication.

Give the relationship be

What is the major difference between TWT and klystron?

Explain the operation of a Reflex Klystron by using applegate diagram. Also find the

efficiency of reflex klystron. (14)

a) Why single mode fibers are preferred over multi-mode fibers 1In
(7)

telecommunication industry?
b) What are the various applications o (7)

tween cut-off wavelength and V-number.

f single mode fibers?
function of

a) What is attenuation? Explain the optical fiber attenuation as a

wavelength (9)

b) Explain various linear scattering losses (5)

a) What are the different types of fiber connectors? x (7)
(7)

out the different splicing techniques in a fiber.

b) Explain ab
, A ,Ain a waveguide? Derive it.

a) What is the relation between A,
ide of Cross section S5cmx2cm is used to Propagate TM11

b) A rectangular wavegu
e the Cutoff wavelength & Wave impedance.

mode at 9GHz. Determin

Sketch a 4 Port Hybrid junction. Derive its S-matrix. (7)
d to the input of a directional coupler with

loss of 0.5dB, find the output powers at the

a)
b) A.90W power source is connecte

C=20dB, D =35dB and an insertion
coupled and isolated ports. Assume all the ports to be matched. (7)
' - XXX -
Page: 1 of 1
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Code: AD42420650923

RGM COLLEGE OF ENGINEERING & TECHNOLOGY (AUTONOMOUS)
12th September 2023
[ B. Tech. I1 Sem. (R20) End Examinations (Supplementary)
MICROWAVE ENGINEERING AND OPTICAL COMMUNICATION
LECI

Time: 3 Hrs Total Marks: 70

Note L:Answer Question No.1 (Compuldsory) and 4 from the remaining

2:All Questions Carry Equal Marks

Define optimum bandwidth of fiber.

Mention performance characteristics of two cavity klystron amplifier

Define phase velocity of a microwave.

What is Mode Field diameter?

Define fusion splicing.

Explain the operation of a circulator. _
What is signal attenuation in optical fibers? Mention different attenuation losses.

a) Explain the basic LED configuration used as optical source. (7)
b) Derive the expression for quantum efficiency and optical power generated by
LED. (7)

a) Explain the working of two hole directional coupler with a neat diagram.

b) Explain about E-plane tee junction with a neat sketch. Why it is called a series
Tee.

a) Distinguish between Optical Fiber Communication system and Conventional

Communication System. (7)
b) The Core of an optical fiber is made of Glass of refractive index 1.55 and in cladd

with another glass of refractive index 1.0.Determine

i) Numerical Aperture

ii) Acceptance angle

iii) Critical incidence angle (7)
a) Explain what is meant by the “Cut-off wavelength”. Explain the term “dominant

mode “of a waveguide.
b) Determine the cutoff wavelength for the dominant mode in a rectangular

waveguide of breadth 10cm.For a 2.5GHz signal propagated in this waveguide in
the dominant mode, calculate the guide wavelength ,the group and phase velocities.

a) Give the theory of waveguide dispersion and find the expression for rms

waveguide dispersion. (9)

b) Why do we call intermodal dispersion as chromatic dispersion? Justify (5)

a) With a neat diagram explain the construction, operation of magnetron. (10)
(4)

b) Give the performance characteristics of a magnetron.
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CO- PO Attainment Process(Model Calculations)

Academic
Year
Regulations
Year i
Batch 20
ECE
MWoC
SAYEDU KHASIM
NOORBASHA

Branch
Subject(Code)
Name of the

Faculty

Note:Work out for all the subjects of 2022-23 (I-year to IV year)

[ External Question Paper Marks > Cos

'Mid | Marks -> Cos

Mid Il Marks —> Cos

co

2

€03

co4

co5

Total

co1

Cco3 | coa | cos

Total

Co1

co2 | co3 | cos | cos

Total

e

4a)

b)
5a)

