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ABSTRACT 

Fiber optic system consists of transmitter, channel and receiver. Transmitter is

consist of modular and circuitry that produce carrier and in fiber optic communication

light is the carrier. Light sources are from two elements i.e. light emitting diode (LED)

and injected light diode (ILD).LED is used for short distances while ILD is used for long

ones.

An optical fiber consists of a core and a cladding layer. According to core

diameters there are single mode and multimode fibers. Fiber attenuation and dispersion

limit the transmission capacity and distance. Attenuation is caused by photon absorption,

scattering, fiber bending and coupling.

There are two types of semiconductorreceivers i.e.p-i-n (p-intrinsic-n)diode and

APD (Avalanche Photo-Diode). Light-detectors, Photo-detectors, or optical-to-electrical

converters are the form of receivers. Photo-detectors convert incident light into current

from photon absoıption and electron hole pair (EHP) generation.Noise and distortion are

important performance limiting factors in signal detection. Thermal noise is white

Gaussian noise due to random thermal radiations. Shot noise is caused by random EHP

generations in photodiodes. APD noise is due to both random primary an secondaryEHP

generations. Phase noise is the phase fluctuation. Mode partition noise is caused by

random power distributionamong longitudinalmodes.
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INTRODUCTION 

The aim of this project is to provide the knowledge of the components and

subsystems, which make up fiber systems and of a wide variety of implemented and

proposed applications for fiber technology. Optical Fiber Transmission system is a new

technology which will have a large impact on near and far telecommunication feature,

telecommunication networks, as well as video transmissions and computer

interconnections. It provides several major advantages over conventional electronic

transmission system. This includes immunity to electromagnetic interference,thinner and

lighter cables, lower transmission losses and wider bandwidths.

The first chapter of this project is an introduction of fiber optic systems. It

overviews fiber optic cables and cable specifications.

Chapter two is an overview of components and subsystems including sources and

transmitters components. Describing LEDs and Lasers, their input-output characteristics,

and coupling sourcesto fibers.Transmittermodules and circuitrydiagram are explained.

Chapter three represents optical detectors and receivers. It explainsp-i-n and APD

detectors, receiver modules and APD control circuitry.

Chapter four surveys a wide range of existing and hypothetical applications,

illustrating what is being done with currently available components and subsystems, and

what might be done as a result of future developments. Applications addressed include

the public network,military, industrial and computer systems.
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CBAPTERl 

INTRODUCTION TO FIBRE OPTIC COMMUNICATION SYSTEMS 

The fiber-optic is defined as branch of optics that deals with the transmission of

light through ultra pure glass, plastic or some other form of transparent media. One of

first noted experiment that demonstrated the transmission of light through a dielectric

medium has been created to John Tyndall. In 1854 John Tyndall demonstrated that light

could be guided through stream of water based on the principle of total internal

reflection.

In 1880Alexander GrahamBell invented the photo phone, a device that transmits

voice signalsover a beam oflight.

Charles H. Townes created great interest in communicationat optical frequencies

in 1958with the invention ofthe laser.

In 1966 Charles K. Kao and George Rockham of Standard Telecommunications

Laboratories of England performed several experiments to prove that, if glass could be

made more transparent by reducing its impurities, light loss could be minimized. Their

research led to a publication in which they predicted that optical fiber could be made pure

enough to transmit light several kilometers. In the next two decades researchers worked

intensivelyto reduce the attenuationto 0.16 dB/km.

In 1988 the American National Standards Institute (ANSI) published the

SynchronousOpticalNetwork (SONET).

1995 Multimedia applications for business have become the major impetus for

increaseduse ofoptical fiber within the LAN,MAN, and WAN environment.

1.1 Advantages and Disadvantages of the FOS 
a) Advantages 

The major advantagesare:

Bandwidth One of the most significant advantages that fiber has over copper or

other transmission media is a bandwidth. Bandwidth is directly related to the amount of
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information that can be transmitted per unit time. Today's advanced fiber optic systems

are capable of transmitting several gigabits per second over hundreds of kilometers. Ten

thousands of voice channels can now be multiplexed together and sent over a single fiber

strand.

Less Lose. Currently, fiber is being manufactured to exhibit less than a few tenths

of a decibel ofloss per kilometer.

Less Weight and Volume. Fiber optic cables are substantially lighter in weight

and occupy; much less volume than copper cables with the same information capacity.

