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Abstract

The photonic crystal fiber (PCF) with a bunch of air holes enclosing the silica core field has momentous and compelling
attributes when compared with the ordinary single-mode fibers. In this work, both the birefringence and dispersion
properties of a polarization-maintaining chalcogenide (ChG) photonic crystal fiber are numerically investigated by means
of the finite element method. Through simulation, it is found that the birefringence of the proposed Ge;, sAs,,Seg, s PCF
can reach as high as 0.03 when compared with the conventional fiber that has merely 5 x 10~ for wavelengths in the
2-10pmrange. The PCF is designed with zero-dispersion wavelengths for x- and y-polarized modes in the 2-10 pmrange.
It is also observed that over the entire MIR wavelength range, the GVD remains positive and has a maximum value of
30,000 ps?/nm-km. Hence, the proposed Ge,; sAs,,Seq, s PCF plays the dual role of acting as a very good polarization-
maintaining fiber due to its very high birefringence and an excellent dispersion-compensating fiber due to its large
positive GVD. This Ge,, sAs,,Seq, s PCF serves as a very good candidate for ultra-broadband high bit-rate transmission.
Supercontinuum generation is another important application of PCF. Supercontinuum generation is a generation of
coherent and broadband light. SC generation in PCFs has several applications in optical coherence tomography (OCT),
optical frequency metrology (OFM), pulse compression, and design of ultrafast femtosecond laser pulses.

Keywords Hexagonal lattice PCF - Single mode - Birefringence - Chromatic dispersion - Mid-IR wavelength - Nonlinear
optics

1 Introduction diversity of features when compared to conventional fib-

ers, which motivates us to develop advanced sensors with

Photonic crystal fibers (PCFs) with the central defect
region enveloped by multiple air holes that run along the
fiber length have been captivating us and drawing our
attention because of the unique features that cannot be
accomplished in conventional fibers [1, 2]. PCFs possess
exclusive and outstanding properties such as tailorable
dispersion [3, 4], single-mode operation [5, 6], dispersion
compensation, high birefringence [7, 8], large mode area
[9, 10], and high nonlinearity, which are not achievable in
ordinary silica fibers. Photonic crystal fibers offer a huge

enhancement. These types of fibers have a few unique
guiding features associated with the geometric aspects
of the air holes and have been adopted in various systems.
The birefringence and dispersion properties of the PCFs
can be altered by changing the air-hole spacing (A), air-
hole diameter (d), and the number of air-hole rings [11].
The symmetrical or non-symmetrical structure of PCF is
attained by adjusting sizes, shape, or position of the air
holes. The major factors contributing the limitations in
conventional fibers are due to refractive index difference
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(A) of core and cladding. The lower values of A (for stand-
ard SMF, A ~0.4%) cause bending loss, and hence, the
manipulation of group velocity dispersion (GVD) and
birefringence is limited. The higher values of A (for MCVD,
A ~10%) lead to increased attenuation due to absorption
and Rayleigh scattering, and also, the single-mode core
radius becomes very small. Another factor is the depend-
ence on total internal reflection so that the propagation in
a hollow core is unattainable [12]. PCFs have achieved fin-
est performances in the applications of fiber sensors, fiber
ring lasers, and nonlinear fiber optics. PCFs have been used
in various fields based on their distinctive characteristics
such as wavelength division multiplexing, great resilience,
low transmission loss, high sensitivity, low manufacturing
cost, and high efficiency.

