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Abstract: In this work the photonic crystals parameters, holes diameters, hole- hole spacing and number of holes on
the optical fibers was studied. The study showed that the soliton which is depends on the dispersion and the
refractive indices of the optical fiber are strongly affected by the photonic crystal parameters. the group velocity
parameter was calculated for different values of holes diameters and hole- hole spacing.
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Introduction:

Photonic crystal fibers (PCFs) are new optical
fibers made with internal a periodic structure by
drilling air holes with a periodic arrangement in the
substrate material. Then removing the central holes or
fill it with another material to form defects in the
arrangement to make the core of the PCF, while the
outer structure plays the role of the clad of the PCF.
The optical signal can propagate along the fiber in the
defects of its crystal structure. The properties of the
photonic crystal make new optical fibers properties not
found in the classical fibers [1-4].

Choosing  appropriate  photonic crystal
parameters, it can produce unique properties
impossible to achieve in classical fibers, this makes
PCFs very flexible and expand the range of their
applications [5-7].

It is possible to control the dispersion, effective
refractive index, and the nonlinearity of PCFs by
changing the photonic crystal parameters (hole-hole
spacing (lattice pitch), hole shape and diameter, the
refractive index of the glass, number of holes and type
of lattice).

When optical pulse passes through a fiber it
suffers a distortion, where it expanded in time, this
phenomenon called dispersion, this situation is the
most advantage of optical fibers. If the dispersion is
canceled the pulse propagate without changing its
shape (Soliton). The main condition to achieve soliton
waves is the nonlinear effects in the fiber must balance
the dispersion effect. The nonlinearity and the group
velocity dispersion (GVD) can be controlled by the
photonic crystal parameters [8-10].

In this work, we studied the effect of the PCFs
parameters (hole — hole spacing, number of holes and
hole diameter) on the temporal soliton waves along the
fiber.
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Method:

The propagation of a short light pulse in PCFs is
governed by the Nonlinear Schrodinger Equation
(NLSE) given by [11-13]:
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Where A(r, z) is the pulse envelope, a is fiber
losses, f; is the second-order dispersion factor, y is

the nonlinear parameter given by [11 13]:
P
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where 1, is the nonlinear refractive index, A is
the wavelength, and A.¢¢ is the effective area of the
fiber core.

This type of equation can be solved efficiently
using the split step Fourier method (SSFM) [11-13],
where the PCF length is divided into N cells, each cell
while will divided into two parts, the first is for the
linear term of the NLSE, and the second is for the
nonlinear one. Then eq. (1) gives:

M=L+NA 3),
Where, L=-£_,1:% is the linear operator, and N=

iy|A|® is the nonlinear one.

The solution of eq. (3) from z to z+h will be:

Alz, t) = exp[h(L + N Az, £) 4)

Using the FFT and invers of FFT technique, the
pulse amplitude (A) will be calculated at each cell, as
the first cell corresponding to the initial conditions.
The whole procedure was calculated using Matlab
software.

Results and discussion:

Nonlinear Schrodinger equation (1) was solved
using SSFM and MATLARB to study the effect of three
photonic crystals parameters on the PCFs properties.
Each time one of them changed within a certain range,
while the others were fixed as shown in table (1).
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Table (1): Photonic crystals parameters used in the study.

Parameter Range Fixed value
Hole diameter (d) (pm) 0.3-0.7 0.3

Pitch (A) (um) (1-5)*d 0.5
Number of holes (N) 5-11 7

The PCFs dispersion and n. were found to be
functions to the pitch as shown on the left offigure (1),
it is clear that n.s of the core decreases with increasing
the wavelength and the pitch. In the same manner the
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PCF dispersion curve affected also, figure (1) (right),
it shows the dispersion curve as a function to the
wavelength and pitch, where the curve is growing
towards the high values.
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Figure (1): The dispersion curves (left), and neg(right), changes with wavelength at d=0.3 um, N=5.

The solution was repeated for the effect of the
hole diameter, and its effect on the PCF dispersion and
neywas figured out in figure (2). It is clear that nes is
decreasing more with increasing the wavelength and
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the hole diameter. The dispersion curve is shifted
downward, the zero-dispersion wavelength enhanced
toward shorter wavelength, with increasing the hole
diameter.
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Figure (2): The dispersion curve and n.g for different values of hole diameter.

