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Design of an Elliptical hybrid cladding Borosilicate
PCF for Flattened Dispersion and Confinement Loss
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Abstract— The photonic crystal fibres (PCF) are more better
than conventional optical fiber. In this paper we proposed a new
design of photonic crystal fiber using borosilicate material.
Triangular lattice is used with linear and elliptical waveguide in
cladding. The PCF are very useful for optical transmission. For
better transmission, ultra flattened dispersion or near to zero
dispersion is desirable. Finite Difference Time Domain (FDTD)
method and transparent boundary condition (TBC) is used to
evaluate the dispersion property in a high-index core PCF.
Through reproduction and optimizing the PCF, we find that the
projected photonic crystal fibres give flattened dispersion in
wavelength range of 0.5pm to 2.0 pm. This method produced
best result at third attenuation coordinate (1.55pm) over 1.4 pm
to 1.8 pm wavelength range and found the dispersion and ultra
flattened that has better performance than conventional
photonic crystal. PCF can be used as a dispersion compensating
fiber in optical window with high potential.

Index Terms—Chromatic dispersion, photonic crystal,
square lattice, Effective Refractive Index (neff), Finite
Difference Time Domain (FDTD) method, Transparent
Boundary Condition (TBC)

I. INTRODUCTION

Optical fiber is frequently used in wavelength division
multiplexing (WDM) network for optical data transmission.
In WDM communication systems, it is fundamental to
maintain a identical response in the different wavelength
channels, which requires that the transmission line proceed
the ideal state of ultra flattened dispersion and ultra-low loss
[1] .But stretchy dispersion or victims in optical fiber have
been become a major problem in high bit rate wavelength
division multiplexing optical communication systems. The
dispersion is a incident that causes to broaden optical pulses,
when they extend in the optical fibers [2]. So when a pulse
come to receiver, it is not possible to distinguish whether it
high or low. The inter symbol interference (ISI) can occur
between the bits in communication channel, by transmission
process & communication process superiority [3] [4].
Because of this, zero and flat dispersion slope with low losses

are needed in high speed optical communication. Thus, a new
technology of manufacturing photonic crystals has led to a
new generation of optical fibers, namely Photonic Crystal
Fibers [5]. The PCF has some features such as convenient
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dispersion, very low confinement loss and elastic design. The
photonic crystal fibers (PCFs) are also called microstructures
fibers or holey fibers. The photonic crystal fiber structure is
formed by a core and a cladding [6]. The cladding is two
dimensional photonic crystal types consisting of air holes that
run along the fiber length show exceptional properties [7].
Light guidance in PCFs is depending on the core and cladding
photonic crystal materials. The refractive index difference
between the core and cladding is always positive in
index-guiding PCF [8]. It can be possible by choosing a core
material with a higher refractive index than the cladding
refractive index. The photonic crystal fiber is also known as
solid core photonic crystal fiber. These fibers guide light
through a form of total internal reflection (TIR).The refractive
index of the cladding is higher than refractive index of the
core in the fibers with air core. However, in fibers with air
core, TIR is not possible. So light guidance in these fibers
attained by coherent Bragg scattering, where light at
wavelengths within well-defined stop bands is forbidden from
propagating in the photonic crystal cladding and is confined
to a central defect[7]-[8] .Only some wavelength bands are
confined and guided down the fiber. Each band corresponds
to the presence of a full two-dimensional PBG in the photonic
crystal cladding. For this cause, these fibers are called
photonic band gap fibers (PBGFs) or hollow core fibers in
which light is guided in a low-index core by the PBG effect.
Falling dispersion & confinement loss are main aim to
designing PCF’s. To designing PCF’s, multiple parameters
can change such as diameter & shape of the holes, the number
of air hole ring and the spacing between these holes. Many
designs of PCF’s have been projected for the nearly zero
ultra-flattened chromatic dispersion and low confinement
loss.

Il. THEORY OF DISPERSION

The dispersion (D) is proportional to the second derivative of
the effective refractive index (neff) with respect to the
wavelength (A) obtained as:
5 A ds .
= ~() =z [Reln; )]

Where Re [neff] is the real part of the effective refractive
index, A is wavelength, and c is the velocity of light in space.
The total dispersion is calculated as the sum of the waveguide
dispersion and the material dispersion obtained as:

D (A) = DM + DW
Where DM is the material dispersion and DW is the
waveguide dispersion. The value of material dispersion is

depending on value of effective refractive index of the
material. The effective refractive index is directly obtained
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from the three-term Sellmeier formula [6].
NP=1+HAR) (A + (AAD/(Pho)+ (Asd2)/(AAa)

Where A is operating wavelength in pm and Ay, A4, Ay, Ay, Ag,
A3 are the sellemeier constants which changes with the
material properties. The sellemeier constants are different for
different material. For Borosilicate Crown Glass sellemeier
constants are:

A;=1.03961212 M= 0.774642 pm

A,=0.231792344 2,=0.141484677 pm

A;=1.01046945 2A3=10.1764753 pm

Material Dispersion refers to the wavelength dependence of
the refractive index of the material caused by the interaction
between the optical ions in the material. Refractive index of
the air hole is one. Material dispersion remains unchanged for
different lattice structure of designed PCFs.

