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In this paper, a solid core photonic crystal fiber (SC-PCF) for dispersion improvement and 

birefringence enhancement in the terahertz frequency range is proposed. The suggested SC-

PCF structure contains three hexagonal layers of circular air holes in the cladding, which 

promises to yield very large birefringence and flat dispersion. Assuming TOPAS as the 

background material, the COMSOL software multiphysics 6.1, which is based on the finite 

element method, was used to investigate its properties. The results show that over a frequency 

range of 0.7–1.3 THz, the SC-PCF has negative and flat dispersion of -43.2959 Ps/THz/cm, a 

high birefringence of 3.7×10−3, and a high power fraction of 51% with a size of circular porosity 

of 28%. These findings suggest that the SC-PCF could be highly effective for applications in 

optical communication and sensing technologies. Further research will focus on optimizing the 

structure to enhance its performance across different wavelengths and operational conditions. 

Critical parameters such as confinement loss and v parameters are also discussed in detail. So, 

the designed SC-PCF can be useful for polarization-maintaining applications. 

Keywords: Photonic crystal fiber; Terahertz wavelengths; Dispersion; Absorption loss; 

Effective area. 

 

INTRODUCTION 

 (THz) radiation or waves, with a frequency range of 0.1 to 10 THz, are situated between the microwave and 

infrared bands (Chen  et al., 2000; Liu et al., 2007), have attracted the attention of researchers due to their wide 

applications security – sensitivity, medical imaging, and sinsing (Younus et al.,2021; Pawar et al., 2013) and 

spectroscopy (Rabih et al., 2201). At present, imaging (Zhang et al., 2023; Yu et al., 2012), sensing (Younus et al., 

2017), Communications (Nagatsuma et al., 2016), astronomy (Gallozzi et al., 2020), and biomedical engineering for 

diagnosis and detection (Zaytsev et al., 2015) largely rely on terahertz guided waves. This will further boost the 

research interest in compressed terahertz guided waves with higher refraction, ultra-flat dispersion, and low loss 

(Xu et al., 2020; Al-Saqa et al., 2023). In particular, many novel properties in ultrafast optics can be exploited by 

exploring the exotic dispersive properties of terahertz waveforms (Li et al., 2012). Many devices, such as optical 

delay lines and dispersion compensators, have been developed to generate short pulses. Recently, different types of 

guiders have been proposed, such as metal wire (Wang and Mittleman., 2004), metal-insulated tube (Bowden et al., 

2007), plastic fiber (Chen et al., 2006), polymeric Bragg fiber (Skorobogatiy and Dupuis., 2007), polystyrene foam 

(Zhao et al., 2002), hollow fiber (Hossain and Namihira., 2014), and solid fiber (Alobaidy and Younus., 2025). 

All of these fibers are problematic, though, because of their strong connection to the environment, increased 

material loss, high bending loss, and undesired narrow band operation. As a result, photonic crystal fibers with 

porous cores have garnered attention lately (Chowdhury et al., 2017), where design can control guide 

characteristics like frequency, air hole radius, air filling ratio, and core diameter. Furthermore, by choosing the 

right geometric parameters, low confinement loss, low dispersion anisotropy, high birefringence, and high core 

energy fraction in PCF can all result in low effective material loss (EML) (Chen et al., 2013). For example, a novel 

fiber with a honeycomb-like shell structure and a slotted hexagonal core is proposed (Islam et al., 2020), which has 

a high birefringence, low containment loss, and low effective material loss. Further, a circular waveguide with a 
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porous core has been proposed at THz frequency, which achieved an extremely high birefringence and low 

dispersion value (Hasan et al., 2016; Islam et al., 2016). Recently, low material loss PCF based on TOPAS is 

proposed, which has low material loss at THz (Paul and Ahmed., 2019). However, because of the great qualities of 

the suggested guides, it has been discovered that significant confinement loss and high dispersion or birefringence 

can limit the terahertz transmission efficiency. As a result, PCF has a lot of room to improve in terms of dispersion 

and loss parameter optimization. In this study, we suggested two varieties of porous core PCF, with hexagonal 

circular air holes in the shell and asymmetric circulre/square air holes in the core. The objective is to flatten the 

dispersion and minimize the loss. Under the adjusted structural parameters, several crucial optical characteristics 

of the suggested PCF are also covered, including effective mode area, core photonic crystal fiber in cross-section. 

 energy fraction, and active material loss (EML). The primary benefit of the suggested PCF is its straightforward 

structure, which will enable manufacture utilizing current manufacturing processes such in situ polymerization, gel 

casting, and 3D printing. 

