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Authors Names ABSTRACT
a. mohammed altaie Photonic crystal fibers in the late period occupied a wide range of studies and
research because of the ease of dealing with them in terms of design and
Article History installation, as there is a group of parameters used in them that can affect the
Received on: 5 / 4/2022 refractive index of the pulse propagation through it, including the diameter of
Revised on: 15 /5 /2022 the air holes, the distance between the air holes and their number, as this study
Accepted on: 24 /5 /2022 showed in addition to the aforementioned parameters The effect of
temperature on the refractive index was also studied. It has been observed that
Keywords Photonic crystal with an increase in the diameter of the air holes, the refractive index increases
fibers(PCFs) , Temperature and, conversely, the increase in the distance between them leads to a decrease
(T), Refractive Index(n), in the refractive index. As for the number of air holes, it has no clear effect.

Finite Element Method As for the temperature, which is proportional to the frequency and intensity,

this increase in temperature leads to an increase in the refractive index of the
pulse passing through the photonic crystal fiber. Changing the temperature of
DOI: https://doi.org/10.29350/ | the photonic crystal fiber is an interesting for dynamics fine refractive index
Jops. 2022.27. 1.1473 tuning in active refractive index shift compensation system. this paper
present a numerical analysis on the effect of photonic crystal fiber
temperature on refractive index and modal features. the research depend on
regular hexagonal crystal lattice fibers with specific geometric parameters
using finite element method.

1. Introduction

During the past two decades, the photonic crystal fiber (PCF) has attracted much attention and produced
tremendous growth in fiber optic technology. As regards their structural and optical properties, the PCFs
differ from traditional fibers. Usually PCF consists of a regular array of air holes along its entire length,
similar to photonic crystal, with a defect at the center of the structure that plays a core role. Two forms of
crystal have a defect in the center of the structure that plays an important role. Two types of defects are used
as cores, solid or air holes, of varying sizes and shapes. In the case of a solid core with a modified effective
refractive index, the light is directed and a lower refractive index is observed in the cladding. Such dynamic
structure gives PCF excellent transmission characteristics, such as low loss, high nonlinearity, high-order
mode limitation, etc ([1]-[3]). PCF can be used as a temperature dependent component [4], Innovative PCFs
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have been incorporated into optical devices, including optical switches [5], Option for optical filter ([6]-[7]),
Splitters polarizing beams [8], and optical sensors [9], An analogous, efficient phase index fiber is also used
to characterize solid core photonic crystal fibers. The effective core and cladding can be highly dependent on
the size of the modal field in cladding, the contribution to modal propagation from the periodic arrangement
of holes is negligible as a result of the high core-cladding index contrast when the wavelength of light is
larger than the thickness of the distance between the holes but smaller than the core diameter. At the other
hand, the periodic lattice provides phase conditions for less confined modes or when the wavelength of light
IS commensurate with it or smaller than the interstitial hole spacing, as well as the core size itself. Coherent
light scattering and therefore dispersive containment[10], The guiding mechanism is classified as "modified"
since the cladding refractive index does not remain constant with wavelength, as it does in ordinary optical
fibers. PCFs can be designed in a variety of ways. There are various variables to play with, including lattice
pitch, air hole form and diameter, glass refractive index, and lattice type. To adjust for dispersion and the
area effect with wavelength, several strategies may be utilized, one of which is to vary the diameter of the
air-hole lattice. Endlessly single mode (ESM) is one of the most important advantages of solid core PCFs
with respect to the standard fibers. See Fig. 1.
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Figure 1 Schematics of (a) solid core PCF and (b) hollow core PCF.

2. parameters effect in pulse propagation in photonic crystal fiber

To study pulse propagation of laser in PCFs, must be start with solving the wave equation, which represents
the electric field of laser pulse propagating through PCF. Photonic crystal investigating the effects of the
various parameters of the photonic crystal i.e. the air hole diameter (d), the number of air holes (N), and the
hole-hole distance (A), as shown in Fig. 2.
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Figure 2 photonic crystal fiber consists of material and air hole drilled

Based on theoretical and practical investigations, values in the range (d=0.6,0.9,1.2)um were chosen for the
diameter of the air holes to explore the effect, while the pitch (A=2 um) and number of air holes (N=6) were
fixed. The effective refractive index of the core does not vary with the diameter of the holes on the curves,
whereas the effective refractive index of the cladding varies with the diameter of the, d, in which the
difference between the refractive indices of the core and the cladding increases by increasing the diameter of
the holes, as shown in Fig. 3.

