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ABSTRACT: The objective of this research is to compare pulses travelling through different photonic crystal fiber
cores (DPCFC) using both finite element method (FEM) /split step Fourier method (SSFM). A unique DCPCF design
with exceptionally high non-linearity has been introduced to achieve ultra-high pulse amplitude. Via a generalized non-
linear equation, we evaluate the refractive index ratio and dispersion, for each type which is used, as well as output
amplitude for different cores in different photonic crystal fiber core by utilizing the solution for the nonlinear
Schrodinger equation (NLSE). Lastly, the findings are compared to different photonic crystal fiber design parameters.
This paper provides a photonic crystal fiber design consisting of multiple liquid cores and theoretically solved non-
linear equations. It was discovered in this design that the refractive index of propylene glycol (CsHgO,) is greater than
ethylene glycol’s (C,H60,), and that both are far greater than silica's refractive index (SiO,). Propylene (CsH802) has a
lower dispersion than ethylene glycol (C,H60,) and silica (SiO,). The output amplitudes of (CsHgO,) and (C,H60,)
were then shown to be substantially bigger than the output amplitudes of (SiO,) with respect to distance and time. This
emphasizes the need for using certain liquids as cores in holey fibers, dependent upon their use.

Keywords: Photonic crystal fiber; Split-Step fourier; Finite element method; Non-linear schrodinger equation;
Solution pulse.
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1. Introduction

luid- filled core photonic crystal fibers (FCPCFs) have received a great deal of interest in recent years because of

the wide range of uses they might have in a variety of industries [1-15]. Filling the core section of the PCF with
fluids results in unique optical features such as wideband single-mode guiding, ultra- flattened dispersion, large
birefringence, huge or ultra- tiny effective areas , should it be tailored mode area, significant nonlinearity, and so on
[16]. Using various fluids to fill in the core of PCFs, should it be a multiple assessment refractive index may be
obtained. By filling the core with different fluids, several characteristics of PCFs, including effective area, dispersion,
and nonlinearity, may be adjusted [17-20]. The variation in refractive index between its core and the cladding in a
FCPCF is significantly greater than in a silica core PCF[21-22]. The effective area of the modes of the FCPCF is
inversely related to the fiber's nonlinearity [23-24]. It is generally understood that the size of the air hole, and therefore
its effective area, is the control parameter in a PCF for adjusting nonlinearity and dispersion. Many academics are
interested in the soliton pulse in PCFs with various structures, which is one of their applications [25-27]. PCFs have a
higher dispersion than silica fibers, according to research. As a result, the dynamics of solution may be investigated on
centimeter-length scales. The purpose of this study is to develop the proposed PCF design for ultra-high pulse
amplitude. We use the finite element technique to compute the dispersion and nonlinear coefficients in this work. The
technique of computation of the pulse amplitude in a PCF is investigated using the finite element technique, which
solves the wave equations, and the Split-step method, which solves the NLSE with an exponentially decreasing
dispersion profile for constant design parameters for various core fluids.

2. High Nonlinear Photonic Crystal Fiber Design

We computed the transmission constant of two distinct fluid photonic crystal fibers (PCFs ) with propylene
(C3Hg0,) and ethylene glycol ( C,HgO,) in the core region. The finite element method (FEM) is a commonly utilized
mathematical technique for evaluating the field of electromagnetic radiation of PCF travel modes. PCF's effective
refractive index was investigated using FEM. The PCF was determined by the diameter of the air hole (Figure 1, d), the
distance between the air holes (Figure 1, A), and number of air holes (Figure 1, N). The investigated PCF had a lot of
nonlinearity, and the parameters were A= 3um, d = 1.68 um, N = 6. Following up on these results, a new PCF was
created by filling the core region with fluid.

Refractive index

€)) (b)

Figure 1. (a) Longitudinal section of the photonic crystal fiber, (b) Cross-section of the photonic crystal fiber.
By using finite element method (FEM), the effective refractive index of the fluid filled PCF is greater than that of the

PCF with a solid core structure because the refractive index of propylene glycol and ethylene glycol is higher than that
of silica, as shown in Figure 2.
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Figure 2. The relationship between the refractive indices of SiO,, C3HgO, and C,H¢O..

The group velocity dispersion (GVD) of propylene glycol and ethylene glycol was determined using the transfer
function. Figure 3 illustrates the variance in GVD as a function of A, for different fluids with d = 1.68m and A = 3m.
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Figure 3. The dispersion of cores consisting of SiO,, C3HgO,, and C,H¢O,.

The computed wavelength dependency of the nonlinearity for various core regions in PCFs is shown in Figures 2
and 3, where the nonlinearity is calculated on a logarithmic scale due to the higher fluctuation in FCPCFs than that
found in silica core PCFs. The greatest effective area a PCF can support is determined by the fluid in the core. The
effects of the intensity dependent nonlinearity is shown to be minimized when the effective area is raised. The
nonlinearity of the FCPCF is a few hundred times greater than that of the silica core PCF, as seen in Figure 3.

2. Pulse Amplitude in Photonic Crystal Fibers

Consider the following NLSE of the form in order to understand the mechanics of pulse amplitude in PCF[28-
32].

in+1

(614/62) — Znz2(? /n!) ,Bn( anA/aTn) =iy 1A% 1A (1)

and
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A(0,T) = \/Po sech (T/To) exp(ia Tz/z) )

where A is the wave's slowly varying envelope intensity, z is the fiber's lengthwise position in meters, and T is the
reference frame's duration in seconds. The parameter (y) is used to indicate the Kerr nonlinear factor. Figure 4
illustrates the pulse amplitude of propylene glycol and ethylene glycol as a function of time at a wavelength of 835 nm,
and Figure 5 depicts the impact of core fluids on pulse amplitude as a function of length in PCF, after solving Equation
(1) theoretically using SSFM. Figure 4 shows a sequence of intensity pulses for each core material.
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Figure 5. The difference in amplitude of

Figure 4. The difference in amplitude of ) ; .
g P different core materials with respect to length.

different core materials with respect to time.

It is obvious from this graph that the amplitude of the pulses for propylene glycol and ethylene glycol are larger
than that of silica, which is lower, and that it is higher for PCF with a fluid core than for PCF with a silica core.
Because FCPCF can reach extremely high nonlinearity, very high pulse amplitude may be easily achieved by filling the
core area with fluid, as illustrated in Figures 4 and 5. As a result, it is worth noting that our newly developed PCFs are
very well suited for constructing nonlinear devices, in addition to increasing the amplitude of the pulses.

Conclusion

In conclusion, the pulse amplitude in FCPCF with C3HgO,, C,HsO, and SiO, fluid cores was investigated using a
FEM and an SSFM. In comparison with the amplitude ratio of silica-core PCF, we have successfully proven that the
novel fluid core photonic crystal fiber we have developed can reach ultra-high pulse amplitude. In addition, the
refractive index and dispersion for different liquid cores were studied. The objective of this research was to compare
output pulse propagation through different cores of holey fiber (DCHF) using both finite element (FEM) and split step
Fourier methods (SSFMs) to solve the nonlinear Schrodinger equation. In conclusion, it turns out that the pulse
amplitude in different cores of holey fiber, which consist of C;HgO, and C,HgsO,, is much larger than the amplitude
ratio of silica-core photonic crystal fiber. This gives great importance to using certain types of liquids as cores in holey
fiber, depending upon the various uses and applications they will be put to, and according to the designers' needs.
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