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Abstract:  

The guiding properties of a new type of photonic crystal fibers where air-holes are arranged in a circular 

pattern (C-PCF) with a silica matrix have been investigated. The dispersion properties of the fiber with 

different spacing of circle and air-hole diameter have been studied in detail. It is shown that C-PCFs with 

smaller values of radius and higher air-filling fraction can be used as dispersion compensating fiber. A 

comparison between fibers with circular and triangular lattice has also been performed, taking into 

account the dispersion properties and the effective area in the wavelength range between 1200 nm and 

1600 nm. C-PCF can better compensate the inline dispersion for both single wavelength and broadband 

wavelength applications which is a unique property not observed by regular triangular-lattice or square-

lattice PCFs. The fiber provides higher effective area, making it a better candidate for high power 

accumulations in the core of the fiber. The fiber also shows red-shifting of the first zero dispersion 

wavelength (ZDW), flatter dispersion slope and lower Group Velocity Dispersion (GVD) in the normal 

dispersion region thereby making it a better candidate for high power nonlinear applications like super-

continuum generation, soliton pulse propagation etc. With the above advantages, we have considered a 

series study of these circular-lattice structures for various geometrical parameters and temporal pulses in 

order to explore the characteristics of broadband supercontinuum generation. This design study for high 

power supercontinuum generation will be very helpful for potential application of new sources in various 

fields like astronomy, climatology, spectroscopy optical tomography and sensing etc. to name a few. 

 

Keywords: Photonic Crystal Fibers; Microstructured fibers; Dispersion compensation devices; 

Supercontinuum generation. 

1.  Introduction: 

Photonic Crystal Fibers (PCFs) where air-holes are arranged in either triangular lattice of square lattice 

with a silica background have been extensively studied in details for different applications. They posses 

some novel guiding properties, related to the geometric characteristics of the air-holes in their cross-

section, and have been successfully exploited in different application [1-2].  Most of the air-holes in the 

PCFs cladding have been arranged either in a periodic triangular or periodic square orientation. The 

modal properties, in particular, the dispersion properties of the above types of PCFs can be altered by 

varying the hole-to-hole spacing () and the air-hole diameter (d) with air-hole fraction being d/ [3, 4]. 

Both types of PCFs with a silica background can be successfully implemented to compensate the positive 

dispersion parameter and dispersion slope of the existing inline fibers [3, 4]. These fibers can be 

engineered for designing ultra-flattened near zero dispersion [5-12] or can be engineered to have ultra 

negative dispersion values near the communication wavelength [13-19]. 

 

Photonic Crystal with air-holes arranged in circular layer arrangements have been investigated for 

different applications [20-27] such as studying thermal properties for electrical driving [20], high 
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transmission waveguides [21], high quality factor microcavity lasers with isotropic photonic band gap 

effect [22], localization of electromagnetic waves [23] and  achieving ultra-flat dispersion [24] etc. 

Argyros et al [28] realized PCF with circular air-holes arrangement with polymer background. Though 

the above results demonstrate few works have been accomplished, still a detail guiding and modal 

properties of CPCF with silica background has not yet been explored for its potential in the 

communication wavelength window or Infrared (IR) or far-IR applications. 

 

In this work, different guiding and modal properties, especially the dispersion properties of PCFs with air-

hole arranged in a circular pattern have been investigated. It is interesting to analyze how a regular 

circular air-hole disposition, different from the triangular one, usually studied so far, can affect the 

characteristics of the guided mode. Moreover, it is important to understand in which terms all the results 

previously obtained for the triangular PCFs can be applied to the circular-lattice ones. Our numerical 

investigations reveal that C-PCF can better compensate the inline dispersion for both single wavelength 

and broadband applications. C-PCF has also been found out to be a better candidate for high power 

applications like wide band supercontinuum generation (SCG) because of its unique properties like (i) 

larger mode area that can accumulate high power in the core, (ii) red-shifting of zero dispersion 

wavelength (ZDW) that is preferable towards mid-IR SCG specially with chalcogenide materials, (iii) 

lower dispersion slope in the anomalous dispersion region that leads to a broader spectrum and (iv) low 

Group velocity Dispersion GVD in the normal dispersion region that leads to higher Dispersion Length 

(LD) and higher degree of solitonic interaction. With the above advantages for a desired application with a 

target broadband and spectral power, we have explored the SCG property of the designed fiber by varying 

different geometrical parameters, considering the influence of varying pulse widths, peak powers and 

pumping wavelengths in detail. 

