Stwﬁ%McE@ﬁﬂ“w@ — S, 6 = ¢ 495
= O:FD‘UL Silyaoy . Der T s




B

 Fibre Optics

5} INTRODUCTION

BUS7) ot B'}ldan. a British physicist demonstrated that I
light can be guided along the curve of a stream of water.

wing to total internal reflections light gets confined to
the water stream and the stream appears luminous. A luminous
water stream is the precursor of an optical fibre. In the 1950’s,
the transmission of images through optical fibres was realized
in practice. Hopkins and Kapany developed the flexible
fibrescope, which was used by the medical world in remote
Jlumination and viewing the interior of human body. It was
Kapany who coined the term fibre optics. By 1960, it had been
astablished that light could be guided by a glass fibre. In 1966
Charles Kao and George Hockham proposed the transmission
of information over glass fibre, but the fibres available at that
time heavily attenuated light propagating through them. In
1970 Corning Glass Works produced low-loss glass fibres.

The invention of solid state lasers in 1970 made optical
communications practicable. Commercial communication
systems based on optical fibres made their appearance by
1977. Apart from the use as communicational channel, optical
fibres are widely used in other areas. Fibro-scopes made of
optical fibres are widely used in a variety of forms in mec!lcal
diagnostics. Sensors for detecting electrical, mechanical,
thermal energies are made using optical fibres.

Fibre optics is @ technology in which signals are

converted from electrical into optical signalrs, transmu_’ted
nd reconverted into electrical

through a thin glass fibre a
signals.




EZE] orTicAL FIBRE

Definition: An optical fibre is a cylindrical wave guide
made of transparent dielectric, (glass or clear plastic), which
guides light waves along its length by total internal
reflection. It is as thin as human hair, approximately 70 pm or
0.003 inch diameter. (Note that a thin strand of a metal is
called a wire and a thin strand of dielectric materials is called

afibre).

Total internal
reflection
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Fig. 24.1: Illustration of a transparent fibre guiding light along its length.

Principle: The propagation of light in an optical fibre from one of its ends to the other end is
based on the principle of rotal internal reflection. When light enters one end of the fibre, it undergoes *
successive total internal reflections from sidewalls and travels down the length of the fibre alonga
zigzag path, as shown in Fig.24.1. A small fraction of light may escape through sidewalls but a major |
fraction emerges out from the exit end of the fibre, as illustrated in Fig. 24.1. Light can travel through |
fibre even if it is bent.

Structure:
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Fig. 24.2: Side view and cross sectional view of a typical optical fibre

A Cladding:
125 um

Coaling:
250 pum or
900 pm

A practical optical fibre is cylindrical in shape (Fig. 24.2a) and has in general three coaxial
regions (Fig. 24.2b).
(i) The innermost cylindrical region is the light guiding region known as the core. In general, the
diameter of the core is of the order of 8.5 pm to 62.5 pm. ,
(if) It is surrounded by a coaxial middle region known as the cladding. The diameter of the

cladding is of the order of 125 pm. The refractive index of cladding (r, ) is always lower than
that of the core (r, ). Light launched into the core and striking the core-to-cladding interface



qt an angle greater than criti ¢
incidence and reflection :r:c;]l::lgl;w‘_u be l‘t?flected back into the core. Since the angles of
the fibre. » the light will continue to rebound and propagate through
- .» The outermost region
% () oiven to the cladilmr; lsoiailed e shea!;h or a protective buffer coating. It is a plastic coating
(‘ ;rocess to provide physic alx;z[::t?ctmn- This coating is applied during the manufacturing
\Y : . A
nature and prevents abrasions, The c‘(‘):g:‘emal protection for the fiber. The buffer is elastic in

e Core is the inner light-carrying ‘nembeg} can vary in size from 250 um or 900 pm. To sum up

o Cladding is the middle layer, which serves to confine the light to the core.

o Buffer coating surrounds the claddj 3 :
environmental :ffe el adding, which protects the fibre from physical damage and

24.2.1 NECESSITY OF CLADDING

The actual. Dbrehisvery t_hm and light entering a bare fibre will travel along the fibre through
Wted totz.ﬂ 1r‘1temal reﬂectl'ons at the glass-air boundary. However, bare fibres are used only in
etain app!lcatlons. Eor use in communications and some other applications, the optical fibre is
povided Wlth. a C.laddmg. The cladding maintains uniform size of the fibre, protects the walls of the
fibre from chipping, and reduces the size of the cone of light that will be trapped in the fibre.

» Itis pecessary that the diameter of an optical fibre remains constant throughout its length
and is surrounded by the same medium. Any change in the thickness of the fibre or the
medium outside the fibre (when the fibre gets wet due to moisture etc) will cause loss of light
energy through the walls of the fibre.

» A very large number of reflections occur through the fibre and it is necessary that the
condition for total internal reflection must be accurately met over the entire length of the
fibre. If the surface of the glass fibre becomes scratched or chipped, the normal to the edge
will no longer be uniform. As a result, the light traveling through the fibre will get scattered
and escapes from the fibre. This also causes loss of light energy.

» Part of light energy penetrates the fibre surface. The intensity of the light decreases
exponentially as we move away from the surface, as the light is able to penetrate only a very
small distance outside the fibre. However, anytime the fibre touches something else, the
light can leak into the new medium or be scattered away from the fibre. This effect causes a
significant leakage of the light energy out of the fibre. Even a small amount of dust on the
surface would cause a fair amount of leakage.

