
h.:ZI, 3:GJ.:Z ~>-- /f.)/95-
ı:.J :,:..,ı

DATA 
COMMUNICATION 

THROUGH 
OPTICAL FIBRE 

QJlALITi\TIVE i\NJ\LYc3I&

Submitted by: .•
Syed Masood Aziz
Student No.931200
Dept. of Electrical &
Electronics

Submitted to: 
Assoc. Prof. Dr. Şenol Bektaş
Chairman,
Department of Electrical
& Electronics Engineering
Near East University, Turkey



2)ala Cınınıuııicaf ion fhrou<Jh Opt icaf ~'Jibre

I am very much grateful to Assoc. Prof. Dr. Şenol Bektaş,

Chairman, Department of Electrical & Electronics Engineering

Near East University, North Cyprus, Turkey, for his kind

contribution in the completion of my project.

Finally, I am thankful to all those who cared to answer our

queries concerning the project, which, of course proved very

useful and informative. Specially I am greatful to Dr. IBRAHIM

ARKUD for his valuable cooperation.

Syed Masood Aziz

-·----------------------'Near East Unive~_?_urkey



u.: c.:»:»: lhroıu;h Opticaliu:

QUALITATIVE ANALYSIS OF OPTICAL 

FIBRE COMMUNICATION 

CHAPTER 1 INTRODUCTION TO OPTICAL

FIBRE COMMUNICATION

1.1 Introduction

1.2 Historical Perspective

1.3 Basic Definition of Optical Communication

1.4 Basic Communication System

1.5 Advantages of Optical Fibre Communication

1.6 Limitations

CHAPTER 2 OPTICAL FIBRE WAVEGUIDE
••2.1 Ray Theory Transmission

a) Total Internal Reflection

b) Acceptance Angle

c) Numerical Aperture

d) Skew Rays

2.2 Overview

I Near East University, Turkey



CHAPTER 3 TRANSMISSION CHARACTERISTICS

OF OPTICAL FIBRES

3, 1 Introduction

3 .2 Attenuation

3.3 Material Absorption Losses

a) Intrinsic Absorption

b) Extrinsic Absorption

3.4 Linear Scattering Losses

a) Rayleigh Scattering

b) Mie Scattering

3.5 Non Linear Scattering

3.6 Fibre Bend Loss

3.7 Dispersion

CHAPTER 4 OPTlCAL FIBRES AND CABLES

4.1 Types of Optical Fibres

a) Step Index Fibres

b) Graded Index Fibres

c) Multirnode 'Step Index Fibres

d) Multimode Graded Index Fibres

e) Single Mode Fibres

f) Plastic Clad Fibres

4.2 Optical Fibre Cables

4.3 Example of Fibre Cables

4.4 Propagation Aspect and Fibre Requirements

[ Nf!._ar East Universit)l; Tıtr~y__ _



CHAPTER 5 RELIABILITY OF OPTICAL FIBRES

CABLES ANO SPLICES

5.1 Introduction

5.2 Installed Cable Reliability

5.3 Discussion of Specific Fibre Cable Failure,

Modes and Mechanism

1) Fibre Strength

2) Hydrogen Effects

3) Lightning

4) Rodents

5) Shotgun Damage

6) Factory Splices

5 .4 Restoration .

a) Troubleshooting

b) Splice Repair

c) Repair of Partially Failed Cables

d) Emergency Restoration

e) Offset Breaks

5.5 Conclusion

CHAPTER 6 OPTICAL FIBRE SYSTEMS

6.1 Introduction

6.2 The Optical Transmitter Circuit

a) Source Limitations



[1.rear Eas·t Univ:.....:e.....:rs-=--·i.:..ı.tyCL., _Ti.....:u.:....r.....:k.:..eyL.- __,

:lJala Conımuııicalioıılhroıı'}-/ı Optical .u:

6.3 The Optical Receiver Circuit

6.4 System Design Consideration

a) Component Choice

b) Multiplexing

6.5 Digital Systems

CHAPTER 7 APPLICATIONS AND FUTURE 

DEVELOPMENTS 

7 .1 Introduction

7.2 Public Network Applications

a) Trunk Network

b) Junction Network

c) Local and Rural Networks

d) Submerged Systems

7.3 Military Applications

a) Mobiles

b) Communication Links

7.4 Civil and Consumer Applications
ı,.

a) Civil

7.5 Industrial Applications

a) Sensor Systems

b) Consumer

7 .6 Computer Applications



I'hapter 1

Introduction to
Optical Fibre Communication

,·.· ',



:hala Communicalioıı through Optical .u:

.1 INTRODUCTION :

e concept of guided lightwave communication along optical

es nas stimulated a major new technology years. During this

emendous advances have been achieved with optical

well as with the associated

ıs new technology has reached the

ercial exploitation. Installation of

,.. ıs progressing within both

nication networks and more localized data

ication and telemetry environments.

ermore, optical fibre communication has become

·mous with the current worldwide revolution in

forrnat i o n technology. The relentless onslaught will

doubtedly continue over the next decade and the further

predicted developments will ensure even wider application of

optical fibre communication technology in this "information age".