2. Geometry of the studied structure and modal analysis: 

The schematic diagram of the C-PCF is shown in Fig. 1 with the air-hole diameter d and R is the spacing 

between two neighboring air-holes in a particular circle. Also, nR is the distance from the center of the 

fiber to each air-hole of n
th 

circle. Subsequently, the distance from the center to the first circle to the 

center is R whereas; the distance from the center to the 2
nd

 circle is 2R and so on.  The C-PCF with 

circular symmetry is constructed by repeating the circular unit around the core center. The circle has 6n 

(with n = 1, 2, 3 etc for first, second and third ring of air-holes) no of air-holes in a particular air-hole 

ring.  The angular spacing between any two consecutive air-holes in a circle can be given by
360

6n
   , 

where n = 1, 2, 3 etc for first, second, third layer of the circles forming the cladding cross-section. The 

structure has been designed based on C2v symmetry. We compare the propagation characteristics of C-

PCF with triangular-lattice PCF for the structural parameters, the pitch „‟ (hole to hole distance of 
regular triangular-lattice PCF) was found to have the direct equivalence with „R’ (the radius of the circle 

and the distance between two consecutive circles). Thus, employing the above analogy under the same 

air-hole diameter d, d/ (the air-filling fraction) for triangular-PCF can be compared with d/R of C-PCF. 

Another important geometrical parameter is air-filling fraction f. The corresponding value for triangular-

lattice PCF is      2 2 2 2/ 2 3 0.9069 /f d d     , where as for the CPCF the value 



is      2 2 2 26 / 8 0.75 /f d R d R  . So C-PCF is having air-filling factor 82% to that of triangular 

lattice PCF. In this type of PCF structure, the propagation modes can exist due to the modified Total 

Internal Reflection (TIR) mechanism, i.e., the lower index of the air-filled cladding and higher index of 

the silica fiber core. The modal fields are calculated using CUDOS MOF Utilities [29] that simulates 

PCFs using the multipole method [30-31]. Here we would like to mention that we are modeling a PCF 

structure with un-doped silica glass having holes filled with vacuum. The numerical calculations related 

to dispersion parameter (D) and supercontinuum spectra are calculated with MATLAB
®
. The guiding 

properties of the C-PCF have been studied in the following section by taking into consideration with 

various combinations of radius of the circle and air-hole diameter. We discussed the modal properties in 

the subsequent sections as follows. 

3: Dispersion properties 

PCFs possess the attractive property of great controllability in waveguide dispersion [3, 4]. Proper 

management of waveguide dispersion in PCFs is an important issue for applications to optical 

communications, dispersion compensation, and non-linear applications etc. The dispersion property for 

PCFs with regular triangular-lattice and square-lattice can be controlled by varying the d and [3, 4].  

Similarly, for C-PCF the dispersion can be controlled by varying the radius of the circle R and air-hole 

diameter d. We have calculated the dispersion parameter (D) of the structures through Eqn. (1). 
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Here Re[neff]is the real part of the effective indices obtained through simulations and c is the velocity of 

light in vacuum. The confinement loss or the propagation loss for the structures has been calculated 

through Eqn. (2).  
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Where Im(neff) is the imaginary part of the effective indices (obtained from the simulations) and   in 

micrometer.  