DESINING PROPOSED SC-PCF 

The air-filling fraction of the external structure used determines the optical properties of photonic crystal fibers. 

This includes geometric features like the diameter of the air holes and the distance between successive air holes. 

Additionally, the hexagonal shape was chosen in order to maintain the proposed SC-PCF compact, which could 

result in better light confinement. A Topas (n = 1.53) is used to create the hexagonal cladding with a core, as 

depicted in Figure 1. The three layers of cladding used in the basic SC-PCF design comprised thirty-six hexagon-

shaped air holes. Each of the 36 air holes has the same dimension (D) and pitch size(∧), which is the separation 

between two successive air holes.  

The air hole diameters of the layers for the SC-PCF design were chosen for this investigation to be about 200 µm, 

220 µm, and 240 µm. The υ of 350 µm and the core diameter of 300 µm were chosen. Inside the fiber core, two tiny 

air holes of varying dimensions and shapes (circle and squre) were placed as porosity. Small air holes with widths of 

20 µm, 30 µm, and 40 µm were chosen to provide porosity of 7%, 16%, and 28%, respectively. Additionally, by 

reducing the amount of material in the core, adding tiny air holes helps lower the fiber's overall production costs. 

 

 

 

 

 

 

 

 

 

 

 

figure 1: Diagram showing the hexagonal 

 

NUMERICAL CHARACTERIZATIONS 

In order to describe the proposed waveguide, it is necessary to analyze many important optical characteristics with 

respect to different geometric changes. The fiber specifications for future manufacturing will be improved as a 

a 

   Pitch size(
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result. Effective material loss (EML), confinement loss, core power percentage, single-mode cutoff frequency, and 

dispersion are the main characteristics being studied. 

DISPRESION" 

There are two types of optical sources: monochromatic and polychromatic. Since speed is frequency dependant, the 

propagation delay between various transmitted light frequencies causes the spreading of sent pulses, also referred 

to as modal dispersion. To enable long-distance transmission, dispersion—an unfavorable factor—must be reduced 

or compensated for. The following equation (Haque et al., 2015) can be used to examine this modal dispersion.  

𝛽2 =
2

𝑐

𝑑𝑛𝑒𝑓𝑓

𝑑𝜔
 +

𝜔

𝑐

𝑑2𝑛𝑒𝑓𝑓

𝑑𝜔2
 𝑝𝑠/ 𝑇𝐻𝑧/ 𝑐𝑚                (1) 

 neff and c: Effective refractive index and velocity in free space respectively, ω=2πf representing the angular 

frequency. The distribution of pulses per unit frequency across a given transmission distance is used to quantify 

dispersion. The dispersion profile of a PC-PCF must permit the transmission of pulses with minimal pulse 

broadening across a wide frequency band. Terahertz sensing and filtering applications require low-dispersion PC-

PCFs (Aljunid et al., 2016). 

Sellmeyer equation this used to analyze the material dispersion in the topaz-based wave guide and the geometric 

index model for solid core photonic crystal fibers (SC-PCF) is used to estimate the wave guide dispersion (Brückner, 

2011). The material dispersion must match the waveguide dispersion in order to determine the zero-dispersion 

point, where D(λ)=0. The waveguide dispersion must have the same magnitude as the material dispersion but the 

opposite sign, i.e., Dw(λ) = -Dm(λ). This can be achieved by choosing appropriate structural features.  

CONFENEMENT LOSS" 

The movement of light energy from the core into the cladding is referred to as confinement loss. This unfavorable 

parameter, which is determined by the following equation, needs to be decreased (Haque et al., 2015). 

                                      𝐿𝑐 = 8.686 × 𝐾0 × 𝐼𝑚(𝑛𝑒𝑓𝑓)𝑑𝐵 / 𝑚    

Im(neff): The effective refractive index's imaginary component is represented by Im(neff), while the free-space 

wavenumber is indicated by K0= 2π/λ. 

 EFFECTIVE AREA (Aeff) 

 In optical fibers, Aeff denotes the area that the electic filed (E-field)" is dispersed throughout. It measures the fiber's 

power capacity or light intensity while reducing nonlinear effects. In terms of numerical aperture, nonlinearity, 

leakage loss, and significant bending losses, the effective area is a crucial parameter for evaluating nonlinear phase 

shifts (Chou Chau et al., 2015). The following equation (Haque et al., 2015) can be used to illustrate this: 

        𝐴𝑒𝑓𝑓 =
(∫ ∫ |𝐸|2𝑑𝑥𝑑𝑦)2+∞

−∞

∫ ∫ |𝐸|4𝑑𝑥𝑑𝑦
+∞

−∞

                                                  (3) 

Aeff : Effective area,  E: Electric field. 