[Total

L s 1 7 1T ¢ 1 21 5 T >

[Total

1 Marks —> Cos

2 Marks —> Cos

cos |

€06 _| Total

[cos ]
[

1l 1

1]
10

[Total

| T

[Total

[Total
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R20 _ Regulation Weightage of Marks
Assign
nternai | ‘ment %of | %of Esg el Seai
S.No| _ Reg.No. marks | marks %ofIM| AM EM NCO1|NCO2|NCO3|NCO4| NCO5 |NCO6 jexamjjtests: iz
[1_|20091A0402 19 10 25 68 39 95| 100] 557143 66.8718] 71.1653| 676531 70 20 10
[2 |20001A0404 19 10 2 75 4 95| 100] 657143 74.106] 77.4033[ 747950 07 02 [X]
[5 2009140408 19 10 29 79 50 782399] 809679| 786776
4|20 18 10 28 84 56 83.35] 85.1056] 542857
[5 2009140435 18 10 28 73 45
[ 6 |20091A0436 19 10 2 79 50 788776] Weightage marks for each CO
[ 72009140437 17 10 27 78 51 78,4694 Co1 | co2 | co3 | co4 | cos [ coe
[ 8 |20001A0439 19 10 20 81 52 06 809184 | 81038061 704505 EM 17 26 13 14 14 4 o
[ 9 |20091A0450 18 10 28 72 a4 70.9484| 74.4118| 72.0408| 72.067932| 69,8901 ™ 10 14 9 E 7 g 5
[ 10 |20001A0468 19 10 20 84 55 83.4073| 854236] 83.9796] 84.035064] 827473 AM 4 3 4 4 3 2 2
[C11| 2009140469 19 10 29 83 54 823738] 84.5325| 82.9502| 83036963 81.6484]
[12_|20001A0470 19 10 2 71 42 69.9722] 738368 ] 70.7143] 71048951 68.4615)
[C13 |20091A0471 19 10 29 67 38 65.8363] 702742| 66.6327| 67052947 64.0659)
[1«_|20001A0472 17 10 27 718 51 77.092| 79.4406] 78.4694] 78.081915] 768132 % Weightage of each CO
[ 15 |20091A0475 19 10 29 86 57 85.4742] 87.2059| 86.0204 | 86033966 84.9451 [co1] coz | cos co
[16 |20001A0478 19 10 29 86 57 85.4742] 87.2050] 86,0204 | 86033066 84,0451 EM (%) | 17.347 | 26531 | 13.265 | 14.286 | 14.286 | 14.286
[17 | 2009140479 7 10 27 17 50 76.0585] 78.5495] 77.449] 77082917 75.7143] M (%) |2 2 18 10 ) 10
[ 18 |20091A0480 18 10 8 74 4 730153] 76.1041] 74.0816| 74.065034] 72,0870 AW (%)| 2 1 20 20 15 10
[C19 | 2009140488 19 10 29 71 a2 69.9722| 738368| 70.7143| 71048951 68.4615| Avg | 18143 25671 14886] 14 | 143 | 13
["20 |20091A0490 18 10 28 67 39 65.7811] 69.9561| 66.9388| 67.072027| 643956
["21 | 2009140457 16 10 % 54 28 522315] 57.7361| 64.2657| 54126674 507692]
["22 |20091A04A3 19 10 29 81 52 80.3060] 82.7502] 809184| 81038961 70.4505]
["23 |20091A04C1 19 10 29 71 a2 69.9722] 738388] 70.7143| 71048951 68.4615|
[C24 |20091A04C4 19 10 2 77 48 76.173] 791856 | 76,8367 77.042057] 750549
["25 200014040 19 10 » 70 at G.9387] 729476 es.es:ﬁl 7004995 67,3620
[26 |20 03 16 10 % 71 45 69.8005] 728846 ] 71.6327[ 71.108891 69.4505]
272000140407 19 10 » 72 s 95| 100] 61.4286 75.0821[ 71,0056 ] 747290 71.7347] 72047952 69,5604
[28 J2009tA04D8 19 10 29 80 51 os]100] 728571 807312] 702734 818591 78.898] 30.03096 | 78,3516
["29 |20091A04E0 19 10 29 80 51 95| 100] 728571 807312
[C30 |20091A04€1 14 10 24 24 3 70 100 0 264567
[(31 |20091A04E5 18 10 28 79 51 90| 100] 728571 796288 1837 | 79.060039| 77.5824
[a2 |20091A04e6 B 10 % 72 4 729359) 72.0408] 72067932 69,8901
[ 33 |20091A04E7 19 10 29 80 51 807312 79.898| 8003996] 783516
[Ca4 |20091A04E8 19 10 2 72 43 730821 71.7347] 72.047952| 69,5604
[Cs5Je00s1a0aes 1 10 » 78 1 77.8571] 78041958
[C36 |20091A04F1 19 10 2 78 49
[C37 |20091A04F8 19 10 29 82 53
[38 |20091A04F8 19 10 2 82 53
39 |20091A04G0 19 10 29 88 59
40_|20091A04G1 18 10 28 85 57
41| 20091A04G2 18 10 8 77 49
42_|20091A04G3 19 10 29 82 53
43 |20091A04G5 18 10 8 74 4
44_|20091A04H5 19 10 29 91 62
H7 18 10 28 67 39
19 10 29 78 49
19 10 20 82 53
19 10 29 84 55
19 10 20 79 50
18 10 8 72 a1
19 10 20 79 50
19 10 29 66 a7
18 10 28 76 48
19 10 29 90 61
19 10 20 65 36
19 10 29 80 51
18 10 8 71 43
19 10 29 75 .
17 10 7 74 a7
15 10 5 62 a7
18 10 28 84 56 85,1056
19 10 29 83 54 845325
19 10 20 86 57 87,2050
18 10 28 70 a2 71.0236| 68.8815| 726296 70
19 10 20 83 54 535006 | 82,3738 84,5325 620502
13 10 23 58 35 56.6189] 56.1937] 603465 50:
17 10 o 77 50 77.5703] 76.0585] 785495
15 10 5 70 45 705649 | 68.7098[ 716753
18 10 28 82 54 s2.4972[ 81.2831[ 833233
17 10 27 69 42 60.9213| 67.7908[ 71.4203
17 10 27 53 2 54.6232] 512563] 671621
18 10 8 72 a4 729350 70.9484[ 744118
18 10 28 68 40 60.111] 66.8145[ 708473
7 10 27 64 a7
2009140443 18 10 8 70 a2
[76 |20091A0444 13 10 2 64 a
[77_|20001A0447 16 10 2% 69 4
[78 |20091A0449 15 10 25 61 36
[7s |20091A0452 16 10 2% 74 4
[C80 |20091A0454 13 10 2 71 8
[C81_|20001A0455 13 10 23 55 32
[C82_|20091A0456 18 10 8 82 54
[C83 | 2009140459 16 10 26 73 a7
[C8¢_|20091A0465 14 10 2 73 49
[C85 | 2009140467 13 10 23 60 a7
[C86 |20091A0473 18 10 8 75 a7
[C87_|20091A0476 12 10 22 60 38
[Cs8 |20091A0483 13 10 2 2 o
[C89_|20091A0484 15 10 25 60 35
[Cs0 |20091A0485 12 10 2 56 a4
[C91 |20091A0489 18 10 28 74 46
[Cs2 |20091A0494 1 10 21 56 35
[C93 2009140495 14 10 471 a7
[Cs¢ |20001A0496 13 10 23 67 a4
[C95 | 2009140426 17 10 27 69 42 69.2657 | 69090909 66,9231
[Cs6 2009140480 14 10 24 59 35 60] 50 160830[ 56.0231
[Co7_|20091A0485 10 10 0 55 35 so] 57.1429] 55.244755| 538462
[Cs8 |20091A0486 18 10 8 73 45 90| 100] 642857 73.0612] 73.066933] 70989
[0 |20091A0457 16 10 26 70 a4 80| 100] 628571 707312 68767 71.0934] 706122] 7010089 683516
100 | 20001 17 10 27 7 a4 85| 100] 628571 71.8335] 69.8577] 73.2026] 71.3265( 71088911 60 1200]
[C101 | 20091A04C0 17 10 27 55 28 5] 100 56.5954] 53.3222] 589443 5] 55.104895| 51,5385
[[102 | 20091A04C3 18 10 28 61 33 90| 100] 71429 62.4184] 50,5803 64.6003] 60,8163 61.078921] 57,8022
[C10 | 2009140405 13 10 23 51 28 65| 100 52.126] 48.9504] 541075 52 1429 51.188811] 484615
[104 |20091A04D1 12 10 2 51 29 60| 100] 414286 51.9708] 45.9021] 537804 52449[ 51208701 a7012]
[C105 | 200914048 15 10 25 62 a7 75| 100] 528571 629350 60.442| 645462 62.7551] 62.137862] 598901
Diosloooars 1o 10 2 10 “ T R tasstal s or] stsssal sosize] 1o csee] sessis
o7 2000140457 % 10 % 65 % To0[ 55,7143 55,9505 | 53 5997| 675377 | 655102 5. 114885 628571
108 |20091A04G6 310 3 73 50 00] 714286 73.1600] 71.6957] 73.7126] 74.5918] 73 166833] 726374
[C109 | 2009140468 13 10 2 71 4 100 685714 712486 69.6287| 71.0304] 725651] 71.168831] 704396
[0 ] 17 10 27 78 43 100) 70 766142] 75.025] 77.6583] 76.4286] 76083916 ] 746154]
[C111 | 2009180413 15 10 25 51 2 51.5306] 51.148851| 47.8022
[(112 | 2009140401 17 10 27 72 45 72.3469] 72.087912] 702108
[C113 | 2009180402 13 10 2 55 32 56.2245] 55184815 528571
[114 | 20091A0408 13 10 23 69 45 705102] 60 170820] 682418
[C115 | 20091A04Ka 17 10 27 72 45 723469 72087912 70.2198]
[116 | 20091A04m1 17 10 27 66 39
[C117 | 20091A04m5 16 10 26 66 40
[118 |20091A04M6 17 10 27 66 39
[Ci19 | 200914048 7 10 27 62 35
[[120 | 20091A04N0 17 10 27 77 50
[C121 | 200914048 7 10 27 60 33
[(122 | 200914044 17 10 27 64 a7
[Tiz3 ] 200s1A0ens 5 10 2 59 54 573416 618726 59 6939| 59 140850] 56 5954
[C124 | 20091A04P7 14 10 24 60 36 583178 2. 610204 60.16984 58.022]
[2s | 4P9 19 10 2 72 43 71.0 71.7347] 72.047952] 69,5604
[Ti26 2100540811 8 10 % 73 s Tro819 75 ootz 75006655 Tosee
[Cizr 210850415 7 10 27 6 @ 7 7908 71.4205] 60 2867 [ 60.090900] 55 0251
[C128 | 2109580416 19 10 29 88 59 88.9862| 88.0612| 85031968 87.1429)
[129 |21095A0425 19 10 2 71 42 69.722] 738388 ] 70.7143[ 71048951 68.4615)
