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Abstract— With the sudden increase in demand and high data transmission speed, the requirement to use optical communication 

technology is also increasing. In the recent optical communication applications, supercontinuum generation (SCG) has given evidence of 

utility. Holes or microstructured optical fiber (MOF) plays a very advanced role in the implementation of SCG due to lack of power required. 

SCG is obtained when an ultra-short laser pulse passes through excessive nonlinear spectral broadening to produce broadband. 

Continuous production of Spectral is a result of inter-action between high-order dispersion and various non-linear processes. In this article, 

discussing the MOF and the recent application of Supercontinuum generation and its scope. 

Index Terms— Nonlinear optics, Effective Mode Area, Chalcogenide Materials Supercontinuum Generation.   

——————————      —————————— 

1 INTRODUCTION                                                                     

n the previous years, based on the enormous developments 
in fiber optics systems, research has focused on the devel-
opment of fibers and fiber-based devices suitable for near 

and medium infrared wavelengths for various applications 
[1]. Supercontinuum (SC) fiber sources are the next generation 
light source and one of the most interesting topics for research 
in the optical field. The supercontinuum could have high 
brightness, a high degree of coherence, wide bandwidth and 
potential compactness. SC sources find many applications in 
the medium infrared region (MIR) such as frequency metrolo-
gy, molecular spectroscopy, detection, optical coherence to-
mography. Perforated fiber or microstructured optical fiber 
(MOF), also known as photonic crystal fiber (PCF). Generally 
consists of a central solid defect lattice or triangular lattice 
with the same air hole diameter arrangement has been an es-
sential requirement for SC sources because of the availability 
of suitable pump source and the design flexibility offered by 
silica-based PCFs around the available communication wave-
lengths [2]. 
       MOF are suitable media for SC generation due to the de-
sign flexibility in their dispersive and nonlinear properties. 
The most coherent and flat SCs in the MIR are preferred since 
most molecules exhibit fundamental vibrational absorption in 
this region, which is very useful for optical coherent tomogra-
phy (OCT) [3]. 

      Applications in the MID-IR region, chalcogenide glass 
(S-SE-TE) have been found to be potentially very suitable due 
to some special properties, which could be exploited for the 
manufacture of devices intended for applications in this range 
of wavelength. The dispersion profile of these MOFs can be 
easily controlled by varying the diameter of the air hole (d) 
and the distance between the holes. The control of chromatic 

dispersion in MOF is a very important challenge for practical 
applications such as nonlinear optics, dispersion compensa-
tion, optical communication system, and many others [4]. Ini-
tially, SCG was demonstrated with the silica-based material 
but, in addition to silica, non-silica material can also be used as 
a base material for MOF. This is often the result of interesting 
optical properties of PCF due to the unique properties of un-
derlying material [5]. A unique property is a nonlinearity, 
which controls the spectral broadening of optical pulses and 
can be maximized by adapting the effective area by selecting 
materials with higher nonlinear Kerr coefficients. Nowadays, 
some chalcogenide materials are becoming suitable for the 
development of active and passive optoelectronic devices for 
the mid-infrared region such as As2s3, As2se3, Ge11.5As24Se64.5 
[6].  

 

2   THEORY 

Many investigators use the FDTD (Finite-Difference Time-
Domain) method to examine the optical properties of MOFs. 
The total dispersion or chromatic dispersion Dc can be com-
puted using the given relation [7]   
 

Dc (λ) = -  
 

 
 
      

   
                                (1) 

where λ is the operating wavelength, c the speed of light in 
vacuum, and neff the real part of the effective index (neff = 
λβ/2π, with β being the propagation constant). The nonlinear 
coefficient γ is evaluated as [7], 
 

  
    

     
                                                                      (2) 

n2 indicates the nonlinear refractive index of the material, λ is 
the wavelength of the pump and Aeff the effective surface of 
the fundamental mode. 
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3 MATERIAL USED FOR PHOTONIC CRYSTAL FIBER 

 
3.1 The primary material: Silica 

In the early days, silica was used as a base material for pho-

tonic crystal fibers. The band gap of silica material is 1.1 eV at 

300K. It has highly nonlinear refractive index of around 

4.5×10-14 cmW-1 and also has two-photon absorption coeffi-

cient of around 7.9×10-10 cmW-1 [8]. Methods of producing 

silicon-based devices have been well defined. However, the 

band-gap of silicon is indirect, which leads to a long life of the 

free carrier and therefore to the absorption of the free carrier. 