—d=1.2um
1-4 | | | |

0.7 0.8 0.9 1 1.1 1.2 1.3 1.4 1.5 1.6 1.7
A (ppm)

Figure 3 Variation of effective refractive index against wavelength for diameter air hole vary as
d=(0.6,0.9,1.2) pm , A = 2 pm, and N=6.

While investigating the effect of the holes pitch on the effective refractive index within the curve values in
the range of (A=2, 4, 6)um, were chosen for the diameter of the air holes to explore the effect, while the
pitch (d=1.2 um) and number of air holes (N=6) were fixed. it was noticed that the effective refractive
index of the core remains almost constant for all the pitch values within the range mentioned previously,
while the effective refractive index of the core and the cladding is reduced with increasing pitch as shown in
Fig. 4.
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Figure 4 Variation of effective refractive index against wavelength for pitch vary

as A=(2’4’ 6) nm, d=1.2 pm, N=6.

when study the influence of the number of air holes on the curve of effective refractive index. Certain
values of the number of holes (N=6, 9, 12) were chosen, while the air holes pitch and diameter of the holes
were set at (A =3m) and (d=1.2m), respectively . Observed the relationship between the effective refractive
index and the number of holes, it was discovered that the difference between the effective refractive indices
of the core and cladding decreases as the number of holes increases, whereas for a large number of holes, the
curves match each other. As demonstrated in Figure 5, the refractive index of the core stays constant for all
values of the number of holes.
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Figure 5 Variation of effective refractive index against wavelength for the number of air holes vary

as N=6,9,12, A=3pm, and d=1.2pm.
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3. The relationship between temperature and refractive index in PCFs

The influence of temperature variation affects the density of the PCF, which is directly proportional to
the refractive index, this leads to lowering when the temperature rises, this is due to the high temperature in
the PCF density that the PCF extends and loses the attraction strength between the molecules, thus increasing
the distance between the particles and the internal molecular movers. Temperature is one of the fundamental
recognizable optical properties for each material, where it is regarded to be one of the physic - chemical
properties of the material since it specifies the effects of the electromagnetic waves on the material. The
refractive index depends on the density and the wavelength, where the refractive index of a material is the
ratio between the speed of light in the vacuum and the speed of light in that material as shown in the
following expression[12]

C
n=- (1
v
Where the refractive index of the material is n, the light speed in the material is v and ¢ that's the speed of
light in the vacuum. Hence, the refractive index. Makes the velocity of light within the medium decrease
according to the following Relationship of:

[
S

L@

=

Where, n- is the material refractive index before the change Temperature, n1 is the refractive index of the
material when the material changes. Temperature, A- is the wavelength of the material before the temperature
changes and Aiis the wavelength of the materials after changing the temperature [13]. The refractive index
calculated by two methods by refractometer Temperature or Brix degree specified i.e., by material change
Depend on concentration. Refractive index depends on the density and temperature ,the refractive index may
specify the dispersive power of the prism, and the power of the lenses or some materials, such as water, may
know the purity of the prism determination of the refractive index by changing its concentration [14]. The
change in the refractive index with respect to temperature can be described by the relationship [15]:

dn( T 2( To)—1 .D . D .AT2 4 ETEELATy
2D _wCT0oL o +2.D AT +3.D AT+ T )ern(3)

_ ar 2.n( ,To) 0 ~ kT
T, is the standard temperature

T Silysi degree temperature.

The temperature difference is above standard grade. AT

A ))the wavelength of the electromagnetic wave in the vacuum and in units um.

As for (Axr, E1, Eo, D2, D1, D, ) are constants that have specific values and depend
on the type of glass used and their values as shows in table 1.

Tablel. shows the parameters for glass
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D- D1 D> E- E1 At