Confinement Loss: An additional imperative loss is
confinement or leakage loss [1-5] [9-11] originates from the
finite width of the cladding structure. By selecting the
parameters d and A properly in PCFs we can formulate
confinement loss minor. Low confinement loss may be
achieved for small core PCFs by coming up with the fibers
with a minimum of 6 rings of air holes for a closely packed
structure. Raising the amount of air hole rings ends up in a
supplementary reduced confinement loss [1][3][4-5] [9-10]

Cor]finement Loss (dB/m) = 8.686 Im[Kq*1es]
Where ko=—, A is wavelength of light and n is the effective
refractive index of the proposed.

I1l. DESIGN PARAMETER AND SIMULATION

RESULT

The new design of the photonic crystal fiber is shown in
Figure 1 to Figure 3. In this design triangular lattice is used of
borosilicate crown glass with1.5168 refractive index and the
refractive index of the air hole is 1.0. The cladding in this PCF
is poised by linear waveguide and elliptical waveguide with
circular and elliptical air holes. This PCF structure is made up
of six layer hexagonal lattice structure. The spacing between
the centers of adjacent holes, A is 2um.

a. Configuration 1:

The PCF structure is made up of six layer hexagonal lattice
structure with inner two layer is circular holes which d=0.6
pm, third layer major axis 0.6 um and minor axis 0.8 pm,
forth layer is elliptical where a (major axis) =1.0 pm, b(minor
axis)=0.8 um and 5,6 layer is d=1.0 pm.

b. Configuration 2:

The PCF structure is made up of six layer hexagonal lattice
structure with inner 2 layer is circular holes which d=0.6 pm,
third layer change into elliptical holes which d of major
axis=0.6 pm and minor axis =0.8 um, forth layer major axis is
d=0.8 um and minor axis is d=1.0 um, fifth and sixth layer
d=1.0 pm.
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c. Configuration 3(proposed model):

The PCF structure is made up of six layer hexagonal lattice
structure with inner 2 layer is circular holes which d=0.6 um,
third layer major axis=0.8 pm and minor axis =0.6 pum, forth
layer major axis is d=1.2 pm and minor axis is d=0.8 um, fifth
layer major axis d=1.0 um and minor axis 0.8 pum, sixth layer
d=1.0 um.

Note: According to our design configuration the best one is
configuration 3.
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Fig. 1 Air-hole distribution of the Proposed Hybrid Structure
for Design-3

IV. RESULT

In the proposed work there is a comparison between all the
three designs is based on Total dispersion (chromatic
dispersion) as shown in Figure 2 and Confinement loss as
shown in Figure 3. The total dispersion or chromatic
dispersion is the sum of waveguide dispersion and material
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Fig. 2 Comparison of Chromatic dispersion for Design-1
to Design-3

Q

dispersion. For above all the Design-1 to Design-3, we can
conclude that design-3 gives more flatten dispersion in range
1.4 pm to 1.8 pm wavelength as compare to other two
designs. So that Design-3 is proposed design for the zero
order dispersion as shown in Fig 1.
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Fig. 3 Comparison of Confinement Loss for Design-1 to
Design-3

Table 1 Comparison between Proposed Design-3 with
Reference Paper-1

Flatten dispersion in | Confinement Loss
Design | wavelength 1.4to 1.8 | in wavelength 1.4 to
pm 1.8 um
-4.50 to +5.0
Ref-1 (ps/(nm-km))) NA
Propose 1.89104.3 10.01091 to -0.04334
Design-3 (ps/(nm-km))) dB/km

For above the Design-3 and reference paper-1, we can
conclude that Design-3 gives flattened dispersion, zero order
dispersion and low confinement loss in the range 1.4 um to
1.8 um as compare to design of reference paper-1 so that
design-3 is proposed design.

V. CONCLUSION
According to our configurations the best one is configuration
3 that structure simulations results get zero dispersion at
1.55um and ultra flattened and low confinement over 1.4um to
1.8um wavelength range that has better performance than
conventional photonic crystal fiber. We can use Borosilicate
crown glass as a core material on the place of silica glass
because Borosilicate crown glass has good properties (like
cheaper, good transmission, easy availability) and BK7 is
very good transmission down to 400 nm.

