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Abstract— A new kind extremist flattened dispersion
Hexagonal structure photonic crystal fiber with two
different air-hole diameters in cladding regiompisjected
and the dispersion is investigated employing a -

D finite distinction frequency domain method withet
anisotropic perfectly matched layers (PML) absagbin
boundary conditions. The proposed result is through
numerical simulation and optimizing the geometrical
parameters like by changing the hole diameter ({i¢h

(7) photonic crystal fibers for the Hexagonal struetu
After analyzing all the result It has been dematstt
that it is possible to obtain zero dispersion in a
wavelength range of 1.5 to 2un with low confinement
losses from a six ring into which ring are desigraed
elliptic and circular.

Keywords— Effective Refractive Index @ff), Photonic
Crystal Fiber (PCF), Scalar Effective Index Method
(SEIM), Transparent Boundary Condition (TBC).

I.  INTRODUCTION

The Photonc crystal fibers (PCFs) have greater
advantages like as endlessly single-mode at all
different wavelengthand highly birefringent effect [1,
2]. On the other hand tailorable effective modal areas
and irregular dispersion at visible and near infrared
band [1] are also some other advantages. A
magnetic attraction field is often propagated wilv
loss once Photonic crystals typically contain iasod
materials that function electrical insulators. THeles
are approved in a lattice-like structure in thelatigic
and repetitive identically at regular interval winigs
known as a photonic band gap.

The lattice configuration holes could be of difiere
diameter or different shape. In PCFs is increditgl
for, over a broadband wavelength aim specific,
immoderate planar dispersion PCFs are essential for

optical information transmission systems [3]. Oa tther
hand, earlier designs are all based on triangutdtsPand
ultra flattened dispersion properties of squartelatPCFs
is very few on the report. Subsequently it is vesgential

to investigate ultra flattened dispersion in sqgtlatéce
PCFs [4]. In recent time the elliptic waveguide gy is
used to fabricate the crystal structure. We can ake
linear waveguide to design the squared shape [ijleln
this paper we used elliptic air holes. The Silisaaacore
material is extensively used for most of the PCEcstire
and the cladding is surrounded by the air holes thed
shape of the air holes can be designed by thetiellip
waveguide, linear waveguide and Arc waveguide [4, 1
In this work we use fused silica crown glass asenfat
Here we are using fused silica instead of pureasiiith
1% fluorine. A compact two-dimensional (2-D) finite
difference frequency alnain approach described in
with anisotropic perfectly matched layers (PML)
absorbing boundary conditions is used [1]. Thewdated
results show that our proposed PCF can simultahgous
realize ultra-flattened dispersion and low confiesin
losses in a wide wavelength range. It is relativethis
paper, we propose a new kind of Hexagonal structure
PCF with six rings air-holes.

. ADVANTAGES OF PCF

The PCF is having so many unique properties incbeair
the thought of Research paper from the last deesde
high birefringence, very high and low nonlinearity,
wideband dispersion [1,7] flattened characteristics
endlessly single mode guiding [8], fiber sensorsl fiber
lasers which are not realizable by conventionaicapt
fiber. Such as super prisms and three-dimensi@al) (
mirrors are perfect crystals and valuable for fedting
dispersive elements. The frequencies and directafns
propagating magnetic force waves make them especial

useful in optical telecommunications and as laser
applications.

Il TYPES OF LOSSESAND CALCULATION
Material dispersion: Due to the different group

velocities of various spectral components launcimd
the fiber from the optical source so that pulseademing
will occurs and produce material dispersion. It fres
once the part rate of the plane wave propagatinbinvi
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the insulator medium varies nonlinearly with wavejth
and a fabric is about to exhibit material disparg®, 11].

Waveguide dispersion: Determination of the distortion
in signals at the output of end is done by dispersi
which is an essential categorization factor of agdtfiber.
The actual information carrying capacity or biteraf the
optical fiber is accountable of affection. When we
examine the Dispersion gives an suggestion that the
distortion to optical signals occurs when signapgagate
down in the optical fibers while communication pges is
going on. An additional factor which affect is dela
distortion. For example, creates the broadening in
transmitted light pulses so that so that it willusa
restriction of the information carrying capacity tie
fiber [8].

