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Abstract

Two different dual hollow-core PCF
structures are proposed, designed, and analyzed
using Rsoft FEMSIM software. The first structure
consists of a circular air hole, and the second
structure consists of a square air hole. Silica glass is
replaced by barium crown glass. The CS; is filled in
the core, and the refractive index of CS; is 1.5956.
Both square-shaped and circular-shaped hexagon
lattice dual-core PCF made up of the same material.
Low confinement loss, high birefringence as 1.093 x
10-%for circular air holes and 8.49 x 107 for square
air holes, Negative dispersion, effective refractive
index, normalized frequency, effective area, and
nonlinear coefficient are surveyed by varying the
diameter of the air hole of cladding. Compare the
parameters of both the designed PCF.

Keywords — PCF, HCPCF, Photonic Band Gap, SPSM,
QosS.

I. INTRODUCTION

Photonic crystal fiber comprises of microstructure
arrangement of air holes in the cladding region.
Recently, PCF shows much curiosity due to the
quality of bending easily without breaking (design
flexibility) and distinctive light guiding properties.
Two types of PCF: Index guiding and photonic band-
gap PCF. Index guiding PCF consists of a core that is
a solid fault area surrounded by an array of small air
holes. Special properties of PCF such as flattened
dispersion, low-loss, large effective area, decreases
surface wave mode, and improved gain have attracted
a lot of interest among the research work [1].
Photonic band-gap (PBG) fiber consisting core of
giant hole surrounded by small array air holes. Such
type of fiber is fabricated by using the stack and draw
method. PBG fiber mitigates traditional optical fiber's
various limitations in respect of loss, dispersion
transmission spectrum, and nonlinearities. The
guiding phenomenon of PCF depends upon the

structure of the PCF and the geometrical parameters
such as air hole diameter and pitch [2].

To get single-polarization single-mode operation
functioning based on index-matching coupling, we
initially select a high birefringence PCF. It is
indicated that an undesired polarization state can be
compressed by creating two cladding faults made up
of a compact air hole inside its core. The proposed
SPSM fiber shows a broad-spectrum range and
possible application in domains of coherent
communication. Polarization splitter is the most
powerful equipment in optical communication and
fiber optic sensing. Metal-filled square lattice dual-
core PCF used as a broadband polarization beam
splitter. The simulation results of dual-core PCF show
coupling properties. The coupling properties depend
on the designed parameters like pitch and air hole
diameter. Such a unique category of polarization
splitter could be mostly used in the passive optical
network [3,4,5]. Dispersion compensated fiber is used
in long-distance communication to minimize the
spreading of pulses. Dispersion compensation plays
an important role in optical communication. Single-
mode circular PCF is designed to analyzed effective
dispersion, relative dispersion slope, bi-refringence,
and confinement loss [6]. Young Zhao et al. proposed
a magnetic fluid-filled PCF.

Demonstrated the magnetic field guide light intensity
in PCF analyses various properties such as effective
refractive index, effective mode area as a function of
wavelength and shows the correlation between the
magnetic field and effective index [7]. Vinod Parmar
et al. reported a hollow-core PCF filled with gas.
Gas-filled PCF is used to analyze the flow of gases.
Gas-filled HC-PCF has wide applications, such as a
gas sensor. Molecule diameter and molecular weight
played a key role in the designing of gas-filled PCF
[8]. Hamed Saghaei et al. presented silica and
chalcogenide-based three fiber structure. Linear and
nonlinear characteristics of the PCF are obtained
using the finite difference Eigenmode method.
Varying the physical magnitude of the PCF, such as
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by increasing the air hole diameter, the value of
dispersion decreases [9].

Gas-filled hollow-core PCF proffer unrivaled chance
to obtain several complicated nonlinear occurrences
such as combined solution, single temporal solution,
and solution dynamics. Raman solution pulses gas-
filled hollow-core PCF was considering interference
[10]. Very low confinement loss, high dispersion
coefficient are observed theoretically. Germanium
doped rod is placed in the center of the PCF and
measured various parameters [11].Microstructure air
hole of dual-core PCF filled with selective liquid.
Such type of PCF is used as a sensor. The liquid is
easily inserted inside the air hole of PCF as compare
to solid and gas. Liquid-filled PCF possesses high
sensitivity. A dual-core octagonal PCF-based
polarization splitter is used to calculate the effective
index [12, 13,14].