For example, a 3-inch diameter telephone cable consisting of 900 twisted-pair wires can

be replaced with a single fiber strand 0.005 inch in diameter (approximately the diameter

of a hair strand) and retain the same information-carrying capacity. Even with a rugged

protective jacket surrounding the fiber, it occupies enormously less space and weights

considerably less.

Security. Since light does not radiate from a fiber optic cable, it is nearly

impossible to secretly tap into it without detection. For this reason, several applications

requiring communication security employ fiber-optic systems. Military information, for

example, can be transmitted over fiber to prevent eavesdropping. In addition, metal

_ detectors cannot detect fiber-optic cables unless they are manufactured with steel

reinforcement for strength.

Flexibility. The surface of glass fiber is much more refined than ordinary glass.

This coupled with its small diameter, allows it to be flexible enough to wrap around a

pencil. In terms strength, a O .005-inch.strand of fiber is strong enough to cut one's finger

before it breaks, if enough pressure is applied against it.

Economics. Presently, the cost of fiber is comparable to copper at approximately

$0.20 to $0.50 per yard and is expected to drop as it becomes more widely used. Since

transmission losses are considerably less than for coaxial cable, expensive repeaters can

be spaced farther apart. Fewer repeaters mean a reduction in overall system cost and

enhanced reliability.
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Reliability. Once installed, a longer life span is expected with fiber over its

metallic counterparts since it is more resistant to corrosion caused by environmental

extremes such as temperature, corrosive gases, and liquids.

b) Disadvantages 

In spite of the numerous advantages that fiber optic systems have over 

conventionalmethods oftransmission, there are some disadvantages,particularlybecause

of its newness. Many of these disadvantages are being overcome with new and

competitivetechnology.

Interfacing costs. Electronic facilities must be converted to optics in order to

interface to fiber. Often these costs are initially overlooked. Fiber-optic transmitter,

receiver, couplers, and connectors, for example, must be employed as part of the

communication system. Test and repair equipment is costly. If the fiber optic cable

breaks, splicing can be a costly and tedious task

Strength. Fiber, by itself, has a tensile strength of approximately 1 lb, as

compared the coaxial cable at 180 lb (RG59U) surrounding the fiber with stranded

Kevlar and a protective PCV jacket can increase the pulling strength up to 500 lb.

Installationsrequiring greater tensile strengths can be achievedwith steel reinforcement.

Remote Powering of Devices. Occasionally it is necessaıy to provide electrical

power to a remote device. Since this cannot be achieved through the fiber, metallic

conductors are often included in the cable assembly. Several manufacturers now offer a

complete line of cable types, including cables manufactured with both copper wire and

fiber.

1.2 Theory of Light 

In the seventeenth and eighteenth centuries, there were two schools of thought

regarding the nature of light. Sir Isaac Newton and his followers believed that light

consisted of rapidly moving particles (or corpuscles), whereas Dutch physicist Christian

Huygens regarded light as being a series ofwaves.

The wave theory was strongly supported by an English doctor named Thomas

Young. By 1905, quantum theory, introduced by dark Maxwell, showed that when light
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is emitted or absorbed it is not only as a wave, but also as an electromagnetic particle

called a photon. Photon is said to possess energy that is proportional to its frequency.

This is known as Planck's law, which states:

E=hxv,

Where E = photon's energy (J),

h = plank's constant, 6.69 x 10-34 (J-s),

v = :frequency of photon (Hz). 

Using the particle theory, Einstein and Planck were able to explain photoelectric

(1.1) 

effect: when visible light or electromagnetic radiation of a hire frequency shines on a

metallic surface, electrons are emitted, which is turning an electric current.

Electromagnetic Spectrum 

Fundamentally, light has been accepted as a form of electromagnetic radiation

that can be categorized into a portion of the entire electromagnetic spectrum, as shown in

Table 1.1. In addition, each frequency can be specified in terms of its equivalent

wavelength. Frequency or wavelength are directly related to the speed oflight.

C=fx"A (1.2)

Where C - speed oflight in a vacuum or free space, 3 x 108 (mis)

f - frequency (Hz); 

A - wavelength (m).
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Table 1.1 Electromagnetic spectrum

Range of wavelength, Name of wavelength
nm

106 - 770 Infrared 

770-662 Red Visible 

662-597 Orange Visible 

597-577 Yellow Visible 

577-492 Green Visible 

492-455 Blue Visible 

455-390 Violet Visible 

390-10 Ultraviolet 

The portion of the electromagnetic spectrum regarded as light has been expanded

in Table 1.1 to illustrate three basic categoriesoflight:

1, Infrared: that portion of the electromagnetic spectrum having a wavelength

ranging from 770 to 10 6 nm. Fiber optic systems operate in this range.