[(130 | 2109580427 18 10 28 81 53 824321] 81.2245| 81058941 79.7802]
[131 | 19091A0412 5 6 131 2 319304 32.551] 31.168831] 30.4396)
[Cis2 ] 2009140405 B 10 2 68 s 565283] 692569] 504898 68.171828] 67.1429)
133 J20091A0407 w10 2 50 2 47.9831] 53.544] 508163 50.16983] 47.083
i34 | 2000140815 w10 2 58 54 55@| 506636 58,9796 | 58.161838] 55 6242]
[135 |20091A0416 13 10 23 62 39 60.3275] 639101] 633673 62.177822] 60.5495]
[136 | 2009140422 14 10 24 59 35 57.2844] 615547 60| 59.160830| 56.9231
[137 | 20091A0423 16 10 2% 63 a7 61.5327] 65.7564] 63.4604| 63116883 60.6503]
[C138 | 2009140424 17 10 27 67 40 65.7238] 69.6381| 67.2049| 67.092007 | 64.7253]
139 | 2009140428 12 10 2 60 38 552034] 61.8007] 616327] 60,1908 586813]
140 | 200910433 12 10 22 57 35 ) BT 50 57.7165] 55.1020] 59.1363| 68.5714| 57202797 55.3846]
e e R I b 2ol too] Frazse agsso] rarseal resprol rsso0 [ Turdsseal raee]
142 | 200910442 14 10 24 72 4 70 100] 685714 72351 707195 73.1396] 73.2653] 72.147852| 71.2088
143 1 10 21 49 28 55| 1 499213 46.778| 51.6891] 507143] 49.230760] 469231
144 | 2009170451 14 10 24 61 a7 70 100] 528571 618335 | 50.3513| 63337 620408 61.158841] 59.1209
145 |20091A0453 12 10 2 66 44 60  100] 628571 66.3217| 64.4042[ 67.1566] 67.7551] 66.193806] 65.2747]
146 | 2009140457 18 10 28 69 41 o0 100] s8.5714 70.0675] 67.848| 71.7384] 66.9796] 69.070929] 66.5934
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147 | 2009140458 16 10 60 68.8189] 66.7001] 70.2111] ee.5714] 6s.111888] 66.1538
148 | 2009140460 15 10 40 54.3307| 51.1408| 56.5269] 53.6714| 53.146853 50/
149 | 20091, 15 10 614286 686727 66.6426| 69.8931] 6e.8776] 68.131868] 664835
150 | 2009140463 17 10 60 69.9213] 5779ﬂ| 71.4203| 69.2657| 69.090909 66.9231
1512009140492 12 10 40 51.0236] 47.8687] 528083] 51.4286] 50.20070]
152 | 200914040 15 10 64,2857 705649 68.7098| 716753 70.9184] 70.12087)
153 | 20091A04A4 15 10 57.1429 65,8043 63.5424] 67.2196] 65,8163 65134865
154 |20091A04A5 15 10 557143 647950 64.135864
155 | 20091, 13 10 21.4286 38.8776] 38.201708
156 | 200914049 13 10 52.1429] 51.188811
157 | 200910482 12 10 214286 38.1633] 37.202777
158 | 2009140483 10 10 40 50| 8251748
159 | 2009140484 13 10 50 59.2857] 58.181818] 56.153
160 | 2009140488 17 10 60 69.2857 | 69.090909| 66.9231
161 | 20001, 17 10 57.0408] 5710:’:2597 537363
162 |20091A04C5 14 10 7.9592| 57.162837| 54.7263)
163 | 200914042 13 10 469 61.178821] 594505
164 |20091A04D6 16 10 [ 757143
165 | 20091A04E3 12 10 55102 54.205704] 520879)
[Tr66 | 20091A0464 110 [ 712205
[Ti67 | 2009180467 15 10 0,698
168 |20091A04H1 14 10 |_62.0408]
769 | 20091A04H4 16 10 [“se.3265
170 | 20091A04H6 19 10 | 79.808]
171 ] 20001A0404 15 10 [ez7s51
172 | 2009140405 15 10 | s6.6327]
173 | 20001, 17 10 [ 75 4082] 75084915 735165]
174 | 2009140447 19 10 | 87.0408]
175 | 20091A04N5 16 10 634604
176 | 20091A04P2 iEl 10 639796
177 | 20091A04P4 17 10 733673 73086913 71.3187]
178 | 2009140400 16 10 68.5714| 68.111888] 66.1538]
179 | 2109540401 16 10 66.5714| 68.111888 sswsﬁl
180 | 21095 18 10 76.1224] 76.063936] 742857
1812109540403 15 10 75] 74.125874] 73.0769
182 | 21095A0405 13 10 66,4604 | 67172827 66.044]
183 |21095A0406 14 10 681633 67.152847 | 65.7143]
184 | 21095A0407 1 10 77.2449] 75.204705] 75 4945
185 | 2109540409 17 10 6| 64.1837 | 64.095004| 614286
186 | 21095 17 10 82561 82.077922] 812088
167 | 2109580421 15 10 56.6735] 58.141858| 554945
188 | 21095A0422 15 10 63.7755| 63.136863] 60.989]
189 |21095A0428 1 10 56,8367 55.224775| 635165
| o1omenica T Zhi
191 | 1909140486 15 10 524184
192 | 19091044 10 10 33.5208]
193 | 19091A04R8 5 10 o 16.5954] 11.2966] 19.4818] 17.8571] 15384615 11.5385)
194 | 2009140403 12 10 60.5849| 58,2034 61.8007| 61.6327| 60.1998| 58.6813]
195 | 200910409 12 10 558043]  53.036] 57.354| 66.5306| 55204795 53.1868]
196 | 2009140412 17 10 651406 | 62.6234[ 66.0646] 64.1837 64.095004] 614286
197 | 200910413 18 10 3892| 71.0819] 75303] 73.0612] 73.066933] 70,989
198 | 20091A0 1 10 28,8664 24.0417| 32,0830 28,2653 27.060747] 227473
199 | 200910420 16 10 56.3015] 55.3319] 60.4086| 67.3460| 57122677 54.0659)
200 |20091A0421 13 10 36.8279] 32.4230] 39.8492[ 358163 35204795] 30,8791
201 | 2009140425 16 10 76 612997 73
202 |20091A0430 18 10 583713
203 | 20091A0431 19 10
204 | 20091, 16 10
205 | 20091A0434 12 10
206 | 2009140440 19 10
207 | 2009140445 10 10
208 | 2009140445 17 10
209 | 20091A0461 7 10
210 | 200901, 13 10
211 | 2009140468 18 10
212 | 2009140474 13 10
215 | 2009140477 15 10
214 | 2009140487 18 10
215 | 20091A0491 15 10
216 | 20001, 15 10
217 | 200914042 8 10
216 | 200914048 19 10
210 | 2009140481 18 10
220 | 20091A04C7 15 10 64, 62.7551| 62137862 59,8901
221|20091A0400 14 10 55.3167] 6528671 52167832 49,2308
222 | 20091A04D4 14 10 535344] 508163 50.16983] 47.033)
223 | 20091, 15 10 40,3068 454082 45.154845] 412088
224 | 20091A04E2 12 10 54.6806 | 634604 | 52207792 49,8901
225 | 20091A04E4 15 10 62.7630] 607143 60 13986 57.6923]
226 | 20091A04F4 16 10 67.5377| 655102 65114885 62,8571
227 | 20091A04F5 12 10 51.116] 49,3878 48211788] 454045
226 | 20091A04F6 18 10 67.2827| 636776 | 64.075924  61.0989)
229 | 20091A0: 14 10 41.0495]  37.651] s7.182817] 327473
230 | 20091A04K0 13 10 57,1758 527551| 32.207752] 27 5024
231 20091A04K2 14 10 428407 a8.5714] 38.181818] 338462
232 | 20091A04K3 17 10 59.8365| 56.0204| 56103896 | 52.6374)
233 | 20091A04K7 19 10 64.0362| 69.4808| 60,0590 56,3736
234 | 20091A04K8 19 10 55.5036] 613626 | 56.428¢
235 | 20091, 17 10 3:3220] 68,944 5
236 | 20091A04N1 18 10 54.4129] 60.1536| 65.7143| 56083916 52.3077]
237 | 20091A04N2 15 10 20438| s7.8119] 32.1420[ 32167832 260231
23 | 20091A04P1 18 10
230 | 20091A04P3 10 10
240 | 20091A04P6 18 10
241 21095A0408 16 10
242 | 2109570410 18 10
243 | 2100570413 17 10
244 | 21095A0414 14 10
245 | 2109570419 17 10
246 | 2109540420 16 10
247 | 21005 17 10
248 | 21095A0424 15 10
249 | 21095A0426 19 10
250 | 2109540429 19 10
251 |21095A0431 13 10
|
I
I
1
o1
No. of No. of No. of No. of No. of No. of
student student student student student student
s |Weighta| s |Weightal s |Weighta| s [Weightal s |Weighta| s |Weighta
Attaine | ge | Attaine| ge |Attaine | ge |Attaine [ ge |Attaine| ge |Attaine| ge
d |Points| d |Points| d | Points| d |Points| d |Points| d | Points I Year Threshold
>=50% 226 3 215 3 229 3 228 3 225 3 213 3
40% t0 50% 4 2 15 2 7 2 2 2 5 2 17 2
<40% 21 1 21 1 15 1 21 1 21 1 o 1
Total No.of stud 251 251 251 251 251 230
[Atainment value 2.82 277 2385 282 281 293
% of Attainment] 90.04 85.66 91.24 9084 89.64 92.61
[Attained or not [ YES YES YES YES YES YES
co
Attainm
ent
co I Po1 | Po2 | Po3 | Poa | Pos | Poe | Po7 | Pos | PO9 | Pot0| PO11| PO12| PSO1 | Pso2| pso3
co 2 0 1 ) ) 0 ) ) 0 ) ) 0
co ) 3 ) ) ) ) ) )
co ) 2 0 1 ) 0 ) ) 0 ) ) 0
co 2 2 1 o o o o o o o o o
co 1 1 B 2 o o o o o o o o o
co 3 2 1 3 o [ [ 0 o [ [ o [
[Mwoc [ 285 | 282 | 284 | 285 | - - - - - - [ 283 | 284 | 282 |
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INTRODUCTION