If bare optic fibres are packed closely together in a bundle, light energy traveling through
the individual fibres tends to get coupled through the phenomenon of frustrated total
internal reflection. Cladding of sufficient thickness prevents the leakage of light energy

from one fibre to the other. :
The fiber is provided with a cladding in order to prevent loss of light energy due to the

Y

above reasons. g i -
» The cladding causes a reduction in the size of the cone of light that can be trapped in the.

fibre. Light entering the fibre at larger angles will strike the ﬁbre walls at sma%ler angles
(higher modes) and ultimately travel a longer distance. Such higher modes of a light signal
will take 1ongér time to reach the end of the ﬁbre.than the lower modes. Therefore, a pulse
sent through optical fibre spreads out. The spreading would be lftrg_er, the larger the cone of
acceptance. Such pulse spreading limits the rate of data transmission througl‘l the fibre. As
fibers with a cladding have smaller cone of acceptance, they carry information at a much

higher bit rate than those without cladding.




Thus, the cladding performs the following important functions:

e Keeps the size of the fibre constant and reduces loss of light from the core into the
surrounding air.

Protects the fiber from physical damage and absorbing surface contaminants.
Prevents leakage of light energy from the fibre through evanescent waves. ',
Prevents leakage of light energy from the core through frustrated total internal reflection.
Reduces the cone of acceptance and increases the rate of transmission of data. |

A solid cladding, instead of air, also makes it easier to add other protective layers over the |
fibre.

24.2.2 OPTICAL FIBRE SYSTEM

An optical fibre is used to transmit light signals over long distances. It is essentially a light-
transmitting medium, its role being very much similar to a coaxial cable or wave-guide used in
microwave communications. Optical fibre requires a light source for launching light into the fibre at
its input end and a photodetector to receive light at its output end. As the diameter of the fibre is very
small, the light source has to be dimensionally compatible with the fibre core. Light emitting diodes
and laser diodes, which are very small in size, serve as the light sources. The electrical input signal
is in general of digital form. It is converted into an optical signal by varying the current flowing
through the light source. Hence, the intensity of the light emitted by the source is modulated with the
input signal and the output will be in the form of light pulses. The light pulses constitute the signal
that travels through the optical fibre. At the receiver end, semiconductor photodiodes, which are
very small in size, are used for detection of these light pulses. The photodetector converts the
optical signal into electrical form. Thus, a basic optical fibre system consists of a LED/laser diode,
optical fibre cable and a semiconductor photodiode.
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Fig. 24.5: Phenomenon of total internal reflection

A medium having a lower refractive index is said to be an optically rarer medium while a medium
known as an optically denser medium. When a ray of light passes

having a higher refractive index is . .
from a denser medium to a rarer medium, itis bent away from the normal in the rarer medium (see

Fig.24.5a). Snell’s law for this case may be written as

sin@, = (ﬁi }iu 0, | 24.1)

K2
the denser medium and 6, is the angle of refraction in
dence, 6, in the denser medium is increased, the
bend more and more away from the normal. At
e boundary surface so that 0, =90°, as seen

Where © is the angle of incidence of light ray 1n the €&
the rarer medium. Also ,> K- When the angle of ncl
transmissjon angle, 0, increases and the refrqcted rlays %
some particular angle 6, the refracted 12y glides along



in Fig. 24.5(b). At angles greater than 8, there are no refracted rays at all. The rays are reflected back
into the denser medium as though they encountered a specular reflecting surface (Fig. 24.5c). Thus,

e If 6, <6_, the ray refracts into the rarer medium

e If 6, =06_, the ray just grazes the interface of rarer-to-denser media

e If 6, >6_, the ray is reflected back into the denser medium.

The phenomenon in which light is totally reflected from a denser-to-rarer medium boundary is
known as total internal reflection. The rays that experience total internal reflection obey the laws of
reflection. Therefore, the critical angle can be determined from Snell’s law.

When 91 = Gc 5 92 = 900 .
Therefore, from equ.(24.1), we get

w1, sin 6. = u,sin 90° = U,

3 Mo
sin@_. = — 2422
My G
When the rarer medium is air, g, =1 and writing i, = 4 , we obtain
1
sinf. =— (24.3)

J7



A. Classification basing on refractive index profile:

Refractive index profile of an optical fibre is a plot of refractive index drawn on one of the axes
and the distance from the core axis drawn on the other axis (see Fig. 24.14). Optical fibres are
classified into the following two categories on the basis of refractive index profile.

1. Step index fibres and 2. Graded index (GRIN) fibres.

Step Index Fibre Graded Index Fibre
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Fig. 24.14 : Classification of optical fibres based on R.1. profile (a) Step index fibre (b) GRIN

fibre

Step index refers to the fact that the refractive index of the core is constant along the radial
direction and abruptly falls to a lower value at the cladding and core boundary (see Fig.24.14a). In
case of GRIN fibres, the refractive index of the core is not constant but varies smoothly over the
diameter of the core (see Fig. 24.14b). It has a maximum value at the center and decreases gradually
towards the outer edge of the core. At the core-cladding interface the refractive index of the core
matches with the refractive index of the cladding. The refractive index of the cladding is constant.

B. Classification basing on the modes of light propagation:

On the basis of the modes of light propagation, optical fibres are classified into two categories as
1. Single mode fibres (SMF) and 2. Multimode fibres (MMF). ;

A single mode fibre (SMF) has a smaller core diameter and can support only one mode of

propagation. On the other hand, a multimode fibre (MMF) has a larger core diameter and supports
a number of modes.

Thus, on the whole, the optical fibres are classified into three types:
¢ Single mode step-index (SMF) fibre

e Multimode step-index (MMF) fibre

e Graded index (multimode) (GRIN) fibre.

C. Classification basing on materials: :

On the basis of materials used for core and cladding, optical fibres are classified into three
categories.

1. Glass/glass fibres (glass core with glass cladding)

2. Plastic/plastic fibres (plastic core with plastic cladding)

3. PCS fibres (polymer clad silica)
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