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Abstract— In this paper we propose some novel photonic 

crystal fiber (PCF) structures whose physical 

dimensions/geometries are derived from Dolph Tschebysheff 

polynomials (DTP) based antenna array. The simulations of the 

proposed structures are carried out using OptiFDTD simulator 

with full vector mode solver using FDTD method and the 

results are compared with the PCF structures based on 

Pascal’s triangle (PT). It is observed that the proposed 

structures exhibit almost negligible waveguide dispersion 

behaviour over a very large wavelength range and the order of 

dispersion  of  the PCF structures based on DTP is same as that 

of the PCF structures based on PT. These structures are 

therefore suitable candidates for applications demanding such 

behaviour such as long distance optical communications or 

high data rate data transfer applications. The birefringence of 

the structures based on DTP is, however, more than the 

structures based on PT.  
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I. INTRODUCTION 

Photonic crystal fibers (PCFs) have attracted a lot of 

attention of the research community in the last decade and 

many interesting results have been obtained [1]-[11]. The 

PCF consist of an array of air/dielectric filled holes running 

along its length and  it has many unique properties which are 

not realizable  in traditional optical fibers such as endless 

single mode operation, high birefringence and low 

nonlinearity, low dispersion etc.[5]-[8]. The parameters that 

affect the dispersion of the PCF include its profile shape, 

number of air holes, distance between two adjacent air holes 

and diameter of the air holes [13].  

Several variations of the structure in terms of the above 

mentioned parameters of the PCFs have been investigated in 

the literature [1]-[8] from the point of view of improvement 

in the dispersion and attenuation and other important 

properties of the PCF. For instance in [9], many propagation 

properties of index guided PCFs with rhombic air holes have 

been discussed. A comparison of the effect of the changes in 

the hole structure from circular to elliptical in the hybrid 

square lattice PCF is done in [11]. For other structures of the 

PCF one can refer [14] and the references therein. Recently 

a PCF structure whose hole dimensions have been chosen as 

per PT is proposed in [15] and it is observed that this 

structure has negligible dispersion behaviour over a large 

wavelength range.  
In this paper we propose some new index guided PCF 

structures whose geometries are intermediate between a PCF 

with uniform hole dimension and the PCF with hole  

 

 

 

 

 

 

 

 

 

 

 

dimensions based on PT proposed in [15]. Here the 

dimensions of the holes in the PCF are derived from Dolph  

Tschebyscheff polynomial (DTP) [12] based broadside 

antenna array. The motivation for choosing the hole 

dimension based on DTP  stems from the fact that the 

antenna  

array are based on DTP are optimum in the sense of 

maximising the directivity for a given side lobe ratio[12] and 

it would be interesting to investigate a PCF structure based 

on DTP and compare it with the PCF structure  derived from 

PT or equivalently the binomial array [12]. The proposed 

structure is analysed with the full vector mode solver using 

FDTD method. The simulations are carried out using 

OptiFDTD simulator. It is observed that the proposed 

structures exhibit almost negligible waveguide dispersion 

behaviour over a very large wavelength range and the order 

of dispersion  of  the PCF structures based on DTP is same 

as that of the PCF structures based on PT. These structures 

are therefore suitable candidates for applications demanding 

such behaviour such as long distance optical 

communications or high data rate data transfer applications. 

The birefringence of the structures based on DTP is, 

however, more than the structures based on PT. The 

confinement losses in the proposed structures here is slightly 

more than the losses in the PCF structures based on PT.  

The rest of the paper is organised as follows. In 

section II, we present some new structures for the 

index guided PCFs. The simulation results of 

these structures are presented in section III. The 

conclusions are given in section IV. 

II. PROPOSED STRUCTURE 

The index guide PCF [14] basically consists of a 

solid dielectric core surrounded by many air holes. 

In this section we present some new structures for 

the index guiding (solid core) PCFs. In one of the 

proposed index guided structures shown in Fig.1(a) 

and Fig. 1(b) there are four rows of elliptical air 

holes above and below the centre line. The 

dimension of the ellipse are chosen by calculating 

the value of major radii and minor radii by the 

following formula: 
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Where ie is equal to 0.9, iB  is the major  radius 

and iA  is the minor radius.  The dimensions of the 

hole in the central  line iA , 1,2,...,5i   (radii) are 

selected in proportion of the amplitude of the 

broadside 10-element antenna array based on the 

Dolph Tschebyscheff  polynomial as given in [12]. 

The values of the parameters iA  are   as given by 

[12]: 
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The dimensions of the holes in the rows above 

the central lines ijA  are scaled version of the 

dimensions of the holes in the central line iA  as 

given by 

           ij i jA Ak ,                                                             

(2)    

where jk  are scale factors.  The scale factors  are 

chosen as: 

       1 2 3 40.89, 0.706, 0.485, 0.357k k k k    . 

The dimensions of the hole below the central line 

are exactly the mirror image of the core 

dimensions above the central line.  

The other index guided PCF structure has hole 

dimensions in the central line identical with the 

hole dimensions in the central line of Fig. 1(a) but 

the dimensions in the other rows are obtained by 

deleting holes from the central line as shown in 

Fig. 2(a) and Fig. 2(b).  

Similarly the third PCF structure is derived using 

the coefficients iA , as shown in Fig. 3(a) and Fig. 

3(b).   