Aeff. Varies with different fibers the outcome is depending upon the refractive index distribution of the fiber in the 

operational wavelength  

EFFECTIVE MATERIAL LOSS (αEML) 

When examining the power distribution mode in the core of photonic crystal fibers (PCF), this parameter is 

essential.  

The following formula (Sultana et al., 2018) can be used to compute the inverse relationship between effective 

material loss and power distribution for PCFs: 

𝛼𝐸𝑀𝐿 =
1

2
√

𝜀0

𝜇0

   (
∫ 𝑛𝑚𝑎𝑡|𝐸|2𝛼𝑚𝑎𝑡𝑑𝐴

𝑚𝑎𝑡

∫ 𝑆𝑧𝑑𝐴
𝐴𝑙𝑙

)                  (4) 

(2)    

 

 



Journal of Information Systems Engineering and Management 
2025, 10(47s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 331 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

αEML : Effective material loss, αmat : Material absorption loss of Topas, A: Area of the Topas material, E: Electric field 

component corresponding to that region, ε0 and μ0 : Permittivity and permeability of free space respectively, and Sz 

:Z-component the pointing vector. 𝑛𝑚𝑎𝑡; material refractive index. The whole area of the mode is shown by the 

denominator in the previously described equation, which is(i.e., ∫all, Sz dA). 

POWER FRACTION 

The power fraction, which represents the amount of usable power transmitted through the fiber's core, is another 

crucial factor for evaluating the performance of photonic crystal fibers with a crystal core (PC-PCF). The following 

equation (Ali et al., 2022) can be used to determine this crucial feature: 

ή =
∫ 𝑆𝑧𝑑𝐴

  𝑥

∫ 𝑆𝑧𝑑𝐴
𝑎𝑙𝑙

× 100                                                        (5) 

where Sz : z-component of the Pointing vector.  

The denominator comprises the integration over all air holes and the TOPAS material, while the numerator only 

includes the integration over the air hole region, denoted as x, in order to assess the power fraction transferred 

through the air holes in the core. Terahertz light is confined within the core region, in the low-refractive-index air 

holes, allowing for a concentration of beam intensity within the core, as seen by a higher power percentage 

transmitted via the core's air holes. This suggests that the fiber may be used in medical equipment for single-mode 

terahertz imaging. 

NORMALIZED FREQUENCY 

The normalized frequency indicates the locations where polarization is necessary for the planned fiber to support a 

basic single mode.  Because it reduces intermodal dispersion issues, single-mode propagation is essential for long-

distance data transfer. To ensure single-mode operation, the V parameter, also known as the cutoff frequency 

equation, must not be more than 2.405 (Goto et al., 2004) 

 

𝑉 =
2𝜋𝑟𝑓

𝑐
 √𝑛𝑐𝑜

2 − 𝑛𝑐𝑙
2                                                       (6) 

 

where r: radius of fiber core, c light speed in vacuum. nco and ncl : effective refractive index of the core and clad 

respectively. 

BIREFRINGENCE" 

Birefringence"(B) is defined as the real component of the disparity between the effective refractive indices of the x-

polarized and y-polarized modes [25]. 

𝐵 =  |𝑛𝑒𝑓𝑓 
𝑥 − 𝑛𝑒𝑓𝑓

𝑦
|                                                       (7) 

 𝑛𝑒𝑓𝑓 
𝑥  and 𝑛𝑒𝑓𝑓

𝑦
  represent the effective refractive indices of the modes polarized along the x and y axes, respectively. 

