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Abstract: In this paper, we proposed a dispersion 

flattened photonic crystal fiber (PCF) for having very low 

dispersion for wide bandwidth as well as low confinement 

loss. The proposed fiber has been numerically analyzed 

for Silica core as well as Borosilicate crown glass core 

with square lattice air holes. In the proposed design we 

have used elliptical air holes in the inner ring whereas 

outer rings are circular. Finite Element Method based 

software tool is used to analyze the proposed design. This 

comparison of core materials deduces that Borosilicate 

crown glass PCF produces negative dispersion, making it 

a good candidate to be used as Dispersion Compensating 

Fiber (DCF), whereas Silica PCF provides nearly zero 

dispersion at wavelength range 1.35 µm to 1.70 µm.  

      Keywords─ Confinement Loss; Dispersion; Dispersion 

Compensating Fiber; Dispersion Flattened Fiber. 

 

I. INTRODUCTION 

        In telecommunications, Optical fibers have made an 

influencing impact due to its high bandwidth, high speed data 

transmission, security and reliability over long distances as 

discussed in [1]. Further the advent of wavelength division 

multiplexing has made optical fibers stronger candidate to 

meet the demands of higher bandwidth as discussed in [2]. By 

virtue of low transmission loss the telecommunication 

applications of Silica-based optical fibers are focused in the 

wavelength range 1.2-1.6 m as mentioned in [3].  

        PCF is one of the latest developments of this field. It 

includes three parts similar to the conventional fiber, where 

solid core consists of glass material, cladding and 

microscopic air holes as discussed in [4]. One of the strength 

of PCF is its design flexibility with desirable optical 

characteristics as mentioned by Partha Sona Maji [5]. By 

modifying the geometry of air holes, it can provide enormous 

propagation properties therefore, these fibers seems to be 

appropriate for compensating the dispersion of conventional 

fiber optic links as discussed in [6]. Through suitable 

selection of holes diameter, hole-hole spacing known as pitch 

constant (Λ), number of rings (Nr), and arrangement of air 

holes, several impressive properties like dispersion, 

confinement loss, effective area, non-linearity etc. can be 

controlled as examined in [7], [8]. 

        In WDM optical communication system, larger 

bandwidth with flattened dispersion is one of the major issue 

as discussed in [9]. To achieve flattened dispersion many 

techniques have been used earlier such as by varying shape 

and diameter of air holes by filling air holes with different 

liquids and gases as mentioned in [10-13]. In the past 

researches, a hexagonal geometry with five number of rings 

by using Silica has been investigated by Jay Parakash and Md. 

Sabir in [14]. A square lattice PCF structure is investigated in 

[15] and [16]. Furthermore, few other researches on PCF 

adjustments in structural parameters with zero dispersion and 

dispersion shifted fibers are discussed in [17], [18].   

       Other researches like single mode PCF is required for 

longer transmission without interference using octagonal 

lattice is discussed in [19]. Several other geometries of PCF 

with higher nonlinearity are examined in [20-24]. Another 

reported research on low confinement loss by changing PCF 

structure is observed in [25]. 

     In this work, we analyze a square lattice PCF structure 

with a new modified geometry using two inner elliptical and 

three outer circular air hole rings using both Silica and 

Borosilicate crown glass as their core materials and extracted 

optical properties like dispersion and confinement loss. The 

PCF designed in this work exhibit the flattened dispersion for 

the wavelengths of interest when Silica is used as the core 

material. The same fiber exhibit properties of dispersion 

compensating fiber when the core material is Borosilicate.  

   

II. DISPERSION IN PCF 

     For a guided mode in a PCF, effective refractive index 

(neff) of the mode can be obtained by calculating the Eigen 

value of Maxwell’s equation. Typically the effective index is 

a complex number having both real and imaginary value and 

is given by [14]. 

                     neff=β/k0                                                                                               (1) 

mailto:kubra.bashir@iobm.edu.pk
mailto:rabia.zaman@iobm.edu.pk


 

2 

 

    Here, β is the propagation constant and k0 is the free space 

wave number. 

     Dispersion is problematic in transmission capacity of the 

system. It is caused by the scattering of light waves, because 

of the difference either in constants of propagation or in 

material’s refractive index. In optical communication system, 

control of chromatic dispersion is vital in PCFs and in fibers 

it can be calculated by using real part of neff  as observed in 

[26]. 

         𝐷 =  −
𝜆 

𝑐

𝑑2𝑅𝑒[𝑛𝑒𝑓𝑓]

𝑑𝜆2
                                            (2) 

Where,  

c is speed of light and  is wavelength of the light in fiber. 

Confinement Loss is defined as the loss arising from 

the leaky nature of the guided modes due to non-perfect wave 

confinement in the PCF structure. |It is calculated by using 

imaginary part of 𝑛𝑒𝑓𝑓  as shown in [27]. 

