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Abstract 

In this present work, a novel structure of octagonal cladding with two elliptical air holes based 

on photonic crystal fiber (O-PCF) has been presented for the application of different types of 

communication areas within the terahertz (THz) wave propagation. There are five layers of 

octagonal design shape of circular air holes (CAH) in cladding region with elliptical design 

shape of two air holes in core area has been reported in this research work. This O-PCF fiber has 

been investigated by the perfectly matched layers (PML) with the finite element method (FEM). 

After the simulation process, our proposed O-PCF fiber shows a low effective material loss 

(EML) of 0.0162 cm−1, the larger effective area of 5.88×10-8 m2, the core power fraction (PF) of 

80%, the scattering loss of 1.22×10-10 dB/km, and the confinement loss of 3.33×10-14 dB/m at the 

controlling region of 1 terahertz (THz). Due to its excellent characteristics, this proposed O-PCF 

fiber gives proficient transmission of broadband terahertz waves of signals. Moreover, for 

different kinds of optical communication applications and biomedical signals, our suggested O-

PCF fiber will be highly perfect in the terahertz (THz) regions. 

Keywords: Zeonex Based O-PCF, EML loss, Larger Effective Area, High Core Power 

Fraction, SM-OPCF, Scattering Loss. 
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Introduction 

 

In present times, Terahertz (THz) radiation which varying from 0.1 to 10 THz has gained 

considerable interest due to its numerous functional uses related to electromagnetic radiation. 

The range of THz frequency deceits the region between the microwave and infrared radiation 

(IR) in the electromagnetic spectrum (ES). In wavelength, this range corresponds to 0.1 mm to 

infrared to 1mm microwave. The THz frequency spectrum shows interesting development in the 

field of sensors [1–3], pharmaceutical medical testing [4], restorative spectrometry [5], 

biomedical imaging [6], therapeutic diagnostics [7-8], DNA hybridization [6], communications 

[9], etc. The radiation of terahertz (THz) ranges has been also utilized within the areas of 

diagnostics such as skin cancer, basal cell carcinoma, and dysplastic skin nevi, etc. [10]. On the 

other hand, colon cancer and breast cancer can be carried out to prevent these diseases by 

utilizing high-frequency THz radiation. 

Besides, hollow-core photonic crystal fiber and polymer fibers can be connected for THz 

communication since of their outstanding waveguide perspectives [9-10]. Recently, porous core 

PCFs have gained considerable interest because of their adaptability in structural nature and 

required optical controlling possessions such as high core power fraction, lower effective 

material loss, lower dispersion, lower bending loss, high nonlinearity [18-23]. Modified Total 

internal refection (MTIR) and photonic band gap (PGB) are two basic optical guiding properties 

are found in PCF. Total internal reflection (TIR) and photonic bandgap (PGB) are two basic 

optical guiding properties are found in PCF. If the light is confined in a higher region of the 

refractive index in solid-core PCF then the total internal reflection can be optimized. Various 

polymer is used as background materials in microstructure core PCF to control the optical 

guiding properties such as TOPAS, Tellurite, Zeonex, Graphene, Teflon, etc. [24-26]. 

 

Many researchers have been examined the performance of PCF structures previously using the 

terahertz (THz) waveguides [26–30]. Islam et al. [31] proposed a porous-core spiral shape 

photonic crystal fiber (PCF). Their proposed model obtained the EML and effective area of 0.1 

cm−1 and 1.82 × 10−7 m2 accordingly at 1 THz frequency. Nonetheless, their proposed model 

showed higher EML. Hasan et al. [32] explored hexagonal PCFs which gained EML of 0.089 

cm−1 at 1 THz frequency. But some of the essential parameters were not listed in his article. At 

the same time, Saiful et al. [33] suggested a rotated hexagonal porous core with circular shape 

cladding and found the EML of 0.053 cm−1 with a dispersion of 0.25 ps/THz/cm. Rana et al. [34] 

proposed a hexagonal-shaped hole incorporated within the core of a Kagome lattice PCF. Their 

proposed model shows an EML of 0.029 cm−1 and a core power fraction of 33% at 1.3 THz 

frequency. In the same year, Sultana et al. [35] designed a hexagonal shape cladding with 

elliptical core PCF to obtain an EML of 0.05 cm−1 and a very high birefringence of 0.086. 



Besides their suggested model obtained comparably higher EML and some important elements 

like power fraction and bending loss stayed unexplored. 

 

In this article, the newly designed Zeonex based octagonal shape of the cladding region with two 

elliptical shapes in the core area has been introduced in the THz regime. The proposed model 

shows an extremely low effective material loss (EML) of 0.0162 cm−1 with 80% core power 

fraction and larger effective area (EA) of 5.88×10-8 m2 at 1 THz optical frequency than the 

previously published articles [35-42]. 