2. Visible: that portion of the electromagnetic spectrum having a wavelength

ranging from 390 to 770 nm. The human eye, responding to these wavelengthsallows us

to see the colors ranging fromviolet to red, respectively.

3. Ultraviolet: that portion of the electromagnetic spectrum ranging from 1 O to

390nm.

The light that we use for most fiber optic systems occupies a wavelength range

from 800 to 1600 nm. This is slightly larger than visible red light and falls within the

infraredportion ofthe spectrum.

Snell's Law : Total Interval Reflection

For light to propagate in any medium, the medium must be transparent to some

degree. The degree of transparency determines how far light will propagate.
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Transparent materials can be in the form of a liquid, gas, or a solid. Some examples are

glass, plastic, air, and water.

One of the most fundamental principles oflight is that when it strikes the interface

between two transparent mediums, such as air and water, a portion of the light energy is

reflected back into the first medium and a portion is transmitted into the second medium.

The path in which light travels from one point to another is commonly referred to as the

ray. Figure 1. 1 illustrates the classic example of a ray of light incident upon the surface of

water. Notice that part of the light is reflected off the surface of water and part of it

penetrates the water. The ray penetrating to water is said to be refracted or bent toward

the normal. The amount of refracted light is determined by the medium's index of

refraction, generally denoted by the letter n. Index ofrefraction is the ratio of the speed of

light in a vacuum • c, to the speed of light in the given medium - v. This relationship is

given by the equation: n = c Iv. Since the speed oflight is lower in mediums other than a

vacuum, the index of refraction in such mediums is always greater than 1.

Example for air n = 1 .003, for water n = 1 .33, for fiber-optic n = 1 .6.

In 1621, the Dutch mathematician Willebrard Snell established that rays oflight

could be traced as they propagate from one medium to another based on their indices of

_ refraction. Snell's low is stated by the equation:

Incident ray Normal · Reflected ray 

Air 

Water

Refracted ray

Figure 1.1 Theory of Light.
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n1 sin 61 = n2 sin 62 (1.3)

=

Where n1 - refractive index of material; 91 - angle of incidence; 92 - angle of

refraction; n2 - refractive index of~aterial 2. When the angle of incidence, 61, becomes

large enough to cause the sine of the refraction angle, 92, to exceed the value of 1, total

internal reflection occurs. This angle is called the critical angle, 6c. The critical angle, 6c,

can be derived from Snell's law as follows

When sin 01 m sin 02, then sin 6ım n2 l n1. Therefore, critical angle:

Sc m sin" (n2 / n1 ) 

Refraction portions of 8 ray 

, -
I 

,/ 
RayB ' Ray A experiencies total 

internal reflection 
Reflected portions of B 
ray

Figure 1.2 Refraction oflight.

By surroundingglass with material whose refraction index is less than that of the

glass, total internal reflection can be achieved. This is illustrated in Figure 1.2. Ray A
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penetrates the glass-air interface at an angle exceeding the critical angle, Sc, and therefore

experiences total internal Action. On the other hand, Ray B penetrates the glass air

interface at an angle less than the critical angle. Total internal reflection does not occur.

Instead, a portion of ray B escapes the glass and is refracted away from the normal as it

enters the less dense medium of air. A portion is also reflected back into the glass. Ray B

diminished in magnitude as it bounces back and forth between the glass-air interface. The

foregoing principle is the basis for guiding light through optical fiber. Two key elements

that permit light guiding through optical fibers are its core and its cladding fiber's core is

manufactured of ultra pure glass (silicon dioxide) or plastic. Surrounding the core

material called cladding. A fiber cladding is also made of glass or plastic. Its index of

refraction, however, it is typically 1 % less than that of its core. ıh.is permits internal

reflection of rays entering the fiber and striking the core-cladding interface above critical

angle of approximately 82-degree (sin" (1/1.01). The core of the fiber therefore guides

the light and the cladding contains the light. The cladding material is much less

transparent then the glass making up the core of the fiber. This causes light rays to be

absorbed if they strike the core-cladding interface at an angle less than the critical angle.

