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2. Course Overview

The objective of this course is to introduce the students to the fundamental basics and understanding of

fiber

optical communication. This includes the properties of optical fibers and how are they used to establish optical
links for communication systems. Students will be able to design an optical link by choosing various
parameters and components.

We will begin with the basic principles of optical transmission and the operation of components used in optical
networks. We will then describe the design and performance issues of optical communication links and

systems.
3. Course Learning Objectives (CLO)
Student will
CLO1: Acquire awareness about optical communication fundamentals.
CLO2: Understand the Ray theory transmission in optical fiber,
(@IL{GR): Understand the principal of LEDs, and semiconductor lasers,.
CLO4: Use analog link to analyze and predict the behavior of optical fiber networks.
CLEO5: Use digital link to analyze and predict the behavior of optical fiber networks,
CLOG: Study and identified the different losses in optical fiber communication.

4. Course Outcomes (CO)

At the end of the course, student would be able to demonstrate the knowledge and ability to

No. of Pages:

COl: Characterize the application of Optical Devices.

CO2: Demonstrate operation of optical fiber cable.

CO3; Analyze and investigate the operation of optical Components.

CO4: Compare the performance of optical Circuits.

©@5: Analyze various optical losses.

Course Outcome (CO) CO Statement
C0.7003.1 Characterize the application of optical Devices.
C0.7003.2 Demonstrate operation of optical fiber
C0.7003.3 Analyze and investigate the operation of optical Components.
C0.7003.4 Compare the performance of optical fiber communication.
C0O.7003.5 Analyze various optical losses.

5. Mapping Course Outcomes (COs) leading to the achievement of Programme
Outcomes (POs) and Programme Specific Outcomes (PSOs)
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Enter correlation level 1, 2, 3 as defined below-
l Slight (Low); 2: Moderate (Medium); 3; Substantial (High) and if there is no correlation, put

6. TOplC delivery details of “Content beyond the Syllabus” for the attainment of POs
and PSOs. S s e g2 ,
Sr. No. Content Beyond syllabus to be taught Satisfying | Satisfying
S TR i3 7 ro PSO
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3 2\ Electromagnetic spectrum i s e A abehk) |1
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7. Distribution of Course Work as per Univer elty bchcmc o e A
(Slot/ | Ingredients (per Distribution of periods (a) Distribution of Marks
Contact student) 1hr Max. Marks
Type | _Asper University scheme
Number of Per Sem | End Internal
hours per week | (12 weeks) | Sem MST/LWS Q/ A
‘ Theory | Lecture (L) 3 305
| Slot [ “Tutorial (T) 3 36 Bl i
’S’f;‘f‘“‘al Practical Work (P) 6 72 30 25 5

Internal Assessments are based on scheme provided by the univcrsit&.
(3.a) No. of Theory Lectures Necessary for the course:
(3.b) No. of Theory Lectures Unit wise:

UNIT 1 11 1l Y V_ | TOTAL
_‘;, § Assigned No.
S of Lectures per 7/ 8 7 6 7 35
Unit > : ;
tual Tak = . N
Actual Taken 8 ; 8 5 :,l. z :q._ 6' 36

8. Time Schedules: Total expected periods from 17/07/2018 to 03/1 1/2018 as per Academic
Calendar, excluding sports week, holidays etc.

Max. | Nee | Excess/
. Tuesd Wed Thursd Sat
Ingredients Monday u;s A csfl “;' ':;s Friday "“;rd A\l;:lliln ded Short
; ¢
1 Available 13 15 15 15 15 o
Theory (L) 13 15 15
Tutorials (T) 1S 15
Practical (P) 26 30 30

9. Prerequisite(s)
a. Student should have familiarity with optical fiber communication,
b.  Student should have Knowledge of Basics of Physical laws (reflection,refraction).
c. Student should have Knowledge of Electromagnetic field theory

10. Post Requisites
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The Student will understand different types of optical component and their application in
industries.
. University Syllabus
Theory
Unit-1
Overview of Optical Fiber Communications (OFC): Motivation, optical spectral bands, key
elements of optical fiber systems. Optical fibers: basic optical laws and definitions, optical fiber
modes and configurations, mode theory for circular waveguides, single mode fibers, graded-
index fiber structure, fiber materials, photonic crystal fibers, fiber fabrication, fiber optic cables.

F a.

Unit-11
Optical sources: Light emitting diodes (LED): structures, materials, quantum efﬁcien_cy, LED
] power, modulation of an LED. Laser diodes: modes, threshold conditions, laser diode rate

equations, external quantum efficiency, resonant frequencies, structure and radiation patterns,
single mode lasers, modulation of laser diodes. Power launching and coupling: source to fiber
power launching, fiber to fiber joints, LED coupling to single mode fibers, fiber splicing, optical
fiber connectors.