Design Methodology of the Single Mode PCF 

The geometry view of O-PCF has been provided in Fig.1 that has two elliptical shape air holes in 

the core region with five layers octagonal shape circular air holes of cladding region along with 

the mode field distribution. The number of 1st, 2nd, 3rd, 4th, and 5th layer of air holes are 8, 16, 

32, 64, and 128 within the cladding region correspondingly. Here, the pitch and diameter of the 

air holes are marked by parameters of P1 and m1 respectively at the cladding region. The 

parameters ratio of m1/P1 is called the air filling ratio and these m1/P1 ratio try to reduce the 

fabrication complexity between the two air holes at the cladding region. On the other hand, the 

parameters of pc, ma, and mb are denoted with the pitch and diameters of the two elliptical air 

holes at the core area. Here, Zeonex is used as background material to reduce the effective 

material loss, confinement loss and the scattering loss for various communication application 

areas. Besides, the optimum parameters are diameter of cladding m1 = 244 m, m2 = m3 = m4 = 

m5 = 272 m, pitch of cladding P1 = 325 m, P2 = P3 = P4 = P5 = 365 m, diameter of core ma = 

74 m, mb=195 m and core pitch Pc= 90 m and the thickness of PML (boundary condition) is 

calculated by the 8% of the maximum fiber diameter.  Consequently, this O-PCF structure is 

designed by the FEM method with the PML layers based COMSOL Multiphysics software tool 

and helps to achieve the better optical features such as scattering loss, effective area, power 

fraction, the ultra-low effective material loss (U-EML), V-parameter, confinement loss from 0.80 

to 3 THz with the terahertz frequency wave pulse ranges. 



 

 

                                                   

 

Figure 1: Designing views of O-PCF fiber, (a) Octagonal cladding area (b) Elliptical core area 

(c) Mode field distribution. 
 

Analysis of Optical Properties: 
To plan and reconstruct the highlights of the current O-PCF, the finite element method (FEM) is 

available in COMSOL Multiphysics 4.2b software. Between the final ring of the cladding region 

and the core region, the boundary condition perfectly matched layers (PML) are used. The FEM 

with PML technique, which uses the COMSOL Multiphysics software tool, includes all optical 



angles and parameters. We know that a larger effective area-based PCF fiber shows better 

communication in many sectors. Here, the effective area is expressed by [27-28]: 

                     Aea = 
[ ∫ 𝐼(𝑒)𝑒𝑑𝑒]2[∫ 𝐼2(𝑒)𝑑𝑒]2                                                                                  (1)                                                           

Where, I(e) = |Ee|2 is the intensity electric field and effective area=Aea. 

One more important property of optical fiber is the power fraction that is determined with the total 

amount of power through the PCF fiber. Here, the power fraction is calculated by the following 

equations [29-30]:  

           η =  ∫ 𝑆𝑧𝑡𝑑𝐴𝑡i∫ 𝑆𝑧𝑡𝑑𝐴𝑡𝑎𝑙𝑙                                                                                        (2)                         

 

Where, the integration of nominator is defined by the region of interest such as the cladding, core 

or air hole and the whole cross-section area is indicated by the integration of denominator. 

 

Mode propagation of O-PCF is mentioned by V-parameter. Here, V-parameter is analyzed by 
[31]: 
 

                         V= 
2𝜋𝑒𝑓𝑐  √ne2coe − ne2cle ≤ 2.045                                                         (3)  

                        
Where, ncoe and ncle is determined by the core and cladding area based on effective refractive 
index and the radius of the core is e. 
 

Low confinement loss based O-PCF structure shows better performance in the communication 

areas. Here, confinement loss Lc is calaulted by [32]:                                Lc   =  8.686 × K0 Im [nea]  (dB/m)                                       (4)                                            

Where, K0 =(fc) is the free wave number with the speed of photon c and f is frequency, Im [nea] 
is well-defined by the imaginary part of effective refractive index (ERI). 
  
 
The total amount of loss can be calculated by the scattering of the O-PCF fiber. Here, the 

scattering loss is totaled by [33]: 

 

                                αS = CS × (fc)4 (dB/km)                                                      (5)                         

 



  Where,  CS is denoted by the scattering coefficient with f is frequency and c is the speed of 
photon. 
  
 

TOPAS is the background material of O-PCF fiber and supports to reduce the effective material 
loss (EML) with the wide band frequency range. So, effective material loss (EML) is determined 
by [36-38]: 
 

                               𝛼ea  =  √Ɛ0µ0  (∫ 𝑛𝑚𝑎𝑡 |𝐸|2 𝛼mat  𝑑𝐴𝑡mat |∫ 𝑆𝑧𝑡𝑑𝐴𝑡𝑎𝑙𝑙 | ) (cm-1)                                  (6)  

 
 
Where,  Ɛ0 = relative permittivity and µ0= the permeability of free space, nmat = Refractive 

index of the material and αmat  = bulk material absorption loss,  Pointing vector Szt =  12 (E× H∗). 