1.86 x 10-° 1.31x108% | —-1.37x10-11 4.34 x 107 6.27 x 10-10 | 0.170

The laser beam when passing through a certain medium will lead to a rise in temperature in the form of the
so-called thermal lenses, which is a phenomenon photothermal, and these thermal lenses are like normal
convex lenses [16], thermal lenses are considered a criterion for changing the refractive index of medium
because of the irregular thermal distribution of the media [17]. To illustrate the concept of thermal lenses we
impose a system in which the fallen light suffers from partial absorption and this absorption leads the system
to climb to the upper level and return back down but without the emission of energy thus increases the
temperature of the system and thus form a thermal lens([16],[18]). The effect of the thermal lens is the result
of the relaxation of the stimulus conditions from the medium and not the radiation, which was pumped by
the laser beam with a Gaussian wave front and during these irradiated relaxation processes, which include
vibratory relaxation that converts the heat absorbed from the fallen laser light to heat, as a result, the
temperature of the radiation sample changes, the temperature of the radiation sample changes, the
temperature of the radiation sample changes, the refraction index is similar to the Gaussian distribution of
the fallen laser beam resulting from the laser beam radius, as well as a change in the intensity of the laser
beam.[18]. The propagation of light in a homogeneous medium, optical diffraction occurs, a geometrical
effect leading to a spatial broadening the beam propagation direction, depends on refractive index of the
media [19]. Self-focusing is a nonlinear optical phenomenon refers to the nonlinear process counteracts
against natural propagation of an optical beam when power exceeds a critical value of origin self-focusing in
the nonlinear refractive index, n = n- + n2l, where any increase in the intensity , I, leads to n>>0, this
produces a convergent wave front through the nonlinear phenomenon of self-phase modulation (SPM) during
the beam propagation in the medium[20].

-~

Figure 6 Self-focusing of a Gaussian beam

4. The effect of temperature on the refractive index in the PCFs

If one insert a wavelength Gaussian’s pulse (850 nm) to the PCFs and the core refractive index (1.474),
will note that the temperature increase for the PCFs and therefore the refraction index will increase too
because the change of the density of the medium by the effect of heat, and the Fig. 2. shows the relationship
between the temperature within the range (20c0 ) to (80c0) and the refractive index of the PCFs.
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Figure 2 The effect of temperature on refractive index in PCFs
But if one insert a waussiau > PUIST VVILIT G VWWAVTITIHIYU | Ul 1Ayl HHIUUC \1000)nm 1 nie wule refractive index of

PCFs(1.472), will note that by increasing the frequency of the Gaussian’s pulse will increase the intensity of
the pulse and thus will lead to a rise in the temperature of PCFs will gradually increase the refractive index
and as shown in Fig.3.which describes the behavior of the refractive index with temperature within the range
(20c® ) to (80c®) For PCFs.
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Figure 3 The effect of temperature on refractive index in PCFs

And by increasing the wavelength of the Gaussian’s pulse entering the PCFs to (1300nm ) and the refractive index of the core
(1.468) We note when the frequency and intensity of the pulse increase, the temperature of PCFs increase too, therefore the
refractive index of the PCFs will increase , figure4. shows the relationship between the refractive index and the temperature in the
PCFs.
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Figure 4 The effect of temperature on refractive index in PCFs

5. CONCLUSION

To conclude, simultaneous control of self-focusing, which can be selectively enabled by the incident
laser wavefront, has been demonstrated for the first time in the same nonlinear PCFs made of SiO, the
nonlinear refractive index coefficient of the PCFs, responsible for the self-focusing phenomenon, is retrieved
by fitting the broadened spectrum resulting from the nonlinear propagation of chirped pulses inside the PCFs
to a theoretical model. It is found that an incident beam with a diverging wavefront can be focused in the
PCFs quickly due to enhanced inverse diffraction caused by the linear no of the PCFs the effect of self-
focusing governed by the nonlinear n, of the PCFs. Such unusual phenomena, which are attributed to the
negative n0 and positive n2, may give a distinct way to protect nanostructured devices from laser damage
and provide a future method for manipulating laser propagation in PCFs and can be gate normal convex
lenses which act as thermal lenses.

References

[1] Xuan, K. D., Van, L. C., Dinh, Q. H., Van Mai, L., Trippenbach, M., and Buczynski, R. Influence of
temperature on dispersion properties of photonic crystal fibers infiltrated with water. Optical and Quantum
Electronics, 49(2017), 2- 87.

[2] Guo, Y., Li, J., Li, S., Liu, Y., Meng, X., Bi, W., and Hao, R. Amphibious sensor of temperature and
refractive index based on D-shaped photonic crystal fibre filled with liquid crystal. Liquid
Crystals, 47(2020), 882-894.

[3] Russell, P. S. J. Photonic-crystal fibers. Journal of lightwave technology, 24(2006), 4729-4749.

