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ABSTRACT 

In the past years a new technology has become increasingly accepted in the field

of communication transmission via cables. In contrast to copper cable technology, here

signals are transmitted optically with the aid of optical waveguides also called optical

fibers. This development was supported by the availability of suitable semiconductor

components such as lasers, light emitting diode, PIN photodiodes and Avalanche

Photodiode. Digital transmission systems already in operation were upgraded to meet the

demands of optical fiber technology.

This project is intended to make the topic of optical cable technology and plant

design understandable to a wider circle of readers. In order to achieve this, physical and

chemical contexts are discussed.
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INTRODUACTION 

Fiber-optic cable is a networking medium capable of conducting modulated light

transmissions. Compared to other networking media, it is more expensive; however, it is

not susceptible to electromagnetic interference and is c~pable of higher data rates than

any of the other types of networking media. Fiber-optic cable does not carry electrical

impulses, as other forms of networking media that employ copper wire do. Instead,

signals that represent bits are converted into beams of light. Even though light is an

electromagnetic wave, light in fibers is not considered wireless because the

electromagnetic waves are guided in the optical fiber. The term wireless is reserved for

radiated, or unguided, electromagnetic waves.

Chapter One: Introductions To Fiber Optical Communication. Discussion the fiber

evolution through the past years, optical fiber and other transmission media, the physics

of light, fiber optical cable in general, mode of propagation fiber optic cable and the

advantages and disadvantages in fiber optical.

Chapter Two: Transducers and Detectors, discussion Fiber optical system, the

radiation source in fiber by discussion the LED, LDI, PIN photodiodes and Avalanche

Photodiode and the Digital transmission systems.

Chapter Three: Optical fiber cable provides discussion of optical fiber structure, type

of cables, cable design choosing cables, connecters, Splicing and couplers.

Chapter Four: Optical Amplifiers & Networks, discussion the Amplifiers system,

properties, Applications and Future Developments, Local Area Networks (LANs) and

Switches.
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1.Introduaction To Fiber Optical Communication: 

1.llntroduction: 
Fiber optical (optics fibers): are long, thin strands of very pure glass about the diameter

of a human hair. They are arranged in bundles called optical cables and used to transmit

light signals over long distances [2].

Mankind has always throughout its history had the necessity for communication.Initially

communication was done through signals, voice or primitive forms of writing. As time

passed by there was a need to communicate through distances, to pass information from

one place to another. Many different ways to exchange information over long distances

have been used throughout history, some of them exotic such as the use of pigeons and

smoke signals. All these methods were the evolutionary steps; which have led to today's

modern technologies of long-distance communication. Fiber-optic cable used for

networking consists of two fibers encased in separate sheaths. If viewed in cross section,

you would see that each optical fiber is surrounded by layers of protective buffer material,

usually a plastic such as Kevlar, and an outer jacket. The outer jacket provides protection

for the entire cable. Usually made of plastic, it conforms to appropriate fire and building

codes [1].

The purpose of the Kevlar is to furnish additional cushioning and protection for the

fragile hair-thin glass fibers. Wherever buried fiber-optic cables are required by codes, a

stainless steel wire is sometimes included for added strength. The light-guiding parts of an

optical fiber are called the core and the cladding [2].

The core is usually very pure glass with a high index of refraction. When the core glass

is surrounded by a cladding layer of glass or plastic with a low index of refraction, light can

be trapped in the fiber core. This process is called total internal reflection, and it allows the

optical fiber to act like a light pipe, guiding light for tremendous distances, even around

bends [1 l].
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1.2 The History of Fiber Optics: 

Fiber optic technology experienced a phenomenal rate of progress in the second half of

the twentieth century. Early success came during the 1950's with the development of the

fiberscope. This image-transmitting device, which used the first practical all-glass fiber,

was concurrently devised by Brian O'Brien at the American Optical Company and

Narinder Kapany (who first coined the term "fiber optics" in 1956) and colleagues at the

Imperial College of Science and Technology in London. Early all-glass fibers experienced

excessive optical loss, the loss of the light signal as it traveled the fiber, limiting

transmission distances [2].