On the part of fibre, huge reductions in the material attenuation

have been obtained. It has been establishedthat as compared to

metal system, size for size, optical fibres offer greater information
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arısıng from a higher carrier frequency and lower

costs.Starting from the simple communication systems,

ıbres now find the use from telecommunications to

and computers, and from sensors applications ın

o applications in military defence.

ERSPECTIVE ·

ect early when human beings

d signals.This is obviously a from

icatıon; it does not work in darkness.During the

is the source of light for this system. The

carried from the sender to the receiver on the

on.Hand motion modifies,or modulates, the light. The

essage detecting device and the brain processes this

formation transfer for such a system is slow, the

on distance is limited,and the chances of error are

later optic system, useful for longer transmission

as smoke rising from a fire. This pattern was again carried

e receiving party by sunlight. This system required that a

cocme method be developed and learned by the communicator
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and receiver of the message. This is comparable to modern

digital system that use pulse codes.

n 1880 Alexander Graham Ball invented a light communication

system, the photophone. He used sunlight. reflect from a thin

•oice-modulated mirror to carry conversation. At the receiver,

the modulated sunlight fell on a photo-conducting selenium cell,

vhich converted the messageto electrical current.A telephone

receiver completed the system. The photophone never achieved

commercial success,although it worked rather well.

In 1960, a major breakthrough that led to high capacity optic

communication was the invention of the laser.The laser provided

a narrow-band source of optic radiation suitable for use as a

carrier of information. Lasers are comparable to the radio

frequency .so urce s used for conventional electronics

communications. Unguided optic communication systems (non
..

fibre) were developed shortly after the discovery of laser.

Communication over light beams traveling through the

atmosphere was easily accomplished.Thedisadvantagesof these

systems include dependence on a clear atmosphere, the need for

3 JNear East UniversitYı T_urkeJ!_



between transmitter and receiver, and the possibility

amage to persons who unknowingly look into the beam.

1960's the key element in a practical fibre system was

.... an efficient fibre. Although it had been established

guided by a glass fibre, those available

'ibre was developed and fibre

actical. This occurred just 100

physicist, demonstrated to the

at light can be guided along a curved stream of

ç of light by a glass fibre and by a stream of water

e of the same phenomenon (total internal reflection).

SIC DEFINITION OF OPTICAL

communication is the tran~rnission of signals over a

soeofied distance by modulation of an optical wave, either in air,

m or in a transparent dielectric medium, which is known

as optical fibre. Basically the processing (i.e. amplification,
'~ ; .
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odulation, demodulation etc.) of the signal is done by

conventional electronic circuitry but the modulated signal is

ransmitted in the form of light, and hence at the transmitter side

just conversion of electrical signal into optical signal takes place

by laser diode, conventional high intensity) LEDs etc. and

correspondingly at the receiver side, the conversion of optical

sıgnal into electrical signal takes place by a photo transistor etc.

1.4 THE BASIC COMMUNICATIONS
SYSTEM:

An optical fibre communication system is similar in basic concept

to any type of communication system. A blo~k schematic of a

eneral communication system is shown in Fig. 1.1., the function

of which is to convey the signal from the information source over

the transmission medium to the destination. The communication
ıaı.

system therefore, consists of a transmitter of modulator linked

through the information source, the transmission medium,and a

receiver or demodulator at the destination point. In electrical

communication, the information source provides an electrical

signal usually derived from a message signal which is not
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electrical (e.g.sound), to a transmitter comprısıng electrical and

electronics components which converts the signal into a suitable

form for propagation over the transmission medium. This is often

achieved by modulating a carrier which may be electromagnetic

wave.

The transmission medium can consist of a pair of wires, a coaxial

cable or a radio link through free space down of a pair which the

signal is transmitted to, the receiver, where it is transformed into

the original electrical information signal (demodulated) before

being passed to the destination.

In every transmission medium the signal is attenuated, or suffers

loss, and is subject to degradations due to contamination by

random signals and noise as well possible distortions imposed by

mechanisms within . the medium itself. Therefore, ın any,

communication system there is a maximum permitted distance

between the transmitter artd the receiver beyond which the

system effectively ceases to give intelligible communication. For

long- haul applications these factors necessitate the installation of

repeaters or line amplifiers at intervals, both to remove signal
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distortion and to increase signal level before transmission ıs

continued down the link.

