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Modes

% One of the most important characteristics used to distinguish
types of fiber is the number of potential paths light can take
through it.

** It may seem that light would go straight through the fiber
core, following all of its curves, until it comes out the other
end.
2 The light itself is a complex combination of electrical and
| getic waves, and théimwavelengths can be many

time n'the core ofthe fiber.
% Lighte lal paths, or modes it can
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The wavelength can

be measured from any
point to the identical
point on the next wave

ey

= Light travels as waves of
energy.

= Waves of light have different
wavelengths (the distance
between the top of one wave
and the top of the next).

= "Different colors of light have AREILY

different wavelengths. A
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Total internal reflection

* Total internal reflection (TIR) is the basis

for fiber optic transmission

depends on the principle that light passing
through a medium of a given
will be reflected off the interface with a medium of a
lower if it hits the interface at or

above.the Critical anqle, which is determined

Cos Cladding by the difference between the refractive indices of the

two media. ‘
v' So, optical fiber is manufactured with a'€eke having an

slightly higher than that of the cladding suffewnding

LightRays  Total Internal Reflection
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v As a result, light entering the end of the fiber will be
reflected off the interface Wlth the claddmg anduided
through the fiber.



* This angle of incidence is known as the

, It Is the largest angle of incidence for
which refraction can still occur.

* For any angle of incidence greater than the
~. critical angle, light will undergo total internal

.
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When the angle of modence equal ‘When the angle of Inodence is
the oitical angle, the angle of greater than the oitical angle, all
refraction is M-degreas, the light undergnes reflection.
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* The number of modes possible in a length of fiber
depends on the diameter of the core,

the wavelength of the light, and the core’s
numerical aperture.
» The numerical aperture can be calculated using
ihis formula:

NA=,/n? core — n? cladding
For example, if
has an F




Refractive Index Profiles

* What happens when the light rays entering
a fiber take slightly different paths, some
entering at sharper angles, some at
shallower angles?

\e:;,;he light can follow modes ranging from a
‘Stiaight line through the fiber

to a low numberefreflections

to a high number of reflections




. defines the
relationship between the refractive index of the
core and that of the cladding.

 There are two criteria used to define the
relationship: , which
describes the interface between the core and

".s{_one re active index
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* |If the fiber has a large enough diameter, there is
room for the light to take a number of different
possible paths, or modes, by way of reflection
This Is referred to as fiber.

There are threeymain refractive index profiles




Dispersion

* Dispersion is the spreading of light as it
travels away from its source.
* The light spreads because different
components.of it travel at slightly different
velocmes dep ading on the conditions In
] which 1t IS traveling
S thamake up the




Continue

v There are different kinds of dispersion, however,
and the kind that is taking place depends on
several factors in the fiber and in the light itself.

v' The greatest effect of dispersion is that as the
light spreads, it\can degrade or destroy the
distinct pulses of the digital signals in the light by
2peveriap-eaeh other.
NS more pronobmced as the
travels increasesm o
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v To prevent signal loss due to dispersion, it is
necessary to keep the pulses far enough apart
to ensure that they do not overlap.

v This limits the signals to a bit rate that is low
enough to be only minimally affected.
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v" The types of dispersion that affect optical fiber
are:

Modal dispersion
Material dispersion
Waveguide dispersion

() () C ela.



Modal dispersion

¢ results from light taking different paths, or modes,
as it passes through the fiber
v" The number of modes the light can take is determined by the
, the
, and the :
« The ray that goes straight down the center of the core
without reflectingparrives at the other end first, other
ays arrive later. Thusylight entering the fiber at the same
Xitsthe other end.atialifferent times. The light has

ULk 111 e-

he spreading of ligh ‘

spersion in

jominant source of

v Modal dispersion does not e
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* Modal dispersion comes from the fact that
the index profile of the multimode fiber Is
not perfect.

* Depending on the mode, some parts of the
light will pass, through the fiber more
mAuickly than oth DS .

- Ime can cause
the hht pulses tooverlap each
eme : Cases to arfivein a
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v The graded index profile was chosen to theoretically
allow all modes to have the same group velocity or
transit speed along the length of the fiber.

v' By making the outer parts of the core a lower index of
refraction than the inner parts of the core, the higher
order modes speed up as they go away from the center
of the core, compensating for their longer path lengths.

\/ The formula.for determining the —_—
refractive index of a material: e ,

where is the refractive index,
IS the speed of light in a vacuum, and

“light through the material’
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* Methods for overcoming modal dispersion
Include:

Increases the gap between bits
In the signal.

« While dlsperS|on vilh still affect them, they will not overlap
ae _another, and will sti 0e usable

. 48 [RUIE 10this a reduction in bandwidth,
"‘blllty to c ata.

Grad ed index fiber? Ml