 

The chromatic dispersion of the background material silica has been taken into account through 

Sellmeier‟s equation. The influence of the geometric parameters R and d has been investigated 

considering the C-PCFs with three layers of air holes in the cladding. In our study, we have considered 

d/R varying from 0.3 to 0.9 in the steps of 0.1. Figure 2 shows the variation of the D parameter for R 

values of 1μm, 2μm and 3μm. From the figures it is clear that for the lowest values of R (i.e.1μm) all the 

PCFs have negative value of dispersion parameter in the C band i.e. around 1550nm. This is because of 

the fact that for smaller value of core diameter, the waveguide dispersion dominates the material one [3, 

4]. It is also clear from Fig. 2(a) that the magnitude of the dispersion parameter increases with the 

increase of air-hole diameter. The figure clearly reveals that for smaller values of d/R (≤ 0.5) the 

dispersion slope is always positive making it not suitable for dispersion compensation. For d/R = 0.6, the 

dispersion slope is initially negative and then it becomes positive for higher wavelength range. For d/R  ≥ 

0.7, the dispersion slope is always negative through the wavelength range considered especially around 

wavelength of 1550 nm. So C-PCF with R = 1 μm and higher d/R values can be useful for dispersion 

compensation. When  becomes larger, the effect of waveguide dispersion decreases and material 



dispersion dominates the dispersion for both regular triangular lattice PCFs [3] and for square lattice PCF 

[4]. The same is confirmed for the CPCFs in Fig. 2(b) and Fig. 2(c) as we increase R values to 2 μm and 3 

μm respectively. The dispersion parameters for all these PCFs become positive, independent of the d/R. It 

is also interesting to notice that as we increase the value of R, the dispersion slope of the curves becomes 

more and more positive. Moreover, a change of d/R values causes only a small difference for higher 

values of dispersion parameter for higher values of R = 3 μm. It is also interesting to notice that for almost 

all values of d/R the dispersion curve is quite flat for the whole wavelength range considered for R = 2μm. 

 

The variation of D parameter for a change in radius of circle (R) for a fixed d/R has been discussed in Fig. 

3(a) where we have considered d/R = 0.7 (although the pattern are the same for all possible values of d/R 

≥ 0.7 we have studied) and varying R from 1 μm to 3 μm in a step of 0.5 μm. Most remarkable feature of 

the figure is when we change R from 1μm to 1.5μm, the dispersion parameter changes drastically. To 

better map the dispersion in this region of rapid transition for a change of R from 1μm to 1.5μm, we have 

plotted an extended study where the R values are changed by 0.1 μm as shown in Fig. 3(b).  The graph 

clearly presents the steady variation of the dispersion parameter which seems to be rapid from Fig. 3(a). 

The dispersion slope is negative for R = 1 μm to 1.5 μm, whereas the dispersion slope becomes positive 

for all the other cases. For all values of R  ≥ 1.5μm the slope of the dispersion curve is always positive.  

4:  Comparison between the C-PCF with triangular-lattice PCF 

(a)Dispersion properties 

 

A comparison between the triangular-lattice PCFs and C-PCFs for guiding and dispersion properties has 

been performed. For this purpose, three air-hole rings for both types of fibers with  = 1 μm and d/ = 

0.9 and equivalent R = 1μm and d/R = 0.9 for C-PCF geometry were considered. Both the fibers can be 

used for dispersion compensating with negative dispersion around the communication wavelength as 

shown in Fig. 4(a). As can be seen from the figure, the C-PCFs have higher value of negative dispersion 

in comparison to the triangular-lattice PCFs. So, we need shorter length of C-PCF than the triangular one 

to completely compensate the dispersion at any wavelength, especially of the nonzero dispersion fiber 

(NZDF) at 1550 nm. So C-PCF can compensate the inline dispersion some 10 times more than that the 

dispersion compensating fibers (DCFs). The most interesting fact is that the C-PCFs can better 

compensate the positive dispersion of a NZDF in a wide wavelength range because of its lower value of 

dispersion slope around 1550nm. The relative dispersion slope (RDS) of the C-PCF one at 1550 nm is 