One of the most fascinating properties of PCF is its
high birefringence, which can be used for many practical
applications such as fiber optic gyroscopes/hydrophones
and polarization-maintaining erbium-doped fiber ampli-
fiers/lasers. In order to get a large birefringence and to
enhance the dispersion characteristics, elliptical air holes
were employed in the cladding [13-15] or core area [16,
171. From paper [18], it is found that the birefringence
in the order of 1072 has been achieved at 1.55 um from
their proposed structure made of solid silica core and a
cladding with elliptical air holes. In paper [19], it is found
that the birefringence in the order of 1072 was achieved
within wavelength range from 1.0 to 1.6 um in the pro-
posed rectangular lattice elliptical air-hole PCF. Paper
[20] proposed squeezed lattice elliptical hole in both
core and cladding and obtained a birefringence of about
0.065. Paper [17] showed a birefringence of about 1072 at
1.55 um using a PCF made of circular air holes in cladding
and rectangular array of four elliptical air holes in the core.
In paper [21], birefringence of about 0.0025 was obtained
at 1.55 um from PCF with a central defect core and clad-
ding with elliptical air holes. Moreover, in paper [22] a very
high birefringence of about 4.8 x 1072 was obtained by
increasing the diameter of the two air holes adjacent to
the central region. In addition, double circular-hole PCF,
equiangular spiral PCF, rhombic-hole PCF, and rectangu-
lar-hole PCF were studied by [23-25], respectively. They
obtained a maximum birefringence value of 0.01, 0.0278,
3.47 x 1073, and 1 x 1073, respectively. All these designs
show an accelerated advancement in very high PCF
design. However, practically speaking, it is not that simple
to control the shape of the elliptical holes in the fabrica-
tion process. Also, all these fibers are based on traditional
silica fiber material, which can be used only for wave-
lengths below 2 um, limited by material absorption. Today
there has been a huge interest in the mid-infrared (MIR)
spectral region (2-20 um) [26] due to its various applica-
tions in biomedical imaging, coherence tomography, and
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molecular spectroscopy [26-28]. Almost every molecule
in this mid-infrared (MIR) region undergoes strong vibra-
tional absorption. This provides possibilities for MIR spec-
troscopy to detect the quality of molecule category in a
specific atmospheric condition [26, 29]. The mid-infrared
(MIR) region contains two important spectral windows
(3-5 um and 8-13 um), in which the atmosphere is trans-
lucent so that MIR spectroscopy can be used to smell out
the scent of mysterious and toxic gases present in the
atmosphere [26, 30]. Optical sources operated in the mid-
infrared (MIR) region have many important applications
in many areas such as gas sensing [31, 32] food quality
control [31, 33], and medical diagnostics [31, 34]. Most
of the photonic crystal fibers (PCFs) are fabricated using
silica glass. Other glasses have also been used to achieve
other particular optical properties. Silica is used because
of its high refractive index. However, photonic crystal fiber
made of silica glass only supports optical wavelengths in
the visible and near-infrared regions because the material
absorption is exceedingly large beyond 2 um [31, 35]. To
support optical wavelengths in the mid-IR region, several
non-silica glasses have been recommended, including tel-
lurite [31, 36, 37], fluoride [31, 38, 39], and chalcogenide
(ChG) glasses [31, 40-43]. The fluoride and tellurite fib-
ers support wavelength up to 5 um, whereas ChG fibers
can be used over a wider window of up to 12 um [31, 44].
Another important advantage is that ChG fibers possess
very high optical nonlinearity, which is nearly thousand
times greater than that of silica glasses [31]. This makes
ChG glasses the most suitable host material in PCF fabrica-
tion than that of other materials, which could be used for
several MIR region applications.

In this paper, we examined the birefringence and dis-
persion properties of a polarization-maintaining chal-
cogenide (ChG) photonic crystal fiber (PCF). The PCF is
built of circular air hole, and it is a seven-ring hexagonal
structure. The PCF is designed using an undoped silica
material as well as the chalcogenide material to compare
the performance of both the materials in different wave-
length ranges. Undoped pure silica is used for applications
in the near-IR region, whereas chalcogenide glass is used
for applications in the mid-IR region wavelength region.
Firstly, the geometrical parameters of PCF such as air holes,
shape of air holes, number of air-hole rings, and the host
material are chosen as per the requirement. The hole spac-
ing, larger air-hole radius, and the smaller air-hole radius
are fixed as 1.8 um, 0.8 um, and 0.6 um, respectively, in our
paper. The effective indices of core modes in PCF are then
calculated using the finite element method in COMSOL
Multiphysics software. Once the effective index is deter-
mined as a function of wavelength, other parameters such
as chromatic dispersion D, second-order dispersion f,,
and birefringence B are calculated using well-known fiber
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equations. The calculation and plotting of these param-
eters are done using MATLAB software. From calculations
and plots, it is found that we got a very high birefringence
of about 0.03 at 6.5 pm with ChG glass as a host material.
Fiber with this high birefringence can be readily used as a
high-performance polarization-maintaining fiber. Modern
fiber optic communication systems are built with pulse
widths as narrow as 107'% s and with a date transmission
rate going beyond 10'? bits/s. In a 15-Gb/s system, there
are 15 billion bits per second. This trend of shrinking the
pulse width and increasing the bit rate continues unflag-
ging. The major problem we face while reducing the pulse
width even further is the phenomena of pulse broaden-
ing due to different frequency components traveling at
a different velocity. This phenomenon is called as GVD.
To compensate the pulse broadening that occurred due
to GVD, we are in need of dispersion-compensating fiber
(DCF), which would nullify the effect of GVD. It is observed
in our proposed design that we achieved a very high posi-
tive GVD of about 30,000 ps?>/nm.km. Fibers with positive
GVD can act as DCFs, and hence, our proposed PCF can be
a sure candidate to be used as a dispersion-compensating
PCF for ultra-high-speed fiber optic data transmissions.

