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Abstract- In this paper a hexagonal microstructure optical fiber configuration is introduced which achieves 

ultra-high birefringence property with high negative scattering in a wideband transmission framework. The 

limited component technique with roundabout consummately coordinated limit layer is utilized to analyze the 

managing properties. As indicated by reproduction it is exhibited that, the proposed hexagonal microstructure 

optical fiber (H-MOF) manages high birefringence of 3.373×10-2. The proposed fiber accomplishes negative 

scattering coefficient of – 837.8 ps/(nm.km) at 1550 nm wavelength. As it has improved optical properties, 

this proposed fiber can be productively utilized as a part of broadband scattering pay over Earth Space 

Communication Link groups and further detecting applications. 

 

Keywords -Dispersion compensating fiber; Photonic crystal fiber; Ultra-high birefringence. 

 
 

I. INTRODUCTION 

 
The Microstructure Photonic crystal fiber have drawn plentiful consideration due to many striking 

properties such as wideband dispersion flattened characteristics, high or low birefringence [1]. In Wavelength 
division multiplexing (WDM) and high speed transmission systems dispersion is one of the major problem 
because it widening the optical pulse and limit the bandwidth of the system. Dispersion compensating fiber 
(DCF) with high negative dispersion is used to nullify the accumulated positive dispersion of SMFs [2]. 
Photonic crystal fiber (PCF) or holey fiber deals with flexibility in fine-tuning dispersion, because of by 
changing the size of air-holes and their position, the dispersive properties can be controlled [3]-[4] which is 
essential for dispersion compensating fiber design. The negative dispersion coefficient of conventional fiber is 
about –100 to –300 ps/(nm.km) at 1550 nm [5]. To reduce the losses and lessen the cost, the dispersion 
compensating fiber (DCF) should be as tiny as possible with high negative dispersion [6]-[9]. 

There are numerous attempts have been taken by different groups to achieve high negative dispersion as 
well as a suitable bandwidth for dispersion compensation. For example an Octagonal MOF structure in [10] 
displays negative dispersion coefficient of –239.5 ps/(nm.km) with high birefringence of 1.67×10-2 and a 
hexagonal MOF structure in [20] demonstrates negative dispersion coefficient of –562 ps/(nm.km) with 
high birefringence of 3.06×10-2, which is a reduced amount than of our proposed MOF. Another PCF design 
proposed by [11] which offers negative dispersion coefficient of –300 ps/(nm.km) at 1550 nm but 
birefringence is not considered here. The MOF designed by Matsui et al. concurrently covers all three 
communication band but due to its low dispersion peak it needs a long fiber to compensate the dispersion [12]. 

Furthermore, highly bi-refrainment PCFs with nonlinear properties have received recent rising attention in 
super-continuum (SC) applications. The well-preserved polarization state along with the fiber is an anticipated 
feature for SC generation, as less power is required due to enhanced nonlinear interaction [22]. 

In this paper, we propose a hexagonal MOF structure that is highly suitable in compensating the dispersion 
of SMF over a wide range of wavelengths as well as have high bi-refrainment property with large nonlinearity. 
The main benefit of our proposed MOF is the design tractability with high negative dispersion of –837.8 
ps/(nm.km) and high birefringence of the order of 3.373×10-2 which is very decisive in high bit rate 
transmission network, super-continuum generation and sensing applications. Another improvement of 
proposed MOF is, in our design to diminish the complexity of fabrication process we have used circular air 
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holes and four elliptical air holes in 1st ring of PCF with less augmented parameters. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

Figure 1. Transverse cross section of proposed H-MOF where, Λ =0.91µm, d/ Λ=0.83, d1/ Λ=0.5 and for 
elliptical air holes a/ Λ =0.25 & b/ Λ=0.5. 

 
II. II. II. II. NUMERICAL METHOD 

 
Finite element method (FEM) with perfectly matched layers (PML) boundary condition is used to calculate 

the chromatic dispersion, effective area and confinement loss of the proposed MOFs. Commercial full-vector 
finite-element software (COMSOL) with first order triangular vector edge elements is used to calculate the 
modal properties of the proposed fiber. The Sellmeier equation is used to evaluate the silica refractive index. 
The wavelength-dependent refractive index of the silica is included in the simulation from Sellmeier equation. 
Once the modal effective index neff is obtained by solving an Eigen value problem using FEM, the Chromatic 
dispersion D(λ), confinement loss Lc and birefringence B can be calculated by the following equations [14]. 