0.00357 nm
-1

 where as for the triangular one the value is 0.00461nm
-1

. Taking into consideration that 

existing inline fibers from corning SMF-28 is having RDS value 0.0036 nm
-1

 at 1550nm, CPCF with R = 

1.0μm with d/R = 0.9 can better compensate the online dispersion both for a single wavelength as well as 

broadband dispersion that accumulates due to the broadening of pulse for a long haul communication. A 

better analysis for broadband dispersion compensation can be performed with the Compensation Ratio 

(CR) which is defined through Eqn. (3) [32].  
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with the value of CR at 1550 nm to be unity because LSMF and LDCF are chosen such that they perfectly 



compensate the dispersion at 1550 nm according to Eqn. (4). 
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The calculated CR for the C-PCF with R = 1μm and d/R = 0.9 at 1500 nm and 1600 nm are found to be of 

1.005 and 0.988 which are very much closer to the optimum value of 1 whereas the value with triangular 

PCF comes out to be 1.066 and 0.941 respectively. So, C-PCF can better compensate the dispersion for a 

broadband wavelength range specially covering the S, C and L window of communication wavelength. 

This property is unique as neither the regular triangular-lattice nor square-lattice PCF posses the 

advantages of single wavelength and broadband dispersion compensation simultaneously together. The 

comparison of the dispersion properties between the C-PCF and T-PCF has been performed in another 

different way where we choose a T-PCF with a different adjustable parameter which gives same 

dispersion at 1550 nm with the above C-PCF with R = 1μm and d/R = 0.9. Figure 4(b) shows the typical 

comparison between the two structures that provide same dispersion at 1550nm with a T-PCF with  = 

0.905μm and d/ = 0.9.  Although the two structures provide same dispersion around 1550nm, the 

corresponding RDS of the new TPCF was found out to be 0.00287 nm
-1

, whereas for C-PCF the 

corresponding value was 0.00357 nm
-1

. The CR of this T-PCF was found out to be 0.965 at 1500 nm and 

1.023 at 1600 nm respectively. So based upon the above findings of RDS and CR value of the new TPCF 

having the same dispersion around 1550nm, we can obviously find out the superiority of our design for 

both single wavelength and broadband dispersion compensation. 

 

(b) Effective area 

 

The effective area for the C-PCFs are still small, being lower than 2.5 μm
2 
in the entire whole wavelength 

considered, as can be seen from Fig. 5(a) with R = 1.0μm with d/R = 0.9. But this value is still higher than 

the triangular lattice one. For example, the effective area for the circular-lattice with same d and R has a 

value approximately 10% greater than the triangular one at the wavelength of 1550 nm. The difference 

can be explained from the air-filling fraction      2 2 2 26 / 8 0.75 /f d R d R   for the CPCF which 

is almost 82% than that of the triangular one whose      2 2 2 2/ 2 3 0.9069 /f d d     . As a 

consequence of the filling fraction the C-PCFs provide higher values of average refractive index of the 

cladding that means a lower step index, which subsequently results in a lower field confinement. Higher 

values of effective area for specific applications can be obtained with larger R and smaller d/R as shown 

in Fig. 9. We have also plotted the Effective area variation corresponding to Fig. 4(b) which is for same 

dispersion around 1550nm as shown in Fig 5(b). The figure presents a different nature where for smaller 

wavelengths, the effective area for the C-PCF is smaller however for higher wavelengths (including at 

1550 nm) the effective area of the same structure is found out to be higher. In a different comparison of 



the Aeff variation of the two designs, we have optimized a different T-PCF with  = 1.05 μm and d/ = 

0.9 which demonstrate equal values of effective area around 1550 nm with the previous C-PCF (with R = 

1.0μm with d/R = 0.9) as shown in Fig. 6(a). For higher wavelengths, the C-PCF geometry is having 

higher Aeff whereas the reverse can be found out for smaller wavelengths. It has been observed that the 

slope of the Aeff curve for C-PCF is always higher than the T-PCF for all the studied cases. The 

corresponding dispersion nature of the TPCF along with the CPCF has been presented in Fig. 6(b) with a 

dispersion value of -189.41 ps/nm/km around 1550 nm of wavelength with the corresponding RDS of 

0.00612 nm
-1 

for the T-PCF. The corresponding value of CR for this structure is found out to be 1.174 at 

1500 nm and 0.884 at 1600 nm respectively.  So, even with a matched Aeff, the dispersion nature turns out 

to be better for C-PCF than the T-PCF for both single wavelength and broadband applications. 

