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Abstract— This paper presents a triangular-lattice photonic crystal fiber for analysis of nearly zero ultra-flattened dispersion like 
0.96 -  -0.86 ps/nm/km with very low confinement loss less than 10-5 db/km, moderate effective area, lower splice loss & nonlinear 
coefficient property of photonic crystal fibers. A five-ringed photonic crystal fiber have be designed using Comsol 4.2 with the finite 
element method and perfectly matched absorbing layers boundary condition is used to investigate the guiding properties.  
 

Index Terms— photonic crystal fiber, effective index, dispersion, confinement loss, effective area, splices loss, nonlinear coefficient. 

——————————      —————————— 

1    INTRODUCTION                                                                     

CF  is  a  artificiall  photonic  crystal  structure.  It  is  a  single  
material optical fiber consisting of a silica-air microstruc-

ture.  It contains microscopic air-holes in a silica background 
running  down  length  of  the  fiber  that  form  the  silica-air  mi-
crostructure as well as the lower refractive index cladding [1].  
Air-holes can be arranged in the cladding in a periodic (hex-
agonal arrangement being the common) or an aperiodic fa-
shion. The core may either be a solid (made of silica) or a hol-
low  (made  of  air).  The  former  core  type  PCF  guides  light  
based on the modified TIR mechanism likewise conventional 
fibers.  The  later  guides  light  based  on  a  new  mechanism  
which  is  known  as  the  photonic  band  gap  (PBG)  [2].  Hence,  
for  PCFs,  it  is  not  necessary  that  the  core  must  be  made  of  a  
higher refractive index material than the cladding. Similarly, it 
is  also  not  necessary  that  only  the  TIR  mechanism  confines  
light into the core of all optical fibers [3]. 
      Day by day photonic crystal fibers have increasing its at-
tention because of their attractive properties for examples, 
very high or very low nonlinearities [4], wideband dispersio-
nultra-flattened or ultra low chromatic dispersion [5], lower 
confinement loss [6], very high or low birefringence [7], en-
dlessly single mode guiding [8], and many others. Photonic 
crystal  fibers  (PCFs)  [9]  consisting  of  a  central  defect  region  

surrounded by air holes running parallel to the fiber length 
have been one of the most interesting development in recent  
fiber optics. PCFs are usually made from pure silica and so the 
guided modes are inherently leaky because the core index is 
the same as the index of the outer cladding region without air 
holes. Control of chromatic dispersion in PCFs is very impor-
tant problem for realistic applications of optical fiber commu-
nications [10], dispersion compensation [11] and so on.   
      In this paper we have proposed hexagonal PCF in order to 
nearly zero ultra-flatted dispersion, lower confinement loss, 
effective area, lower splice loss and nonlinear coeffecient in 
the range of telecommunication wavelength.  

2    DESIGN METHODOLOGY 
Figure 1 shows the five ring photonic crystal fiber. Where, first 
ring air hole diameter is d1, second ring air hole diameter is d2 

and third to fifth ring air hole diameter is d. Through diameter 
is varied ring to ring but middle point of one air hole to anoth-
er middle point of another air hole distance i.e. pitch constant 
or lattice constant , is same for all rings. Here, pure silica is 
used for background material which refractive index is 1.46 
and air holes act as a cladding in hexagonal PCF symmetry. 
The first ring i.e., the inner most ring contains six air-hole and 
the other rings contains integer multiple of six air-holes.               
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Figure 1: Geometry of proposed Hexagonal PCF with 1st 
ring’s air-hole diameter d1, 2nd ring’s air-hole diameters d2, 
and diameter of air-holes on 3rd to 5th rings’ is d. 

3    SIMULATION METHODOLOGY 

The Comsol software version 4.1 is used as a simulation tool 
with anisotropic perfectly matched layers (PMLs) boundary 
condition. It is consider the most efficient boundary conditions 
for the PCF simulation. The modal effective refractive index, 
neff is obtained by solving an eigen value problem drawn from 
Maxwell  equations  using  the  Comsol  4.1  by  using  this  effec-
tive refractive index chromatic dispersion  D,  is calculated 
from the following equation[12],   

               
                                                                                                       
                                                                                                          (1) 

 
 

Where, Re[neff] is the real part of neff,  is the wavelength, and  
c is the velocity of light in vacuum. The material dispersion 
given by Sellmeier formula is directly included in the calcula-
tion. Therefore, D in (1) corresponds to the total dispersion of 
the PCF.  
     Using the imaginary value of refractive index confinement 
losses of PCFs are often calculated from the following relation 
[12], 
                                 
                          Lc=8.686×Im[k0neff]×103db/km     (2)                                                       
   
Where, Im[neff] is the imaginary part of neff,   and k0 is the free 
space wave number equal to 2 . 
 
