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INTRODUCTION

Communication may be broadly defined as the transfer of information
from one point to another. When the information is to be conveyed over any
distance a communication system is usually required. Within a communication
system the information transfer is frequently achieved by superimposing or
modulating the information-onto an electromagnetic wave which acts as a
carrier for the information signal. This modulated carrier:is then trans- mitted to
the required destination where it is received and the original information signal
Is obtained by demodulation. Sophisticated techniques have been developed for
this process using electromagnetic carrier waves operating at radio frequencies
as well as* microwave ' and millimeter wave frequencies. However,
‘communication’ may also be achieved using an electromagnetic carrier which

Is selected from-the optical range of frequencies

Communication is defined as the transfer of information from one point
to another. The function of communication system is to convey signal from

source to destination over transmission medium.

Communication system consists of
1. Transmitter/ modulator linked to information source.
2. Transmission medium.

3. Receiver/ demodulator at destination point.

Interest in communicating at optical frequencies was created in 1960.
Electrical communication was started in 1837 with the invention of telegraph by
Samuel F.B. Morse. Advanced telegraph was invented in 1874 with 120 bits per
second. In 1876, Alexander Graham Bell invented telephone to transmit voice
signal in analog form. In 19*s LASER was discovered. Around 1980s optical
fiber technology becomes back bone for long distance communication. Around
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1970%s, optical fiber has low loss window around 800 nm. Optical source is
made of GaAs which emit light at 800 nm. This is first window. As glass
purification technology improved during 1980s, optical source is made of
silica. So in1980s optical communication is shifted to 1300 nm band. This is
second window. In 1990*s the communication was shifted to 1550 nm due to

the invention of erbium dopped fiber amplifier (EDFA). This is third window.

First operating window:
Centered at 850 nm.

Fibers silica multi mode fiber

Sources GaAlAs based sources

Photo detector Silicon Photo detector.

Optical amplifier GaAlAs based amplifiers.

Used ininitial telephone system in USA around 1977.

Second Operating window:
Centered at 1310 nm

Fibers Single mode and Multi mode fiber

Sources InGaAsP based. sources

Photo detector InGaAs Photo detector.

Optical amplifier PDFA (Praseodymium doped fiber amplifiers). By
this repeater Is reduced:

Optical fiber exhibit low power loss and less signal dispersion.

Third operating window:
Centered around 1500 nm.

Fibers Dispersion Shifted fiber

Sources InGaAsP based sources

Photo detector InGaAs Photo detector.

Optical amplifier EDFA (Erbium doped fiber amplifiers).

Used in metropolitan networks.
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Fiber optics deals with the study of propagation of light through
transparent dielectric waveguides. A fiber optic cable is essentially a light pipe
that is used to carry a light beam from one place to another. The carrier
frequencies used in conventional systems had the limitations in handling the
volume and data rate of data transmission. The greater the carrier frequency

larger the available bandwidth and-information carrying capacity.

The first generation of light wave systems uses GaAs semiconductor laser and
operating region was near 0.8um. Other specifications of this generation are as

under:

First generation
Bit rate : 45 Mbl/s
Repeater spacing : 10 km
Second generation
Bit rate : 100 Mb/sto 1.7 Gb/s
Repeater spacing : 50 km
Operating wavelength = 1.3 pm
Semiconductor : In GaAsP
Third generation
Bit rate : 10 Gb/s
Repeater spacing : 100 km
Operating wavelength : 1.55 um
Fourth generation
Fourth generation uses WWDM technique.
Bit rate : 10 Th/s
Repeater spacing : > 10,000 km.
Operating wavelength : 1.45 to 1.62 um
Fifth generation
Fifth generation uses Roman amplification technique and optical
solitons.
Bit rate : 40 Gb/s to 160 Gb/s
Repeater spacing : 24000 km to 35000 km
Operating wavelength : 1.53 to 1.57 pum
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: Characteristics Optical fiber Satellite link
1 |Bandwidth 1 to 10GHz 36 t0 72 MHz
2 Immunity to Immune to Subject to interference
interference electromagnetic from various sources
3 Security Difficult to tap Signals must be
without defection encrypted for security
4 Flexibility Difficult to Easy to configure

reconfigure to meet

5 Multipoint capability| Point to point mainly Point to multipoint

6 Connectivity to Local loop required Local loop not required
customer end but antenna is needed at

customer site.

The general system:

An optical fiber communication system is similar in basic concept to any type
of communication system. A block schematic of a general communication
system is shown in Figure 1.2(a), the function of which is to'convey the signal
from the information source over the transmission medium to the destination.
The communication system. therefore consists of a transmitter or modulator
linked to the information source, the transmission medium, and a receiver or
demodulator at the destination point. In _electrical communications the
information source provides an electrical signal, usually derived from a message
signal which is not electrical (e.g. sound), to a transmitter comprising electrical
and electronic components which converts the signal into a suitable form for
propagation over the transmission medium. This is often achieved by
modulating a carrier, which, as mentioned pre-viously, may be an

electromagnetic wave.
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For optical fiber communications the system shown in Figure 1.1(a) may be
considered in slightly greater detail, as given in Figure 1.1(b). 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-optical

conversion may be either a semiconductor laser or light-emitting diode (LED).