 

(c) Propagation loss of the structure 

Propagation loss of the circular lattice PCF in comparison with the triangular lattice PCF is presented in 

this section. The propagation loss of the PCF geometry is calculated with Eqn. (2). Figure 7(a) presents a 

comparison study of the propagation loss of C-PCF with R=1 μm and d/R=0.9 and triangular lattice with 

 = 1 μm and d/ = 0.9. It can be observed that for similar value of fiber parameters, the loss suffered by 

C-PCF is more than that of the equivalent triangular-lattice one. This can be understood based on the 

concept of the air-filling fraction. C-PCF with smaller air-filling fraction provide higher values of average 

refractive index of the cladding giving rise to a lower step index, which subsequently results in a lower 

field confinement and higher propagation loss [3-4]. 

Propagation loss of C-PCP with R = 1 μm and d/R = 0.9 has also been compared with the adjusted 

triangular-lattice PCF which demonstrate same dispersion (D) around 1550 nm (Fig. 4(b) with  = 

0.905μm and d/ = 0.9) and same Aeff around 1550 nm (Fig. 6(a) with  = 1.05 μm and d/ = 0.9) as 

shown in Fig. 7 (b). It can be observed that the loss with smaller  (with same dispersion around 1550 nm 

Fig. 4(b)) is higher and the loss with higher  (with equal effective area around 1550 nm) is lower than 

the CPCF with R = 1 μm and d/R = 0.9. The fact is quite obvious since increasing  keeping same air-

filling fraction, increases the size of the core which implies dominant material dispersion and lesser 

waveguide dispersion and consequently results in higher step index, which subsequently results in a 

higher field confinement and lower propagation loss [3-4].  

 (c ) Modal properties in single mode region 

 

A final analysis on the properties of both types of PCFs is reported in Fig. 8 and Fig. 9 for different values 

of  (R for C-PCF) namely 2 μm and 3 μm. We have considered d/ = 0.4 for our study such that the 

triangular-PCFs remain single-mode in the whole wavelength considered even with higher values of . 

An interesting fact can be observed from the figures that C-PCF has negative value of dispersion with 

negative slope at the C-band of wavelength whereas for triangular-PCF the dispersion value is positive for 

lower values of (or R for C-PCF) (i.e. 2 μm). For higher values of (or R for C-PCF) (i.e. 3 μm) both 

the PCFs have positive dispersion slope with C-PCF having lower D values than triangular PCF. The 

dispersion slope has been affected slightly with the change of geometrical characteristics of two different 

types of lattices. With the increase of the  (or R for CPCF) to 3 μm, the slope is always positive for both 

the cases but the slope is flatter for C-PCF than triangular PCF. PCFs with circular arrangement of air-

holes always have higher effective area than triangular one for both the value of  (or equivalent R values 

for C-PCF), making it a better option for high power accumulation in the core of the PCF needed for high 



power applications like supercontinuum generation, four wave mixing, parametric amplification and 

soliton pulse propagation etc. Higher Effective area will also be attractive for guiding and delivering high 

laser power because of enhanced threshold power limit for material damages to occur. 