B ] Unit-111
Q,f Photo detectors: pin photo detector, avalanche photodiodes, photo detector noise, detector
: ” response time, avalanche multiplication noise. Signal degradation in optical fibers: Attenuation:

units, absorption, scattering losses, bending losses, core and cladding losses. Signal distortion in
fibers: overview of distortion origins, modal delay, factors contributing to delay, group delay,
material dispersion, waveguide dispersion, polarization-mode dispersion. Characteristics of
single mode fibers: refractive index profiles, cutoff wavelength, dispersion calculations, mode
field diameter, bending loss calculation. Specialty fibers.
Unit-1V
Optical receivers: fundamental receiver operation, digital receiver performance, eye diagrams,
coherent detection: homodyne and heterqdyne, burst mode receiver, analog receivers. Digital
links: point to point links, link power budget, rise time budget, power penalties. Analog links:
overview of analog links, carrier to noise ratio, multi channel transmission techniques.
Unit-V
Optical technologies Wavelength division multiplexing (WDM) concepts: operational principles
of WDM, passive optical star coupler, isolators, circulators, active optical components: MEMS
technology, variable optical attenuators, tunable optical filters, dynamic gain equalizers,
polarization controller, chromatic dispersion compensators. Optical amplifiers: basic applications
and types of optical amplifiers, Erbium Doped Fiber Amplifiers (EDFA): amplification
" mechanism, architecture, power conversion efficiency and gain. Amplifier noise, optical SNR,
\‘\ system applications. Performance Measurement and monitoring: measurement standards, basic
test equipment, optical power measurements, optical fiber characterization, eye diagram tests,
optical time-domain reflectometer, optical performance monitoring.

Tutorials: All the Numerical Part of the Syllabus will be cover in Tutorial.
Practicals:

Exp. No. | Title of the experiment

| To study and perform the Setting of Optical Fiber Analog link.
To Study and perform the Setting of Optical Fiber Digital link.
To measure losses in Optical Fiber
To measure the Numerical Aperture (NA) of the Optical fiber

To study and plot characteristics of Fiber Optic LED and Photo
detector

To Study and plot Eye Pattern.
To Study and perform Time Division Multiplexing

N[ W\ [N

12. Books prescribed by the University

a.  Optical fiber Communications : Principles and practice by John M.Senior, 3rd Edition, 2010,
Pearson education 3

b. Optical Fiber Communication by Gerd Keiser, 5th Edition, 2013, Tata McGraw Hills
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¢ Fiber Optic Communications Technology by Djatar K Mynbaev & Lowell | Schelner, 3rd
Edition, 2008, Pearson Education, 7

¢ J Gowar, Optical communication gysteme by J. Gowar, 2nd Edition, 2001, Prentice-Hall of

India.

¢ FiberQptic Communication Systems by Govind P, Agrawal, Srd Edition, 2007, Wiley India.

Additional books prescribed by the Tutor

Khare: Fiber Qptics and Optoelectronics, Oxford University Pross,
Ghatak and Thyagrajan: Fiber Opties and Lasers, Macmidllan fndia Lid.
Gupta: Optoclectronic Devices and Systemy, PHI Learning.

Sterling: Introduction to Fiber Optics, Cengage Loarning,

M. Kulkami: Microwave & Radar Engineoring, 3¢, Umesh Publication

/i B v b

¢- Resources / Software requirement if any; and its availability
a  htpY/nptelac.i/

13, List of Lab experiments with COs
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14. Course / Lecture and Tutorial Schedule
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t (co) | eno. |page | Student | ion Date
No. to page]. | present
Ul | Overview of Optical Fiber
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Optical sources:

Light emitting diodes (LED):
structures, materials, quantum
efficiency,
LED power, modulation of an LED.
Laser diodes: modes, threshold
conditions,
laser diode rate equations, external
quantum efficiency, resonant
frequencies,
structure and radiation patterns, single
mode lasers,
modulation of laser diodes.
Power launching and coupling: source
to fiber power launching, fiber to
fiber joints,
LED coupling to single mode fibers,

fiber splicing, optical fiber
connectors.
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Optical Detector

Photo detectors: pin photo detector,
avalanche photodiodes,

photo detector noise, detector
response time, avalanche
multiplication noise.

Signal degradation in optical fibers:
Attenuation: units, absorption,
scattering losses, bending losses, core
and cladding losses.

Signal distortion in fibers: overview
of distortion origins, modal delay,
factors contributing to delay, group
delay,

material dispersion, waveguide
dispersion, polarization-mode
dispersion.

Characteristics of single mode fibers:
refractive index profiles, cutoff
wavelength, dispersion calculations,
mode field diameter, bending loss
calculation. Specialty fibers.
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Optical receivers: to \\0\73

i ' i g
fundamental receiver operation, 34 | 5[145] 2\ 10 \ 3
digital receiver performance, eye } ) \

~ diagrams, 3,4 5[170] . )

U coherent detection: homodyne and 3.4 o[a00] ' 5 w} hO h
heterodyne, burst mode receiver, 34 5[475]

[} Analog receivers. Digital links: point 3,4 6[161] /O Q& )) 0 N J
to point links, link power budget, rise
time budget, power penalties. g (%) ) o ) )g

[l Analog links: overview of analog . )} O))g
links, carrier to noise ratio, multi [ O CQQ

channel transmission techniques.

Ul Tutorial 8 29 )\0) )8

| ‘ U5 | Optical technologies
| ’/ 28 || Wavelength division multiplexing ﬁ\} ‘ )6) hS
| wf (WDM) concepts: operational \ Q/
~ principles of WDM, 5 5[320-
| 29-30 0 - ; : 321]
| passive optical star coupler, isolators,
| circulators,
| 31 (] active optical components: MEMS
| technology, variable optical
! 32 attenuators, tunable optical filters,
33 dynamic gain equalizers, polarization
34 controller,
35 [] chromatic dispersion compensators.
26 Optical amplifiers: basic applications
and
[]  types of optical amplifiers, Erbium [ S &;}h 0) )i
Doped Fiber Amplifiers (EDFA):
amplification mechanism, ﬁq \ \0\ 18
architecture, power conversion l O
efficiency and gain. Amplifier noise,
optical SNR, system applications. O (Qq , ]O )) g
‘ [l Performance Measurement and ‘ } ) ) 8'
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