The effective area of the PCFs are obtained from the following 

formula [13], 

                    
                                                                                                          (3)                                                     

                                     

Here, E is the electric field derived by solving the Maxwell 
equations.  
 
Finally the nonlinear coefficient and splice loss of the PCFs are 
calculated from the following equations (4) and (5) [14], [15],  

                                                                                                          (4)   

   

                                                                                                          (5) 

                                                                                                                                                                                
Where,  is the nonlinear coefficient, n2 is the nonlinear refrac-
tive index; WSMF and  WPCF are  the  MFDs  of  the  SMF  and  the  
PCF respectively.   

4    SIMULATION RESULTS 
 
Nearly zero ultra-flatted dispersion curves are proposed 
shown in fig. 2 here, we varied first ring diameter d1, second 
ring diameter, d2 = 0.3 m is constant and same of other rings 
diameter, d=1.47 m and pitch, = 1.63 m also same for all 
rings. Optimizing the parameters we got the nearly zero ultra-
flatted dispersion curves in the range 1.2 – 1.6 m wavelength.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Dispersion is a function of wavelength for optimum 
parameters in five rings. 
 
Figure 3 shows that, confinement loss is a function of wave-
length. Here, confinement loss is found 10-1, 10-3 and 10-5 
db/km in air fill fraction d/ , 0.6, 0.7 and 0.8 at 1550 nm wave-
length. So, we can say that with the increasing of air fill frac-
tion confinement loss is decreased. Here, confinement loss is 
less achieved by keping first and second rings are scaled down 
to shape with the other rings are kept larger.  It  is  also visible 
in figure 3 with the increasing of wavelength confinement loss 
also increased.  
 
 
 
 

 
 
 
 
 
 
 

 
Figure 3: Confinement loss is a function of wavelength for op-
timum parameters in five rings. 

 
In figure 4 it is shown that our propose design fiber effec-

tive area is 7.7 µm2 at 1550 nm and the nonlinear co-efficient 
corresponding to the effective area 6.8 µm2 is about 18 W-1Km-1 
as is shown in Figure 5.   
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Figure 4: Confinement loss is a function of wavelength for op-
timum parameters in five rings. 

 
 
 
 

 
      
 
 
 
 
 
     

 
Figure 5: Nonlinear coffecient is a function of wavelength for 
optimum parameters in five rings. 

 
From Figure 6 shows wavelength dependence of mode 

field  diameter  (MFD)  and  splice  loss  between  this  fiber  and  
conventional single mode fibers (SMFs). The MFD of the SMF 
is  considered 10 µm. Because of  smaller  MFD of  proposed fi-
ber, splice losses are generally higher. This is also true for all 
highly nonlinear fibers. This high splicing loss can be elimi-
nated by the use of recent splice free interconnection tech-
nique between SMFs and PCFs [16]. 

 
 
 
 

 
 
 
 
 
 
 
 
 
Figure  6:  Splice  loss  and  MFD  of  the  hexagonal  PCF  for  the  
optimum design parameters: d1/  = 0.34, d2/  = 0.38, d/ = 
0.90,  = 1.63 m and Nr = 5. 

 
 

 

 

 
 

 
 
Figure 7: Mode field pattern of the fundamental mode at 

1550 nmin 2D distribution. Red color represents the highest 
intensity and blue the lowest. 

 
From figure 7 shows that, mode field intensity distribution of 
the fiber at 1550 nm wavelength corresponding to the opti-
mum design. Here, 2-D plots justify that the field has confined 
well in the core as there are no evidences of light leakage into 
the cladding region beyond the first ring. 

5    CONCLUSION 

We  have  proposed  hexagonal  PCF  with  the  variation  of  1st 
rings diameter for nearly zero ultra-flatted dispersion with 
very low confinement loss. The results have been shown 
through numerical simulation results that a ve-ring PCF can 
assume nearly zero ultra attened dispersion 0.96--0.86 
ps/nm/km in 1300-1600 nm wavelength. In telecommunication 
wavelength we were got the confinement losses is less than 10-

5 db/km at 1550 nm for the air fill fraction d/A, is 0.80. Here, 
we got the effective area 7.7 µm2 at 1550 nm wavelength and 
nonlinear coefficient is 18 W-1Km-1.  This  ber  has  a  modest  
number of design parameters, ve rings, three air-hole 
diameters and an air-hole pitch. 
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