 

Next, we have considered   (R for C-PCF) = 3 μm with d/ (or d/R) = 0.3 such that the structures remain 

single-mode for smaller wavelength (say, from   = 0.8 μm). The dispersion parameter for the above cases 

for both types of PCFs is presented in Fig. 10.  The results provide some important findings related to 

high power applications. With similar structural parameters, the value of first ZDW (shown by two dotted 

lined in the figure) for C-PCF has been red-shifted which is preferable towards mid-IR SC generation 

specially using non-silica high-nonlinear PCFs. Significantly, the dispersion profile of this PCF shows a 

lesser slope (i.e. the curve is less flat) than the normal dispersion characteristics revealed by similar type 

regular triangular-lattice PCFs. The lower slope in dispersion curve leads to broadening of the generated 

broadband supercontinuum pulse.  Furthermore, its low Group velocity Dispersion (GVD) at anomalous 

dispersion region corresponds to higher Dispersion Length (LD) and higher degree of solitonic interaction. 

With the above advantages for a desired application with a target broadband and spectral power, we have 

explored the (SCG) property of the designed fiber by varying different geometrical parameters, 

considering the influence of varying pulse widths, peak powers and pumping wavelengths as discussed in 

the next section. 

5. Supercontinuum generation (SCG) with silica based C-PCF 

Designing SCG requires information related to the nonlinearity and other related issues like dispersion 

profile of the fiber [34-35]. Nonlinear coefficient is one of the most important parameters for SCG and 

has been calculated using the following equation, 

22
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where n2 is the non-linear refractive indices of the material (silica here) and Aeff is the effective area at 

that operating wavelength. The above data of a PCF so obtained are then used as input to the envelope 

based nonlinear Schrödinger equation (NLSE) which describes the pulse propagation through the PCF 

taking into account the contributions from the nonlinear effects, namely, self-phase modulation, Raman 

scattering, four-wave mixing. Eq. (7) represents the NLSE [35] for slowly varying pulse envelope A(z, T) 

in the retarded time frame T 
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where α is the loss coefficient, βn, the n
th

  order dispersion, ω0, the input pulse frequency, τ, the present 

time frame and fR is the fractional contribution due to delayed Raman function hR(τ) [36]. NLSE is solved 

numerically by using the split-step Fourier transform based beam propagation code developed by 

COSTP11 [37]. In all the following cases, we have considered the pulse to be sech
2
 type with different 

values of Full Width at Half Maximum (FWHM).  

 



We present a detailed analysis of SC generation with C-PCF with different fused silica glass host showing 

the capability of such PCF as a SC source in visible to mid infrared region with femto-second (fs) laser 

pulse. We have considered a series study of these circular-lattice structures for various geometrical 

parameters and temporal pulses in order to explore the characteristics of broadband radiation and finally 

optimize it for a dedicated application with an effective bandwidth and desired power.  

 

Out of a few C-PCF structures, we choose the ones with R= 1μm, 1.5μm, 2μm and 3μm, respectively with 

d/R = 0.9. For all these cases, calculated dispersion curves are plotted in Fig. 11 and the nonlinearity 

parameters at the pump wavelengths were found to be 0.394 W
-1

 m
-1

, 0.165 W
-1

 m
-1

, 0.089 W
-1

 m
-1

 and 

0.0372W
-1

 m
-1

 respectively. We have also studied the nonlinear propagation through the length of the 

fiber. Fig. 12 shows the simulated nonlinear propagation towards the output as SC spectra in the visible 

light region in the PCF host (R = 1 μm, d = 0.9 μm). For the above figure, we used the input laser pulse of 

peak power (P0) 1 kW, TFWHM as 200 fs at the operating wavelength of 625 nm in a temporal window of 8 

ps. This figure reveals the saturation of optical pulse towards generation of broad band in the visible 

region.  The spectrum presented in the paper is obtained at the output end of the 20 cm fiber length. For 

the above case, it evolves to a sufficient spectrum after traversing a segment of 5–6 cm length. To 

minimize the loss due to propagation, the output can be extracted at such segment of the fiber. Also, to 

suppress the confinement loss, the studied fibers are considered with high air filling fraction.  