Therefore, to avoid the absorption of the free carrier and the 

absorption of two photons, it is necessary to study other non-

linear materials. 

 

3.2 Chalcogens  

Materials that are using for non-linear optics, i.e. chalcogenide, 

can be used as the basis material for PCF. These chemical ele-

ments are present in group 16 of the periodic table called 

"chalcogens". It is made of selenium, sulfur, oxygen, poloni-

um, and tellurium. Tellurium is a semiconductor material, 

while some allocations of selenium exhibit the properties of 

these materials. 

 
3.3 Chalcogenide glasses  

Chalcogenide glasses contain selenium, sulfur, tellurium or a 

combination of these elements. Its refractive index is between 

2.35 and 3.5. The best feature is the highest nonlinear refrac-

tive index and the absorption of the lower photon [8]. In prin-

ciple, there is no absorption of the free carrier at 1550 nm. 

Some of the most commonly used compounds in chalcogenide 

materials are Ge11.5As24S64.5, Ge11.5As24Se64.5, As2Se3, and As2S3. 

Among the many available chalcogenide materials, the most 

commonly used chalcogenide material is Ge11.5As24S64.5 be-

cause it has an excellent ability to make thin films with high 

thermal and optical stability and chalcogenide [9]. 

 

4 APPLICATIONS OF NONLINEAR FIBER OPTICS 

 
A. In 2016, S. Vyas, et al reported simulation result of 

Ge11.5As24S64.5 material PCF with 5 layers of air holes with 

the different diameter and a different pitch used for ultra-

broadband supercontinuum generation in the range 1-15 

µm. The PCF is used for the numerical simulation of the 

SCG using pulses with a peak power of 85 fs of 3 KW at a 

wavelength of 3100 nm [10]. 

 
Fig.1. Structure of 5 layers hexagonal PCF 

 

B. In 2016, S. Vyas, et al reported the effect of neff, when neff 

is decreased the dispersion curve will be flatter. with the 

nonlinear hexagonal photonic crystal fiber with a five-ring 

lattice structure and modifying the air hole diameter 

shown supercontinuum generation from 1-10 μm range, 

using the Ge11.5As24S64.5 Chalcogenide glasses fiber [11]. 

 

 
Fig.2. Structure of PCF with hexagonal cladding of air holes 

 
C. In 2018, M. R. Karim, et al reported, A highly nonlinear TCF 

(triangular core fiber) with a GaAsSe core is used. The 

structure of the TCF is optimized by varying its lateral 

length (7 to 8 μm) for the generation of ultra-wide broad-

band SC in the MIR region greater than 15 μm. This pro-

posed PCF can be used as fingerprint molecular spectros-

copy, atmospheric gas detection, and biomedical imaging, 

as well as in many other fiber-based broadband applica-

tions [12]. 

 
        Fig.3. Triangular-core fiber geometry 

 

D. A highly nonlinear of the proposed MOF having four rings 
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around the core. The first air-hole ring is replaced by borosili-
cate rods. This optimized design is very helpful for MID-IR 
with 20db bandwidth of 740nm with an erbium-doped fiber 
emitting at 2.8µm as the pump source with a peak power of 
350W with only a few centimeters of optimized fiber. The pro-
posed fiber is very useful applications especially with the ma-
ture available technologies [13].  

 
Fig.4. Structure of PCF having the first ring is replaced by borosilicate 

rods. 

 

E.  A highly nonlinear multi-material chalcogenide photonic 
crystal fiber is designed with borosilicate and As2S3 glass, 
where borosilicate is doped in a spiral shape in the clad-
ding region of the fiber. The range of dispersion is from 1.8 
to 8 µm. The results are suitable for broadband 
supercontinuum generation [14]. 

 

 
Fig.5. Structure of borosilicate doped spiral shape PCF 

 

5   CONCLUSION 

In this paper, the basics of the microstructured optical fiber 
along with its properties have been discussed. We have also 
discussed the basic guided properties of this new class of fiber. 
We also analyzed the recent application of microstructured 
optical fiber supercontinuum generation and its applications. 
It offers many applications such as optical coherence tomog-
raphy, spectroscopy, frequent metrology, and wavelength 
conversion.  
. 
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