* Fiber-optic communication is a method of transmitting information
from one place to another by sending pulses of light through
an optical fiber. The light forms an electromagnetic carrier wave that
is modulated to carry information.

An optical fibre is a dielectric wave guide that operates at optical
frequencies. This fibre wave guide 1s normally cylindrical in form.

It confines electro magnetic energy in the form of light to within its
surfaces and guides the light in a direction parallel to its axis.

RGMCET, ECE Dept., 2
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Need of Fiber Optic Communications

» Fiber communication promised extremely high data rates,
which allow high capacity transmission quickly.

» It also had the potential for transmission over long
distances without the need to amplify and retransmit along

the way.

» Speed limit of electronic processing, limited bandwidth of
copper/coaxial cables.

» Optical fiber has very high-bandwidth (~30 THz)

» Optical fiber has very low loss (~0.25dB/km @1550nm)

+» suitable for long-distance transmission

RGMCET, ECE Dept., ~ 252/355



Fiber optic communication

* Fiber optic communication is a communication technology that uses
light pulses to transfer information from one point to another

through an optical fiber.

“* The light forms an electromagnetic carrier wave that is modulated

to carry information.

RGMCET, ECE Dept.,
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Advantages of optical fiber communication

* Increased Bandwidth and Channel Capacity

* Low Signal Attenuation

* Immune to Noise

* No Crosstalk

* Lower Bit Error Rates

* Signal Security

* Electrical Isolation

* Reduced Size and Weight of Cables

» Radiation Resistant and Environment Friendly
* Resistant to Temperature Variations etc.

RGMCET, ECE Dept., 255/ 355 .



APPLICATION

Due to its variety of advantages optical fiber communication system
has a wide range of application in different fields namely:

* Public network field which includes trunk networks, junction

networks, local access networks, submerged systems, synchronous
systems etc.

* Field of military applications
* Civil, consumer and industrial applications

* Field of computers which is the center of research right now.

RGMCET, ECE Dept., 256 /355



THE GENERAL SYSTEM

An optical fiber communication system is
similar to any type of communication system.
The function of general communication
system is to convey the signal from
information source over the transmission
medium to the destination

The communication system consists of
transmitter or modulator ,transmission
medium and a receiver or demodulator at the
destination point

RGMCET, ECE Dept., ~ 257/355 o



ANALOG FORM OF FIBER OPTIC

COMMUNICATION

6 Oprical fiber communications: principles and practice
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In this case the information source provides

an electrical signal to a transmitter comprising an
electrical stage which drives an optical source to
give modulation of the light wave carrier.

The optical source which provides the electrical to
optical conversion may be a semi conductor laser or

LED.
The transmission medium consists of optical fiber

cable.
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The receiver consists of an optical detector
which provides the demodulation of optical
carrier

The photo diodes are utilized for the

detection of optical signal and for the optical
to electrical conversion.

RGMCET, ECE Dept., ~ 260/355



Digital optical fiber link

r
:
Laser Ampliier t

Encoder drive Fib — and —>— Decoder ——
circuit N ,‘ equalizer {
Laser \ cable APD | i

i

|

* MV .
{ Digial

|

|

| information Dacid
| source i

Figure 1.3 A digital optical fiber link using a semiconductor laser source a
avalanche photodiode (APD) detector.

*The input digital signal from the information source is suitably encoded
for transmission.

"The laser drive circuit directly modulates the intensity of semi
conductor laser with the encoded digital signal
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The input digital signal from the information
source is suitably encoded for transmission.
The laser drive circuit directly modulates the
intensity of semi conductor laser with the
encoded digital signal

Hence a digital optical signal is launched into
optical fiber cable.

RGMCET, ECE Dept., ~ 262/355



The APD (avalanche photodiode) detectoris
followed by a front end amplifier and equalizer
to provide gain ,linear signal processing and
noise bandwidth reduction.
Finally the signal obtained is decoded to give
the original digital information.
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Refraction of Light
Optical density

a property of a transparent material that is
an inverse measure of the speed of light
through a material

Optical refraction
the bending of light rays as they pass
obliquely from one medium into another
of a different optical density

Angle of refraction
angle between refracted ray and normal
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Refractive Index

» This is a measure of how much light slows
down when it goes into a new medium.

» Symbol n
» n (vacuum) = 1

n (medium) = c (speed of light in vacuum)

v (speed of light in medium)
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Medium Refractive Index
Vacuum 1
Air 1.000036
Water (typical) 1.30
Sugar Solution (30%) 1.38
Glass (typical) 1.5
Diamond 24

RGMCET, ECE Dept.,
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~ Ray Theory Transmission
Snell’ s Law

When a ray is incident on the interface between two dielectrics of
different refractive indices (e.g. glass-air), reflection and refraction

occeur.
noqnal

low index n, 0, refraction

(aar) Plane of incidence = plane that
= comprises the incident ray and

h‘fh index n, the plane normal

(glass) 0,

!
!
!
1
~
'
|
i
|
1

“~ reflection

The angle of incidence 0, and the angle of refraction 6, are related to
each other, and to the refractive indices of the dielectrics by
Snell’ s law of refraction:

n, sin 6, = n,sin 0,

RGMCET, ECE Dept., 267/ 355 18



Total Internal Reflection

Recall that Snell's Law says that when light moves
from material with a higher index of refraction to a
material with a lower index of refraction, it is bent
away from the normal.