The transmission medium consists of an optical fiber cable and the receiver
consists of an optical detector which drives a further-electrical stage and hence
provides demodulation” of the optical carrier. Photodiodes (p-—n, p—i—nor
avalanche) and, in some instances, phototransistors and photoconductors are
utilized for the detection of “the optical signal and 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.
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Figure 1.1 (a) The general communication system. (b) The optical fiber
communication system

[Source: htpp://img.brainkart.com]
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The optical carrier may be modulated using either an analog or digital
information signal. In the system shown in Figure 1.1(b) analog modulation
involves the variation of the light emitted from the optical source in a
continuous manner. With digital modulation, however, discrete changes in the
light intensity are obtained (i.e. on—off pulses). Although often simpler to
implement, analog modulation with an optical fiber communication sys- tem is
less efficient, requiring a far higher signal-to-noise ratio at the receiver than
digital modulation. Also, the linearity needed for:analog modulation is not
always provided by ‘semiconductor optical sources, ‘especially at high
modulation frequencies. For these reasons, analog optical fiber communication
links are generally limited to shorter distances and lower bandwidth operation

than digital links.

The transmission of light via a dielectric waveguide structure was first proposed
and investigated at the beginning of the twentieth century. In 1910 Hondros and
Debye conducted-a theoretical study, and experimental work was reported by
Schriever in 1920. However, a transparent dielectric rod, typically of silica glass
with a refractive index of around 1.5, surrounded by air, proved to be an
Impractical waveguide due to its unsupported structure (especially when very
thin waveguides were considered in order to limit the number of optical modes
propagated) and the excessive losses at any dis- continuities of the glass—air
interface. Nevertheless, interest in the application “of dielectric optical
waveguides in-such areas as optical imaging and medical.- diagnosis (e.g.
endoscopes) led to proposals for a clad dielectric rod in the mid-1950s in order
to overcome these problems. This structure is illustrated in Figure 2.1, which
shows a trans- parent core with a refractive index n1 surrounded by a transparent
cladding of slightly lower refractive index n2. Theinvention of the clad

waveguide structure led to the first serious proposals by Kao and Hockham and
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Werts, in 1966, to utilize optical fibers as a communications medium, even

though they had losses in excess of 1000 dB km-1.

h Cladding

Core

Figure 1.1 (¢) Optical fiber waveguide showing the core of refractive index nl, surrounded by the
cladding of slightly lower refractive index n2

[Source: htpp://img.brainkart.com]
These proposals stimulated tremendous efforts to reduce the attenuation by
purification of the materials. This has resulted in.improved conventional glass
refining techniques giving fibers with-losses of around 4.2.dB km. Also,
progress in glass refining processes such as depositing vapor-phase reagents to

form silica allowed fibers with losses below 1:dB km to be fabricated.

Most of this work was focused on the 0.8 to-0.9 um wavelength band because
the first generation of optical sources fabricated from gallium aluminium
arsenide alloys operated in this region. However, as silica fibers were studied in
further detail it became apparent that transmission at longer wavelengths (1.1 to
1.6 um) would result in lower losses and reduced signal dispersion. This
produced a shift-in optical fiber source and detector technology in order to
provide operation at these longer wavelengths. Hence at longer wavelengths,
especially around 1.55 um, typical high-performance fibers have losses of 0.2
dB km.
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As such losses are very close to the theoretical lower limit for silicate glass
fiber, there is interest in glass-forming systems which can provide low-loss
transmission in the mid infrared (2 to 5 pm) optical wavelength regions.
Although a system based on fluoride glass offers the potential for ultra-low-loss
transmission of 0.01 dB kmat a wavelength of 2.55 um, such fibers still exhibit

losses of at least 0.65 dB km properties of silica fibers.

In order to appreciate ‘the transmission mechanism of optical fibers with
dimensions approximating to those of a human hair, it Is necessary to consider
the optical waveguideing of a cylindrical glass fiber. Such a fiber acts as an
open optical waveguide, which may-be analyzed utilizing simple ray theory.
However, the concepts of geometric optics are not sufficient when considering
all types of optical fiber, and electromagnetic mode theory must be used to give
a complete -picture. The following 'sections /will therefore outline the
transmission of light in optical fibers prior to a more detailed discussion of the

various types of fiber.

Advantages of optical fiber communication:

Wider bandwidth and greater information capacity.
Lower losses.

Small size and light weight.

Signal security.

Repeaters spacing.

Environmental immunity.

Low cost and ease of maintenance.

System reliability.

Long distance transmission

Safe and easy installation
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Disadvantages of optical fiber communication:

High initial cost

Maintenance and repairing cost high.
Joining and test procedure

Tensile stress

Fiber losses

Applications of optical fiber communication:

Used in telecommunication, instrumentation, cable TV network (CATV) and
data transmission and distribution.

Used in telephone system because of small size and-large information carrying
capacity. Used for transmitting digital data generated by computers between
CPU and peripherals between CPU and memory and between CPUs.
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