         𝐶𝐿 = 8.686 
2𝜋

𝜆
 𝐼𝑚[𝑛𝑒𝑓𝑓]          [

𝑑𝐵

𝑚
]                   (3) 

    

III.  PCF DESIGN 

The proposed PCF design consists of five rings of air holes 

(Nr) along with solid core. For the first two rings, air holes 

are made  elliptical having major axis (a) of 0.4µm and minor 

axis (b) is of 0.1µm, whereas for the outer three rings, air 

holes are of circular shape with the diameter (d) of 1.0 µm 

and pitch (Λ) is of 2.3µm. The structure of lattice is selected 

as a square and perfectly matched layer (PML) is circular as 

shown in Figure 1. Two different core materials Silica and 

Borosilicate crown glass are chosen for the proposed 

geometry and the optimization is performed by using 

different geometric design approximations. 

 

Fig. (1). Geometry of proposed PCF of square lattice with two inner 

elliptical rings with major axis a=0.4µm, minor axis b=0.1µm and 

three outer circular rings with diameter d=1.0µm and pitch 

Λ=2.3µm. 

        Figure 2 summarizes the steps involved in the designing 

and simulation of PCF. In this work, we used Finite Element 

Method (FEM) based software package COMSOL 

Multiphysics to model the PCF and calculate effective 

refractive index.  

 

Fig. (2). Simulation flow diagram for proposed PCF Structure.  

 

    The first step of Figure 2 shows, the specification of the 

physical parameters such as pitch, diameter of holes, 

refractive indices (which is calculated by Sellmeier’s 

equation) and wavelength of light are used. Second step is 

then designed in such a way that two inner elliptical air hole 

rings and three outer circular air hole rings arranged in a 

square lattice. Next, core and hole domains are linked to 

appropriate materials, after that boundary condition perfectly 

matched layer (PML) is defined. PML is used as it represents 

the absorbing layer that is used to absorb electromagnetic 

waves without reflecting back into modeling space as 

discussed by Jean-Pierre Beranger in [28]. The next one is 

meshing by sub-dividing the structure into finite size 

elements to compute effective refractive indices. The real part 

of effective refractive index used to calculate dispersion 

whereas the imaginary part to compute confinement loss. And 

finally post-processing is done and graphs are plotted with the 

help of MATLAB software. 

      For simulation purposes the refractive index of Silica and 

Borosilicate is represented using their respective Sellmeier’s 

equations. As mentioned in [29] the refractive index of Silica 

is given by its Sellmeier’s equations as. 

𝑛(𝜆) = A0 − A1𝜆2 − A2𝜆4 + 
A3

𝐶
−  

A4

𝐶2
+  

A5

𝐶3
           (4) 

Where 

A0 = 1.4508554 
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A1 = 0.0031268 

A2 = 0.0000381 

A3 = 0.0030270 

A4 = 0.0000779 

A5 = 0.0000018 

C = 𝜆2 − 0.035 

     Further, the Sellmeier’s equation for Borosilicate crown 

glass material is given by [30]-[31].  

𝑛2(𝜆) = 1 +  
B0 𝜆2

(𝜆2 − B1)
+

B2 𝜆2

(𝜆2 − B3)
 +

B4 𝜆2

(𝜆2 − B5)
          (5) 

Where  

B0 = 1.03961212 

B1= 6.00069867 × 10−3 

B2= 0.231792344 

B3= 2.00179144 × 10−2 

B4= 1.01046945 

B5= 1.03560653 × 102 

and λ is the wavelength measured in μm.  

 

IV. RESULTS & DISCUSSIONS 

Figure 3 shows the refractive indices of Silica and 

Borosilicate materials that are calculated from the Sellmeier’s 

equation as discussed in section III. As we can observe in 

Figure 3 refractive index of Silica is decreasing in the range 

1.4495 to 1.4413 whereas Borosilicate is decreasing in the 

range 1.5062 to 1.4974 with increase in the wavelength. 
 

Figure 4 illustrates the effective refractive indices of Silica 

and Borosilicate crown glass as their core materials. The 

influence of varying the core material is studied. It is observed 

that refractive index of Silica is less than Borosilicate crown 

glass. It is clearly obvious that the refractive indices of both 

materials decreasing with increase in wavelength. The 

effective mode index of Silica decreasing in the range 1.45 to 

1.44, and of Borosilicate crown glass is 1.51 to 1.507 as a 

function of wavelength from 1.1 µm to 1.80 µm. 

 
Fig. (3). Refractive indices of Silica and Borosilicate Crown glass 

with respect to the wavelength.  