In the case of digital communication due to att¢iona
and dispersion the sending light pulses get distioand
the light pulses become broadened in optical fiber
transmission. This phenomenon is known as Interbgym
interference (ISI) so that symbol will be overlagp®
each other. When at the receiver section decisiaking
mechanics is applied so that this section can rstamt
between to receive symbol and will produce error (0O
instant of or 1 instant of 0) [9]. The dispersidD) (is
proportional to the subsequent derivative of g with
esteem to the wavelengm) (Obtained as:

D =~ L [Re(neyy)]

Where Reij] is the real part ofie, A
c is the velocity of light in vacuum.

c d/’lz (Eq' 1)

is wavelength, and

The total dispersion is depends upon the calculaifahe
sum of the geometrical dispersion (or waveguide
dispersion) and the material dispersion obtained as

(Eq. 2)

Wherer is the confinement factor in material (if we use
Borosilicate crown glass), which is close to urfity the
most practical PCFs as the modal power is almost
confined in the material with high refractive index

DX) = Dy (%) +I'Drm ()

Confinement Loss: An additional imperative loss is
confinement or leakage loss originates from thétefin
width of the cladding structure. By selecting the
parametersl and A properly in PCFs we can formulate
confinement loss minor. On the other hand, for atime
core fibers wherever the core size is analogoisiginter

in dimension than the conceded light-weight wavegtien

a foremost involvement in full loss of the fibers i
accessible by the confinement loss [9]. Confinentess

is predominantly dominating within the wavelength
region attention grabbing for telecommunication
applications, as typically imperative negative aactdr
dispersion is absolute because of dispersion. Tlikeyb
negative conductor dispersion around 1550 nm may be
achieved by lease the sphere go through into theddsh
region, which consecutively provides rise to augmen
confinement loss. Low confinement loss may be acde

for small core PCFs by coming up with the fibershva
minimum of 6 rings of air holes for a closely padke
structure. Raising the amount of air hole ringsseag in
a supplementary reduced confinement loss (Eq.3)12D

Confinement Loss (dB/m) = 8.686 Ingfh] (Eq. 3)

Where I@— , A is wavelength of light andyg is the
effective refractlve index of the proposed.

V. PROPOSEDDESIGN

Table 1 Structure parameter of PCF for achieving
flattened dispersion for different structure.

Parameter(unit) Value
Pitch 2um
Holes diameter (d)ufn) Variable
Air fraction refractive index 1.0
Silica glass refractive index 1.458
Propagating wavelengtfuit) 1.55um
Number of rings in the cladding 6 Rings

Here | proposed three design structures which have
common design parameter except the diameter oflole
all the rings as shown in Table 1.

Design-1

[114dddLdd T

Figure 1 Proposed design PCF

Design-l
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Figure 2 Proposed design PCF
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Figure 3 Proposed design PCF

In my proposed work there is a comparison betwden a
the three designs is based on Total dispersioroledtic
dispersion) and Confinement loss as shown in Figure
The total dispersion or chromatic dispersion isstm of
waveguide dispersion and material dispersion.
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Figure 4 Flattened Dispersion comparison between
different proposed structures.

Also Figure 5 showing the confinement loss comparis
loss between all three structures.
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Figure 6 Confinement Loss comparisons for all three
proposed structure

V. RESULT

All the three Proposed PCF structure providesattethed
dispersion values. We have already shown that the
proposed PCF can exhibit almost zero dispersionogn
three structures, Design-Ill has nearly zero disiper at
1.55pm wavelength. For the confinement loss again
comparison between three structures, Design-lllegiv
minimum confinement loss below -0.03dB/km. In this
paper of the proposed PCF with six rings of arrbgio
holes is designed for investigation of almost zero
dispersion and minimum confinement loss with the
elliptic air holes but holes have different diamete

VI. CONCLUSION

According to above conclude result, so we obtaitied
the dispersion calculated for proposed photonicstaty
fiber using the Scalar index method gives bestltrésu
comparison of other structures. So that here wee hav
calculated the dispersion for various structureitosithows
that when we increase the diameter of holes both
Chromatic dispersion and Confinement loss are dsere
with comparison to other structure with less diaandiut
Pitch 2.00um is same for all and select total 6 layers,
gives best result. The fiber parameters are optichio
yield best agreement with available data

ACKNOWLEDGEMENTS

The author acknowledges to his co-authors for tkigid
support and help during the research on such type o
material. The author also thanks Mr. Himanshu Joshi

Page | 76



International Journal of Advanced Engineering Research and Science (IJAERS)

[Vol-2, Issue-3, March- 2015]
ISSN: 2349-6495

Asst. Professor, Head of ECE, Jagannath University,

Jaipur for his valuable efforts for preparation thie
manuscript

REFERENCE
[1] TAN Xiao-ling, GENG You-fu, TIAN Zhen, WANG
Peng and YAO “Study of ultra flattened dispersion
square-lattice photonic crystal fiber with low
confinement loss” in  OPTOELECTRONICS
LETTERS, Vol.5 No.2, ¥ March 2009.