Supercontinuum generation is another important appli-
cation of PCF. Supercontinuum generation is a generation
of coherent and broadband light. This is due to the nonlin-
ear interaction of laser pulse on nonlinear materials. The
SC generation is due to the sequence of nonlinear pro-
cesses such as self-phase modulation (SPM), self-steepen-
ing (SS), stimulated Raman scattering (SRS), and four-wave
mixing (FWM). The advent of PCF has led to the revolution
in generation of ultra-broadband spectra through SC gen-
eration. SC generation in PCFs has several applications in
optical coherence tomography (OCT), optical frequency
metrology (OFM), pulse compression, and design of ultra-
fast femtosecond laser pulses [53].

2 Mathematical model

The numerical method used in this paper is the finite ele-
ment method (FEM). The effective indices of core modes
in PCF are evaluated using the finite element method. It
is implemented in several optical waveguides to mathe-
matically calculate chromatic dispersion, GVD, third-order
dispersion coefficient, birefringence, and so on. Once the
effective mode index n4 is determined as a function of
wavelength, the chromatic dispersion D can be calculated
as:

_& dzRe [neff]

1
IR M

D(}) =

Here, Re[n.¢] is considered as the real part of the clad-
ding effective index of PCF, c is the velocity of light in free
space, and 4 is the wavelength of operation. Chromatic
dispersion is the combination of material and waveguide
dispersion. Here, in our analysis, the material dispersion is
assumed to be zero because its value is negligible when
compared to the waveguide dispersion.

The second-order dispersion (f,) is given by:

B A2D(1)
2rc

By = (2)
where n denotes the effective index and A denotes the
wavelength of operation.
The third-order dispersion coefficient is mathematically
found by this equation given below:

2rnc 4rc
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where S indicates the slope of the dispersion coefficient
D.

The difference between the two perpendicularly polar-
ized effective indices is used to calculate the birefringence
of PCF [24].

B = [Re(ny — )| @

where B denotes the birefringence, Re(n’éﬁ - n’éﬁ) is the
real part of the effective index difference, and n’;ff and niﬁ
are the refractive indices of the x- and y-polarized funda-
mental modes, respectively.

3 Methodology

Figure 1 shows the geometry of the advanced PCF design
proposed in this paper. The PCF is built of circular air hole,
and it is a seven-ring hexagonal structure [45]. The PCF is
designed using an undoped silica material with a regular
series of air holes passing across the surface of the clad-
ding.The light is guided in the single mode along the cen-
tral region of the fiber where one air hole is missing. The
central region acts as a core.

The PCF in Fig. 1 resembles a hexagonal structure. The
larger air holes are of radius R=0.8 um and smaller air
holes are of radius r=0.6 um. The hole spacing (pitch, A)
is fixed as 1.8 um. We aim to optimize the design param-
eters so that the PCF exhibits a very high birefringence
as well as all normal dispersion over a wide wavelength
range. It is found that r=0.6 pym, R=0.8 um, A=1.8 um
are the optimum values that yield most affirmative and
favorable for the dispersion and birefringence. The air-
filling ratio (D/A) is 0.888 in the central row of the fiber,
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Fig. 1 Schematic representation of the proposed PCF

and the ratio (d/A) is 0.666 for all other regions sur-
rounding the core. The air-filling ratio is chosen to be
large enough so that the mode field is confined in the
central core region. Choosing larger air-filling ratio also
introduces a good gap between air holes so that the air
holes are not easily collapsed during fabrication [46].

The proposed PCF is endlessly single mode because
it is an index-guiding PCF. The guiding property of the
index-guiding PCF is qualitatively characterized by the
air-filling fraction (d/A). Strictly speaking, an index-guid-
ing PCF does not need a clear boundary between the
core and cladding regions. Light transmission in this kind
of fibers is due to the index-difference effect.

