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Light guidance in PCFs are by total internal reflection (TIR)
and photonic band gap (PBG) effect, depending on the core
and cladding photonic crystal materials. In index-guiding
PCFs [10], the refractive index difference between the core
and cladding is always positive, by choosing a core material
with a higher refractive index than the cladding refractive
index. These fibers, also known as solid core PCFs that
guide light through a form of total internal reflection (TIR).
However, in fibers with air core, the refractive index of the
cladding is higher than that of the core, TIR is not possible,
so light guidance is attained by coherent Bragg scattering,
where light at wavelengths within well-defined stop bands is
prohibited from propagating in the photonic crystal cladding
and is confined to a central defect [11]. Only certain
wavelength bands are confined and guided down the fiber.
Each band corresponds to the presence of a full twodimensional PBG in the photonic crystal cladding. For this
reason, these fibers are called photonic bandgap fibers
(PBGFs) or hollow core fibers in which light is guided in a
low-index core by the PBG effect. Due to limitations in
choosing the wavelength of light in hollow core fibers, the
proposed PCFs in this paper are of the solid-core type.
Design parameters of the cladding, which offer the design
flexibility in these fibers, include the air-holes dimensions
(d), the spacing between two adjacent holes or pitch (Ʌ),
number of rings (N), and arrangement of the holes. Through
optimizing these design parameters, we can alter and
improve the propagation characteristics in a PCF according
to its application. One of the unique, most desirable features
of PCF, which makes it a proper choice for optical
communication applications, is that low flattened dispersion,
low confinement loss and high birefringence in this paper is
attainable at the same time.
Three main parameters investigated in this paper are
dispersion, confinement loss and birefringence.
Chromatic dispersion [12-13] is the main contribute to the
optical pulse broadening. Chromatic dispersion is caused by
combined effects of material and waveguide dispersion.
Control of the chromatic dispersion in PCFs is essential for
practical applications in optical communication systems,
dispersion compensation and linear/nonlinear optics. The
chromatic dispersion is calculated as:
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I. INTRODUCTION
In recent years, several hundreds of Gbps based dense
wavelength division multiplexing (WDM) optical
transmission systems are successfully introduced in the field
of optical communication [1]. So flexible dispersion or
losses control in optical fibers at a desired spectral range
have been become a major issue in high bit rate long haul
wavelength division multiplexing optical communication
systems [2]. The intersymbol interference (ISI) between
successive bits in communication channel can occur by
linearly accumulated chromatic dispersion along the
transmission channel, which can significantly affects the
communication quality [2]. Since in high speed optical
communication, zero and flat dispersion slope with low
losses are needed. Thus, in recent years, researchers and
engineers focused on new fibers called photonic crystal
fibers (PCFs) because of its unique features such as
controllable dispersion, very low confinement loss, small
bending radius and flexible design [3-8]. The photonic
crystal fibers (PCFs) are new class of fibers which are also
called microstructures fibers or holey fibers, their structures
comprise a core and a cladding, but the cladding is two
dimensional photonic crystal types consisting of air holes
that run along the fiber length show unique properties [3].
Photonic crystals rely on regular morphological
microstructure, incorporated into the material, which
radically alters its optical properties [9].
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Where c is the velocity of light in vacuum, λ is light
wavelength in term of μm and Re(neff ) is the real part of the
complex effective index neff , which is calculated from
Maxwell’s equation using FDTD tool.
Material dispersion refers to the wavelength dependence
of the refractive index of material caused by the interaction
between the optical mode and ions, molecules or electrons
in the material which is directly included in the calculation
given by Sellmeier’s formula[14-15].
The confinement loss [16-17] due to the finite extent of
cladding is calculated from the imaginary part (Im) of the
complex effective index neff , using the following equation:
40π
dB
Conf. Loss =
Im neff = 8.686k 0 Im neff
ln 10 λ

Figure 2, below shows the dependence of chromatic
dispersion with the wavelength for both polarizations. Thus
from this it can be observed that the value of chromatic
dispersion for y-polarized mode is higher than the xpolarization mode. The value of chromatic dispersion for xpolarized mode is 10.661173ps/nm-km and for y-polarized
mode is 18.741763ps/nm-km is observed at 1.5μm
wavelength.
Figure 3, below shows the variation of confinement loss
with wavelength for both polarization modes. Thus from this
curve, it is observed that confinement loss for y-polarized
mode is lower than the confinement loss of x-polarized
mode. The value of confinement loss for x-polarized mode
is 0.001128db/km and for y-polarized mode is 0.0012dB/km at 1.5μm wavelength.
Thus result observed from figure 2 and figure 3 shows that
x-polarized mode shows lower chromatic dispersion but
higher confinement loss compare to y-polarized mode.
Figure 4, shows the dependence of birefringence with
wavelength for proposed PCF. Since birefringence is the
effective index difference between these two polarization
modes, thus it is observed that modal birefringence increases
with increase in wavelength and it give maximum
birefringence value is 0.00121985.

m

(2)
Birefringence [18-20] is defined as a difference between
effective refractive indices of two fundamental polarization
modes and can be written as
B = nx − ny
(3)
Where nx and ny are the effective refractive indices of
each fundamental mode. The purpose of constructing
birefringent fibers is to reduce the polarization coupling.
For the purpose of analyzing and simulating the
propagation characteristics of the proposed photonic crystal
fiber, finite-difference time-domain (FDTD) method has
been employed.