In Figure 1.3, a light ray is transmitted into the core of an optical fiber. Total

internal reflection occurs as it strikes the lower index cladding material.

Figure 1.3Light ray travels in core and refracts when strikes at cladding.
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1.3 Block Diagram of the FOS 

One of the main limitations of communication systems is their restricted

information carrying capabilities. In more specific terms what this means is that the

communicationsmedium can only carry so many messages. And, as you have seen, this

information-handling ability is directly proportional to the bandwidth of the

communications channel. In telephone systems, bandwidth is limited by the
characteristics of the cable used to carry the signals. As the demand for telephones has

increased, better cables and wiring systems have been developed. Further, multiplexing

techniques have been used to transmit multiple telephone conversations over a single

cable.

In radio communication systems, the information modulates a high :frequency

carrier. The modulation produces sidebands, and therefore, the signal occupies a narrow
'

portion of the RF spectrum. However, the RF spectrum is finite. There is only so much

space for radio signals. To increase the information capacity of a channel, the bandwidth

of the channel must be increased. This reduces available spectrum space. Multiplexing

techniques are used to send more signals in a given channel bandwidth, and methods

have been developedto transmit more informationin less bandwidth.

The information-carrying capacity of the radio signal can be increased

tremendously if higher carrier :frequencies are used. As the demand for increased
communications capacity has gone up over the years, higher and higher RF's are being

used. Today, microwaves are the preferred radio channels for this reason, but it is more

complex and expensive to use these higher frequenciesbecause of the special equipment

required.

One way to expand communications capability further is to use light as the

transmission medium. Instead of using an electrical signal traveling over a cable or

electromagnetic waves traveling through space, the information is put on a light beam

and transmitted through space through a special cable. In the late nineteenth century,

Alexander Graham Bell, the inventor of the telephone, demonstrated that information

could be transmittedby light.
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Light beam communication was made more practical with the invention of the

laser. The laser is a special high-intensity, single frequency light source. It produces a

very narrow beam of brilliant light of a specific wavelength (color). Because of its great

intensity, the laser beam can penetrate atmospheric obstacles better than other types of

light, thereby making light-beam communication more reliable over longer distances. The

primary problem with such free-space light beam communication is that the transmitter

and receiver must be perfectly aligned with one another.

Instead of using free space, some type of light carrying cable can also be used.

For centuries it has been known that light is easily transmitted through various types of

transparent media such as glass and water, but it wasn't until the early in 1900s that

scientist were able to develop practical light carrying media. By the mid-1950s glass

fibers were developed that permitted long light carrying cables to be constructed. Over

the years, these glass fibers have been perfected. Further, low cost plastic fiber cable also

developed. Developments in these cables permitted them to be made longer with less

attenuation of the light.

Today the fiber optic cables have been highly refined. Cables many miles long

can be constructed and interconnected for the purpose of transmitting information on a

light beam over very long distances. Its great advantage is that light beams have an

incredible information carrying capacity. Whereas hundreds of telephone conversations

may be transmitted simultaneously at microwave frequencies, many thousands of signals

can be carried on a light beam through a fiber optic cable. Using multiplexing techniques

similar to those used in telephone and radio systems, fiber optic communications systems

have an almost limitless capacity for information transfer.

The components of a typical fiber optic communications system are illustrated in

Figure 1.4.
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Figure 1.4 Fiber Optic Systems.

The information signal to be transmitted may be voice, video, or computer data.

The first step is to convert the information into a form compatible with the

communicationsmedium. This is usually done by converting continuous analog signals

such as voice and video (fV) signals into a series of digital pulses. An Analog-to-Digital

Converter (ADC) is used for this purpose. Computerdata is already in digital form. These

digital pulses are then used to flash a powerful light source off and on very rapidly. In

simple low cost systems that transmit over short distances, the light source is usually a

light-emitting diode (LED). This is a semiconductor device that puts out a low intensity

red light beam. Other colors are also used. Infrared beams like those used in TV remote

controls are also used in transmission. Another commonly used light source is the laser

emitting diode. This is also a semiconductor device that generates an extremely intense

single frequencylight beam.

The light beam pulses are then fed into a fiber optic cable where they are

transmitted over long distances. At the receiving end, a light sensitive device known as a

photocell or light detector is used to detect the light pulses. This photocell or photo

detector converts the light pulses into an electrical signal. The electrical pulses are

amplified and reshaped back into digital form. They are fed to a decoder, such as a
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