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Abstract: The dispersion is the parameter to investigate the performance of the PCFs similarly conventional optical fibers in 

the optical systems. This paper discusses several optimum designs wavelength ranging from 0.5 µm to 2.0 µm wavelength. In 

this paper we investigate the method for chromatic dispersion of Borosilicate crown glass from the scalar effective index 

method using transparent boundary condition with linear and elliptic waveguide. The chromatic dispersion is evaluated based 

on the result obtained due to the influence of the PCF structure parameters deviation. It has been demonstrated that nearly zero 

dispersion is possible to achieve in a range from 1.5 to 2.0 µm wavelength. 

 

IndexTerms - Photonic Crystal Fiber (PCF), Effective Refractive Index (neff), Chromatic dispersion. FDTD (Finite 

Difference Time Domain) 

I.INTRODUCTION 

Photonic crystal fibers (PCFs) are designed to influence the modern optical fiber optics which has been progressing right since 

1970’s and are also observed as most active fields of optics research.As compare to the conventional fibres the PCFs are the 

design are flexible that give the advantage of attaining a variety of special optical properties, and this make the PCF to be used 

for large range of applications.[1-4] PCF are the optical fibres which are micro structured and in which the air holes are 

arranged alongside the length of the fibre and with the different refractive index background material.The dielectric material of 

photonic crystal contain of dielectric materials that function as electrical insulators or in which there is low loss propagation in 

electromagnetic field. There is lattice like structure arrangement of holes in the dielectric and which are repeated at regular 

intervals, and this is described as a photonic band gap arrange of frequencies in which a light with a specified wavelength is 

blocked [4, 6].The holes may have different diameter or different shape in the lattice structure .Currently the elliptic 

waveguide properties are used to construct the crystal structure. For designing the holes with square shape the linear 

waveguide is used. By introducing defects energy levels can be produced within the photonic band gap[11.] The defects may 

for example, in which the size of some of the holes is changed in a photonic crystal that is equal to perfect periodicity of the 

silicon-crystal lattice is broken.The PCF can be design efficiently and can be provide the modifying  several  guiding 

properties for example , birefringence, nonlinearity, chromatic dispersion and effective mode area [2-3]. The parameters for 

different design such as air-hole rings, air-hole diameter d, spacing between holes, and pitch (Λ). PCFs due to the different 

optical properties such as, flexibility in design, single mode operation, very small loss and characteristics of flattened 

dispersion have been use for developing the optical communication systems [4-5]. The Borosilicate crown glass is used as 

optical material and it is used in large section OPTICS products. The Refractive Index of BK7 & is 1.5168 whereas of Silica is 

1.456 .The density (g/ cm3) is 2.51 of Bk7 & and 2.2 of the silica. The Bk7 is very efficient in transmission down to 350 nm,  

it is relatively hard glass. Another and widely used in the optics industry [9,10].The material chosen as the Borosilicate crown 

glass as wafer with refractive index of 1.5168 and 1.0 as the air hole refractive index. Basically the use of silica material is in 

various application of the optical fiber, but in recent times Borosilicate material is more preferred than silica material with its 

unique and different properties. For any kind of lattice structure (square,hexagonal or Rectangular)the material remains 

unchanged .The structure parameter such as air hole diameter “d”and pitch “Λ” also do not affect it.[8-10]. 

 

 

 
Fig. 1.Photonic Crystal Fibre. 
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II. ADVANTAGES OF PCF 

The PCF allow for guidance through hollow core (air holes) and smaller attenuation available than with solid core fiber. Large 

cores PCF can carry more power attenuation effects not worse than conventional fibers. Various applications have used PCF  

in the multiplier, de-multiplier, logic gates, polarization splitter, optical couplers, optical sensors and detection in medical field 

etc. [6]. The dispersion can be controlled in PCF if the air hole sizes are modified to shift point to zero dispersion in visible 

kind of the light ranges. Other exclusive properties for example high nonlinearity ,high birefringence , single mode guiding to 

endlessly ,fiber sensors and lasers which cannot be achievable by ordinary optical fiber [7-8]. The PCF is very suitable in 

optical telecommunications and as laser applications with its feature of frequencies and directions of propagating magnetic 

force[14]. 

 

II. CHROMATIC DISPERSION TAILORING 

The PCF have the property to control chromatic dispersion profile by changing the hole diameter and the hole pitch. The 

feature of the controlling of chromatic dispersion within the PCFs is a significant issue in practical applications to nonlinear 

optics, dispersion compensation and in optical communication systems. 

Calculation of the chromatic dispersion (D) is done with fundamental mode’s effective index(neff) vs. the wavelength where 

velocity of light (c ) in a vacuum[13-17]. 