REFERENCE

[1]  Shumaila Akbar, Dr.NavneetAgarwal, Dr.Suriti Gupta “Elliptical
hybrid cladding Borosilicate photonic crystal fiber Design for
minimum chromatic dispersion” in IEEE, ISSN No.- 978147993156,
in the year 2014.

[2] Sh. Mohammad nejad, M. Aliramezani and M. Pourmahyabadi
“Novel Design of an Octagonal Photonic Crystal Fiber with
Ultra-Flattened Dispersion and Ultra-Low Loss” Third International
Conference on Broadband Communications, Information
Technology & Biomedical Applications, IEEE computer society,
ISSN No. 9780769534534 , Dec. 2008.

[31 S.S. Mishra and Vinod K. Singh “Highly birefringent photonic
crystal fiber with low confinement loss at wavelength 1.55pum”
Elsevier GmbH, Dec. 2010.

[4] M. Pourmahyabadi and Sh. Mohammad nejad “Design of Single
Mode Photonic Crystal Fibers with Low-Loss and Flattened
Dispersion at 1.55um Wavelength”

15

ISSN: 2394-3661, Volume-2, Issue-7, July 2015

[5] TAN Xiao-ling, GENG You-fu, TIAN Zhen, WANG Peng, and
YAO Jian quan “Study of ultraflattened dispersion square-lattice
photonic crystal fiber with low confinement loss” OptoElectronics
Letters, VVol.5 No.2, 1*March 2009.

[6] Jingyuan Wang, Chun Jiang, Weisheng Hu, Mingyi Gao and
Hongliang Ren “Dispersion and polarization properties of elliptical
air-hole-containing photonic crystal fibers” science direct Optics &
Laser Technology Elsevier, 2007.

[7] Jung-Sheng Chiang, Rui-Sheng Wang, Hsi-Cheng Yang and
Yu-Liand Chen “Analysis of Elliptical-Hole Photonic Crystal Fiber”
2nd International Symposium on Next-Generation Electronics
(ISNE) IEEE, Kaohsiung, Taiwan, ISSN No. 9781978146733037,
Feb. 2013.

[8] Nagesh Janrao, Vijay Janyani “Dispersion Compensation Fiber
using Square Hole PCF” IEEE, ISSN No. 9781424497997, 2011.

[9] Md. Sharafat Ali, Aminul Islam, Redwan Ahmad, A. H. Siddique,
K M Nasim, M A G Khan and M Samiul Habib “Design of Hybrid
Photonic Crystal Fibers for Tailoring Dispersion and Confi7nement
Loss” International Conference on Electrical Information and
Communication Technology (EICT), ISSN No. 9781479922994,
2013.

[10] N.Muduli, G.Palai and S.K.Tripathy “Modeling a Hexagonal Periodic
Photonic Crystal Fiber for Optical Communication” International
Conference on Microelectronics, Communication and Renewable
Energy (ICMiCR-2013) IEEE, ISSN No. 9781467351492, 2013.

[11] Marcos A. R. Franco, Valdir A. Serrdo, and Francisco Sircilli
“Microstructured  Optical Fiber for Residual Dispersion
Compensation Over S+C+L+U Wavelength Bands” IEEE Photonics
Technology Letters, VOL. 20, NO. 9, ISSN No. 10411135, 2008
IEEE MAY 1, 2008.

Kriti Parashar, Student of M.Tech in Jagan Nath University, Jaipur. |
have completed my M.Tech (VLSI) in 2015 from Jagan Nath University and
B.Tech degree in 2013 from Rajasthan Technical University. | am currently
working in the VLSI field.

Himanshu Joshi, Assistant Professor Department of ECE in Jagannath
University, Jaipur, India. He has completed his M.Tech (VLSI and
Embedded system) in 2011 from Gyan Vihar University, Jaipur, and B.E
degree in 2007 from Rajasthan University. He is currently working in the
VLSI and Communication Field.

Ramesh Bharti, Associate Professor Department of ECE in Jagannath
University, Jaipur. He is currently pursuing PhD from Jagan Nath
University. He has completed his M.Tech (ECE) in 2010 from MNIT Jaipur,
and B.E degree in 2004 from Rajasthan University. He is currently working
in the wireless communication.

Khushbu Sharma received the M.Tech. degree in Digital
Communication in 2015 from RTU, kota and B.E. degree in Electronics &
Communication Engineering in 2011 from Rajasthan Technical University,
Kota Rajasthan. She is currently working as Assistant Professor in the
department of E&C, Vedic Gurukul Institute of Engg. and Tech., Jaipur. Her
current research includes photonic crystal fiber.

WwWWw.ijeas.org