[4] Wang, R., Yao, J., Miao, Y., Lu, Y., Xu, D., Luan, N.,and Hao, C. A reflective photonic crystal fiber
temperature sensor probe based on infiltration with liquid mixtures. Sensors, 13(2013), 7916-7925.



mohammed altaie , Al-Qadisiyah Journal of Pure Science 27, 1(2022) )phy. pp. 1-10 9

[5] Wang, Y., Bartelt, H., Ecke, W., Moerl, K., Lehmann, H., Schroeder, K., and Jin, L. Thermo-optic
switching effect based on fluid-filled photonic crystal fiber. IEEE Photonics Technology Letters, 22(2009),
164-166.

[6] Palomares, L. O., and Reyes, J. A. Cholesteric cored photonic fibre as a narrow optical filter. Liquid
Crystals, 46(2019), 340-348.

[7] Wang, F., Wang, J., Long, S., Wang, L., Lv, Y., Zhang, L., and Sun, W. All-fibre one-way filter based
on both-end-filled photonic liquid crystal fibres. Liquid Crystals, 45(2018), 1004-1009.

[8] Sun, B., Chen, M. Y., Zhou, J., and Zhang, Y. K. Surface plasmon induced polarization splitting based on
dual-core photonic crystal fiber with metal wire. Plasmonics, 8(2013), 1253-1258.

[9] Liu, X., Liu, Y., and Wang, Z. Broad-band sensor based on two line-infiltrated photonic liquid crystal
fibers. In Asia Communications and Photonics Conference (pp. ASu2A-55). Optical Society of America,
(2015, November).

[10] Fu, G., Fu, X., Guo, P., Ji, Y., and Bi, W. Research on fused tapered photonic crystal fiber sensor based
on the method of intermittent cooling. Journal of Sensors, (2016).

[11] Rindorf, L., and Bang, O. Sensitivity of photonic crystal fiber grating sensors: biosensing, refractive
index, strain, and temperature sensing. JOSA B, 25(2008), 310-324..

[12] Cui, Y., Shum, P. P., Hu, D. J. J., Wang, G., Humbert, G., and Dinh, X. Q. Temperature sensor by
using selectively filled photonic crystal fiber Sagnac interferometer. IEEE photonics Journal, 4(2012), 1801-
1808.

[13] Jorge, P. A, Silva, S. O., Gouveia, C., Tafulo, P., Coelho, L., Caldas, P., and Frazdo, O. Fiber optic-
based refractive index sensing at INESC Porto. Sensors, 12(2012), 8371-83809.

[14] Yee, O. S. Refractive Index Sensor Bases on Hollow-Core Photonic Crystal Fiber. Faculty of Electrical
Engineering, Universiti Teknologi Malaysia, Skudai. (2014).

[15] Yu, T., Li, H., and Wang, W. Experimental investigation on grinding characteristics of optical glass
BK7: with special emphasis on the effects of machining parameters. The International Journal of Advanced
Manufacturing Technology, 82(2016), 1405-1419.

[16] Uchiyama, K., Hibara, A., Kimura, H., Sawada, T., and Kitamori, T. Thermal lens
microscope. Japanese Journal of Applied Physics, 39(9R), 5316, (2000).

[17] Arain, M. A., Quetschke, V., Gleason, J., Williams, L. F., Rakhmanov, M., Lee, J., and Reitze, D. H.
Adaptive beam shaping by controlled thermal lensing in optical elements. Applied optics, 46(2007), 2153-
2165.

[18] Shang, Z., Li, S., Wu, H., and Dong, L. Quartz Enhanced Photoacoustic Detection Based on an
Elliptical Laser Beam. Applied Sciences, 10(2020), 1197.



10 mohammed altaie , Al-Qadisiyah Journal of Pure Science 27, 1(2022) )phy. pp. 1-10

[19] Tang, Z., Zhao, L., Sui, Z., Zou, Y., Wen, S., Danner, A., and Qiu, C. Switchable self-defocusing and
focusing in nearly isotropic photonic crystals via enhanced inverse diffraction. Physical Review A, 91(2015),
063824,

[20] Hickmann, J. M., Gomes, A. S. L., and Aratjo, C. B. Beam profile manipulation in a self-defocusing
nonlinear media. Brazilian Journal of Physics, 22(1). (1992).

‘@ @ @@ \ © 2022 by the authors. This article is an open access article distributed under
the terms and conditions of attribution -NonCommercial-NoDerivatives 4.0

International (CC BY-NC-ND 4.0).



	The Refractive Index Of Photonic Crystal Fibers As A Function Of Some Parameters And Temperature
	Recommended Citation

	tmp.1678986269.pdf.TSzg9