The motivation for choosing the dimensions from 

the DTP stems from the well known fact that it is 

a compromise between a PCF with uniform hole 

dimension [11] and a PCF with hole dimension 

derived from binomial array recently presented in 

[15].  Moreover if  the coefficients in the antenna 

array are chosen in proportion to the DTP, there 

are side lobes of equal level in the array pattern 

[12]. It would be interesting therefore to study the 

dispersion behaviour, birefringence and 

confinement loss of PCFs having their geometries 

derived from DTP. The waveguide dispersion at 

different wavelength for the structures is 

calculated using the formula [13]: 
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(3) 

 

where D  is the dispersion in ps/(nm-km), effn  is 

the effective modal  index  number  and    is the 

wavelength in µm and c is the velocity of light in 

free space. The effective modal index is obtained 

from the simulations as a function of the 

wavelength and its second order derivative is 

computed using the three point difference formula 

for approximating the derivative. 

The confinement loss  of  all the structure is 

calculated  by using the formula [16]: 

      

    08.686Im[ ]c effL k n                                                     

(4) 

where 0k is the free space number and is equal to 

2 /   ,  is the corresponding wavelength, 

Im[ ]effn  is the imaginary part of  effn  (effective 

modal index number). 

Similarly the birefringence of all the three 

structure are calculated by using the formula [17]: 

  
x yB n n                                                                         

(5) 

where B is the birefringence, xn  and  yn  are the  

effective refractive indices of two fundamental 

polarization mode 11( xHE  and  11 )yHE . 
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     Fig. 1(a) Structure I with Dolph 

Tschebyscheff 
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Fig. 1(b) PCF structure related to structure I  

 

 

 
                  

                   Fig. 2(a)  Structure II 

 

 

 
  

       Fig. 2(b) PCF structure related to structure 

II 

 

             
               Fig. 3(a) Structure III 

 

 
 

       Fig. 3(b) PCF structure related to structure 

III 

 

III. SIMULATION RESULTS 

In this section we present the simulation results of 

the proposed structures carried out in the 

OptiFDTD software. The wafer dimensions in the 

simulation are chosen for each structure in a 
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manner to accommodate all the air holes of the 

proposed structure while maintaining the pitch 

factor uniform throughout the structure. The pitch 

factor  , which is centre to centre spacing 

between two nearest air holes, gives the 

characteristics of lattice of the PCF. The wafer 

chosen is of pure silica and is set to be of 

refractive index 1.45n   and that of air hole is set 

to be 1. The boundary condition chosen is TBC. 

The mesh size for the finite difference time 

domain (FDTD) simulations is 0.106x z     

µm. The pitch factor   is chosen as 2.5 m  . 

For simulations of the structure shown in Fig 1(a), 

Fig 2(b) and Fig 3(b) the wafer length is chosen as 

25 m  while the width is taken to be 25 m .  

We calculate the waveguide dispersion  of the 

structures of Fig 1(b), Fig. 2(b), Fig 3(b) by using  

(3) and we show the corresponding results  in Fig 

4(a), 4(b) and 4(c) respectively. It may further be 

mentioned that the order of dispersion observed in 

the PCF structures presented in this paper is 

approximately the same for PCF structures based 

on Pascal‟s triangle presented in [15]. 

It can be observed from the results shown  that all 

the structure proposed having elliptical air holes 

have negligible waveguide dispersion behaviour.  
We also show the effective modal index versus 

normalised wavelength curve in Fig 5 for all the 

structures where normalised wavelength is defined 

as /  . As seen from Fig. 5, the value of modal 

index number decreases with the increasing value 

of normalised wavelength showing good 

agreement from theory [14]. 

The birefringence versus the wavelength  curves 

calculated using (5) for all the three proposed 

structures is shown in Fig. 6. From Fig. 6, it can 

be observed that the (data1) birefringence of the 

structure I  is more compared to the other 

structures considered in this paper. The  proposed 

structure II  has a low birefringence as compared 

with other structures in most of the wavelength 

range of the simulations. It may further be 

mentioned here that the PCF structure III has more 

birefringence than the PCF structures based on 

Pascal‟s triangle presented in [15]. 

The confinement loss as a function of the 

wavelength calculated using (4) of all the three 

proposed structures is shown in Fig. 7. It can be 

noted from this curve that up to a wavelength of 

0.55 m , all the three structures have almost zero 

confinement losses. The  structure I  has the lower 

confinement loss  than the other structures 

considered in this paper. 

 
Fig. 4(a) The curve between dispersion and wavelength of  

structure of Fig 1(b).  

 
Fig. 4(b) The curve between dispersion and wavelength of 

the structure of  Fig 2(b). 
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   Fig. 4(c) The curve between wavelength and dispersion  of  

structure of Fig  3(b).  

 
   Fig. 5  Modal index number versus  normalized 

wavelength curve. (Data1, data2, and data3 represent the 

structures in Fig 1(b), 2(b) and 3(b) respectively) 

 
   Fig. 6 The curve between birefringes and wavelength . 

(Data1, data2 and data3 represents the structure  of Fig. 1(b), 

2(b) and 3(b) respectively) 

 

 
  Fig. 7 The curve between confinement loss and wavelength. (Data1, data2 

and data3 represents  the  structure of Fig. 1(b), 2(b) and 3(b) respectively). 
 

 

IV. CONCLUSIONS 

In this paper we have proposed some novel PCF structures 

whose geometries are derived from Dolph Tschebesheff 

polynomials (DTP). It is observed that the proposed 

structures exhibit almost negligible waveguide dispersion 

behaviour over a very large wavelength range and the order 

of dispersion  of  the PCF structures based on DTP is same 

as that of the PCF structures based on PT. These structures 

are therefore suitable candidates for applications demanding 

such behaviour such as long distance optical 

communications or high data rate data transfer applications. 

The birefringence of the structures based on DTP is, 

however, more than the structures based on PT. The 

confinement losses in the proposed structures here is slightly 

more than the losses in the PCF structures based on PT.  
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