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In the prospective of attaining highly negative dispersion, low confinement loss, normalized frequency a micro structured 
slotted dual-core PCF has been outlined. A four ring hexagonal solid core PCF have dual core that are slotted by four 
rectangular slots and other rings are filled with air. FEMSIM module of R-Soft software has been accessed to procure 
simulations. The upshot unfolds that at diameter d=1.5 µm, 1.65 µm and 1.75 µm, the  and confinement loss as 0.000025, 
0.000029, 0.000033, further it was also found that dispersion is highly negative and normalized frequency is also found to 
be low. Introduced PCF is applicable for sensing purpose and also for long haul transmission. This PCF is also used like 
optical sensor and in the security screening. 
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1. Introduction  
 

Positioning of air holes in a definite configuration that 

sprint down complete portion of the cable models a 

Photonic Crystal Fiber (PCF) [1]. It possess unalloyed 

silica as framework material with assemblage of air holes 

in the cladding section [2]. It manifests eccentric trait 

discrete from typical fibers. By engineering the size, 

configuration and fashion of air holes or lattice geometry 

of PCF, it is workable and manageable to govern light 

procreation in these fibers. PCF can restrict light in the 

core by employing either of two processes, very first is 

rooted on total internal reflection and the second is on 

band gap effect. Generally, when the refractive index of 

cladding is smaller in account of cladding then on band 

gap effect the fiber works. 

In course of present time PCF are employed in variety 

of fields including spectroscopy, industrial machining, 

military automation, biomedical engineering, sensing etc. 

Subsequent exceptional efforts have been outlined to date: 

for example Atakaramians et al. conceptualized and 

modeled a permeable fiber with rectangular air-holes that 

manifests a birefringence of greater extent [3-5]. Chen et 

al. came up with the idea of squeezing lattice elliptical-

hole in order to achieve high birefringence but it resulted 

in high confinement loss. Chen et al again experimented of 

revolving lattice elliptical holes but this he again 

experienced high birefringence but very high effective 

absorption loss [6-10]. Little while back Islam et al. put 

forward a design that constitute a slotted core PCF of 

circular lattice cladding that manifest high birefringence 

with low loss [7]. The end result of all these works clearly 

manifests the fact that because of solid air cladding and 

complex lattice holey cladding fiber experiences high 

absorption loss that combine with outside environment 

that leads to fabrication difficulties causing the fiber to 

perform below its output. 

In this paper a slotted dual-core PCF with hexagonal 

cladding has been outlined that enlists highly negative 

dispersion, V- parameter that is below 2.405, effective 

area that decreases with the increase in diameter and 

wavelength, mode field diameter that deceases with 

increase in diameter and wavelength and finally Neff that 

decreases with increase in wavelength [8]. This has been 

done using the Finite Element Method (FEM). The 

reciprocity of unalike geometric parameters like hole-to-

hole spacing was scrutinized in detail. The dependence of 

different geometrical parameters, namely, hole-to-hole 

spacing and different air-hole diameter was investigated in 

detail. With these reported guiding properties, this fiber 

can be used for the application of residual dispersion 

compensation in high-speed data transmission optical 

system [9-13]. Proper arrangement and positioning of 

number of air holes some captivating properties like ultra-

flattened chromatic dispersion, very high nonlinearity, 

lofty sloping negative dispersion [10], small and huge 

effective mode area (Aeff), and is achieved. 
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2. Design methodology 
 

Fig. 1 shows geometry of proposed dual-core 

rectangular slotted PCF. The slotted dual-core is occupied 

by regular hexagonal lattice structure consisting of four 

rings of air holes. The proposed PCF structure four 

rectangular slots whose dimensions are chosen in such a 

way that the lengths L1=L4 both the cores are 1.55 µm and 

L2 = L3 is 1.75 µm respectively and the width of all the 

slots are taken to be 0.1 µm as common from centre slots 

are 0.8 µm in upward and downward direction and the 

distance between two adjacent slots are 0.4 µm. The 

background material is chosen as silica having the 

refractive index of 1.45 [11]. The diameter of air holes is 

same throughout the structure for ease in fabrication. The 

rectangular slot are filled with BK7 whose refractive index 

is 1.534 and are placed in core area [13-14]. The distance 

between two air holes, which is known as pitch (Ʌ) is 

considered same in proposed structure i.e. 2 µm. We 

analise all the results with with different diameter value of 

the purposed structure. For the PCF we considered value 

d=1.5 µm, 1.65 µm, 1.75 µm. 

 

 
 

Fig. 1. Cross sectional view of proposed structure  

(colour online) 

 

 
3. Results & discussions 
 

Fig. 2 illustrates that light is perfectly confined in both 

the cores. The proposed work consists of micro-structured 

fiber whose air holes are of the same size. Also, the 

diameter of air holes of cladding region to has been varied 

from 1.5 µm to 1.75 µm and keeping the pitch (Ʌ) 

constant at 2 µm throughout to compare and analyzed the 

results of the effect of air holes size [14-18]. The proposed 

work is stimulated using FEMSIM module of R-Soft 

software and further all the requisite optical parameters are 

calculated and performance analysis has been done and 

further all the requisite optical parameters are calculated 

and performance analysis has been done [19]. 

 

 
Fig. 2(a). Light confinement in dual –core for d=1.5 µm  

(colour online) 

 

 
Fig. 2(b). Light confinement in dual –core for d=1.65 µm 

 (colour online) 

 

 

 
 

Fig. 2(c). Light confinement in dual –core for d=1.75 µm  

(colour online) 
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Fig. 2 illustrates that light is perfectly confined in both 

the cores in all the three diameters. The light confinement 

decreases as the diameter increases. The effective refractive 

index (Neff) versus wavelength can be seen from Fig. 3 

[20].  

