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ABSTRACT

A photonic crystal fiber is a special class of filhich is made of a single material and havinghales in

the cladding. All the propagation characteristicgls as the effective index mode, confinement loss,
effective area, dispersion, mode field diameteplice loss, bending loss are studied by varying th
structural parameters. To achieve the light propagavith low confinement loss, high nonlinearitsgrge
negative dispersion, the proposed. Photonic cryf#tel structure is modeled using COMSOL 3.2a
simulation software and MATLAB 7 tool. The propagatcharacteristics are thus analyzed.

KEYWORDS: Photonic Crystal Fiber PCF, Micro-Sructured Fiber MF.

1-INTRODUCTION important role of confining the light in the core
which affects the propagation characteristics.

Optical fibers with silica-air microstructures le@l gecause of its ability to confine light in hollow

photonic crystal fibers (PCFs) have attracted Bores, PCF is now finding applications in fiber-

considerable amount of attention recently, becauggytic communications, fiber lasers, nonlinear

of their unique properties that are not realized igevices, high-power transmission, and highly

conventional optical fibers[1]. PCFs also calledsgpsitive gas sensors.

endlessly single mode fibers[4], which are also

called holey fibers or micro structured fibers, ar& STRUCTURAL DESIGN

divided into two different kinds of fibers[8]. The

first one guides light by total internal reflection2-1 Confinement L oss

between a solid core and a cladding region Witléonfinement loss is the light confinement abilit
multiple air-holes. On the other hand, the secon 9 y

- . ... within the core region and occurs in single materia
one uses a perfectly periodic structure exhibiting g g

photonic band gap (PBG) effect at the operatinﬂber.s' The mcre.ase .Of airhole r|ng-s help .the
. . . . onfinement of light in the core region, which
wavelength to guide light in a low index core . . .
. T . results in smaller losses than those with leshale
region[3], which is also called photonic band gap

fiber (PBGF). The distance between the holes pitcrﬁngs' The confinement loss is

and the diameter of the air holes d is termed as th 200 10°

structural parameter of the PCF[2] and the ratio d/ Le ~In(10) Ko IM[Neg] ------- @)

as air filing fraction. All the propagation '

characteristics can be controlled by the variatibn =8.686dM[Ne] - (1.1)

the structural parameters. The light in the fibdl w

be more confined in the core at the shortefit the shorter wavelength the light will be more
wavelengths and the light confinement in the coreonfined in the core part hence the confinement
can be increased by the increasing of the ainglli loss will be low and loss will increase as
ratio in the cladding. Structural parameter plays awavelength increases. Changing the air fillingarati
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causes the change in the confinement loss of t}l\eﬁ: (W IE “dxaly)? 4)
PCF.As the size of the air holes in the cladding pa | ERaway \

of PCF increases the modes tends to be more

confined in the core part and hence the confinemeWthere E is the transverse component of the electric
loss reduces.Hence confinement loss can Higld-

controlled by varying the air hole size in the

cladding part of photonic crystal fiber. 2.5 Spliceloss

Splicing PCF to other PCF or standard SMF is
important to many applications in optical

Dispersion is one of the major parameters foi€lécommunications and integrated sensor systems.
optical communication systems as it limits thelherefore, the evaluation of splice losses thatiocc

network capacity[7].Chromatic dispersion can p&lue to misalignment when two fibers are spliced, is

2.2 Dispersion

determined from effective index by an important.Lateral splice loss occurs when the
fiber is having some transverse offset betweern thei
1A (1) axis.The lateral or the transverse offset splics lo
AL ne A .
D(;;L) = — - - can be defined as follows
c di? ) 3
3 o _ 2
_ ;1"“'.1 11"13 e -.11': +11-‘§
A high negative dispersion could be achieved b Toser = 7, o2

varying the structural parameters.[6] { e JRLL )

2.3 ModeField Diameter and Spot Size:
where the wl and w2 are the spot sizes of the

Mode field diameter is the charactersics of a fibefibers which are going to be spliced andig the
which describes the confinement of mode or lightransverse offset between these fibers.

in the core part of an optical fiber.By using the

Marcuse formula. 2.6 Bending loss

WM = ( 0.650 + 1.619/V? + 2.879/\V)ay....(3.1)  Optical fiber suffers radiation losses on the bend
and curves on their path.This is due to the energy
Where V the normalised frequency is given by in the evanescent field at bend exceeding th
o . ] velocity of light in the cladding and hendee
Veff:_T._laeff Y Mep™ =M™ --mmmmm- (3.2) guiding mechanism is inhibited which causes light
energy to be radiated from the fiber.
Where WM is half of the mode field diameter
which is called effective modal spot.Due to thehhig
index contrast between the air holes, PCF offers
small MFD compare to the conventional optica
fiber. Less MFD is useful for broadband supe
continuum and in soliton pulse generation.

The part of the mode in the cladding outside
tge dashed arrow line may be required to travel
raster then the velocity of the light in order to

Fnaintain a plane wave front as this is not possible
hence the energy associated through this parsis lo
through radiation.