 

 
Fig. (4). Effective refractive indices of proposed Borosilicate 

crown glass PCF & Silica PCF 

 

Figure 5 demonstrates the comparison of chromatic 

dispersion of similar PCF with different core materials. By 

using the effective mode index (real part) chromatic 

dispersion is calculated. In Figure 5, wavelength under the 

range of 1.1 µm to 1.8 µm. It shows that the dispersion 

characteristics of Silica PCF are nearly zero in a wide 

wavelength range. Thus, it is noticed that dispersion value of 

silica PCF is varying from 7.15ps/nm-km to 3.98ps/nm-km in 

the wavelength range between 1.35μm to 1.70μm, which is 

low and flattened dispersion profile, so wavelength division 

multiplexing (WDM) can be applied to increase the capacity 

of communication channel. 
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Fig. (5). Comparison of chromatic dispersion of proposed 

Borosilicate crown glass PCF & Silica PCF 

  

            In contrast, the chromatic dispersion curve of 

Borosilicate crown glass offers negative dispersion in same 

wavelength range, which can be used as DCF. Hence, observe 

that the Borosilicate crown glass PCF provides negative 

dispersion from 9.75ps/nm-km to -21ps/nm-km from 1.35μm 

to 1.70 μm as clearly shown in Table 1. 

 
Table 1: Dispersion observation of Silica and Borosilicate Crown 

glass materials at different wavelengths 

 

Wavelength 

(µm) 

Dispersion 

(ps/nm-Km) 

Silica 

material 

Borosilicate 

Crown Glass  

material 

1.10 -36.4 5.34 

1.15 -9.94 2.17 

1.20 0.811 2.85 

1.25 5.45 3.53 

1.30 8.17 6.92 

1.35 7.15 9.75 

1.40 3.64 6.92 

1.45 3.53 1.49 

1.50 5.00 -5.53 

1.55 4.21 -10.2 

1.60 4.55 -15.7 

1.65 4.89 -20.5 

1.70 3.98 -21.6 

1.75 7.94 -22.7 

1.80 5.00 -37.0 

 

 

     Furthermore, Dispersion is interlinked with the effective 

mode index as clearly defined in equation (2) that it is the 

second derivative of effective refractive index. Thus we got 

the change in curves evidence is figure 4 and effective 

refractive index depends on refractive index.   

      Simulation results of confinement loss, of both PCFs with 

respect to wavelength are presented in Figure 6. It shows that 

in both fibers, confinement loss increases with increase in 

wavelength, whereas by comparing both fibers, confinement 

loss of Borosilicate crown glass PCF exhibits better 

confinement loss characteristics than the Silica PCF. 

     The confinement loss of Silica is increasing from 0.0086 

dB/km to 0.0210 dB/km from 1.1 µm to 1.80 µm, and that of 

Borosilicate crown glass fiber from 0.00820 dB/km to 0.02 

dB/km. Hence, we observed that Borosilicate crown glass 

fiber produces low confinement loss. 

 

 
Fig. (6). Comparison of confinement loss of proposed borosilicate 

crown glass PCF & silica PCF 

 

    The influence on dispersion by altering the diameter of 

three outer circular air hole rings by using silica core is 

studied by taking d=0.7µm, 1.0µm and 1.3µm and pitch 

Λ=2.3µm, while ellipticity of major axis of inner two rings is 

a= 0.4µm and minor axis b= 0.1 µm. 

    The changes in chromatic dispersion with respect to 

wavelengths in between 1.1µm and 1.8 µm is presented in 

Figure 7. It also shows that by increasing the diameter of rings 

of outer air holes that is d=1.3µm, 1.6µm and 1.9µm, 

chromatic dispersion also increases. 

    On the other hand, the influence of dispersion is also 

investigated, by altering the diameter of outer air holes 

circular rings using Borosilicate crown glass core and two 

inner elliptical rings  with major axis a= 0.4µm and minor 

axis b= 0.1µm  as shown in figure 8. 

    We have taken initial values pitch Λ=2.3µm, total number 

of rings Nr=5 and the diameter of three outer circular air hole 

rings d=0.7µm, 1.0µm and 1.3µm. 

    Figure 8 illustrates that by increasing the diameter of outer 

circular rings of borosilicate crown glass PCF, chromatic 

dispersion also increases. 

. 
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Fig. (7). Variation in chromatic dispersion of silica core PCF with 

wavelengths for a =0.4µm, b=0.1µm, Nr=5 and Λ=2.3µm 

    

 
Fig. (8). Variation of chromatic dispersion of Borosilicate crown 

glass core PCF with wavelength for a =0.4µm, b=0.1µm, Nr=5 and 

Λ=2.3µm 
   

V. CONCLUSION 

     In order to achieve low flattened chromatic dispersion and 

low confinement loss at wide wavelength, we tried to work 

on it. Thus, in this research we have manifested a new design 

of PCF having above mentioned parameters and that is 

achieved by adjusting the geometry of air holes, its 

dimensions and pitch. 

     In terms of chromatic dispersion and confinement loss, we 

finalized that both proposed fibers exhibits remarkable 

performances. Silica PCF has nearly zero and favorable 

dispersion band in wide wavelength range, which can offer 

suitable optical communication, while Borosilicate crown 

glass fiber provides very low confinement loss with large 

negative dispersion as shown in Table 1. So, we can conclude 

that our suggested design can be practically implemented in 

future wideband optical communication. 
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