In this paper, various optical properties as a function
of wavelength of a carbon disulfide and barium
crown glass-based PCFs are analyzed. The proposed
two structures of hollow dual-core PCF consist of
circular-shaped and square-shaped six air holes. Both
structures are aligned in a hexagonal lattice. Section
Il describes the cross-sectional view of the model.
Section 1l describes the numerical simulation. The
Rsoft FEMSIM software is used for the simulation.
Using Rsoft FEMSIM software, various properties of
the proposed model, including confinement loss,
birefringence nonlinearity, effective area, normalized
frequency, are demonstrated.

Il. PROPOSED PCF MODEL
The presented dual hollow-core PCF has been shown
in Figures 1 and 2.

air holes are arranged in hexagon form, as shown in
figure 2.
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Figure 2. Structure of dual hollow-core square air
hole hexagon PCF
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Figure 1. Structure of dual hollow-core circular
air hole hexagon PCF.

The air holes are arranged in a hexagonal fashion.
The proposed PCFs are constructed using constant
pitch (A)= 1.8 pum, and the air hole diameter are
1.188, 1.224, 1.260, 1.296, and 1.332um,
respectively. Barium crown glass is used as
background material, and carbon disulfide is filled in
the PCF core. The circular-shaped air holes are
arranged in a hexagon, as shown in figure 1. The
diameter of the inner dual-core is 2um, which is
bigger than the cladding air holes. The square-shaped
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In the square-shaped
air holes hexagonal structure, the size of the inner
dual-core is 1.8um. The same materials are used in
both the designed PCF. The same liquid is filled in
the inner ring of both the PCF. The refractive index
of the liquid is 1.5956and the refractive index of
background material is 1.57.

Simulation results acutely indicate that the light in
optical fiber is closely confined into the core region.
The assigning of the electric field of both the
designed PCF is shown in figure 3. The light is
confined in both cores of the PCF. The designed dual-
core PCF is used as a coupler. So, the details of the
dual hollow-core designed PCF's power coupling
efficiency are given by the intervention of the fiber
core Ex and Ey guided modes.

E, Mode Profile (n=(1.559598,-1.297e-008))
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Fig:-3(a) Field distribution along with Ex mode of
the first structure.

Fig. 3 Electric field distribution of hexagon hollow-
core PCF (a) Ex mode of first structure made with
circular air holes (b) Ey mode of first structure made
with circular air holes (c) Ex mode of second structure
made with square air holes (d) E, mode of second
structure made with square air holes.

Light is concentrated in the core of the two different
hexagonal dual-core PCF. The E, mode and Ey mode
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of the circular air hole hexagonal dual-core PCF is
shown in figure 3(a) and 3(b).
E, Mode Profile (n.«=(1.559083,-1.027e-008))
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Fig3(b) Field distribution along with Ey mode
of the first structure.

E, Mode Profile (n_=(1.51592,-5.923e-011))
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Fig:-3(c) Field distribution along with Ex mode of
the second structure.

E, Mode Profile (n ¢=(1.515576,-7.401e-011))

X (um)
Fig:-3 (d) Field distribution along with Ey mode of
the second structure.

In figure 3(c) and 3(d), the two different modes along
Ex and Ey of the square air hole hexagonal dual-core
PCF is demonstrated.

I1l. NUMERICAL CALCULATION OF THE
FIBER

In this portion, the numerical computation of the
designed PCF will be explained. Also, compare the
result of the designed fiber. The effective refractive
index is a main parameter of the PCF. Using Rsoft
FEMSIM software, the effective refractive index
(nes), for the designed PCF is calculated. The graph
of effective refractive index as a concern of
wavelength is shown in Figures 4and 5. The effective
refractive index depends on the wavelength and light
intensity.

1.565 o

1.560
1.555
= ]
= 1.550
1= 4
21.545 o
5 ]
£ 1.640 +
X 4 535 | —— d=1.188pm Pitch=1.8um, X-pol
© /- - - - d=1.188pm Pitch=1.8um,¥-pol
24 530 | — 9=1.224pm.Pitch=1.8um X-pol
e ——-= d=1.224pm. Pitch=1.8um, Y-pol
= 7/~ d=1.260pm.Pitch=1.8um,X-pol
w1.525 4 d=1.260pm, Pitch=1,8um. Y-pol
1 —— d=1.286pm, Pitch=1.8pm X-pol
1.520 — |-mmmt d=1.286pm, Pitch=1.8pum, Y-pol
4| d=1.332pm Pitch=1.8um,X-pol
1.815 o - d=1.332pm,Pitch=1.8um,Y-pol,

2 e ﬁgvelenéfﬁ (um) e
Fig.4 Effective refractive index of circular air hole
PCF
Figure 4 shows the effective refractive index of
circular air holes PCF as a function of wavelength for
different diameters of the air holes and constant pitch.
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Fig.5. The effective refractive index of square air
hole PCF

In Fig.5, the effective refractive index of square
air hole PCF as a function of wavelength for different
diameter of the air holes and constant pitch. From the
graph 4 and 5 it is observed that as the wavelength
increases the nerr decreases.

