
Vol. 133 (2018) ACTA PHYSICA POLONICA A No. 4

Proceedings of the International Conference on Oxide Materials for Electronic Engineering, May 29�June 2, 2017, Lviv

Highly Nonlinear Multi-Material Chalcogenide Spiral

Photonic Crystal Fiber for Supercontinuum Generation

Shruti Kalraa,*, Sandeep Vyasa, Manish Tiwarib, O. Buryyc and Ghanshyam Singhd

aDept. of ECE, Jaipur Engineering College & Research Center, Jaipur, India
bDept. of ECE, Manipal University, Jaipur, India

cInst. of Tele. Radioelectronics and Electronic Eng., Lviv Polytechnic National University, Ukraine
dDept. of ECE, Malaviya National Institute of Technology, Jaipur, India

In this paper, we have numerically simulated a highly nonlinear multi-material chalcogenide photonic crystal
�ber in order to investigate both the linear and the nonlinear parameters for generating a supercontinuum. The
photonic crystal �ber is designed with borosilicate and As2S3 glass, where borosilicate is doped in a spiral shape in
the cladding region of the �ber. The designed �ber was carefully anlaysed for the parameters, e�ective refractive
index, e�ective mode area, dispersion and nonlinearity coe�cient. The estimated parameters are found satisfactory
and suitable for further simulation and investigation of the design for broadband supercontinuum generation.

DOI: 10.12693/APhysPolA.133.1000

PACS/topics: 42.70.Mp, 42.81.Pa, 78.20.Ci

1. Introduction

Photonic crystal �bers have attracted the attention of
researchers since their inception due to their higher de-
sign �exibility and their enormous applications in the
�elds of communication, sensing, and biomedical sci-
ence [1]. Photonic crystal �bers commonly known as
microstructured optical �bers and holey �bers are a spe-
cial class of photonic crystals, with a core surrounded
by a microstructure of air�holes arrangement in a lattice
forming the cladding [2].
The geometry of the photonic crystal �bers o�ers a

greater degree of freedom to tailor its optical properties.
The advancement in fabrication technology o�ers greater
possibilities to fabricate the photonic crystal �bers with
di�erent materials other than silica [3].
Together with the �exibility to tailor the design and ge-

ometry along with a variety of material choices for fabri-
cation, the photonic crystal �bers have not only attracted
the interest of researchers but have also emerged as one
of the most promising candidates for broadband super-
continuum generation [4].
Supercontinuum can be simply de�ned as a process

resulting in extreme pulse broadening as it travels in a
nonlinear medium.It can be best explained as a Â non-
linear phenomenon where an intense ultra-short (nar-
row) laser pulse undergoes spectral broadening during
its propagation in a nonlinear medium, resulting in a
super-wide continuous optical spectrum. The parame-
ters that greatly a�ect the generation of the supercon-
tinuum include chromatic dispersion, peak power of the
pulse, pump wavelength, pulse duration and length of the
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nonlinear �ber [5]. The numerous possible applications
of supercontinuum in optical coherence tomography, mi-
croscopy and spectroscopy, characterization of optical de-
vices, multiple carrier wave generation in wavelength di-
vision multiplexing and frequency metrology and various
other applications has increased their demand across the
globe [6].
In the last few years photonic crystal �bers have

emerged as a promising candidate for broadband super-
continuum generation in visible and infra-red region for
various applications. Many materials like lead-silicate,
tellurite, bismuth-oxide and chalcogenide glass o�ering
suitable nonlinearity have been explored to fabricate pho-
tonic crystal �bers which can be engineered to generate
supercontinuum for the desired range [7].
The use of nonsilica materials o�ers high Kerr non-

linear coe�cients, and unique the characteristics of pho-
tonic crystal �bers o�ers enhanced �exibility to tailor
parameters like e�ective area, dispersion and nonlinear
coe�cient to obtain supercontinuum generation in the
desired range [3].
In this paper we present a multi-material chalcogenide

glass based photonic crystal �ber designed with As2S3
and borosilicate. In order to analyze its possibility to
be employed for supercontinuum generation, we have nu-
merically investigated the following parameters: e�ective
refractive index, e�ective area, dispersion and nonlinear
coe�cient for the range of wavelength spanning from 1
to 8 µm.