For the effect of N, the solution shows that the effect of N is less than the effect of the pitch and the hole
diameter as in figure (3), it can be seen that the changes in the dispersion curve and was a little.
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Figure (3): The dispersion curve and n,.¢ for different values of hole number.

As the dispersion being a function to the
photonic crystal parameters, and the wavelength, the
soliton appearance will also be affected. |[The soliton
wave dependent on the dispersion, the input pulse
duration and its power were investigated as follows:

The dependent of 5 on the hole diameter, are
shown in figure (4), it is clear that i strongly affected
by d. In other hand A effect on 3, are shown in figure
(5), it can be seen that 5; change is in opposite its

change with the hole diameter, d.
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Figure (4): The relation between f#; and the hole
diameter, d.
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Figure (5): The relation between §; and the pitch, A.
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Conclusions:

The soliton wave happen when a balance
achieved between the dispersion and nonlinearities in
PhCFs. the dispersion curve showed that it is
depending on the PhC parameters, the hole diameter,
hole- hole spacing, and number of holes, the refractive
index of the core was found to be PhC parameters
dependent also. #; showed strong dependent on the
PhC parameters, the hole diameter and hole- hole
spacing.

References:

1. S. A. Taha, M. M. Shellal and A. Ch. Kadhim,
“Simulation of Gaussian Pulses Propagation
Through Single Mode Optical Fiber Using
Matlab”, Traqi Journal of Science, 54, 3, 601-
6006, (2013).

2. N. O. Hassan, A. A. Aesa and M. A. Hussein,
“The Study of the Properties of Optical Fiber
Made Of Doped Silica”, Journal of the Univ. of
Kirkuk, College of Science, 5, 2, (2010).

3.  G. P. Agrawal, “Fiber-Optic Communication
Systems”, Third Edition, John Wiley & Sons,
New York, (2002).

4. M. F. Saleh and F. Biancalana, “Soliton dynamics
in gas-filled hollow-core photonic crystal fibers”,
Journal of Optics, 18, 1, 24 November, 1-14,
(2015).

5. F. E. Serajia and F. Asgharib, “Determination of
Refractive Index and Confinement Losses in
Photonic Crystal Fibers Using FDFD Method: A
Comparative Analysis”, International Journal of
Optics and Photonics, 3, 1, Winter-Spring
(2009).

6. N. Vukovic, “Optical properties of long photonic
crystal fibre tapers”, PhD. thesis, Univ. of
Southampton, (2010).

7. L. Shreitah and B. K. Haji, “High Nonlinear
photonic crystal fibers (PCF) design with very



Researcher 2019;11(1)

http://www.sciencepub.net/researcher

10.

low confinement loss”, Tishreen Univ. J. for
Research and Sci. Studies — Eng. Sci. Series, 35,
9, (2013).

G. S. Kliros, J. Konstantinidis and C. Thraskias,
“Prediction of Macrobending and Splice Losses
for Photonic Crystal Fibers based on the
Effective Index Method ”, J. Wseas Transactions
on Communication Issue, 8, 5, 1314-1221, 20
May, (2007).

J. Ye and S. T. Cundiff, “Femtosecond Optical
Frequency Comb: Principle, Operation, and
Applications”, Springer, USA, Boston, (2015).

I. Shreitah and R. A. Jaafar, “Photonic crystal
fibers  (PCF) design with ultra-flattened
dispersion”, Tishreen Univ. J. for Research and
Sci. Studies — Eng. Sci. Series, 36, 6, (2014).

1/7/2019

14

11.

12.

13.

N. Vukovic, “Optical properties of long photonic
crystal fibre tapers”, PhD. thesis, Univ. of
Southampton, (2010).

M. Pourmahyabadi and Sh. M. Nejad,
“Numerical Analysis of Index-Guiding Photonic
Crystal Fibers with Low Confinement Loss and
Ultra-Flattened Dispersion by FDFD Method”,
Iranian J. of Elec. and Electronic Eng., 5, 3, Sep.,
170-179, (2009).

D. Chen, M. L. V. Tse and H. Y. Tam, “Optical
properties of photonic crystal fibers with a fiber
core of arrays of sub-wavelength circular air
holes: birefrin-gence and dispersion”, China,
Progress in FElectromagnetics Research, 105,
193-212, (2010).



