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Abstract— A highly nonlinear photonic crystal fiber with eight ring octagonal structure is proposed.
Chalcogenide glass of As,S;is used as the material for this photonic crystal fiber structure. The finite-
element method with perfectly matched boundary layer is employed to analyze the guiding properties.
Non linearity of 13,584.5 per W-km is obtained at 1.55 pm with reasonable flattened dispersion of -25
ps/nm-km to -28 ps/nm-km. Confinement loss achieved is of the order of 10° dB/km. Large negative
dispersion is also obtained ranging from wavelength of 0.85 um to 1.95 pum, which can be used for
dispersion compensation in fiber optic communication. This Photonic Crystal Fiber structure can also be
used for nonlinear applications like ultra short soliton pulse transmission, optical parametric
amplification, super continuum generation.

Keyword- Chalcogenide glass, Chromatic dispersion, Finite element method, Large negative
dispersion, Photonic crystal fiber, Supercontinuum.

I. INTRODUCTION

Photonic crystal fibers (PCFs) are holey fibers made up of large number of air-holes in its cladding [1]. They
have been very attractive nowadays because we can easily control the dispersion [2], confinement loss [2]
nonlinearity [3], [4] etc. by varying the structural parameters of the PCF. Controlling dispersion and achieving
high nonlinearity along with low confinement loss is very crucial in PCFs. PCFs are used in applications like
parametric amplification, wavelength division multiplexing, soliton transmission, gas sensing, dispersion
compensati on, supercontinuum generation etc.

Our PCF is showing large negative dispersion so that it can be used as dispersion compensation in optical
communication [5]. Flattened dispersion along with high nonlinearity is reported at the telecom wavelength of
1.55 um. This property can be used to generate Supercontinuum [6], [7], [8]. Supercontinuum is the spectral
broadening caused to a ultra short light pulse, while propagating in the fiber. We consider As;S; based
chalcogenide glass as the material for our PCF [9]. This type of glass possess very high nonlinearity with large
negative dispersion. Our unique structure provides waveguide dispersion in such a manner that this waveguide
dispersion will cancel some of the negative dispersion and provides a more flattened dispersion for using this
PCF in the telecom wavelength of operation. Numerical simulations show that we have achieved ultrahigh
nonlinearity of almost 100 times than that of silicawith dispersion variation of 3.9 ps/nm-km at 1.55 pm.

Il. PCFSTRUCTURE

We propose an octagonal symmetric structure, with the inner ring hole diameter varying to form three
different cases of the PCFs. The air-hole diameter of the first ring is d1, while air-hole diameter of the second to
eighth ring is d2. The pitch distance between circles on adjacent rings is pitchl and pitch distance between
circleson samering is pitch 2. The structureis shown in Fig.1.

The parameters are d2=0.5246 um, pitch1=0.86 um and pitch2=0.765 * pitch1=0.6579 um. By keeping other
parameters constant, we are considering three cases of d1. That is the ‘first case’ with d1=0.13115 um, the
‘second case’ with d1=0.2623 pm and the ‘third case’ with d1=0.5246 um.
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Fig 1. Proposed eight ring octagonal PCF structure.

IIl. SSMULATION RESULTS

COMSOL MULTIPHYSICS is used for the simulation of our proposed PCF structure.Two dimensional
output of light confinement obtained is shown in Fig. 2. The effective mode index (ng;) and electric field
component (E), for a range of wavelengths from 0.85 um to 1.95 um is obtained. Chromatic dispersion,
Confinement loss, Effective area and Nonlinearity are calculated and plotted using MATLAB.

Fig 2. Two-Dimensional plot of light confinement.

A) Dispersion

Chromatic dispersion is the sum of material and waveguide dispersion [9]. Materia dispersion is calculated
from the simpler form of Sellemeier equation, which is known as Cauchy’s equation, showing the relation of

material of the chalcogenide glass with the refractive index [10]. Thisrelation is shown in the table 1. Cauchy’s
equation is given by
n()= (a+b/A+c/ 3%)Y?

)
where, a=5.14, b=0.20 pm?, ¢=0.14 um* and X is the wavelength
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TABLEI
Refractive index of As;S; at different wavelengths.

Wavelength Refractive
(um) index
0.85 2.4423
0.95 24111
1.05 2.3909
115 2.3772
1.25 2.3676
135 2.3605
145 2.3552
155 2.3511
1.65 2.3478
1.75 2.3453
1.85 2.3432
1.95 2.3414

From the wavelength dependence of refractive index, we calculate the total chromatic dispersion which
includes material and waveguide dispersion as given by the equation

A (dzRe(neff))

DO‘) = - c Y

ps/(nm-km) 2)

Where Re(neff) is real part of effective mode index, A is the wavelength and c is the velocity of light.
Dispersion curves are shown in Fig. 3. Dispersion variation is from -149 ps/nm-km to -178 ps/nm-km for the
first case, from -211 ps/nm-km to -225 ps/nm-km for the second case and from -25 ps/nm-km to -28 ps/nm-km
for the third case. In spite of large negative dispersion of chalcogenide glass we have obtained the required
flattened dispersion for super continuum generation at 1.55 pm.
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Fig 3 Variation of Chromatic dispersion with wavelength.