D(λ ) = −λ / c(d 
2
 Re[neff ]/ dλ

2
 ) (1)

L = 8.686 × k 
0 
Im[n e

ff 
]×10

3
 dB / km (2)

c    

B = nx − ny      (3) 
where, Re[neff] and Im[n eff] is the real part and imaginary of effective refractive index neff respectively , λ 

is the wavelength in vacuum, c is the velocity of light in vacuum and k0 is the free space number. 

The effective area Aeff is calculated as 

follows [23]:  

Aeff  = (∫∫│E│
2
 dxdy)

2
 / ∫∫│E│

4
 dxdy (4)

where, Aeff is in µm
2
 and E is the electric field amplitude in the medium. The study of Aeff is, thus, an important 

starting point in understanding of the nonlinear phenomena in PCFs. 
 

III. SIMULATION RESULTS AND DISCUSSION 
 
Figure 2(a) shows the dispersion characteristics of both x and y polarization for optimum design 

parameters with d/Λ =0.83, and pitch Λ=0.91µm. Global diameter of the four elliptical air holes in 1st ring 
along the y axis is kept as a/Λ =0.25 and b/Λ = 0.5. From curve it is seen that, the proposed DCF demonstrates 
negative dispersion coefficient about – 837.8 ps/(nm.km) along the y polarization at 1550 nm. Due to having 
high negative dispersion coefficient our proposed DCF could be appropriate nominee for dispersion 
compensating in high bit rate transmission network. In PCF ± 1% variation in global diameters may be 
occurred during fabrication [16]. Due to this reason, we have analyzed the effect on dispersion and 
birefringence by varying different parameters ± 1% to ± 2%, which is discussed in the following section. 
Figure 2(b) exposes the effect by varying global diameter of pitch Λ, ± 1% to ± 2%, while other parameters are 
kept constant. Solid line depicts due to increment in parameters whereas dashed line for decrement. When Λ is 
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varied as ± 1% to ±2%, their corresponding dispersion value becomes –806.9, –871.7, –778.6 and –897.5 
ps/(nm.km) respectively. From Fig. 2(c) it is seen that by varying d/Λ has a negligible effect in dispersion 
value compared to Fig. 2(b), likewise when d/Λ is varied as ± 1% to ±2%, their corresponding dispersion 
value becomes –806.8, –873, –778.5 and –913.1 ps/(nm.km) respectively. 

Birefringence characteristics of the proposed DCF which optimum design is shown in figure 1 are also 
shown in figure 3(a). From curve it is seen that this proposed DCF shows birefringence about 3.373×10-2 at 
1550 nm. High birefringence makes our proposed H-MOF very effective in sensing applications. Figure 3(b) 
shows the effect in birefringence by varying global diameter of 2nd to 5th ring. As d/Λ is varied as ± 1% to ± 
2% from optimum value, birefringence at 1550 nm becomes 0.03382, 0.03364, 0.03389 and 0.03353 
respectively. As the core designed asymmetrically, the proposed design reveals high birefringence, which is 
essential in polarization maintaining applications. However, current conventional PM fibers show a modal 
birefringence about 5×10-4 [13]. Moreover our proposed PCF demonstrate birefringence about 3.373×10-2, 
which could be a proper contender in sensing applications. 

  

 
 

(a) 
 



Journal of Mechanical and Industrial Engineering Research, Vol. 7, No.1, 2018                                 

 

 

ISSN 2304-7445 

35

 

(b) 

 

 
(c) 

 

Figure 2. Wavelength dependence dispersion curve for (a) both x and y polarization. (b) Effect on 
dispersion by changing Λ. (c) Effect on dispersion by changing d/Λ= 0.83. 