      

 
 

Fig. 3. Neff versus wavelength of solid dual-core slotted PCF 

(colour online) 

 

 

It can be seen that with increment in wavelength for 

hexagonal solid dual-core slotted PCF with quartz crystal 

filled in inner rectangular slots. Effective refractive index 

decreases significantly as the wavelength increases the 

same value of wavelength [15-17]. The dispersion D can be 

calculated as: 

 

                           D(λ)= - 
 

 
 
          

                            (1) 

 

where D is the dispersion, λ is the wavelength, neff is 

effective refractive index, c is the speed of light [21]. 

 

 

 
 

Fig. 4(a). Dispersion curves of the proposed design at  

d= 1.5 µm (colour online) 

 

 
 

Fig. 4(b). Dispersion curves of the proposed design at 

 d=1.65 µm (colour online) 

 
 

 
 

Fig. 4(c). Dispersion curves of the proposed design at  

d=1.75 (colour online) 

 

Fig. 4 depicts the dispersion curve when air hole 

diameter d=1.5 µm where positive dispersion occurred 0.7 

µm to 1.7 µm wavelength [23]. Fig. 7 shows the dispersion 

between 0.7 µm to 1.8 µm wavelength where the maximum 

negative dispersion -300 ps/km-nm is achieved when air 

hole diameter is 1.8 µm. In Fig. 8 the diameter 2.1 µm is 

consider achieving better results, shows the dispersion 

values are 0 ps/km-nm or negative over the entire proposed 

wavelength. It can be observed from the graph that 

increasing air holes diameter from d=1.5 µm to 2.1 µm we 

have more negative values for dispersion which reduces the 

crosstalk effect and attenuation for better and long-distance 

communication. In each case the value of dispersion 

decreases with increase in wavelength [23]. 

Effective area (Aeff) can be calculated as: 

 

      =        
                               (2) 

   

where WPCF  is the mode field diameter. 
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Fig. 5. Effective area versus wavelength of solid slotted  

dual-core PCF (colour online) 

 

 Fig. 5 depicts that  with the increase in diameter from 

d = 1.5 µm to 1.75 µm  effective area decreases and further 

it can also be analyzed that with the increase in wavelength 

1.2 µm to 1.6 µm the effective area decreases then at 1.7 

µm and 1.8 µm it becomes constant. For D=1.5 µm highest 

and lowest value of effective area at 1.5 wavelength  are 

80.4351 and 39.195 respectively similarly for D = 1.65 µm 

highest and lowest value are encountered as 28.430 and 

18.276 further for diameter d = 1.75 it is 15.108 and 

11.828, so it can be clearly seen that with the increase in 

diameter of air holes effective area of PCF decreases 

significantly [24]. 

Mode Field Diameter (WPCF) can be calculated as: 

 

     = a [0.65 +1.619    
     + 2.879    

  ]     (3) 

 
where a is the radius of the air holes and Veff is the 

normalized frequency. 

 

 
 

Fig. 6. Mode field diameter versus wavelength of solid slotted 

dual-core PCF (colour online) 

Fig. 6 it can be clearly seen  from the following graph 

with the increase in diameter from d = 1.5 µm to 1.75 µm  

mode field diameter  decreases and further it can also be 

analyzed that with the increase in wavelength 1.2 µm to 1.6 

µm the mode field diameter decreases then at 1.7 µm and 

1.8 µm it becomes constant For D=1.5 µm highest and 

lowest value of mode field diameter  at 1.5 wavelength  are 

5.059 and 3.532 respectively similarly for D = 1.65 µm 

highest and lowest value are encountered as 3.008 and 

2.411 further for diameter d = 1.75 it is 2.192 and 1.9404, 

so it can be clearly seen that with the increase in diameter 

of air holes mode field diameter of PCF decreases 

significantly [21-24]. 

Normalized frequency (Veff) can be calculated as 

 

     = 
   

 
√   

      
                    (4) 

 

 

 

Fig. 7. Normalized frequency (Veff) versus wavelength of solid 

slotted dual-core PCF (colour online) 

 

 

As shown in Fig. 7 the normalized frequency is below 

2.45 for each diameter (D). For D=1.5 µm, D=1.65 µm and 

D=1.75 µm, the highest and lowest values of Veff are 

1.02399 and 0.9351, 1.1881 and 1.1030 and 1.3322, 

1.26166, respectively. 

 

 

4. Conclusion 
 

In this PCF, important design parameters such as the 

refractive index, confinement loss and negative dispersion 

have been thoroughly investigated and presented. By 

increasing diameters of air holes better results for 

birefringence, confinement loss and negative dispersion is 

obtained. It shows that innermost ring has maximum 

impact on the values of birefringence, confinement loss 

and dispersion. Moreover, study has shown that it is 

possible to achieve high birefringence and low 

confinement loss simultaneously. Methanol as filling 

material is focused because as it holds applications in 
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chemical industries and in making chemical and biological 

solutions. Propound PCF holds great latency in optical 

parameter so it is applicable in chemical sensing 

applications. 

A slotted dual-core PCF has been proposed that 

exhibits highly negative dispersion, V parameter that is 

below 2.405, high effective area that deceases with 

increase in diameter of air holes from 1.5 µm to 1.75 µm. 

Mode field diameter that decreases with increase in 

diameter. Hence by varying the diameter of air holes 

different optical properties can be evaluated that makes the 

proposed PCF structure applicable in various field like, 

long haul transmission, optical sensors, medical, security 

screening etc. 
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