The host material used is pure silica while working
in the near-IR region, whereas chalcogenide glass is
used for mid-IR region wavelengths. The ChG material
is used so as to obtain a very high refractive index con-
trast between the core and the cladding, which results
in a strong light confinement inside the core almost in
all wavelengths [47]. Different characteristics of the pro-
posed PCF are analyzed using the finite element method
(FEM) with perfectly matched layer (PML) boundary con-
ditions [48].

Choosing a right computational numerical technique
for solving a problem is very important. If we choose a
wrong technique, it can end up in incorrect result or it
takes a very long time to compute the results. Transient
response and impulse field effects are more accurately
computed by using the finite difference time-domain
(FDTD) method. Finite element method (FEM) is used for
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Fig.2 Mesh of the proposed structure

accurate computations in curved geometrical objects. BEM
is used for problems where Green’s functions are to be cal-
culated. They are usually used for computations in linear
homogenous media.

The design of PCF is done by a step-by-step systematic
procedure. In the first step, the important geometrical
parameters of the PCF such as diameter of the air holes,
shape of the air holes, number of air-hole rings, and the
material are chosen as per the requirement. In the next
step, the wavelength-dependent refractive index of the
chalcogenide material is calculated and specified using
the Sellmeier equation [54]. The Sellmeier equation is
given by:

0.3970542
22 —30.393382

5.7852542
A2 — 0.289752

n2 ()=1+ ()

This is followed by mesh generation. The meshing of
the proposed structure is depicted in Fig. 2. By this mesh
feature, the geometry model is characterized into small
units called mesh elements. This is called discrete char-
acterization. Every element in the mesh is controlled by a
set of characteristic equations. These characteristic equa-
tions are partial differential equations (PDEs) that describe
the physical properties of the material and the boundary
conditions. These PDEs can be solved using analytical
methods. Instead, these PDEs can be approximated with
numerical model equations using discrete characteriza-
tion and can be solved using numerical methods. Finite
element method (FEM) is the numerical method, which
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Fig. 3 Intensity distribution
of fundamental modes: a
x-polarized and b y-polarized
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Fig.4 Effective index curve of silica-glass PCF as a function of
wavelength from 1.3 to 1.7 ym

is used to solve the PDEs so as to compute the effective
index of the modes supported by the fiber. Finally, chro-
matic dispersion, GVD, and birefringence are calculated
using the computed effective index.[49].

4 Results and discussion
4.1 Silica-glass PCF

The field intensity distribution of the guided modes are
shown in Fig. 3. It is clearly seen in the figure that, at the
central core region, the field distribution has its maxi-
mum intensity. Figure 4 shows the effective index as a
function of wavelength from 1.3 to 1.7 um, where the
radius of larger air holes and smaller air holes is R=0.8 um
and r=0.6 um, respectively. We find a gradual decrease
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Fig. 5 Chromatic dispersion curve of silica-glass PCF

in the effective indexes of x-polarized and y-polarized
modes with the increase in wavelength in the 1.3-1.7 pym
range. It is worth noting that the y-polarized mode has a
higher refractive index than that of the x-polarized mode
throughout the wavelength range. All numerical calcula-
tions such as chromatic dispersion, GVD, and birefringence
are performed with MATLAB.

The chromatic dispersion (D) is a mix of waveguide
and material dispersion. It is a momentous and a pressing
parameter of PCF, and it performs a significant and cru-
cial role in fiber optic communication systems because it
restricts the data-transmitting capacity of the optical fiber.
Due to the effect of chromatic dispersion, the pulse at dif-
ferent wavelengths travels at different velocities inside the
fiber. This finally results in pulse broadening. In PCF, the
chromatic dispersion term can be engineered based on
the conditions required for the practical applications. The
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Fig. 6 Group velocity dispersion curve of silica-glass PCF

chromatic dispersion (D) and GVD (f,) curves of the x- and
y-polarized modes for the proposed PCF are depicted in
Figs. 5 and 6, respectively. The chromatic dispersion (D)
and GVD are calculated using Egs. 1 and 2, respectively.
Itis seen in Fig. 5 that the chromatic dispersion gradually
decreases with the increase in wavelength. The chromatic
dispersion of the x-polarized mode is greater than that of
the y-polarized mode in the entire wavelength range. In
the calculated band, the dispersions appear to be positive.
The y-polarized mode has a more smooth and linear varia-
tion in dispersion than that of the x-polarized mode. Also,
it is clear from the graph that there is no zero-dispersion
wavelength appearing for both x- and y-polarized modes
in the wavelength range (1.2-1.7 um). The dispersion of
the PCF exhibits the maximum positive dispersion value
of 83.4 ps/km/nm at a wavelength of 1.3 pm.