2. Proposed PCF design

Based on our research work, we propose a new �ber
design by replacing the air-hole in cladding region with
a high refractive index material. The photonic crys-
tal �ber consists of arsenic sul�de (As2S3) as the back-
ground material that has a hexagonal geometry with four
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rings. The e�ective refractive index is tailored by replac-
ing the air-holes of the inner ring and cladding region
with borosilicate. The air-holes of the cladding region
are replaced in spiral pattern as depicted in Fig. 1 to tai-
lor dispersion, e�ective area and nonlinearity coe�cient
to generate supercontinuum. The rods of borosilicate are
represented with red color and air�holes are represented
in black color to clearly distinguish the doped air-holes in
the design. The diameter of air�hole (d) and borosilicate
and pitch of �ber (Λ) are kept uniform throughout.
The numerical investigation was carried out with a tai-

lored design with d = 1.325 µm and Λ = 2.5 µm.

Fig. 1. Schematic design of the proposed photonic
crystal �ber.

3. Method of analysis and results

In order to numerically investigate the characteristics
of the designed �ber we have simulated the design for the
wavelength varying from 1 to 8 µm. In our research work
we mainly focused on the characteristics which play a
vital role in the generation of supercontinuum generation
like e�ective refractive index, e�ective area, dispersion,
and nonlinear coe�cient.
We can estimate the wavelength related refractive in-

dex of As2S3 glass and borosilicate material by the fol-
lowing Sellmeier Eqs. (1) and (2), respectively, as [8]:
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where the coe�cients have the values as mentioned be-
low: A1 = 1.898367, A2 = 1.922297, A3 = 0.87651, A4 =
0.11887, A5 = 0.95699, λ1 = 0.15 µm, λ2 = 0.25 µm,
λ3 = 0.35 µm, λ4 = 0.45 µm, λ5 = 27.3861 µm, and
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where B1 = 0.967, B2 = 0.00511, B3 = 0.34938, λ21 =
0.020452 µm, λ22 = 107.9261 µm, λ23 = 0.000233µm.
The chromatic dispersion (Dc) results due to both

waveguide dispersion (DW ) and material dispersion
(DM ) and can be expressed as Dc(λ) = DM (λ)+DW (λ).
Chromatic dispersion Dc(λ) can be calculated using the
following relation:

Dc (λ) = −λ
c

d2neff
dn2

. (3)

In the given relation c is the speed of light in vacuum, λ
is the wavelength of operation, and neff is the e�ective
index (real part) which can be de�ned as neff = λβ/2π
where β is the propagation constant [5]. As the expres-
sion depicts that dispersion is related to neff the e�ective
index (real part) we have simulated our design to calcu-
late the e�ective index and used the values obtained to
estimate the dispersion. Figure 2 depicts the plot of both
e�ective refractive index and dispersion.
With the careful selection of the pitch (Λ) and air�hole

diameter d, the �at dispersion pro�le for the range 1.8 to
8 µm was obtained with two zero dispersion wavelength
(ZDW) at 2.73 and 4.57 µm. A �at and low disper-
sion pro�le helps enhancing the supercontinuum genera-
tion [2].

Fig. 2. The dispersion and e�ective refractive index
plot of PCF.

The e�ective area of the propagating mode (Aeff ) of
the photonic crystal �ber can be determined with the
given relation in Eq. 4 [5] and can also be estimated with
numerical simulation.
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4
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. (4)

The nonlinear coe�cient (γ) can be evaluated by the fol-
lowing equation [5]:
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Fig. 3. The fundamental mode in the PCF.

Fig. 4. The e�ective area and the nonlinear coe�cient
of the PCF.

γ =
2πn2
λAeff

, (5)

where n2 is the refractive index of nonlinear material,
λ is pumped wavelength and Aeff is the e�ective area
of the fundamental mode as shown in Fig. 3. The plot
of e�ective area and nonlinear coe�cients against the
wavelength is represented in Fig. 4. Here, the nonlin-
ear refractive index of As2S3 based chalcogenide glass is
n2 = 4×10−18 m2/W at 2.8 µm [8]. The plot can be used
to estimate the values of both e�ective area and nonlinear
coe�cient at the desired wavelength of operation.

4. Conclusions

In the paper presented here a multi-material photonic
crystal �ber with hexagonal lattice arrangement of air�
holes is numerically investigated for its characteristics
like e�ective refractive index, e�ective area, nonlinear co-
e�cients and dispersion. The range for �at dispersion of
the proposed photonic crystal �ber design extends from
from 1.8 to 8 µm.
The nonlinear coe�cient (γ), e�ective area (Aeff ) and

dispersion at the wavelength λ = 2.8 µm as estimated are
1052 W−1 km−1, 8.53242 µm2 and 4.903392 ps/km/nm,
respectively, for the designed photonic crystal �ber. The
results of the investigation are satisfactory and suitable
for further investigation of the design for broadband su-
percontinuum generation.
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