The component of electric field (E) and magnetic field ( H∗ ) which are the complex parameters.  

 

Simulated Results Analysis and Discussions: 
 
We have found the complete graphical results from the PML layers and the FEM method based 

COMSOL Multiphysics software tool of this single mode photonic crystal fiber. From Figure 2 

to 9, it is clearly seen that the total amount of lights transmits within the core area. As a result, 

this O-PCF fiber shows better graphical results  about of optical properties like as low effective 

material loss (EML), scattering loss, larger effective area, high core power fraction (CPF), V-

parameter, confinement loss with the frequency ranges from 0.08 to 3 terahertz (THz) . 

The effective area along with different frequency as well as functional porosity for instance 63%, 

73%, and 83% have been given by the Figure 2. The effective area is decreased with the 

increasing frequency ranges that has been shown in Figure 2. Here, the effective area is 

calculated as 5.88×10-8 m2, 6.20×10-8 m2, and 6.05×10-8 m2 for 83%, 73%, and 63% porosities 

respectively at 1 terahertz (THz) frequency. 



 

 

Figure 2:  Effective area along with various frequencies for 83%, 73% and 63% porosities. 
 

 

In Figure 3 shows the better numerical results of effective area along with the core diameter for 

different porosities such as 63%, 73%, and 83%. Successful effective area decreases with the rise 

of the core diameter. Moreover, it is seen that the effective area stays flat from Dcore = 196 μm to 
Dcore = 390 μm. For optimum core diameter Dcore = 376 m, the effective area is expected as 

5.55×10-8 m2, 6.50×10-8 m2, and 7.20×10-8 m2 for 83%, 73%, and 63% porosities for 1 terahartz  

(THz) frequency correspondingly.  



 
Figure 3: Effective area at various core diameters for 83%, 73% and 63% porosities with 1 THz 
frequency. 

The effective material loss of the anticipated O-PCF has been given by frequency modification in 

Figure 4 and the effective material loss reduces with the rising of frequency. This O-PCF fiber 

shows better effective material losses such as 0.0348 cm−1, 0.0236 cm−1 and 0.0162 cm−1 for 

63%, 73% and 83% porosities correspondingly at 1 terahertz (THz) for optimum parameters. 



 
Figure 4: EML versus frequency for 83%, 73% and 63% porosities. 

 

The effect of various core diameters and the effective material loss for 83%, 73% and 63% 
porosities has been shown in Figure 5. Here, the effective material losses is increased with the 
increasing of core diameters. On the other hand, for Dcore = 376 μm, porosity = 83%, 73% and 
63% at 1 terahertz (THz) frequency,  the effective material loss shows 0.0162 cm-1 , 0.0187 cm-

1 , 0.0137 cm-1 at optimal design parameters.  
 



 
Figure 5: EML versus core diameters for 83%, 73% and 63% porosities at 1 THz frequency. 

 

Fig. 6 shows the distribution of power across the core, cladding and materials with respect to 

frequency at a fixed Dcore = 376 um. As the light generated within the fiber, some of the power is 

absorbed by air holes and core materials in the fiber. The experimental frequency ranges within 

0.08 THz to 3 THz in electromagnetic band. As it was found that, 80% optical power generated 

through the fiber core at 1 terahertz (THz) which means maximum light contact with analytes in 

the core region. Moreover, the air holes in cladding region induced light waves to pass within the 

core and provide maximum core power fraction. The observed power fraction is considerably 

higher than the previously stated article. The power fractions of core, cladding and materials are 

80%, 2% and 28% respectively which operated at 1 THz ranges. 



 
Figure 6: Power fraction versus of various frequencies for optimal design considerations.  

Fig. 7 indicates the scattering loss analysis for the variations in wavelength in proposed structure. 

Therefore, light totally absorbed by the core area and reduce scattering loss. Scattering loss is an 

important parameter because it contributes the total losses of the fiber. Scattering loss is 

increasing with the increases of frequency within 0.08–3 THz range appeared in figure 7, 

where’s the Dcore= 376 um. The attained scattering loss (SL) of this O-PCF is 1.22×10-10 dB/km 

at optical wavelength 1 terahertz (THz) which is negligible.  



Figure 7: Scattering loss versus frequencies of proposed O-PCF fiber for optimum parameters.  