Figure 6 illustrates the GVD curve. From the curve, it is
found that the GVD is inverse to the chromatic dispersion
(D). The GVD decreases steadily with the increase in wave-
length. In the calculated band, the dispersions appear to
be negative, which means the fiber operates in the anom-
alous dispersion regime in this entire wavelength range
(1.2-1.7 um). Fibers with abnormal dispersion are very use-
ful for building wavelength-tunable lasers and fiber ring
lasers [50-52].

Figure 7 is the birefringence versus wavelength
curve. The birefringence (B) is calculated using Eq. 4. It is
observed that the birefringence constantly increases with
the increase in wavelength. By removing air holes in the
central part of the structure, an asymmetry is introduced
in Fig. 1. It is a notable point that the birefringence is
increased by reducing the larger and smaller air-hole gap
and increasing the asymmetry of the configuration. We
get the maximum value of 0.002 for birefringence at the
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Fig. 7 Birefringence curve of silica-glass PCF

wavelength of 1.7 um, which is many times greater than
what is got from conventional polarization-maintaining
fibers.

It is clearly seen in the figure that at the central core
region the field distribution has its maximum intensity in
case of both the x-polarized and y-polarized fundamental
modes.

It is worth noting that the y-polarized mode has a
higher refractive index than that of the x-polarized mode
throughout the wavelength range.

It is observed that the chromatic dispersion of the
x-polarized mode is greater than that of the y-polarized
mode in the entire wavelength range. In the calculated
band, the dispersions appear to be positive. The dispersion
of the PCF exhibits the maximum positive dispersion value
of 893.4 ps/km/nm at a wavelength of 1.3 um.

Comparing Fig. 6 with Fig. 5, it is found that the GVD
curve is inverse to the chromatic dispersion (D) curve. The
GVD decreases steadily with the increase in wavelength.
In the calculated band, the dispersions appear to be nega-
tive, which means that the fiber operates in the anoma-
lous dispersion regime in this entire wavelength range
(1.2-1.7 um).

It is observed that the birefringence constantly
increases with the increase in wavelength. We get the max-
imum value of 0.002 for birefringence at the wavelength of
1.7 um, which is around 10 times greater than what is got
from conventional polarization-maintaining fibers.

4.2 ChG-PCF

Figure 8 shows the effective index as a function of wave-
length from 2 to 10 um where the radius of larger air
holes and smaller air holes are R=0.8 um and r=0.6 um,
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respectively. The effective index varies from 2.6 to 2.05
in this wavelength range. We find a gradual decrease
in the effective indexes of x-polarized and y-polarized
modes with the increase in wavelength in the 2-10 pm
range. It is worth noting that the y-polarized mode has a
higher refractive index than that of the x-polarized mode
throughout the wavelength range. The numerical calcula-
tions such as chromatic dispersion, GVD, third-order dis-
persion, and birefringence are performed with MATLAB.
The chromatic dispersion (D) and GVD (f,) curves of
the x- and y-polarized modes for the proposed PCF are
depicted in Figs. 9 and 10, respectively. The chromatic
dispersion (D) and GVD are calculated using Egs. 1 and
2, respectively. It is seen in Fig. 9 that the chromatic
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Fig. 9 Chromatic dispersion curve of ChG-PCF
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Fig. 10 Group velocity dispersion curve of ChG-PCF

dispersion gradually decreases with the increase in wave-
length. The chromatic dispersion of the y-polarized mode
is greater than that of the x-polarized mode almost in the
entire wavelength range. In the calculated band, the dis-
persions appear to be positive for smaller wavelengths
and negative for larger wavelengths. In the x-polarized
mode, the dispersion becomes negative beyond 6 um, and
in the y-polarized mode, the dispersion becomes nega-
tive beyond 6.5 um. Also, it is observed from the graph
that there is zero-dispersion wavelength appearing for
both x- and y-polarized modes in the wavelength range
(2-10 pum). The dispersion of the PCF exhibits the maxi-
mum negative dispersion value of —560 ps/km/nm at a
wavelength of 10 um.