This motivated scientists to develop glass fibers that included a separate glass coating.

The innermost region of the fiber, or core, was used to transmit the light, while the glass

coating, or cladding, prevented the light from leaking out of the core by reflecting the light

within the boundaries of the core. This concept is explained by Snell's Law which states

that the angle at which light is reflected is dependent on the refractive indices of the two

materials - in this case, the core and the cladding. The lower refractive index of the

cladding (with respect to the core) causes the light to be angled back into the core as

illustrated in Figure.Ll [7].

''t·
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Figure.1.1 optical fiber with cladding.
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The basic concept of communication using light has been around for centuries. More

recently, applications such as ship-to-ship communications using Morse code was

performed using light reflected by mirrors. Alexander Graham Bell even patented an

optical telephone system. Methods such as these relied on a direct line of sight and decent

weather to ensure visibility. It was not until the invention of the laser in 1960, that light

communication, once again, regained interest [2].

In 1966, the first attempts at long distance transmission of light through glass fibers

were unsuccessful due to impurities in the glass, which caused high losses of light in the

fiber. Many researchers worked on solving the problems of fiber communication, one of

which was Charles K. Kao. Kao was convinced that fiber loss could be reduced below 20

decibels per kilometer and a paper detailing his findings was published in 1966. Interested

in these findings, the British Post Office spent 12 million pounds for further research,

which paid off in 1970 when Coming Glass Works made multimode fibers with a loss

below 20 dB/km.

The technology of fiber optics continued to get better over the years, but "it was the

development of low-loss fibers with loss coefficients of less than 1 dB/km that has enabled

the deployment of high-speed fiber-optic communication systems."

1.3 The Evolution of Optical Fiber for Communication: 

1.3.1 Background: 

When the laser was first demonstrated in 1960, it was immediately recognized as an

excellent light source for an optical communications system, assuming that technical

development could make it reliable, long-lived, and affordable. Laser light is powerful,

nearly monochromatic (i.e., single frequency), coherent (i.e., its light waves travel in

phase), and highly directional. Most importantly, light waves are very short (about a

millionth of a millimeter). Therefore they correspond to very high frequencies in the

3



electromagnetic spectrum, hence light waves can carry much more information than the

electrical pulses used in telephone wires, microwave radio relays, or even the millimeter

waveguide systems then under development in communications laboratories as the next

generation in communications systems [11].

Information is carried by modulating the signal waves according to a code, for

example, the Os and ls (bits) of binary code. Optical waves have a :frequency 105 (ten

thousand) times higher than the high :frequency radio waves used in the best coaxial

telephone cables, and so their bit rate can be much higher.

Communications companies around the world were constantly on the lookout for higher

capacity technologies, because they expected demand to grow strongly for the foreseeable

future (not to mention the additional capacity the introduction of AT&T's Picturephone in

the 1970s was expected to require). Bell Laboratories, for example, investigated the

potential of optical communications in 1945 and again in 1951, and concluded that there

was no light source powerful and coherent enough to justify an R&D effort at that time

(Fox and Kaminow, 1984:274). Instead, Bell and other telephone enterprises, such as the

British Post Office's telecommunications branch, expected to develop millimeter

waveguide systems and put them into service in the 1970s along with satellite

communications, supplementing the existing wire, coaxial cable, and microwave radio

relay systems [2].

Like microwave radio, millimeter-waveguide systems were an extension of World War

II radar development. Although ultimately proved technically feasible in a field test in

1974, it was clear early on that the stringent degree of circularity and straightness needed in

a millimeter waveguide transmission system would make it very difficult and expensive to

build and maintain.

