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Fiber structure : Step Index, Graded
Index Fibers, Modal Theory
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* Step-Index Fiber

— n, = constant (cladding)
— n, = constant (core)

r<a= n(r)=n, =n(0)

>n(T) r>a=n(r)=nll-Al=n,




e Graded Index Fiber

— n, = constant (cladding)
— ny =n(r) variable! (core)
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C N\ . : r<a=n(r)= n(O)(l — 2A|\;
( ) , — n(r)

n, r>a= n(r)=n0)[1-2A]" =n,
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_ 2@ =n; [p©)=n,][n©)+n,] n©0)-n,
T 220 2-n2(0) n(0)
since n(0)+n, =2-n(0)
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¢+ Index profile parameter “g

7

g =2 = parabolic profile (approximaely)

g —>wo=IF: r<a:>(r/a)® —0
g=0=>n(r)=n, Itdoesnotwork asa guidé
g =1= n(r) straight:triangular profile (approx)
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* Modal Theory

— Maxwell egs.
— Wave eqrNIODES medium
— MODES: different ways for light to propagate

— Number of solutions —depends on

°ny, my
A
* a (core radius), diameter @ = 2a



Vo= 2na [ 2 SI: Step Index
st Ty 12

V., = 27;_61 \/[nl (O)]z _ni Gl: Graded Index

Fiber types: according to the number of propagating modes
SINGLE-MODE: M =1
MULTIMODE: M > 1




SINGLE-MODE

small core
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STEP INDEX n
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Itis not manufactured n,
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 Ray Theory

— Core: carries light
— Cladding: confines light into the core

— In order to propagate light
* Air/core interface: refraction (lighting horizontally)

* Core/cladding interface: reflection (n; > n,)

LOST LOST
(reflection) (refraction)

PROPAGATED
(reflection)




* Critical Angle —to propagate light

RAZING
EFRACTION

A0

0,: limit angle of propagation

0o : limit angle of acceptance
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nsinb, =n,1=0, = arcsm(—zJ
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nysinoLy, =n, sin(90—9L)= n cos(@L)
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Numerical Aperture
Light capturing ability of the fiber

Step-Index Fiber

0, = arcsin’/&w [
AN =n cos{arcsm| —w =n,cos@,)

sino,, = Lcosh,

n /
0wl ’ cos@, )= /1-sin’
S




AN=n, () = [n?-n
\ _ \/nl_n2,n1+n2
r AN =n,

n, n,

AN, ~ n,\JA-2 = n(0)\2A

Graded Index Fiber —same expression is applied

AN (1) = \/n}(r)—n}

VvV~

12 12
[ r)e | i A\
n(r) =n(0)[1—2A - J AN ,;(r) = n(o)v_() :
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e Ray Paths

— Sl Fiber
 Straight line paths
Modo meridional city (n, constant)

/\

Modo no meridional

Modo meridional

é\_} iths

prad¥l0do no meridional