 

The output power spectra due to propagation of 100 femto-second pulse for the studied C-PCF 

geometrical structure with above mentioned different R (R= 1μm, 1.5μm, 2μm and 3μm ) and d/R=0.9 are 

depicted in Fig. 13. The key results of our study of broadband SC generation for different structural 

parameters and ultra-short input pulses are presented In Table 1. So the above results with silica based C-

PCF yield higher power SCG for applications in the visible and near-IR wavelength region. Throughout 

our study we have used femto-second pulse laser and the pump wavelength was chosen to be in the 

anomalous region proximity of ZDW. This choice arose for achieving the solitonic fission as well as four-

wave mixing suppression and higher-order dispersive waves amplification. Besides the above factor, at 

the ZDW the maximum energy-transfer occurs, which leads to efficient SCG.  Principal contribution 

responsible for spectral broadening has been soliton fission and dispersive wave radiation. We can have a 

wider broadband of the spectrum with the same pump wavelength and pulsed width in anomalous 

dispersion region but with a cost of smoothness degradation of the output spectrum [25]. Our results of 

SCG for visible and near IR wavelengths are having a compressed wavelength band owing to the large 

slope of dispersion curve of C-PCF capable of generating the compact high power broadband radiation at 

the output. The above discussed new directions of possibilities for SCG in C-PCF would make useful 

contribution in the ongoing research of broadband generation in PCF and designing such sources. 

 

6. Conclusion and Discussions 

Detailed analyses of the guiding and modal properties of a PCF where air-holes are arranged in a circular 

pattern in the cladding with a silica background have been investigated. Different values of air-hole 

diameter and various circular radius have been considered, in order to show how the PCF properties are 

influenced by the geometric characteristics of the lattice. It is shown that circular-lattice PCFs with 

smaller values of radius R (1μm) and high d/R ( ≥ 0.7) can be used as dispersion compensating fiber. For 

higher values of R, the dispersion parameter as well as the slope is mostly positive in the wavelength 



range considered. Dispersion parameter changes drastically if we increase the R values form 1μm to 1.5 

μm for a fixed value of d/R. A comparison has been performed between the triangular-lattice PCFs and C-

PCFs. A C-PCF has been found to be an excellent candidate for dispersion compensation and the 

structure comes out to be better than the triangular-PCF for both single wavelength and broadband 

dispersion compensation (around 1550 nm wavelength) which is unique property for inline dispersion 

compensation. Even with a matched dispersion with an adjustable T-PCF, the C-PCF comes out favorable 

with better RDS and CR values for the communication wavelength. Propagation loss with circular-lattice 

PCF comes out to be higher than the equivalent triangular-lattice PCF. However, the loss can always be 

reduced with increasing number of air-hole rings around the center. Effective area which is a very 

important parameter for various applications has been studied with different perspective. For equal values 

of hole-to-hole spacing and air-hole diameter the effective area of C-PCF was always found to be higher 

than the T-PCF. However, if we match the dispersion of the C-PCF at a particular wavelength with a 

different T-PCF with adjustable parameter, the corresponding effective area does not always remain 

higher for the C-PCF. In the later case the effective area for smaller wavelength is lower for C-PCF than 

the TPCF; however for higher wavelength the value is again higher for C-PCF. Again if we match the Aeff 

for the two fibers with adjustable parameter for a certain wavelength, the dispersion compensation of C-

PCF is always better than the corresponding T-PCF. With the above advantage along with its red-shifted 

ZDW and flatter slope in the anomalous dispersion region and lower value of GVD in the normal 

dispersion region, the new geometrical structure is preferable towards high power applications like 

supercontinuum generation, four wave mixing and parametric amplification and soliton pulse 

propagation. We also present a detailed analysis of SCG with C-PCF showing that such PCF geometry 

with fused silica compositions can be applied as a SC source in visible to mid-IR region with femto-

second laser pulse. We provide a series study of these C-PCF structures for different geometrical 

parameters and temporal pulses in order to explore the characteristics of broadband radiation that can be 

optimized towards a dedicated application with an effective bandwidth and power.  
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FIGURE (PHOTO) DESCRIPTION 

Fig. 1: The schematic diagram of the studied fiber. The spacing between the air-holes in a particular 

circle is R and the distance from the center to n
th
 circle is nR with silica background. 