For optical fibre communications system in Fig. 1.1.(a), 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-optical conversion may be either a

semiconductor laser or LED.

The transmission medium consists of an optical detector which

drives a further electrical stage and hence provides demodulation

of the optical carrier. Phothdiodes (p-n.p-i-n or avalanche) and in

some instances, phototransistor are utilized for the detection of

the optical signal or the optical-electrical conversion.

Thus there is a requirement for electrical interfacing at either end

of the optical link and at present the signal processing is usually

performed electrically.

The optical carrier may be modulated using either analog or

digital information sig~al. In the system show in Fig.1.1.(b) analog
~ r 1 

modulation involves the variation of the light emitted from the

[Near East Unive;s·İ!Ji}urkey =:zJ
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optical source in a continuous manner. with digital modulation,

however, discrete changes in the light intensity are obtained

(i.e.on-pulses). Although often simpler to implement, analog

modulation with an optical fibre communication system is· less

efficient, requiring a far higher St\lR at receiver than digital

modulation.

Also the linearity needed for analog modulation is not always

provided by ·semiconductor optical sources, specially at high

modulation frequencies. For these reasons,analog optical fibre

communication links are generally limited to shorter distances

and lower bandwidths than digital links.

Fig.1.2. shows a block schematic of a typical digital optical fibre

link. Initially the input digital signal from the information source is

suitably encoded for optical transmission. The laser drive circuit

directly modulates the intensity of the semiconductor laser with
••

the encoded digital signal. Hence the digital optical signal is

launched into the optical fibre cable. The avalanche photodiode

(APO) detector is followed by a front- amplifie; and equalizer or

filter to provide gain as well as linear signal processing and noise
,·,
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bandwidth reduction. Finally, the signal obtained is decoded to

ive the originaf digital information.

The generalized diagram of an optical communication link useful

or guided data transmission is shown in Fig.1.3.ln this general

from it applies to both digital and analog system. The signal to be

transmitted from a system input point to an output point will

travel through the following stages:

(a) Signal-shaper encoder:

The electrical signal is fed into signal-shaper encoder. In an

analog system this element provides predistortion.

(b) Source driver:

The signal shaped by the signal-shaper encoder is applied to the
..

source driver. The driver modulates the current flowing through

the optical source to produce the desired optical signal. The use

of an incoherent LED or semiconductor injection· laser allows the

direct modulation of the optical source.

I Near East University, Turkey 9]
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(c) Source:

The source converts the electrical signal into a corresponding

optical signal. The source may either be an incoherent LED, or a

semicohernt semiconductor laser, or a coherent nonsemi-

conductor.

Principle requirements for the source are faithful reproduction of

the electrical signal, monomode excitation, high optical output at

low current : density, small emitting area, high frequency

response, and long lifetime even with high current density.

(d) Source fibre coupler:

The purpose of this coupler is the efficient introduction of the

optical power into the waveguide. Its main requirements are low

coupling __loss and perfect match of source and fibre cross­

sectional areas.

(e) Optical cable:

The optical fibre cable transmits the optical signal from the

transmitter to the receiver, either over a single fibre or over a
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ibre bundle, consisting of either a few or upto several thousands

individual fibres; which may carry either the same or different

information.

Principle technical requirements center on low loss and low

dispersion. Depending on the fibre, source and detector

characteristics, and the total system length, it may be necessary

to regenerate the optical signal either electrically or optically by

use of repeaters.

(f) Repeater:

The repeater acts as a regenerative system element. It is

designed to enhance the shape of the signal degraded during

transmission over the optical cable. It thus consists of a

photodetector, amplifying and reshaping circuitry, and an optical

source. It contains practically all the circuitry associated with the•.
source, the detector of the transmitter and the receiver

elements. A repeater can therefore be considered a back to back

receiver-transmitter com bi nation.

~~~~--.~~~~~~--~~~~~- 
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) Fibre detector coupler;

e purpose of this coupler is the efficient detection by the

otodetector of the optical signals coming from the fibre. It is

esigned to provide a match of the respective cross-sectional

eas and to minimize reflective losses at the fibre detector

interface.

(h) Detector:

The photodetector must be able to follow the signal emergıng

om the fibre both in amplitude and frequency. At short wave

engths, the achievements of this goal does not present any

difficulties, and the detector is able to reproduce the optical

signal faithfully an electrical signal, but at large wavelengths some

problems of detection efficiency emerge .

••
(İ) Amplifier and signal shaper decoder:

The amplifier enhances the electrical signal generated by the

detector in the optical-electrical conversion process and increases

it to the level at which it can be reshaped for proper further use.

Again, the amplifier must be distortion free and its frequency
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