B) Confinement Loss
Confinement loss can be calculated by using the equation

Lc = 8.686kyIm(neff) dB/m ©)
where Im is the imaginary part of effective mode index , and k; is the free space wave number, which is equal
to 2n/) . Our structure provides fine reduced values of confinement loss of the order of 5.46 X 10°® dB/km,
370 X 107 dB/km and 551 X 107 dB/km for our first, second and third cases respectively, at the
telecommunication wavelength of 1.55 um.
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C) Effective Area
Effective areais given from the equation

_ (JIEPdxdy)*
Aert = i (Efrday MM @
where E isthe electric field of the light wave. We have achieved a reduced effective area of 2.86 um?, 1.79 pm?
and 0.87 um? for our first, second and third cases respectively, as shown in Fig. 4.
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Fig 4. Variation of effective areawith wavelength
D) Nonlinearity
Nonlinear coefficient given by the equation
Znnz) 11
=— W™m 5
Y (;1 Hors ®)

where n, =2.92 X 10 m%W, which is the nonlinear refractive index of As,S; based glass. Usually nonlinear
coefficient of chalcogenide glasses is around 100 to 1000 times larger than that of silica glasses [9]. At
telecommunication wavelength, nonlinear coefficients in the order of 4136.6 W'km? , 6616.7 W'km™

and13,584.5 W'km™ respectively are obtained for our three cases, as shown in Fig. 5.
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Fig 5. Variation of nonlinear coefficient with wavelength.

Advantage of our PCF is that only four structural parameters are required for its design. More over we have
obtained flattened dispersion with ultra large nonlinearity and low confinement loss. Our PCF shows large
negative dispersion in a considerably large wavelength range so that it is a promising structure as a dispersion
compensating device in long haul fiber optic links. The ultra flattened dispersion with ultra high nonlinearity can
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be used for generating supercontinuum. Moreover high nonlinearity can be used in parametric amplification,
soliton pulse transmission and wavelength conversion..

IV.CONCLUSION

We propose three different cases of PCFs with octagonal structure, by varying the inner most ring of air-holes.
Large negative as well as flattened dispersion with low confinement loss is obtained. Flattened dispersion in the
range of -25 ps/nm-km to -28 ps/nm-km and nonlinearity of 13,584.5 W'km™ is obtained at telecommunication
wavelength of 1.55 um. By this remarkable property of ultra high nonlinearity and flattened dispersion, our
proposed PCF structure can be used for Supercontinuum generation.

REFERENCES

[1]  J C.Knight, T. A. Birks, P. St. J. Russell, and D. M. Atkin, “All silicasingle-mode photonic crystal fiber,” Opt. Lett., vol. 21, no. 19,
pp. 1547-1549, Oct. 1996.

[2] M.Pourmahayabadi, S. Mohammad Nejad, “Optimal loss reduction in photonic crystal fiber with flattened dispersion”, |EEE 2008

[3] JToulouse, “Optical nonlinearitiesin fibers: review, recent examples, and systems applications’, Journal of Lightwave Technology,
Vol 23, No.11,November 2005.

[4] S. M. Abdur Razzak, Y oshinori Namihira,, “Proposal for Highly Nonlinear Dispersion-Flattened Octagonal Photonic Crystal Fibers’,
IEEE Photonics Technology Letters, vol. 20, no. 4, February 15, 2008

[5] Jianhuali, Rong Wang, Jingyuan Wang, Zhiyong Xu ,Yang Su, “ Novel large negative dispersion photonic crystal fiber for dispersion
compensation”. 2011 IEEE

[6] M.A. Hossain, Y.Namihira, M.A.Isam, SM.A.Razzak, Y .Hirako, K.Miyagi, S.F. Kaijage, H.Higa, “Tailoring supercontinuum
generation using highly nonlinear photonic crystal fiber”, Optics & Laser Technology 44 (2012) 1889-1896

[71  Sourabh Roy , Partha Roy Chaudhuri.” Supercontinuum Generation at Mid-Infrared Region Photonic Crystal Fiber made of
Chalcogenide Glass’, AOMDB-2008

[8]  Yasutake Ohishi ,“Tellurite Microstructured Fibers for Broadband Supercontinuum Generation”, 2011 |EEE

[9] J S. Sanghera I. D. Aggarwal, L. B. Shaw, C. M. Florea, P. Pureza, V. Q. Nguyen, F. Kung, |. D. Aggarwal. “Nonlinear properties of
chalcogenide glass fibers’. Journal Of Optoel ectronics And Advanced Materials Val. 8, No. 6, December 2006, p. 2148 — 2155.

[10] G. Boudebs,S. Cherukulappurath, M. Guignard,J. Troles, F. SmektalaF, Sanchez, “Linear optical characterization of chalcogenide
glasses” , Optics Communications, VVolume 230, |ssues 46, 1 February 2004, Pages 331-336.

ISSN : 0975-4024 Vol 5No 2 Apr-May 2013 1086



	Chalcogenide glass Photonic Crystal Fiberwith flattened dispersion and highnonlinearity at telecommunicationwavelength
	Abstract
	Keyword
	I. INTRODUCTION
	II. PCF STRUCTURE
	III. SIMULATION RESULTS
	IV.CONCLUSION
	REFERENCES