Fig. 2:  Dispersion curves of the C- PCFs with (a) R = 1μm, (b) R = 2 μm and (c) R = 3μm for different 

d/ R values. 

Fig. 3: (a) Dispersion curves of the circular-lattice PCF with d/R = 0.7 for different values of R. (b) A 

better mapping of the dispersion of Fig. 3(a) with R changes by step of 0.1 μm for R from 1.0 μm 

and 1.5 μm. 

Fig. 4: (a) Comparison of the dispersion parameter for the C-PCF with triangular-lattice PCF with d/ = 

0.9 (d/R =0.9 for C-PCF) and  (R for C-PCF) = 1μm. (b) A new T-PCF with  = 0.905 μm and 

d/=0.9 demonstrates similar dispersion value with the C-PCF (with R = 1 μm and d/ = 0.9) 

around 1550nm of wavelength. 

Fig. 5: (a) Comparison of the Effective area for the C-PCF with triangular-lattice PCF with d/ = 0.9 

(d/R = 0.9 for C-PCF) and  (R for C-PCF) = 1μm. (b)Effective area variation corresponding to 

Fig. 4(b) for  = 0.905 μm and d/ = 0.9. 

Fig. 6: (a) A new T-PCF with  = 1.05 μm and d/ = 0.9 demonstrates similar dispersion value 

with the C-PCF (with R = 1 μm and d/=0.9) around 1550 nm of wavelength. (b) 

Dispersion nature corresponding to Fig. 6(a) for T-PCF with  = 1.05 μm and d/ = 0.9. 

Fig. 7:  Comparison of the propagation loss for (a) C-PCFs with triangular-lattice PCF with R () = 1μm 

and d/R (or d/) = 0.9, (b) C-PCFs having R = 1μm and d/R =0.9, with T-PCF having  = 0.905 

μm and d/ =0.9 (that demonstrate same dispersion at 1550 nm as per Fig. 4(b)) and  = 1.05 μm 

and d/ =0.9 (that demonstrate equal Aeff at 1550 nm as per Fig. 6(a)). 

Fig. 8: Comparison of the dispersion properties for the C-PCFs with triangular-lattice PCF with d/ (or 

d/R) = 0.4, for  (R) = 2μm and (R) = 3μm. 

Fig. 9: Comparison of the effective area for the C-PCFs with triangular-lattice PCF with d/ (or d/R) = 

0.4, for (R) = 2μm and (R) = 3μm. 

Fig. 10: Extension of Fig. 6(a) for wider range of wavelengths for a comparison of the dispersion 

properties of C-PCFs with triangular-lattice PCF with d/ (or d/R) = 0.3, for (R) = 3μm. 

Fig. 11: Calculated dispersions in Fused silica CPCFs of geometrical parameters R = 1.0μm, (black); R = 

1.5μm, (red) R = 2.0μm, (blue) and R = 3.0μm (green) with d/R =0.9 

Fig. 12: Evolution of optical pulse through length of the fiber for Fused Silica C-PCFs of geometrical 

parameters R = 1.0μm with d/R = 0.9 and the corresponding color-bar. 



Fig.13: Output spectrum of the fiber corresponding to Fig. 11 with 100 fs pulse. The colours are as per 

mentioned in Fig. 11.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



TABLE 1/1 

 

Glass 

type  

PCF 

paramet

er  

(μm)  

FWHM  

of pulse 
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Pump 

power and 

pump 

wavelength  

Tempo

ral 
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w (ps)  

Broadband  
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Fused 

silica  
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0.9 μm  
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TABLE DESCRIPTION 

TABLE 1:  Summary of the SCG results with fused silica glasses with C-PCF geometry with 100 

fs pulse. 

 

 