If we increase the angle of the incoming light to a
certain point, we find that there is a certain angle
of incoming light that causes the outgoing light to
be exactly 90°. This is important, because this is
the point where no light actually enters the new
medium.

The critical angle O¢ is the angle of incidence
that causes the angle of refraction to equal 90°.

Total internal reflection is when the angle of
refraction is 90° or greater. The total light is
reflected back into the original material and no
light enters the new material.

RGMCET, ECE Dept., 268 /355 19



CRITICAL ANGLE

I'he incident angle and the reflected . )
> angle is ¢
elateq

refraction. According to Snell’s law, ¥ using

n ,‘:”(:)_’ =t .'172';“'1’71«/2

-

,’“;‘A)] s n2

sin, N,

when the angle of refraction is 90° the refracted ray will become paralle

interface between two materials.

Therefore, when ¢,=90° the incident angle- = Cntical angle
sind, = n, /n,

p d -
1ne, “z/”:

‘fl‘hl: Critical angle (d)c) :a“iﬂ.‘(nz/rﬁ)
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TOTAL INTERNAL REFLECTION

Total internal reflection is defined as the
complete reflection of light into the same
medium without any transmission of light
into the other medium

Conditions for total internal reflection are:
Light should travel from higher refractive
index material into lower refractive index
material.

Incident angle should be greater than critical
angle
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TOTAL INTERNAL REFLECTION

—

overv™’ - T l l ——— 1.15
: mole s Je greater thg SR

5 jent a .\:\I\ should be ¢ than the Critical angle,

1
Low Index

Medium

Incident

Torally
reflected Ray

High Index
Medium

§ Total Internal Reflection

- Si incidence at the core claddin
crnal reflection will occur. Since the angle of the incidence at the core cladding
s s totally reflected back
ldary 1s greater than the critical angle, the light gets totally reflecte
(O the core
22
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ACCEPTANCE ANGLE

1
Eventually lost by radiation

T_‘ =
)

Cladding

Fieure 2.4 The acceptance angle 6. when launching light into an optical fiber.

= Acceptance angle is the maximum angle to the fiber axis at which light may enter the
fiber axis in order to be propagated.

"The first ray A making an angle 6, to the fiber axis gets refracted at the air core
interface and this refracted ray is getting propagated into the fiber.
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Numerical Aperture

R the measure of light gathering capacity of the fiber.
al ﬂpcrtu =

~Numeric 4 as fgure of merit of the fiber. Numerical aperture is given by,
= ferre a

It is the ¥<

> 2 s i s 1.5.4
s B = By = ngsin O C D
Most probably, the light is launched to_the fiber from the air medium.
oo, Bl . % s
I
| NA = sin©®_ = nf—rxz K
j e
IR B
”;I:he relative refractive index difference is given by.
. n12 = 1'122 -
2
2n,
n, —n
A 1 2
n, . . . (1.5.5)
S NA =sin®, = /n,”? —n_> .
NA = Si_rxen = \/(n‘ +n._.)(n‘ _‘n—_’)'
A sin©®_, = \/21‘11 (n‘ — nz) Con, = n.)
NA = sin©O . S5 A 0y, — N,
N a T \/2n|(n|A) ) n,
Na = " . (1.5.6
i 20°A = n,V3A )
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Related formulae

Q(f (j(h ‘J’(:" P l / (-\'{3 W )“//a .,
’ S oy — 6
= Lo C?f‘o& cOowe Yo~eb £ Cv) - T

% <_§Y\Q»/@€:f> ‘ak,\\) :—> r\)‘{{ m@) — Do /3.)1/')@2!

—= CYT’ )CQQ ﬁ\@& Ex- S (V); >
Shpe opfe, B = = (L >
9 @C(e e Ba —xgln[/\(ﬁ)

=
~ : \ e ndeze, NP = L or= 2
= P e e (dg f\g)cm& ' NA = S &

~N Fa D) /'{il’ AN
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solution
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26

RGMCET, ECE Dept.,  275/355



i Single Mode vs. Multimode Fiber

= Single mode, single-mode optical fiber (SMF) is an
optical fiber designed to carry only a single ray of
light (mode)

= Multimode fiber optic cable has a large diametral
core that allows multiple modes of light to
propagate

= http://en.wikipedia.org/wiki/Multi-mode_optical_fiber

=« http://www.multicominc.com/active/manufacturer/multicom
/Fiber%200ptics/singlemode-multimode.html
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Single and multimode fibers

e i e e - O T =¥  Lightrays

Multimode: different modes

v

Single-mode
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Meridional rays
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Skew rays

Skew Rays

» Usually all rays propagate using axis of fiber in waveguide.
» Skew rays is another type of communication in which light
rays follows the helical path to reach the destination.

»The analysis in the two dimensions seems difficult hence in
fig (b) it is clear that rays follows the helical path.

; —-"’Zb//+ &
T

7\
E’_}\ ]

» The angle between projection of ray and radius of fiber core
during the time of reflection is. given by Gamma.
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V-NUMBER

V- NUMBER

No. of modes supporied by optical hiber is
obtaned by cut-aoff conation KxNown as
normakzed frequency or V-Number
Number of meodes (N} = "2 Ve

V- number can be reduced either by reducing
numencal aperture or by regucing diameter of
fiber

2.‘?1 . nn
e fen 3 RNy v
1 o \ \" (‘1 — "'v‘ —— “ A\‘.\l
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V-NUMBER

V-Number

* Normalized Frequency, V may be expressed in terms of NA and

\, as
27T 27T

V a(NA) —an,(2A)
/. /.

» Normahlized frequency is a dimensionless parameter and simply
called Venumber or value of the fiber

» It combines 1in a very uselul manner the information about three

parameters, a, A and 7

~ Laimaiting parameter for single and multiimode propagatuon in

optical hber.

>V = 2,405 for SM operation
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V-NUMBER

Significance of V number:

ItV is less thap_Z.AOS then the fiber is mono
mode but if V is greater than 2.405 then fiber
IS mqltimodc.

RGMCET, ECE Dept., ~ 283/355 .



Step and Graded index fibers

Classification of Fibers

RGMCET, ECE Dept.,
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* Single Mode vs. Multimode Fiber

= Single mode, single-mode optical fiber (SMF) is an
optical fiber designed to carry only a single ray of
light (mode)

= Multimode fiber optic cable has a large diametral
core that allows multiple modes of light to
propagate

= http://en.wikipedia.org/wiki/Multi-mode_optical_fiber

« http://www.multicominc.com/active/manufacturer/multicom
/Fiber%?200ptics/singlemode-multimode.htmi
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SINGLE MODE AND MULTI MODE
FIBERS

e '--"1.:-"'".‘ - M - --'i

T o - A e, T = g
-_'_'-.': -\"-.\__ -~ . .a-'- _--:":-._\_ -."-'._ ey, __.-'.-. e
" e e i

RN e W Lightrays

Multimode: different modes

Single-mode
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Step index fiber- Single mode and
Multimode

e Step index fiber- Single mode and Multimode
The refractive index of the core material is
constant throughout the length and diameter
and an abrupt change occurs in step at the
core cladding boundary .

* n(r)=nl for r<a (core)
* n(r)=n2 for r>a (cladding)



Step Index / Graded Index

Fiber with a core of constant refractive index n, and a cladding
of slightly lower refractive index n, .