From figure 5, it is observed when the diameter
is 1.296 and 1.332; there is little difference between
the value of nesr along X and Y polarization.

The confinement loss(Le) is one of the vital
parameters of the PCF.By

using the imaginary part of the new, L for both the
designed PCF can be calculated (1)[15].
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Lc = 8.686 ko Im[ner] *1076
dB/m...oooiii (1)

Where ko is the

wavenumber in free space and Im[nes] is the

imaginary part of the effective refractive index. Using
equation 1, the numeric value of L. was determined
for two different types of designed PCF.
The graphs of the L. for circular and square air holes
are shown in Figures 6 and 7.

In figure 6, the confinement loss(Lc) first
increases with wavelength increases and then
decreases with an increase of wavelength.
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Fig.6. Confinement loss as function of wavelength
of circular air hole for different diameter and
constant pitch
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Fig.7 Confinement loss as a function of wavelength
of square air hole for different diameter and

constant pitch.

The graph of confinement loss in figure 7 also
increases and then decreases with increases of
wavelength. The nature of the L. graph for both
circular and square air holes is the same. But the
hexagon dual hollow-core PCF made up of square air
holes has lower confinement loss than the circular air
hole. The value confinement loss of circular and
square air hole PCF is along x and y axes are 1.61
x103, 1.60 x103dB/m and 1.021 x10* 1.020 x 10*
dB/m respectively. By changing the diameter of air
holes from 1.188-1.332, the numerical result of the
confinement loss becomes smaller.

In the case of PCF, high birefringence can easily
obtain as compared to conventional fiber. It depends
on the structural parameter like the size of the
microstructure air holes and the wavelength. The
value of the effective refractive index is obtained by
using the Rsoft FEMSIM software. With an effective
refractive index, birefringence is obtained using the
given formula (2)[15].

B=Re (Nefix -
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Where nNef, Nefry
represents an effective refractive index of x and y
modes, and Re represents the effective refractive
index’s real part. The graph of birefringence is shown
in figure 8.
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Fig.8. Bi-refringences of circular air holes
hexagonal hollow dual-core PCF as a function of
wavelength.

The birefringence curve of circular air hole hexagonal
hollow dual-core PCF increases with wavelength, as
shown in figure 8. The value of birefringence is high;
when the diameters of the air holes are 1.332um.
Here the value of birefringence decreases as the

diameter of the air hole becomes smaller.
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Fig.9. Birefringence of square air hole hexagonal
hollow dual-core PCF as a function of wavelength.

The curve of birefringence for square air hole
hexagonal dual-core PCF is shown in figure 9. The
birefringence curve depends on the wavelength and
the dimension of the air holes. It is seen in figure 9,
the value of birefringence is high when the diameter
is 1.332um. The lowest value of birefringence is
obtained when the diameter is 1.88um. The
birefringence is 1.093 x 10 for circular air holes
hexagonal hollow dual-core PCF, and for square air
holes hexagonal hollow dual-core PCF, the
birefringence is 8.49 x 10 when the diameter of air
holes is 1.332um at 1.55um wavelength.

Dispersion is an important parameter of optical fiber.
In PCF, negative or zero dispersion can be obtained.
The graph of dispersion of circular air holes
hexagonal hollow-core PCF is shown in figure 10.
The negative dispersion PCF is useful for long-
distance communication because it minimized cross-
talk or interference. Figure 10, a graph of dispersion
is obtained from Rsoft FEMSIM software. Dispersion
of PCF is wavelength-dependent and affected by
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several air holes. Circular air holes of hexagonal
hollow dual-core PCF display negative dispersion, as
shown in figure 10 given below. The green color line
represents the dispersion curve.
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Fig.10 Dispersion graph of circular air holes of
hollow dual-core PCF for five diameters of air
holes, d = 1.188, 1.224, 1.260.