Fig. 8 shows the behavior of confinement loss due to the frequency at optimal structure. It can be 

observed from the figure, confinement loss of proposed model is being reduced due to rising of 

frequency across 0.08-3 THz at Dcore = 376 um. When light passes through the core with high 

frequency then it improves the index contrast of core and cladding and thus minimize the 

confinement loss. It is found that that the confinement loss of proposed O-PCF is 3.33 ×10-14 

dB/m. 



 
Figure 8: Confinement loss of proposed O-PCF fiber at different frequencies for optimum design 

parameters.  

V-parameter indicates the fiber act as single mode or multimode. V-parameter is calculated as 

the function of frequency for optimum design parameter at Dcore = 376 m in figure 9. As it 

evolves that, V-parameter is 1.20 at operating frequency 3 terahertz (THz) which shows the 

suggested model is single mode fiber (SMF ≤ 2.405). On the other hand, single mode fiber is 

best suitable for wide band communication applications and others communication related 

signals. Here, the proposed O-PCF design of optimum elements are diameter of cladding m1 = 

244 m, m2 = m3 = m4 = m5 = 272 m, pitch of cladding P1 = 325 m, P2 = P3 = P4 = P5 = 365 m, 

diameter of core ma = 74 m, mb=195 m and core pitch Pc= 90 m. 

 



 
Figure 9: V-parameter of the designed O-PCF is computed at various frequencies for optimum 

design.  

The designed O-PCF shows the better effective material loss, Confinement loss, Core power 

fraction, and effective area properties than other designed PCFs at 1 terahertz (THz) functional 

frequency as providing in Table 1. 

Table 1: Assessment of guiding properties of proposed O-PCF with the previously designed. 

 

Ref. 
EML 

(cm-1) 
Porosity 

     (%) 
   Power 

   Fraction 

       Confinement 

        Loss (dB/m) 

Effective 

Area (Aeff 

(m2)) 
[39]    0.100           30               - 1.0 × 10−01 2.3 × 10−07 

[40]    0.089 60 37%                 1.0 × 10−02 9.77 × 10−08 

[41]    0.076 80 53% 8.96 × 10−01 - 

[42]    0.038           74 56%                 2.35 × 10−01 6.75 × 10−05 

[43]    0.110            -               - - 0.98 × 10−07 

[44]    0.027           85 83%  1.0 × 10−02 9.48 × 10−08 

[45]    0.068           50 - - - 

[46]    0.050 60 42% 1.00 - 

[47]    0.07 30 - 1.14 × 10-3 1.07 ×10-9 

[48]   0.05 - 67%             7.79 × 10-12     2.00 ×10-5 

[49]   0.078                      30 - 1.39 × 10-4 - 



[50]   0.043 81 47%              1.00 × 10-2                                  2.15 ×10-5 

     Proposed 

       O-PCF 
  0.0162 83 80% 3.33 × 10−14 

 

5. 88 ×10-8 

 

 
From the investigation of Table 1 that the proposed O-PCF will play an essential role in various 

wideband transmission applications in THz micro-technology. On the other hand, fabrication 

technique is an important issue of any PCF structure. So, many fabrication techniques are 

appropriate essentially to fabricate the O-PCF [51-52] but sol-gel [53] procedure is more 

appropriate for fabricate the O-PCF. 

Conclusion 

In this proposed work, Zeonex based two elliptical shape air holes of the core region along with 

octagonal shape circular air holes of cladding region have been thoroughly examined using the 

PML boundary structure with the FEM based COMSOL Multiphysics. After the numerical 

procedure, our reported O-PCF fiber gives an outstanding optical property such as a low 

effective material loss (EML) of 0.0162 cm−1, the larger effective area of 5.88×10-8 m2, the core 

power fraction (PF) of 80%, the scattering loss (SL) of 1.22×10-10 dB/km and the confinement 

loss of 3.33×10-14 dB/m at the operating region of 1 terahertz (THz). Therefore, our proposed O-

PCF structure will be used in many communication applications for its excellent optical 

properties. 
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Figures

Figure 1

Designing views of O PCF �ber, (a) Octagonal cladding area (b) Elliptical core area (c) Mode �eld
distribution.



Figure 2

Effective area along with various frequencies for 83%, 73% and 63% porosities.



Figure 3

Effective area at various core diameters for 83%, 73% and 63% porosities with 1 THz frequency.



Figure 4

EML versus frequency for 83%, 73% and 63% porosities.



Figure 5

EML versus core diameters for 83%, 73% and 63% porosities at 1 THz frequency.



Figure 6

Power fraction versus of various frequencies for optimal design considerations.



Figure 7

Scattering loss versus frequencies of proposed O-PCF �ber for optimum parameters.



Figure 8

Con�nement loss of proposed O-PCF �ber at different frequencies for optimum design parameters.



Figure 9

V-parameter of the designed O-PCF is computed at various frequencies for optimum design.