» Refractive index profile makes a step change at the core-cladding interface

Refractive index profile g -
n, : r<a (core) 3
nir) = .
n; :; rza (cladding) 4 | “
. .
* Multimode Step Index & n { .
o C — e ( are
« Single mode Step Index T o-a-j

'The refractive index profile and ray transmission
in step index fibers: (a) multimode step index fiber
(b) single-mode step index fiber

RGMCET, ECE Dept.,
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* The single mode fiber allows only transmission
of mono mode light which is called
fundamental mode(TEMOO)

* Itisused for long haul communication

* No of modes=N=V2 /2 V= normalized
frequency



Advantages Single mode fibers

e The wavelength of operation is from 300 nm to
2000 nm

e The attenuation is around 0.15 dB/km
e The bandwidth capacity is from 1 to 100 Tb/km
e More than 3,00,000 voice channels are possible

e The cable is capable to tolerate higher
temperature and has good mechanical strength

RGMCET, ECE Dept.,
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Disadvantages of Single mode step
index fiber

e Itis difficult to couple light into and out of
fiber

* A highly directive light source(laser) is
required to couple light

* They are expensive and difficult to
manufacture

RGMCET, ECE Dept.,
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Advantages & disadvantages of
Multimode step-index fiber

Advantages:

 They are relatively inexpensive and simple to
manufacture

* Itis easier to couple light into and out
Disadvantages:

Light rays take many different paths down the
fiber which results in large differences in
propagation times(distortion)

The bandwidths and rate of information rates
possible with this type of fiber are less

RGMCET, ECE Dept.,
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Graded Index Fiber

e Definition: Graded Index fiber is another type
of optical fiber in which the refractive index of
the core is non-uniform. This non-uniformity is
present because the refractive index is higher
at the axis of the core and continuously
reduces with the radial movement away from
the axis.



REFRACTIVE INDEX PROFILE OF
GRADED INDEX FIBER




MULTIMODE GRADED INDEX FIBER
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COMPARISION

=Srn

Step index fiber

Graded Index Fiber

The refractrve mdex of
the core 13 vmiform and
step or abropt change m
refractrve mdex  takes
place at the mterface of
core and claddmg m step

mdex fibers.

The refractrvre mdex of core = non-
vnitform, the refrachrve mdex of core
decreases parabokcally from the axms of the
fiber to = surface.

The heght rave: propagate
1 Zig-Faoc manner mside
the core. The ravs travel
m the biber as mendional
ravs and thev cross the
ftiber amxs for every
reflectiorn.

The heht ravs propagate m the form of
skew ravs or hebecal ravs. They will not

cross the fiber axis.

£

Step mdex fiberis of two
tvpes TiZ; mono mode
fiber and mult mode
fiber

Graded mdex fiber s of only one tvpe
that 1= mmults mode Gber

RGMCET, ECE Dept.,
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MODE FIELD DIAMETER AND SPOT
SIZE
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CUT OFF WAVELENGTH

| Cut-off Wavelength

The cut-off wavelength of single mode fibets separates the sinplemode from the
multimode tegion. |

M, g P
=l -)’

AtV > 2.405, single mode opetations occut for step index fibers. Only LPy,
mode is available at this wavelength. |
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s are
requirements cannot be overlooked. They >

[

)

3)

FIBER MATERIALS

for making optical HIDELS, a few esseny

While selecting the fiber materials

" il thin, flexi <
The material selected should be ideal for making long, in exible aq A
reliable fibers. '

For the fiber to guide light efficiently the b asic material must be transparent
as particular wavelength.

The material which is selected for the 'J‘c_q_rg; and c‘laddi.ng. should have different_
refractive index. '

Materials which are satisfying the above requirements is plastics and glasses.

Majority of the fibers are made of glass consisting either silicon (SiOZ)' or a

silicate. Glass fibers are used for the long distance communication.

In contrast

to glass fibers, plastic fibers are used for the short distance communication. In
the glass fibers itself there are a few varieties namely.
>

1)
2)
3)
4)
S)

Glass fibers. —

Halide glass fibers._
Active glass fibers. .
Chalgenide glass fibers. -
Plastic clad glass fibers.

RGMCET, ECE Dept.,
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~ 1.GLASS FIBERS

Glass obtained from fusing mixtures of metal oxides sulphide or selenides is aa
rn:xdop\j_l)’\cog£§ctcé molecular network. When memo several 100°C glass
remiains as a hard solid. When the temperature increases further, glass gradually
begins to soften until at very high temperature, it becomes a viscous liguid. The

term melting temperature is used in glass manufacture.
Melting temperature in a glass refers to, an extended temperature range in

which the glass becomes fluid enocough to free itself and emcrge as bubbles. The
£ 1.458
———————————

glass fibers are made up of silica -SiO) which has a refractive index o 3
art 850 nm. For achieving two different refractive indexes dopants are added to
the basic raw material. To achieve high refractive index cozxe SeOs. PO axe
added and to achieve low refractive index cladd %QJJiaE‘_ded' Some of the
fiber compositions of core and cladd are given by, <

Fiber Compositions of Core and Cladding l

Core Cliladding ~
N 3 Ge O> —Si O2 ~ 1 Si O= -
3 P> Os — Si O= 2 SiO=> -

B Os —Si O= ), .

Si O=

LD ; Ge Oz - B>Os— Si O= B2 Os— Si O= N .
A raww material for silica is Gand>»xGlass composed of pure silica is rcferred
fused silica or wvitreous silica. Propertes of silica are, —

as silica glass,
Resistance to deformation at temperature 1000 C.

1>

2) High resistance to breakage from thermal shock because of its low thermnal
expansion.

3) Good chemical durabilicy.

4) Higlh transparency both in wvisible and IR region.
Its high meltng point is disadvantagcous, if the glass is prepared from moltan
state, but this is avoided practically in vapour depositionr technique method of

manufacturing.
RGMCET, ECE Dept.,
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HALIDE GLASS FIBERS

\L (o

—s  ZBLAN i is one Of the poBvavf;luonde glass that forms the core of :

fiber and have h1gh refeactive index. ZBLAN consists of ZtF al Ban, LaF
vNaF To obtam low refractive index cladd ZrF is replaced by HaF B

ZrF - Zercomum tetra fluoride. A 7_ H \3 LAN
LaF - Lanthenum tr ﬂuonde " | vk \AMW}

HaF, » Hafnium tetra fluoride.
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ACTIVE GLASS FIBERS

Active Glass Optical Fibers

%cn rate earth elements [atonnc numbet 51 t0 71] ate added to the glass Qiveg

8 ew propet, |
the material 2 new optlcal and magnetic properﬂes These neW Properties allow

the material to petform amplificstion, attequation and phase 1 retardation on g |
light passing though it Doping can be done both for silica and halide glassesx
Erbum and neodymmm ate two commonly used matenals for fiber IQSCIS)

N \M
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CHALGENIDE GLASS FIBER

Y A ") l
Chalgenide Glass Optical Fibers ‘
[Nov. = 2008, Set - 1, 2]

ches and fiber lasers, non 1 linear properties

should be achieved. This charactetistic is explolted b}’ ghaig°mde glass _ﬁbets

These types of glasses contain at least one chalcogen ek‘:menx (S, Se ot ‘Te) and
a, Si or Tl AS,S, is one

For some applications like optical svvlt

typically one other element such as D, , Cl, Br, Cd, B
of the mostly used material among the various chalgenide glasses. Losses in these

glasses typically range around 1 dB/ m. N

PR p ’
QN

Se — Selenium V%

m

Te — Telurium

Tl = Tzlivm.
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PLASTIC FIBERS

For long distance communication where very low
losses are achievable, optical fibers with glass
cores and glass cladding are very important.

For short distance communication where high
losses are tolerable, less expensive plastic fibers
are used.