The total three graphs are obtained for five diameters
at a constant pitch. The size of air holes is in micro-
meter (um). From the figurel0, it is observed that the
curve of dispersion first shows a straight line and then
decreases smoothly. The graph of the dispersion of
square air holes hexagonal hollow dual-core PCF is

shqv;/n in figure 11.
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Fig. 11. dispersion curve of square air holes
hexagonal hollow dual-core PCF for d = 1.188,
1.224, 1.260 um and pitch is 1.8 um as a function
of wavelength.
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The Ve depends on the size of air holes arrangement
in the cladding region, and it is calculated by using
the following formula (3)[16]

Veff 2 p [/ A [sgrroot(n? -
Where p represents
the effective core radius, n%, and n%, denote the
effective index of core and cladding, and A is the

wavelength in pm.
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Fig.12. Verrof circular air holes
dual-core PCF

The value of normalized frequency is measured along
with the 1.2-1.8um wavelength range. The graph of
Verf(normalized frequency) of circular air holes is
shown in figure 12. The curve of normalized
frequency decreases slowly concerning wavelength.
From figure 12, it is observed that the normalized
frequency is 1.83874 at wavelength 1.55um. The
lowest value of normalized frequency is obtained
when the diameter of air holes is 1.332um. The
highest value of normalized frequency is obtained
when the air holes' diameter is smaller than 1.332um.

H=1_188m, Pitch=1_8m)|

Fig.13. Vs of square area holes hexagonal hollow
dual-core PCF

1z 13

. In figure 13, the normalized frequency of square air
holes is shown. From figure 12 and 13, it is observed
that the nature of curve of normalized frequency is
same for both the structure. The normalized
frequency is 1.94089 for square air holes at 1.55um.
The graph of effective area for five different
diameters of air holes is plotted. All the five curves
for different diameters are merged, as shown in figure
14. The effective area depends upon the air holes,
pitch, and wavelength. The effective area for PCF is
calculated by using the given equation (4)[17].

Aeff = T[Wecr]?

Where [Whecr]? denotes the spot size.

The curve of effective area for the different diameters
is closed to each other, and from graph 14, it is also
analyzed that there is little variation in the value of
Aetr. The graphs of Ae of circular air holes are
plotted as a function of wavelength by varying the
diameter, as given in figure 14. At 1.55um the Acs is
30.59 um? when the diameter is 1.332um. The second
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graph of square air holes-based PCF is also plotted as
a wavelength function, as shown in figure 15. Ae iS
15.68 um? when the diameter is 1.332um at 1.55um
wavelength. By comparing both the values of Aes , it
is found that the effective area of square air holes
based PCF are less as compare to the circular air hole
PCF.
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. 14. the curve of effective area of circular air
holes of hexagonal hollow dual-core PCF
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Fig.15. The curve of effective area of square air
holes of hexagonal hollow dual-core PCF

From the figure 14 and 15, it is observed that both the
graph having the same nature. In figure 14, the curve
of A coincides between the 1.55- 1.7 pum
wavelength, but in figure 15, the coincide point
shifted, and it lies between the 1.7-1.755 pum
wavelength.
First, we need the value of Aerr and then we calculate
the nonlinear coefficient of PCF. The nonlinear
coefficient depends on the wavelength and effective
area. Y denotes the nonlinear coefficient, and it is
obtained as(5)[18].
= Mn2/ At
where 27 is constant, A is
wavelength in um, and A is the effective area
measured in um?2.
From figure 16, the nonlinear coefficient of circular-
shaped air holes-based PCF decreases with an
increase of wavelength.

Nonlinear Coefficient

Fig. 16 Nonlinear coefficient vs. wavelength for
constant pitch and d = 1.188, 1.224, 1.260, 1.296,
and 1.332 pm.

The graph of the nonlinear coefficient of square air
holes is shown in the figure.17 given below. The non-
linear coefficient is 1336.745wtkmat1.55um. The
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curve decreases with an increase of wavelength and
also depends on the effective area.
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Fig.17 Graph of nonlinear coefficient of square
air holes hexagon hollow dual-core PCF.

IV. CONCLUSION

Dual-core PCFs are presented in which two structures
consist of the same number of air holes in the
cladding region and the same pattern. The presented
PCF are arranged in a hexagonal form, and the central
dual-core is filled with carbon disulfide. The
background material is barium crown glass. Using
Rsoft FEMSIM software, the presented PCF is
designed and simulated. It is found that square is
holes-based PCF shows the better result as compare
to circular air holes. Such a kind of PCF is used as a
filter, coupler. This paper will help in the
advancement and enhancement of optical fiber
communication with better quality of services
(QoS)in optical communication.
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