2.4 Effective Area _ . L
Bending loss in the PCF is given as

Effective area determines the optical performance
of microstructured fiber. The effective area is at : ,_W”s
important parameter of non linearity in PCF[5]. In P p Ly ! 1\ (ﬁ)
PCF, the effective area is lower compared to th BEﬁleSS( ) 4343 (, - )(,—) EJ’P‘WW
standard fibers. The optical nonlinearity alsc ! fe Vyghllg)) Wy
depends on the power density. The effective mode

area is given by

-(6)
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nef Jfuy(S=1.430805 S face: Power flcw, tme average, 2 com ponent [Wj7] Har: 0452
3. NUMERICAL RESULTS .

The modelling and simulations of proposec
photonic crystal fiber structure with  different
structural parameters have been carried out
Finite element method (FEM) with perfectly
matched layers (PML) using comsol and matlal :
software. The results are discussed in thi
section.We have discussed two structural paramet
with air filling ratio d/p as 0.5 and 0.7 at 1006
respectively.

3.1 Effective Index Of Fundamental Guided

Mode: ° _ o _
Fig 3.2Variation of neff with wavelength

The Figure 3.1 shows the electric field pattern of

PCF for d/p ratio of 0.5 at 1000nm.we can see th a5~ Conementlose Vs amde :
light more confined in the core part of the PCF
From Fig 3.2 we can see that the variation ¢
effective index with wavelength and observe tha
effective index decreases for increase in waveleng
from 0.4 to 2um. It is clear from this figure thit
shorter wavelength the modes tends to be mo
confined in the core part due to its waveguidt
structure. The effective index also decreases wil
increase in d/p value .

confinement loss

neff

o neff v's lamda T 09 1 11 12 13 14 15 18 17 18
i T T T T ‘d; : wavelength(um)
—4— dip=.
144 dip=17
0 Figure 3.3 Confinement loss with wavelength
14l i Figure 3.3 shows variation of confinement loss

with wavelength and we observe that confinement
loss becomes less for high values of d/p=0.7.From
135l i 0.8um to 1.2um the confinement loss is nearly zero
for d/p value of 0.7

134+ k
mfd /s lamda
24 T T T T T T T
132 7 1
—dip=7
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Figure 3.1 Electric field pattern of PCF with filling

factor of 0.5 at 1000nm
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Figure 3.4 Mode field diameter with wavelength
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Figure 3.4 shows variation of mode field diameteof 0.4 um to 1.7um.For d/p value of 0.5 the value
with wavelength and for high values of d/p=0.7still decreases.
mode field diameter varies from 1 to 1.5 for

PETE bending loss v/s Rc
wavelength range of 0.4 um to 1.7um.But for 23 - ——
d/p=0.5 the mode field diameter varies from 1.2 um  22f
to 2 um. 21
2,
AREA v/s lamda
E‘ T T T T T 3 19_
—*—df’p:,ﬁ =
55 Up=T7] £ 18¢
g 1?,
5_
161
45
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3F
25 Figure3.7 Bending loss variation with wavelength
2t . L . .
Figure 3.7 shows variation of bending loss with
Wi 06 08 1 12 14 15 18 2 radius of curvature. For d/p=0.7 bending loss

wavelength(um)

decreases from 0.01 to 0.02 of radius of curvature

Figure 3.5 Effective area with wavelength

dispersion /s lamda

Figure 3.5 shows effective area with wavelength
and we observe that effective area increases ¥or lo
values of d/p=0.5.The effective area for 1000 nm is

3.5 unifor a d/p ratio of 0.5
ratio of 0.7.

splice loss w's lamda

and 2.2 jinfor d/p

dispersion
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Figure 3.8 Dispersion variation with wavelength

Figure 3.8 which shows variation of wave guide
dispersion with wavelength .It is seen that with t
structure designed we could achieve a  high

|
12
wavelength{um)

Figure 3.6 Splice loss variatio

negative dispersion. For high values of d/p=0.7
dispersion becomes more negative for wavelength

, between range of 0.4 pmto 1.7um.
n with waveldngt

4. CONCLUSION

Figure 3.6 which shows variation of splice loss

with wavelength .For d/p=0.7 splice loss variegy varying the structural parameters, propagation
from 1.7 and decreases to 1.1 for wavelength rang@aracteristics such as, dispersion, confinement
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loss, effective area, splice loss, bending loss are dispersion. Optics & Laser Technology 38
determined and presented for PCF by using finite (2006) 169-172.

element-based approach. As the wavelengf{l8]. Philip St. J. Russel, "Photonic-Crystal Fibers",
decreases the mode will be more confined in the Journal of Lightwave Technologypl. 24, No.
core area of the PCF.Increase in the value of air 12, pp. 4729-4749, December 2006.

filling factor the mode effective index decreases

thus the light will be confined in the core area

mode. Hence cladding parameters controlling is

important to confine light in the core part. The

small air holes in the cladding region of the

photonic crystal fiber gives large negative

dispersion, low attenuation, low transverse offset

splice losses while on increasing the air holessize

confinement loss can be reduced.
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