However, the work was far from in vain and left a legacy for the future. The knowledge

gained in the devices and techniques for high-speed digital systems was invaluable when

attention turned to the light-wave medium. The insights gathered on the behavior of

multimode guided-wave propagation were important elements in the successful

development of low-loss optical fibers.
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And, it will be shown, many of the people who worked on millimeter waveguides went

on to work on the development of optical fibers in the United States and Great Britain.

As work continued on the laser in the early 1960s, laboratories for communications

R&D around the world began to investigate the other key components of a working

communications system in addition to the signal source, namely, the signal-carrying

medium or channel and the receiver. Receivers in the form of photodiodes already existed

and were commercially available. The big barrier was lack of a suitable channel to carry the

laser signal .

Beam Waveguides. In 1962-1963, as the problems and limits of the millimeter

waveguide became apparent (and because of the lack of a reliable solid-state amplifier at

that time), research groups at Bell Telephone Laboratories and ITT's Standard

Telecommunications Laboratories Ltd. (STL) in Britain shifted their attention to optical

communications. One approach was to use a "light pipe," a hollow tube with a mirrored

surface inside to reflect the light beam, but the attenuation or loss of light was too g_reat,

especially if the tube was bent, a problem even for point-to-point communications given the

curvature of the earth [4].

Researchers at Bell Laboratories investigated the use of a "confocal lens" system to

guide the light beam down a tube. A series of glass lenses could keep the beam focused and

help bend it around curves. Although the loss of light by each lens due to absorption and

scattering might be small, it turned out that the number of lenses needed in real-world

- conditions (due to the curvature and irregular shape of the earth) added up and the losses

required too many amplifiers. In addition, the lenses had to be tied to some sort of sensors

and servomechanism system that shifted them to adjust to thermal changes affecting the

light beam. Bell's answer was the invention of the gas lens, in which the light rays could be

bent with little loss by thermal or density gradients.

Although beam waveguides proved technically feasible in a field experiment, the

physical tolerances were extremely close, and the beam was plagued by thermal

fluctuations even though the tube was buried in the ground. Like the millimeter waveguide,

it was obviously going to be very difficult and costly to build and maintain. At best it was
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only going to be competitive in uses involving the equivalent of a million voice circuits or

more [2].

Optical Fiber. Using glass fibers to transmit light was not a new or untried idea in 1960.

British physicist John Tyndall showed that light is guided by a bending water jet in 1854, a

demonstration of total internal reflection of light from a boundary with a medium of lower

refractive index that is the "underpinning" of optical fibers. In the 1950s, university groups

in Britain, The Netherlands, and the United States worked on the development of

transparent plastic and glass fibers to use as medical endoscopes.

The idea of cladding the core fiber with a material of slightly lower refractive index to

increase the internal reflection of light came out of that work. Soon after (1956), Larry

Curtiss, a graduate student at the University of Michigan, created the first clad-glass fiber

as part of an endoscope development project. He had been coating optical glass rods from

Coming with plastic, with poor results. Curtiss then obtained a glass tube with a lower

refractive index than the Coming rods, heated the tube until it collapsed on one of the

Coming rods, and drew it into a fiber. It performed well, much better than plastic-clad

fibers, and became the basis for the first working fiber-optic endoscope and several patents

filed in 1957.

Meanwhile, Will Hicks at American Optical was developing bundles of optical fibers as

imagers and as "faceplates" that collect the image from curved tubes on to a flat surface

(the military funded the R&D because it wanted to connect image-intensifier tubes in a

series to enable soldiers to see better in dim light). Hicks drew finer and finer fibers to

increase the detail in the images transmitted by the fiber bundles and began to encounter

strange light patterns and colors in individual fibers. Hicks was not trained in

electromagnetic theory, and he did not realize he had created single-mode fibers and was

perhaps the first person to observe waveguide modes in the visible part of the spectrum.

Soon after, Elias Snitzer, a young physicist familiar with electromagnetic theory, was hired

by American Optical when, at his employment interview, he recognized the patterns as

waveguide modes. He spent several years working out the mode theory for cylindrical
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dielectric single-mode waveguides. The two articles he published in 1961 were relied on by

the later inventors of the first low-loss fiber.