50

According to their lattice structures, the photonic crystal
fibers may be classified into two different types; triangular
lattice and square lattice. The proposed PCFs in this paper
are of the square-lattice type. Figure 1, shows the cross
section view of such fiber. The proposed PCF comprises
five air-hole rings with solid core. The dimension of air
holes in inner three rings is considered to be elliptical with
major axis = b and minor axis = a. Thus the dimension air
holes of first inner ring is, major axis b=0.4μm and minor
axis a=0.3μm, the air holes of second inner ring is with
b=0.4μm and a=0.2μm, and the air holes of third ring is with
b=0.8μm and a=0.3μm. Outer two rings are in circular shape
with the diameter of 1.6μm. The spacing between adjacent
air holes or pitch is 2.1μm.
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Figure 2, chromatic dispersion curve as a function of wavelength for
proposed PCF
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Figure 1, Cross section view of the proposed square lattice PCF with five
air holes ring and pitch Ʌ=2.1μm
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Figure 3, confinement loss curve as a function of wavelength for
proposed PCF

ISSN (Print): 2278-8948, Volume-2, Issue-1, 2013

68

International Journal of Advanced Electrical and Electronics Engineering, (IJAEEE)

0.0014

50

2

1.9

1.8

1.7

1.6

1.5

1.4

2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
Wavelength (μm)

1.3

0

1.2

0.0002

1.1

0.0004

1

0.0006

0
0.9

0.0008

0.8

Chromatic dispersion ps/nm-km

0.001

0.7

Birefringence

0.0012

triangula
r

-50

-100

-150

Figure 4, modal birefringence curve as a function of wavelength for
proposed PCF
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Thus from the study of proposed square lattice PCF, it is
observed that, it gives a low and flattened dispersion, low
confinement loss and considerable birefringence for
polarization coupling in the wavelength rang 1.3μm to
2.0μm range.

Figure 6, chromatic dispersion curve for square and triangular lattice
PCF with same design parameters
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III. COMPARISON BETWEEN SQUARELATTICE AND TRIANGULAR-LATTICE PCF
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Figure 5, shows the cross-section view of a triangular-lattice
PCF with identical design parameters those of the squarelattice PCF proposed above.
Figure 6, figure 7, and figure 8 show the chromatic
dispersion, confinement loss and birefringence variations of
square and triangular lattice PCF with wavelength for single
polarization.
Thus from figure 6, it is observed that triangular lattice PCF
offers low and more flattened dispersion characteristics
compare to square lattice in wide wavelength range. Square
lattice PCF shows more negative dispersion value for short
wavelength. From this it is observed that the value of
chromatic dispersion for triangular and square lattice is
8.32956ps/nm-km and 10.661173ps/nm-km respectively.
From figure 7, it is observe that in a low wavelength range,
these two structures exhibit almost equal losses, however at
the wavelength 1.5μm, which is the wavelength of choice in
most telecom applications, the confinement losses in
triangular and square-lattice structured PCFs are 0
.002473dB/km and 0.001128dB/km, respectively. Thus
from figure it can be observed that square lattice PCF have
low confinement loss compare to triangular lattice PCF at
higher wavelength.
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Figure 7, confinement loss curve for square and triangular lattice PCF with
same design parameters
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Figure 6, modal birefringence curve for square and triangular lattice PCF
with same design parameters

From figure 8 above, it can be observed that triangularlattice structure PCF shows more birefringence compare to
square-lattice PCF in our proposed designs. Thus the

Figure5, cross section view of the triangular lattice PCF, design
parameters are identical to proposed square lattice PCF
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Progress In Electromagnetics Research B, Vol. 13, 237{256, 2009.
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Wei, B., S.-Q. Zhang, Y.-H. Dong, and F. Wang, A
general FDTD algorithm handling thin dispersive layer," Progress
In Electromagnetics Research B, Vol. 18, 243-257, 2009.
[16]
Ming-Yang Chen, Rong-Jin Yu, Member, OSA, and AnPing Zhao, Senior Member, IEEE, “Confinement Losses and
Optimization in Rectangular-Lattice Photonic-Crystal.
[17]
Study of ultra flattened dispersion square-lattice photonic
crystal fiber with low confinement loss. Optoelectronics Lett., 5:
0124 0127.
[18]
Jianhua Li, Rong Wang, Jingyuan Wang, Baofu Zang,
Hua Zhou, “Highly birefringent photonic crystal fiber with hybrid
cladding structure,” communications and photonics conference
amd exhibition (ACP), 2010-Asia,pp.222-223.
[19]
Wang X, Lou J, Lu C, Zhao C L and Ang W T 2004
Modeling of PCF with multiple reciprocity boundary element
method Opt. Express 12 961–6.
[20]
Lin An, Student Member, OSA, Zheng Zheng, Member,
IEEE, Member, OSA, Zheng Li, Tao Zhou, and Jiangtao Cheng,
“Ultrahigh Birefringent Photonic Crystal Fiber With Ultralow
Confinement Loss Using Four Airholes in the Core,” J. Lightw.
Technol., vol. 27, no. 15, pp. 3175–3180, Feb. 2008.

maximum value of birefringence for square and triangular
lattice is 0.001445 and 0.00122 at 2.0μm respectively.

IV. CONCLUSION
In this paper, a new design of photonic crystal fiber with
square-lattice structure is proposed. The proposed design
simultaneously has a low and flattened dispersion, low
confinement loss and high birefringence for both
polarizations in wide wavelength range. By comparing the
both polarizations it is observed that x-polarized mode has
better dispersion characteristic and y-polarized mode has
better confinement loss characteristic. Finally dispersion,
confinement loss, and birefringence of proposed squarelattice PCF is compared with triangular-lattice PCF with
similar structure parameter, and it is observed that
triangular-lattice PCF give a better dispersion and
birefringence characteristics but poor confinement loss
compare to square-lattice PCF and it is also observed that
square lattice PCF show large negative dispersion value for
short wavelength. Thus, both structured PCF provide a
favourable transmission medium in 1.3μm to 2.0μm
wavelength range.
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