[2] Jian Liang, Maojin Yun, Weijin Kong, Xin Sun,
Wenfei Zhang, Sixing Xi “Highly birefringent
photonic crystal fibers with flattened dispersiaomda
low effective mode area” in Elsevier GmbH 2011.

[3] Nghiem Xuan Tama, Yoshinori Namihirab, Nguyen
Hoang Hai, Md. Anwar Hossainb, Takuro Yasuib,
Hiroki Higab “Novel Design of Hybrid Cladding
Hexagonal-Octagonal Photonic Crystal Fiber with
Dispersion Control for Broadband Communication” in
the 2013 International Conference on Advanced
Technologies for Communications (ATC'13), ISSN-
978147991089, 2013 IEEE.

[4] A. H. Siddique, Redwan Ahmad, Sharafat Ali, M. A.
Islam, K. M. Nasim, E. Khandker, M. Samiul Habib
“Design of a Square Lattice Photonic Crystal Filzer f
Dispersion Compensation over Telecom Bands” in
2013 International Conference on Electrical
Information and Communication Technology (EICT),
ISSN-978147992299, 2013 IEEE.

[5] Nagesh Janrao, Vijay Janyani “Dispersion
Compensation Fiber using Square Hole PCF” in IEEE,
ISSN-978142449799.

[6] Jung-Sheng Chiang, Rui-Sheng Wang, Hsi-Cheng
Yang, Yu-Liand Chen “Analysis of Elliptical-Hole
Photonic Crystal Fiber" in " International
Symposium on Next-Generation Electronics (ISNE),
February 25-26 , Kaohsiung , Taiwan, ISSN-
9781978146733037, 2013 IEEE.

[7] Anand N., S.K. Sudheer, V.P. Mahadevan Pillai
“Design and Analysis of a Non Linear, Low
Confinement Loss Photonic Crystal Fiber with Liquid
Crystal and Air filled holes” in 2013 4th Internatil
Workshop on Fiber Optics in Access Network
(FOAN), ISSN-978147991505, 2013 IEEE.

[8] A. Bahrampour, A. ladicicco, E. foomezhi, Sh.
Momeni A.R. Bhrampour “Analysis of an Endlessly
Single-Mode Penrose-Tiling Photonic Quasicrystal
Fiber” in IEEE ISSN- 978147994818, 2014 IEEE.

[9] Md. Mahbub Hossain and Md. Maniruzzaman
“Analysis of Dispersion and Confinement Loss in
Photonic Crystal Fiber” in International Conference
on Electrical Engineering and Information &
Communication Technology (ICEEICT) 2014, ISSN-
978147994819, 2014 |IEEE.

[10] N.Muduli, G. Palai, S. K. Tripathy “Modeling a
Hexagonal Periodic Photonic Crystal Fiber for Optica
Communication” in International Conference on
Microelectronics, Communication and Renewable

Energy (ICMICR-2013), ISSN-978146735149, 2013
IEEE.

[11] Rifat Ahmmedl, Rajib Ahmed2, S. M. Abdur Razzak
“Design of Large Negative Dispersion and Modal
Analysis for Hexagonal, Square, FCC and BCC
Photonic Crystal Fibers” ifSSN-978147990400,
2013 IEEE.

[12] Md. Sharafat Alil, Aminul Islam, Redwan Ahmad,
A. H. Siddique, K M Nasim, M A G Khan, M Samiul
Habib “Design of Hybrid Photonic Crystal Fibers for
Tailoring Dispersion and Confinement Loss” in 2013
International Conference on Electrical Information
and Communication Technology (EICT),
978147992299, 2013 IEEE.

Khushbu Sharma received the B.E. degree in

Electronics & Communication Engineering in 2011
from Rajasthan Technical University, kota Rajasthan
and pursuing M.Tech. in Digital Communication

from RTU, kota. She is currently working as a
Assistant Professor in the department of E&C, Vedic
Gurukul Institute of institute of Engg. and Tech.,
Jaipur. Her current research includes photonictalys

fiber.

Page | 77