Figure 10 illustrates the GVD curve. From the curve, it
is found that the GVD is inverse to the chromatic disper-
sion (D). The GVD increases steadily with the increase in
wavelength. In the calculated band, the GVD appears
to be negative for smaller wavelengths and positive for
larger wavelengths. In the x-polarized mode, the disper-
sion becomes positive beyond 6 um, and in the y-polarized
mode, the dispersion becomes positive beyond 6.5 pm.
The GVD takes the maximum value of 30,000 ps/nm.km
at 10 um. It is seen that the PCF exhibits a large positive
value of f,. Fibers that possess a positive value of g, are
called DCFs.

Figure 11 depicts the birefringence versus wavelength
curve. The birefringence (B) is calculated using Eq. 4. It is
observed that the birefringence constantly increases with
the increase in wavelength up to 7.5 um, and then, it starts
gradually decreasing. We get a maximum value of 0.03 for
birefringence at the wavelength of 6.5 um, which is many
times greater than what is got from conventional polari-
zation-maintaining fibers.
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Fig. 11 Birefringence curve of ChG-PCF

We find a gradual decrease in the effective indexes of
x-polarized and y-polarized modes with the increase in
wavelength in the 2-10 um range. The effective indexes
decrease from 2.6 to 2.05 in this wavelength range. It
is worth noting that the y-polarized mode has a higher
refractive index than that of the x-polarized mode
throughout the wavelength range.

It is seen in the figure that the chromatic dispersion
gradually decreases with the increase in wavelength. The
chromatic dispersion of the y-polarized mode is greater
than that of the x-polarized mode almost in the entire
wavelength range. In the calculated band, the disper-
sions appear to be positive for smaller wavelengths and
negative for larger wavelengths. In the x-polarized mode,
the dispersion becomes negative beyond 6 pm, and in
the y-polarized mode, the dispersion becomes negative
beyond 6.5 um. Also, it is clear from the graph that there
is zero-dispersion wavelength appearing for both x- and
y-polarized modes in the wavelength range (2-10 um).
The dispersion of the PCF exhibits the maximum negative
dispersion value of —560 ps/km/nm at a wavelength of
10 pm.

The GVD increases steadily with the increase in wave-
length. In the calculated band, the GVD appears to be neg-
ative for smaller wavelengths and positive for larger wave-
lengths. In the x-polarized mode, the dispersion becomes
positive beyond 6 um, and in the y-polarized mode, the
dispersion becomes positive beyond 6.5 um. The GVD
takes the maximum value of 30,000 ps/nm.km at 10 um.
It is seen that the PCF exhibits a large positive value of g,.
Fibers that possess a positive value of §, are called DCFs.

It is observed that the birefringence constantly
increases with the increase in wavelength up to 7.5 um
and beyond that it starts gradually decreasing. We get
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a maximum value of 0.03 for birefringence at the wave-
length of 6.5 um, which is 100 times greater than what
is got from conventional polarization-maintaining fibers.

5 Conclusion

PCFs have optical properties such as very high birefrin-
gence and large negative dispersion, which are almost
unattainable in conventional fibers. A highly birefringent
dispersion-compensating Ge,; sAs,,Seq, 5 PCF has been
designed and studied. It is shown through the simula-
tion results that the proposed PCF can provide a nega-
tive dispersion of about — 560 ps/km/nm, at a wavelength
of 10 um. It is also found that, for the proposed ChG-PCF,
the y-polarized fundamental mode possesses a higher
chromatic dispersion than the x-polarization. The GVD is
calculated for both the x- and y-polarized modes, and it is
seen from the analysis that GVD reaches a maximum value
of 30,000 ps®/nm-km at 10 um. Hence, we can say that
the PCF exhibits a larger positive value of g,. Fibers that
possess a positive value of g, are called DCFs. Simulation
results also show that a very high birefringence of about
0.03 can be obtained with R=0.8 um and r=0.6 um at the
wavelength of 6.5 um. In the investigation, it is found that
by adjusting the smaller and larger air holes and varying
the air-hole rings, the dispersion and birefringence can be
precisely controlled. Hence, the fiber can be an assuring
candidate for applications such as broadband dispersion
compensation in optical communication systems and can
be very well used as a polarization-sensitive device.
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