Plastic fibers are of two types namely:
Plastic clad glass fiber
Plastic fibers

305 /355



Plastic clad glass fiber

These fibers are composed of silica cores with
low refractive index.

These fibers are also referred as PCS fibers.

High purity natural quartz is a common
material source for the silica core.

Cladding material is a silicone resin having a
refractive index of 1.405 at 850nm.



Plastic fibers

* For short distance all plastic multimode step
index fibers are used for communication.

* The toughness and durability of plastic allow
these fibers to have great optical signal
attenuation.

* This type of fiber is having numerical aperture
0.6 and large acceptance angle of up to 70.



NUMERICALS

 The number of modes supported by step
index fiber is given by

RGMCET, ECE Dept.,
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V- NUMBER

: No. of medes supported by optical fiber is
obtained by cut-aff condition known as
normakzed frequency or V-Number

- Number of medes (N} = 2 V*

= V- number can be reduced either by reducing
numencal aparture or by reducing diameter of

fiber
2ra 2ra
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NUMERICALS

* The number of modes supported by graded
index fiber is given bv

RGMCET, ECE Dept.,
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NUMERICALS
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NUMERICALS

= QY [1R-5 D('H.'Y(‘ )

0- R x| ©

= 539. 4,2 = Byo
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NUMERICALS
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NUMERICALS
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NUMERICALS
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solution

a = 220 jpum

=, = 1.48
n, = 1.46
cc = 2 (-

for graded index optical having fiber a parabolic, index profle
is 2)

I "
Number of modes Propagatng through graded index fiber ar wavelength
1550 nm is,

N — (L) SN
oL+ 2 =
YXhere,
Vo= =2 A
s
= !’27-:3 >
_— (@ I - —
= L 2 '\)] >
A="2"_"22 __goi134
Zxy

N.A = n,/2ZA

= 1.48-J/2><0.0134

= 0.24

M=( - ):’.71:>-<2,()><1o"->-<u.242
2 4+ 2 155010 >

= 189 modes
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solution

. n graded index fiber 5¢
Number of modes ptopagaﬁng thgt g gt W

A) = 1300 nm is,

\f—'_o‘_)v_z
‘ a+2) 2

) 2
(2 2 x 3.1428 x 20 x 107 x 0.24
“l2+2 ©1300x10°°

= 269 .III()Flf;S'
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EFFECTIVE REFRCTIVE INDEX

M

Moreover, it s convenient 1o define an effctive refractve index for single-mode
e, sometimes eferred to as 2 phase indep or normalied phase change coefhcint
Ref 48(_@ by the rati of the propagation constat of the fundamenal mod
10 that of The vacuum propagation constant;)
2 210
Mo =~ (

(
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SIGNAL DISTORTION IN OPTICAL
FIBERS
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ATTENUATION

e Attenuation of a light signal as it propagates
along a fiber is an important consideration in
the design of optical communication system.

* Since it plays a major role in determining the
maximum transmission distance between
transmitter and receiver

* The basic attenuation mechanisms in a fiber
core are absorption,scaterring,and radiative
losses of optical energy.
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ATTENUATION

* Absorption is related to fiber material, where
as scattering is related both with fiber
material and structural imperfections in the
optical waveguide.

e Attenuation owing to radiative effects
originates from imperfections of fiber
geometry



ATTENUATION

3.1.1 Attenuation Units

As light travels along a fiber, its power decreases exponentially with distance. If
P(0) 1s the optical power in a fiber at the origin (at z = 0), then the power P(z) at a
distance z further down the fiber is

P(z) = P(0)e™* (3-1a)
where
I, [P0)]
f o = “'“‘.tg - (2.1
O-JP 7 il gz:::z\lp g (D lb)

is the fiber attenuation coefficient given in units of, |

|
1/"1

the units for 2z, can also be dssi
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Absorption

e Absorption is caused by three different
mechanisms :

1.Absorption by atomic defects in the glass
composition.

2.Extrinsic absorption by impurity atoms in the
glass material.

3.Intrinsic absorption by the basic constituent
atoms of the fiber material.



Absorption by atomic defects

Atomic defects are imperfections in the atomic
structure of the fiber materials like missing
molecules, oxygen defects in the glass structure.

Absorption losses arising from these defects are
negligible compared with Intrinsic and Extrinsic
absorption.

They can be significant if the fiber is exposed to
ionizing radiation.

The higher the radiation level, the larger the
attenuation.



Extrinsic absorption by impurity atoms

* Extrinsic absorption results from transition
metal ions such as iron, chromium, cobalt,

copper and OH(water) ions.

* The transition metal impurities causes losses
from 1 to 10 dB/km.

RGMCET, ECE Dept.,
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Intrinsic absorption

* Intrinsic absorption is associated with the
basic fiber material pure silica.

* |t occurs when the material is in perfect state
with no density variation, impurities, material
in homogeneities.

* Intrinsic absorption thus sets the fundamental
lower limit on absorption for any particular
material.
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For, .SihOz fiber, Rayleigh loss is giffen by,

3 .
Olycat ='81118 Pzﬁ kT, m_l |
st ¢ RS

‘where, -
n —» Refractive index of silica.
.p —> Photoelastic co-efficient of silica.

, ﬁc —+ Isothermal compressibility.

place or

L
&3
&
v
%)
—
=)

¥

)
w

= Fictive temperature at which solidification o

cimnlv annealino temneratiire
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SRS SCATTERING LOSS

Pp = 5.9 X 10_2 d?*s Olp watts
where, .

d — Core diameter.

A — Operating wavelength.

o, —> Raman scattering loss co-efficient.

—

RGMCET, ECE Dept.,
320/355

10



Bending losses

These losses occurs due to imperfections and deformations presentin
the fiber structure.Micro bending and macro bending losses are two
types of bending losses.

Microbend losses occurs when the core surface has small
variation in shape.These variation change the angle at which Ii?ht .
strikes the core cladding interface and can cause the light to refract into

the cladding rather than refract into core. Microbend loss shown in fig.

CLADDING

IMPERFECTION

Macrobend losses: Excessive bending of the cable or fiber may result
In loss known as macroband loss. The fiber is sharply bent so the light
traveling through the fiber cannot make the turn and is lost in the
cladding as shown in fig.

RGMCET, ECE Dept., 11
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Macro- & Micro-bending
Loss

Cladding

Microbend

24.01.2006 Lecture 2
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Attenuation & Dispersion
» Fiber optics properties that affect
performance are:
» Attenuation
» Dispersion
» Attenuation is a result of:
» Light absorption
» Light scattering
» Bending losses
» If the signal strength is reduced

below a specific point, the
receiver is unable to detect it.

Dispersion is the spreading of the signal. The spreading limits how fast data
can be transmitted along the fiber.

The receiver is unable to distinguish between input pulses caused by the
spreading of each pulse.

3 RGMCET, ECE Dept., 13
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Dispersion

N2

As a pulse travels down a fiber, dispersion
causes pulse spreading. This limits the
distance and the bit rate of data on an
optical fiber.

DA

1 0 1 Symbols become
unrecognizable

RGMCET, ECE Dept., 14
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Types of Dispersion

1) Intra modal dispersion.
i) Material '(or) Chromatic dispersion.
ii) Wave guide dispersion.
iii) Polarization-mode dispersion

7y Inter modal dispersion.

RGMCET, ECE Dept.,
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Facrors E:IJsf.ng distortion aptical fiber
in oprical fibers.

I¥ispersion Arennaiion
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chspersion dispersion dispersion
|
| |
Marerizl Waveguide
dispersion dispersion
-
; l |
B'ﬂ“h‘lﬂg loss Absorption loss Scarrering loss
Macro bending Micro bending

Figure 2.2
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2. Material Dispersion

In a single mode, step-index fibre, there is no intermodal
dispersion of an input light pulse.