Using 

 
The curve of dispersion is near to the pure silica’s material dispersion. , when the ration of diameter of hole to pitch is small 

and large is the hole to pitch. By increasing the air-hole diameter of the waveguide, the waveguide dispersion may influence 

more with the increase of air-hole diameter[20]. We can see that by properly changing the parameters such as hole diameter 

and hole pitch and design a PCF structure with a large air-hole diameter and small hole pitch, It is very likely to modify the 

zero dispersion wavelength to visible to near-infrared (IR) regions and obtain the large normal dispersion in the 1.55-μm 

wavelength range [12-14].The air holes with similar diameter in array with is used to form the cladding structure of PCF 

regular triangular Lattice. Though, with similar diameter of air-hole inside the cladding region, using a PCF it is very tough to 

control both the dispersion in a large wavelength range. Since in index-guiding PCFs, in the cladding region it is not necessary 

to restrict the light into the core region with higher-index and several effective refractive index profiles can be obtained [18]. 

 

III. STRUCTURE PARAMETER 

The proposed the structure is designed with hexagonal lattice having solid core to make the refractive index (RI) of the core 

higher than cladding and the light will propagate through the cladding which is characterized by different air holes, pitch with 

different diameters[9,10]. For creating the circular holes the elliptic waveguide is used by changing the distance between  

major axis and minor axis whereas for the square holes the linear waveguide is used by changing the starting and ending point 

in horizontal and vertical axis of holes. The two structures of Design-1 and 2 PCF proposed by using six rings in which inner 

three rings consist of circular air holes and square holes in the outer three rings. The other two structures of Design-3 and 4 

PCF are proposed by accumulation of additional ring of circular air holes. Further the dispersion for different air hole diameter 

of inner and outer ring can be investigated. 
 

Fig. 2: Material dispersion of Borosilicate crown glass[6,8] 
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Cladding layers 

1. Design 1: Six Rings : d1=0.6 µm(diameter of inner three ring of circular holes ), L=1 µm, w=1µm(length and width of  

outer three rings of square holes), Pitch(Λ) = 2.0 µm 

2. Design 2: Six Rings : d1=0.6 µm(diameter of inner first ring circular holes) ,d2=0.8 µm(diameter of second and third ring of 

circular holes) , L=1 µm, w=1µm(length and width of outer three rings square holes), Pitch(Λ) = 2.0 µm 

3. Design 3: Seven Rings : d1=0.6 µm(diameter of first three rings are circular holes),d2=1.2 µm(diameter of the fourth ring of 

circular holes) , L=1 µm, w=1µm(length and width of outer three rings square holes), Pitch(Λ) = 2.0 µm. 

4. Design 4: Seven Rings : d1=0.6 µm(diameter of first three rings are circular holes) ,d2=0.8 µm (diameter of the fourth ring  

of circular holes ), L=1 µm, w=1µm(length and width of outer three rings square holes, Pitch(Λ) = 2.0 µm. 

 

 

IV. SIMULATION RESULTS 

 
By using the software Opti-FDTD software for simulation effective refractive index is obtained .In fig. 3.effective refractive 

index of range from 0.5 µm to 2.0 µm wavelength for the selected PCF structure .It is observed that, the refractive index value 

declines due the addition of ring in the structure. Also with increase of wavelength range there is declination in refractive 

index and with increases of the air holes size the refractive index increases. Refractive index value is 1.51391 at 0.5 µm 

wavelength for selected design-1 and for design-2 is 1.51315 and in both case there were six rings. With seven rings in design- 

3 refractive index value varies as 1.51322 and design-4 it .is 51313.So as the wavelength increases the refractive index value 

decreases correspondingly. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.3. Refractive index (Design-1 to Design-4) 

 
We observed that chromatic dispersion for design-3 is -5.4813 (ps/nm-km) and for design-4 is -8.13062 (ps/nm-km) at 

wavelength 1.5 µm. The value of chromatic dispersion for design-3 is 1.14613 (ps/nm-km) and for design-4 is -4.16955 

(ps/nm-km) at wavelength 1.6 µm. So we can conclude from above result, designs-3 and 4 give more flattened dispersion as 

compare to design-1 and 2. We observed that chromatic dispersion for design-3 is -5.4813 (ps/nm-km) and for design-4 is - 

8.13062 (ps/nm-km) at wavelength 1.5 µm. The value of chromatic dispersion for design-3 is 1.14613 (ps/nm-km) and for 

design-4 is -4.16955 (ps/nm-km) at wavelength 1.6 µm. 
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Fig.4.Comparison of chromatic dispersion of proposed PCF 

 
And also by increasing the number of rings in the PCF structure the chromatic dispersion value decreases and also 

achieved flat dispersion near zero in wide wavelength range. We observe that design-3 & 4 with number of ring seven 

that design give more flattened dispersion as compared to design-1 and 2 with the number of ring six. And also as the 

wavelength increase gives the almost flat dispersion. 

 

V. CONCLUSION 

PCF design of borosilicate crown glass with circular and square holes and along with the number of rings altered and air 

hole diameter and pitch also changed. We this we can determine that dispersion decreases and also it is observed that 

increase in holes spacing can also lower dispersion at different wavelength and so we obtained the flattened dispersion, 

which is main aim concern in designing the PCF. So the PCF based solutions are much preferred in sensor classes such as 

strain sensor, pressure sensor and temperature sensors [16-19]. Further PCF is also used in many applications in biology, 

imaging, spectroscopy, medical science, etc. and in radiation guidance terahertz range. 
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