Lect. 15: Optical Fiber

Optical Fiber: Circular dielectric waveguide made of silica (SiO,)
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What is special about fiber?
— Extremely low loss: 0.2dB/km
— Can be very long: 100’s of km
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Lect. 15: Optical Fiber

Buffer tube: d = 1mm

A
o Protective polymerinc coating
i _ Cladding: d = 125 - 150 um
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Ny ~ Core:d= 8-10um
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Lect. 15: Optical Fiber

Vapors: SiCl , + GeCl, + O,
Fuel: H,

Burner

Deposited soot

Target rod

Deposited Ge doped SiO , Rotate mandrel

(@)

SiCl, + 0, ->Si0, + 2Cl,
GeC|4 + 02 _>GeOZ + 2C|2
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Drying gases

Porous soot
ﬂ preform with hole
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Sintering at 1400-1600 deg C




Lect. 15: Optical Fiber

Preform feed l/

Furnace

Thickness
monitoring gauge

Polymer coater —Ej

Ultraviolet light or furnace —
for curing

Take-up drum  (“¢"Y®) Capstan
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Lect. 15: Optical Fiber
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Solving for guided modes for circular LP>;
dielectric waveguide problem in (r, f, 2) 04 —
coordinate is very complicated. LPy,
(Project topic)

0.2 7
It can be shown that with a little
approximation, LP (linearly polarized) mode 0 — T ; T . T —=> \/
solutions are obtained. o 1 2 T 3 4 g5 6

. 2.405
E.=E_(r,¢)e V =k.a(n?-n,2)’

(a: fiber core radius)
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Lect. 15: Optical Fiber

(a) The electric field (b) The intensity in  (c) The intensity (d) The intensity

of the fundamental the fundamental in LPq4 in LP,;
mode mode LPgy;
Core
Cladding

For LP,,, mode,
m maxima along r,
! . r 2l maxima along ¢
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Lect. 15: Optical Fiber

Loss in fiber
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Lect. 15: Optical Fiber

Lattice Absorption:
EM waves cause vibration of ions inside fiber.
Peak absorption occurs at around A= 9 um in Silica fiber.

Si and O ions
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Lect. 15: Optical Fiber

Rayleigh scattering
A small portion of EM waves get directed away from small dielectric particles

that are due local fluctuation of fiber refractive index.
More scattering with smaller wavelength (inversely proportional to A3).

A dielectric particle smaller than wavelength

Incident wave Through wave

Scattered waves
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Lect. 15: Optical Fiber

Homework (Optional): Prob. 1 in 2003 Z & X} Test 2

A fiber has its core refractive index given as n¢(z) = ng + An sin[(2x/d) z) as

shown below.

1'}.,1#

\ n, =1.497
_ . 2T ) "
() ) m =15 +én‘sm(72)._ core radius: Sym
[Py
/ O —
L2,
- — 0.6 -
LP,,
(a)(10) Using the attached fiber b—V diagram, determine the approximate M |
value of the effective index for the fundamental guided mode. Assume An = ’ Ll’m
0, the cladding layer is infinitely thick and 2=1.5um. m—_
(b)(10) With a very small amount of An so that the effective index of the
guided mode does not change from the value obtained in (a), the fiber can O I
reflect light having a specific wavelength of 1.5um. Determine the numerical &

== value d (with its unit) so that the reflection efficiency is highest.
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