— But there will still be dispersion due to the variation of the core
refractive index, n, , with wavelength of light coupled into the
fibre.

Therefore, the propagation velocity of the guided wave
depends on the wavelength.

— The dispersion due to the wavelength dependence of the
material properties of the guide is called material dispersion.

No practical light source is perfectly monochromatic

RGMCET, ECE Dept., 17
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*

£

Wavequide Dispersion

JArises because a Single Mode Fiber confines only 80% of the
optical power to the core

»The other 20% tends to travel through the cladding and hence
travels faster

»This results in spreading of the light pulses

»The amount of dispersion depends on the fiber design and the
size of the fiber core relative to the wavelength of operation

An multimode fibers, waveguide dispersion and material
dispersion are basically separate properties.

»Multimode waveguide dispersion is generally small compared
to material dispersion and is usually neglected.

RGMCET, ECE Dept., 18
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Advanced Fiber Sysiems

POLARIZATION MODE DISPERSIO

» A special case of modal dispersion is polarization mode
dispersion (PMD), a fiber dispersion phenomena usually
associated with single-mode fibers. PMD results when two
modes that normally travel at the same speed due to fiber
core geometric and stress symmetry, travel at different
speeds due to random imperfections that break the symmetry

RGMCET, ECE Dept., 19
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Polarization Mode Dispersion

* Due to differently polarized light traveling
at slightly different velocity

 Usually small

o Significant 1f all other dispersion
mechanisms are small

RGMCET, ECE Dept.,
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Intermodal Dispersion

When an optical pulse is launched into a fiber,
the optical power in the pulse is distributed over
all of the modes of the fiber.

Each of the modes that can propagate in a
multimode fiber travels at a slightly different
velocity.

This means that the modes in a given optical
pulse arrive at the fiber end at slightly different
times, thus causing the pulse to spread out in
time as it travels along the fiber.

This effect is known as intermodal dispersion

Prepared by Edmond Fernandes

RGMCET, ECE Dept., 21
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Backward Wave Oscillator

Topics covered beyond syllabus



Backward Wave Oscillator

- BWO 1S an abbreviation used

for Backward Wave Oscillator. It 1s a special
type of vacuum tube used to produce
microwave signals n the range
of Terahertz (THz). Backward wave
oscillator belongs to the group of Travelling
Wave Tubes that generates oscillations at
microwave frequencies.

Backward wave oscillators are also known
as Carcinotrons.




Operating Principle

* The principle of operation of BWO i1s such that
in order to sustain the oscillations inside the
tube, a back-reflected wave from an
imperfectly terminated collector 1s utilized that
has a direction opposite to the direction of
emergence of the electron beam.

* It uses the principle of velocity modulation in
order to build oscillations inside the vacuum
tube.



Construction

The figure shown here represents the structure of backward wave

oscillator.
L/ RF...
- e
= Slow wave circuit
e (S g e — Collector
lE ©B
— :
Eleftron gﬁff
o) Sole
1% Cathode
— ’ .
““ E — electric field

B — magnetic field

Schematic representation of Backward Wave Oscillator

ectronics Desk
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OPERATION

* As we can see that the structure 1s quite different from
that of TWT. To generate the electron beam, an electron
gun 1s used that is composed of a heating element and
cathode. The cathode generates the electron beam inside
the tube. A slow-wave structure is present inside the tube
that is responsible for velocity modulation.

* We have already discussed the need for slow-wave
structure in our previous article of TWT. So, if you want
to know more about it then you can refer the same.

 The opposite end of the electron gun consists of a
collector region from where the forward wave gets
reflected back towards the cathode side and received at
the output.
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Advantages &Disadvantages

BWO provides wide range of tunability by the
variation in collector voltage.

It generates oscillations that shows high-
frequency stability.

It holds the ability to produce sharp desired
signal at the output.

It is less efficient in comparison to TWTs and
klystrons.

The fixed spacing between the helical ring of the
slow-wave structure leads to cause a limiting
factor over the bandwidth.



Rise Time Budget:

* Rise-time budget analysis is a convenient
method for determining the dispersion
limitation of an optical fiber link, useful for
digital systems.

* The total rise time tsys of the link is the root
sum square of the rise times from each
contribution t_i, to the pulse rise-time
degradation.



Thefour basic elements that imit system speed are:

L. Transmitter rise time £,

2, Group-velocity dispersion (VD) rise time £y ofthe fiber
3, Modal dispersion rise time £ 0f the fiber

4 Receiver rise time

v Single-mode fibers do not experience modal dispersion.
v The transmitter rse time s attributable primariy to the ight source andits drive circutry.
o Receiver rise time results from the photodetector response and 3dB electrical bandwidth of the

receiver front end.



Rajeev Gandhi Memorial College of Engineering & Technology

Autonomous
NANDYAL-518501

Department of Electronics & Communication Engineering

Academic Year: 2022 - 23
Subject: Microwave Engineering and Optical Communications
Class: 111 B.Tech, Il SEM

Faculty member taught carlier: Dr. V.N.V.Satya Prakash

Suggestions:

As per the course structure of the UG (R20), Microwave Engineering and Optical
Communications subject is completely based on the understanding of microwave waveguides,
passive & active devices, microwave tubes and network analysis. It is also based on the study of
optical fiber communication systems and their basic applications in wireless communications.
So, this subject covers theory along with derivations and numerical problem solving. Hence,

following suggestions are made by subject experts:

1. As the subject comprises of theory and quantitative analysis derivations, carlier overall
pass percentage was 85%. So, it is decided to solve more numerical problems to improve
overall percentage further.

2. To improve the subject knowledge, students are demonstrated the microwave engincering
concepts with experiments in the laboratory.

3. To improve the results, it is decide to take care of slow learners by taking extra classes
and make them to practice more numerical problems from previous year question papers
as assignments.

4. Regular counseling and motivation should be given to the students to follow the lacking
in the subject knowledge.

5. The environment of the class should be interactive with respect to the subject discussion
so that students can understand elaborately and may ask more questions.

ignature ofhe subject expert

(Dr. V.N.V.Satya Prakash.)
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S.No. Year (Batch) Section Subject Branch Registered Appeared Failed Pass(%) Highest
23 IV BTech. | Sem. & 2016 B M&OC Lab ECE 55 53 0 100.00 10
24 IV B.Tech. | Sem. & 2016 A M&OC Lab ECE 56 54 1 98.15 10
25 Il BTech. | Sem. & 2017 C AWP ECE 55 52 7 86.54 9
26 IV B.Tech. | Sem. &2016 B ocC ECE 55 54 1 98.15 9
27 IV BTech. | Sem. &2016 A oC ECE 56 56 2 96.43 9
28 IV BTech. Il Sem. & 2015 D SEM ECE 59 59 0 100.00 10
29 IV B.Tech. Il Sem. & 2015 D WCN ECE 59 59 5 9153 9
30 IV BTech. Il Sem. & 2015 A WCN ECE 63 62 7 88.71 9
31 IV BTech. | Sem. & 2015 D M&OC Lab ECE 59 58 0 100.00 10
32 Il BTech. | Sem. & 2016 B AWP ECE 56 53 4 92.45 10
33 Il B.Tech. | Sem. & 2016 A AWP ECE 57 56 6 89.29 9
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39 Il BTech. Il Sem. & 2014 B MVE ECE 69 68 5 92.65 92
40 Il BTech. | Sem. & 2014 C AC ECE 67 66 4 93.94 92
41 Il BTech. | Sem. & 2014 B AWP ECE 69 67 10 85.07 88
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