 
Birefringence characteristics of the proposed DCF which optimum design is shown in figure 1 are also 

shown in figure 3(a). From curve it is seen that this proposed DCF shows birefringence about 3.373×10
-2

 at 
1550 nm. High birefringence makes our proposed H-MOF very effective in sensing applications. Figure 3(b) 
shows the effect in birefringence by varying global diameter of 2

nd
 to 5

th
 ring. As d/Λ is varied as ± 1% to ± 2% 

from optimum value, birefringence at 1550 nm becomes 0.03382, 0.03364, 0.03389 and 0.03353 respectively. 
As the core designed asymmetrically, the proposed design reveals high birefringence, which is essential in 
polarization maintaining applications. However, current conventional PM fibers show a modal birefringence 
about 5×10

-4
 [13]. Moreover our proposed PCF demonstrate birefringence about 3.373×10

-2
, which could be a 

proper contender in sensing applications. 
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The effect of pitch on birefringence also considered, which is shown in figure 3(c). As pitch is varied as ± 

1% to ± 2% from optimum value, birefringence at 1550 nm becomes 0.03344, 0.034, 0.03314 and 0.03427 
respectively. 

 

 

(a) 

 

 
(b) 
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(c) 

 

Figure 3. Birefringence as function of wavelength (a) optimum (b) by varying global diameter of d/Λ= 

0.83 air hole (c) by varying pitch value. 
 

From figure 4(a) it is understood that the optimum value of effective area of the proposed H -MOF is 

2.275µm
2
 at 1550 nm wavelength. The effective area plot of proposed H-MOF for varying pitch value of the 

design parameters is demonstrated in figure 4(b). The value of effective area with the variation of the pitch by 
+1% and -1% the value of effective area varies from 2.298µm

2
 to 2.252µm

2
 respectively. Again, varying the 

pitch value to +2% to -2% the corresponding values of effective area varies from 2.321µm
2
 to 2.23 µm

2
. 
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(a) 

 

 
(b) 
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(c) 

 

 
(d) 

 

Figure 4. Wavelength dependence effective area (a) for optimum design parameters, (b) effective area 

plot of proposed H-MOF for varying pitch value of the design parameters, (c) confinement loss 

curve of proposed H-MOF for optimum design parameters and (d) Confinement loss as a function 

of wavelength by varying pitch value. 
 

The optimum and varied confinement loss for ± 1% to ± 2% disorder from optimum value of our 

proposed H-MOF PCF are shown on the Figure 4(c) & (d) curves as a function of wavelength. The 

optimum value of confinement loss at 1550 nm wavelength is 0.01156 dB/m. As pitch is varied as ±1% to 
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±2% from optimum value, confinement loss at 1550 nm becomes 0.006888 dB/m, 0.02522 dB/m, 0.01905 

dB/m and 0.05835 dB/m respectively. 
 
 

 
(a) 

 

 
(b) 

Figure 5. Field distributions of fundamental modes at 1550 nm for (a) x-polarization and (b) 

y-polarization. 

 

The fundamental optical field distribution for x and y polarization modes at the operating wavelength of 

1550 nm is shown in Figure 5. According to simulation, it is realized that x and y polarization modes are 

firmly bounded in the center core region due to high-index contrast in the center than the cladding. 
 

In contrast to the standard SMF, the proposed H-MOF provides increased design flexibility in tailoring 

birefringence, nonlinearity and chromatic dispersion compensating in a smooth way. In this effort, we first 

investigate the wavelength dependence of chromatic dispersion on the radius of circular air-holes. 

Comparison between properties of the proposed H-MOF and other MOF at 1550 nm is shown in Table I. 
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TABLE I. COMPARISON OF MODAL PROPERTIES BETWEEN PROPOSED H-MOF AND OTHER 

DESIGNS 

 

 

IV. CONCLUSIONS 

In summary, we have stated a comparatively simple ultrahigh bi-refrainment dispersion compensating 

MOF over tele-communication bands. It has been demonstrated through simulation results, by using 

proposed broadband dispersion compensating MOF, negative dispersion coefficient of about – 494.5 to – 

990.6 ps/(nm.km) is fruitfully achieved over the S, C and L bands and high nonlinearity of about 53.45 

W-1km-1 simultaneously. Another excellent feature of our designed fiber is that it offers high birefringence 

as 3.373×10-2 along with the property of dispersion compensation and relatively low confinement loss of 

about 0.01156 dB/m.   
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