Despite this progress, using optical fibers as the transmission channel for

communications did not seem at all promising. The British were the first to investigate it

seriously as an alternative to the millimeter waveguide. Although they tried the light pipe

and confocal lens systems, such systems would not be very useful in small and built-up

Britain, even if their problems could be overcome. Therefore, British researchers were not

as put off by the initial finding that attenuation in high-quality optical glass was about 1,000

dB/km, a loss much higher than the 20 dB/km deemed necessary to compete with existing

telephone systems in terms of amplifier spacing.

The attenuation problem was substantial, because the amount of light remaining falls

logarithmically with distance. A loss of 20 dB/km means that one percent of the light

remains; a loss of 1,000 dB/km means that only one part in 10100 remains, a vanishingly

small amount. The high loss (half the remaining light every meter) was acceptable for

endoscopes, faceplates, instrument-panel lighting, and other uses requiring short distances.

Most laboratories found the challenge of increasing the clarity of glass so many orders of

magnitude too daunting, which is why they tried hollow tubes as transmission channels

first.

Antoni E. Karbowiak, who had shifted from heading STL's millimeter-waveguide

project to heading the optical systems group in 1962, attributed the problems with confocal

lens waveguides to interference and other complications arising from multiple modes. He

was familiar with dielectric microwave guides and decided to try to develop a single-mode

dielectric optical waveguide, despite the difference in wavelength (several millimeters vs. a

thousandth of a millimeter). Karbowiak asked two young engineers, Charles Kao and

George Hockham, to find materials clear enough to make low-loss optical waveguides,

work they continued after Karbowiak left STL in 1964. Kao and Hockham knew from

electromagnetic theory that the best design for an optical fiber would be single-mode

waveguide with a very small core and thick cladding that had a refractive index about one

percent lower than the core.
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The problem was that the material for the core (and also the cladding because a

significant amount of the optical power would travel in the latter) had to be much clearer

than existing optical glasses. Jeff Hecht emphasizes that Kao approached the problem

differently than other researchers. Instead of merely asking what attenuation rates were, he

asked what the intrinsic limits of glass were on absorption and scattering of glass were if all

impurities, such as transition metal ions (especially iron and copper) and water, were

removed. Kao found there was little knowledge in the literature or among the experts he

consulted, although an earlier study by Coming's Robert D. Maurer indicated that intrinsic

scattering from thermal fluctuations in the density and composition of glass as it cooled

could be as low as one dB/km at a wavelength of one micrometer (µm) and even lower at

longer wavelengths.

In addition to their theoretical work, Kao and Rockham conducted some empirical

investigations of their own on attenuation in different materials, finding losses as low as 0.2

dB/m (200 dB/km) in bulk fused silica between 0.8 and.9 micrometers. They concluded in

a paper published in the proceedings of the British Institution of Electrical Engineers in

1966 that if a suitably low-loss material could be developed, a cladded optical fiber could

be an important new medium for communications because it would have a larger

information capacity and be made of cheaper materials than existing coaxial and radio

systems. Most importantly, they saw no fundamental barrier to achieving a low-loss fiber.

The crucial material problem appears to be one which is difficult but not

impossible.Certainly, the required loss figure of around 20 dB/km is much higher than the

lower limit of the loss figure imposed by fundamental mechanisms.Although most

researchers were skeptical, the British Post Office (BPO) along with the British Ministry of

Defence began to support work on low-loss fibers at BPO's own laboratory, the University

of Southampton, and STL and other companies. BPO also announced its goals-losses less

than 20 dB/km , bandwidths of 100 Mbit/sec or more, and low cost-early in 1966, and

quoted them to all interested parties, including Coming's UK associate, Electrosil, and

William Shaver, a scientist Coming sent around the world looking for opportunities.
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