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 
Abstract— In the conventional Photonic Crystal Fibers (PCFs), 

the cladding is formed by regular lattice of air holes with same 

diameter and silica glass is used as core material. In this paper, 

we have study a new structure of PCF filled Borosilicate Crown 

glass as core material. It is possible to control chromatic 

dispersion in wide wavelength range by varying the inner 3 

layers hole diameter compare to outer 3 rings hole diameter. 

There are so many difficulties occur during the design process 

because when parameters are being changed the designing 

varies accordingly. Using this design principle, ultra flattened 

dispersion is also designed through a Scalar effective index 

method (SEIM) with Transparent Boundary Condition (TBC). 

Here we have also compare Borosilicate Crown glass PCF with 

Conventional silica glass PCF. A PCF with flat dispersion 

property may be very useful for next generation optical and 

communication data 

 

Index Terms— Photonic Crystal Fiber (PCF), Chromatic 

Dispersion, Scalar effective index method (SEIM), Transparent 

Boundary Xondition (TBC) 

 

I. INTRODUCTION 

Photonic crystal fibers (PCFs) [1,2] have made from single 
material with a regular array of empty holes running along the 
length of the cladding. This structure enables light to be 
controlled within the fiber. Modern optical fibers, which 
transmit information in the form of short optical pulses over 
long distances at high speeds, have become integral part of 
life in the information age.  In these years PCF [1,2] is very 
attracted in the research group because of many of their 
attractive properties [3] as high birefringence, very high and 
low nonlinearity, wideband dispersion [4-10] flattened 
characteristics, endlessly single mode guiding [11,12], fiber 
sensors [13, 14] and fiber lasers [15,16]. Many research 
papers have published some optical properties of PCFs such 
as unique chromatic dispersion, which are almost impossible 
for the conventional optical fibers. Most PCFs are used silica 
as core material and core is surrounded by air holes called 
photonic crystal structure [17-20].  
 

Table 1. Comparisons of core material. [26] 
Properties Silica Glass BK7 Glass 

Density (g/cm3) 2.2 2.51 
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Refractive Index 
(micrometer) 

1.458 1.516 

Light Transmission 
wavelength (micrometer) 

0.18 to 2.5 0.35 to 2.5 

Max Temperature (Degree 
C) 

1120 560 

Poission‟s Ratio 0.17 0.206 
Specific heat capacity 
(J/Kg-K) 

720 860 

Speed of sound (m/s) 180*103 170*103 
 
The PCF is made by a single material. Here we use 
Borosilicate crown glass as core material. Borosilicate glass 
was first developed by German glassmaker otto Schott in the 
late 19th century. Most borosilicate glass is colourless 70% 
silica, 10% boron oxide, 8% sodium oxide, 8% potassium 
oxide and 1% calcium oxide are used in the manufacture of 
borosilicate glass. Borosilicate crown glass (BK7) is an 
optical material used in a large fraction OPTICS products. It 
is relatively hard glass, doesn‟t scratch easily. Another 
important feature of BK7 is very good transmission down to 
350 nm. Due to these properties, BK7 are widely used in the 
optics industry. 
  
            In this paper , we proposed two layer cladding PCF 
characterized by a common air hole space (pitch) and two 
different air hole diameters. The structure can ensure flat 
dispersion in a wide wavelength range and simple than the 
existing designs. 

II. EQUATIONS  

     In this paper, two main properties of PCF are discussed. 
First Effective refractive index and second dispersion.  
Effective mode index (neff) can be obtained as – 
neff = β/k0                                                                      (1)                                                

here, β is the propagation constant and k0 = 2π/λ. Where λ is 
the operating wavelength.  
Total dispersion DT = DW + DM 

Here, DW is waveguide dispersion and DM is material 
dispersion. The waveguide dispersion is defined as-  
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                                       (2)    
 C is the velocity of light [25] . 
The material dispersion given by sellemier formula  

                                                           (3) 
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B. Final Stage 
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The authors of the accepted manuscripts will be given a 
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III. DESIGN PRINCIPLE AND SIMULATION RESULTS 

Figure 1. shows the proposed PCF. The inner three layer of 
cladding is composed of a common air hole pitch ˄ and 
diameter d1 and outer three layer of cladding is composed 
diameter d2, where d1 is less than d2. To achieve larger mode 
area we design the air holes of inner rings are chosen smaller. 
We have investigated the dispersion for different air hole 
diameter of inner and outer ring.  
       The wafer chosen is of Borosilicate crown glass with 
1.5168 refractive index and the air hole refractive index is 1.0. 
In figure 1 we have change the inner and outer ring air hole 
diameter. 

 
Figure 1. Proposed PCF. 

Structure Parameter (when pitch and layer constant): 

1. d1 = 0.5 µm, ˄ = 2.0 µm and d2 = 1.5 µm 

2. d1 = 0.6 µm, ˄ = 2.0 µm and d2 = 1.4 µm 

3. d1 = 0.7 µm, ˄ = 2.0 µm and d2 = 1.3 µm 

4. d1 = 0.8 µm, ˄ = 2.0 µm and d2 = 1.2 µm  

In this paper, we proposed two layer cladding PCF 
characterized by a common air hole space (pitch) and two 
different air hole diameters. The structure can ensure flat 

dispersion in a wide wavelength range and simple than the 
existing designs. 
The effective refractive index difference is increased between 
proposed PCF and conventional PCF. 

 
 

Figure 2. Shows the difference between effective refractive index of 
conventional PCF and Proposed PCF. 

 
Figure 3. Shows mode field pattern of proposed PCF. 

 

 
Figure 4. 3-D mode field pattern of proposed PCF. 

The wafer is designed for width 26 µm and thickness 22.5166 
micrometer. 
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          Material dispersion is always unchanged for any 
structure (hexagonal or square). It is also independent of 
structure parameter as air hole diameter „d‟ and pitch „˄‟. 

 
Figure 5. Material dispersion of Borosilicate crown glass PCF. 

 
Figure 6. Chromatic dispersion of the proposed PCF for different values of 

the air hole diameters d1 and d2 when air hole spacing „˄‟ = 2.0 µm.  
 
Structure Parameter (when air hole diameter and layer 
constant): 

d1 = 0.7 µm, d2 = 1.3 µm and 6 layer PCF 

1. Pitch = 1.5µm  
2. Pitch = 2.0µm 
3. Pitch = 2.5µm 

 
Figure 7. Shows the difference between effective refractive index of 

conventional PCF and Proposed PCF. 

 

 
Figure 8. Chromatic dispersion of the proposed PCF for different values of 

Pitch when air hole diameter and layer of PCF is constant 
 

 
The proposed Borosilicate crown glass PCF makes almost flat dispersion. 

 

 
Figure 9. Shows the chromatic dispersion of proposed Borosilicate crown 

glass PCF and silica glass PCF when pitch „˄‟ = 2.0 µm, d1 = 0.7 µm and d2 
= 1.3 µm. 
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IV. CONCLUSION  

The above results indicate that the proposed Borosilicate 
crown glass PCF has almost zero and flat dispersion in low 
wavelength range as silica glass PCF. But Borosilicate crown 
glass has good properties (like cheaper, good transmission, 
easy availability) compare to silica glass. So we can use 
Borosilicate crown glass as a core material on the place of 
silica glass. Borosilicate crown glass can substitute of silica 
glass.  
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