RESULTS AND DISCUSSION 

 SC-PCF PROPERTIES WITHOUT POROSITY  

     The confinement loss power fraction and dispersion of SC-PCF were investigated using three hexagonal layers of 

air holes without porosity inside the core. The effects of air hole widths between 200 and 240 µm were investigated 

with a 20 µm increment step. The pitch size and core diameter stay with out different at 300 µm and 350 µm, 

respectively. The calculation of the confinement loss for different air-hole diameters is shown in Figure 2. As the air 

hole width at 1THz increases, it decreases from 3.1782 × 10-5 dB/cm to 1.5263 × 10-9 dB/cm. With air hole 

diameters, a minimum confinement loss of 240 µm has been achieved. Consequently, the confinement loss is 

influenced by the air hole diameter. 
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   The power ratio is displayed against frequency for 200 µm, 220 µm, and 240 µm air hole sizes in Figure 3. In 

contrast to the power that passes through the core when the diameter is 200 µm and 220 µm, or 56% and 61%, 

respectively, 65% of light passes through the fiber's core when the diameter is 240 µm, albeit some power passes 

through the cladding as losses at 1 THz. Additionally, the dispersion is plotted in Figure 4 and examined for various 

air hole diameters ranging from 200 µm to 240 µm. At every operating frequency range, the dispersion is negative. 

Furthermore, at lower working frequencies, the dispersion gets more negative as the width of the air holes 

increases. The dispersion increases to -52.85 Ps/THz/cm at 1 THz from -38.24 Ps/nm•km. Thus, it can be 

concluded that the radius of air holes has a significant impact on the dispersion. The effects of porosity in the core 

on the optical properties of the fiber are now being studied using an air hole with a diameter of 240 µm, which 

corresponds to the minimum value of confinement loss. 
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 Figure 3 Illustrates the correlation between the power ratio and 

frequency. 

 

Figure 2. Illustrates the relationship between confinement loss and 

frequency. 

 

 



Journal of Information Systems Engineering and Management 
2025, 10(47s) 

e-ISSN: 2468-4376 

  

https://www.jisem-journal.com/ Research Article  

 

 333 Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution License 

which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

 

0.7 0.8 0.9 1.0 1.1 1.2 1.3

-140

-120

-100

-80

-60

-40

-20

D
is

pe
rs

io
n 

(p
s/

TH
z/

cm
)

Frequency(THz)

a=240mm

a=220mm

a=200mm

 

 

EFFECTS THE SQUARE POROSITY ON THE PROPERTIES OF SC-PCFS  

After optimizing the confinement loss, and the dispersion with 240 µm of air hole diameter, the square shaped 

porose are inserted inside the core. The core with these porosity called as defected core. Different diameter of 

square shaped poros (7%,16% and 28%) are used to improve the optical properties of the SC-PCFs. Now, the 

diameters of core and air hole are fixed at 300 µm and 240 µm respectively. The SC-PCF field is displayed in Figure 

5 after two tiny square porosities are introduced into the core at 1 THz. The field is contained within the core's 

center, as seen in Figure 5. Therefore, it can be demonstrated that the presence of tiny square porosity in the core 

enhances the amount of light confinement within the PCF center. 

 

 

 

 

 

 

 

  

 

   

                                   Figure 5: Cross sectional sectional and the filed of the SC‐PCF at 1THz 

The response of confinement loss as a function of the frequency for different porosity sizes is depicted in the Figure 

6. From this Figure, it can be noticed that the confinement loss rapidly falls when the frequency is increased, this is 

due to increase the confined light in the core region when the frequency is increased which consequently is decrease 

the confinement loss. Further,  the confinement loss incresed with the increasing the size of porosity at a fixed 

frequency, this is due to propagate more light through the porosity  in the core rather than through the material.The 

low confinement loss of 1.39 × 10-5 cm-1 is found with 28%porosity at 1 THz.  

Figure 4. Depicts the correlation between dispersion and frequency. 
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Figure 7, illustrates the mode power fraction depends on the frequency in terahertzes range for different size of 

porosity. The mode power fraction is increase with increasing the frequency. Also, when the size porosity increases 

the core power fraction is decreased, which matches to the result of the confinement loss (see Figure 6). Further, 

the mode power fraction is remain constant for range of frequency from 1.1 to 1.3 THz, which is good for broadband 

THz transmission. At frequance of 1 THz, the  power fraction is found to be 59%, 56% and 52% with porosity of  7% 

and 16 % and 28% respectively. The power fraction in core with 28% porosity is lower than the porosity of 7% and 

16 %. This is due to absorption loss of the passing light in the square air porosity. 
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The response of V parameter as function of the THz frequency range for the suggested SC-PCFs with different size 

of porosity is shown in Figure 8. However, there are two types of the V parameter, when the V ≤ 2.405, the fiber will 

be as single mode fiber, and when the value of V > 2.405, the fiber will performance as a multimode fiber.  as can be 

seen from Figure 8, the V-parameter for all porosity sizs is increased with increasing the frequency. Additionally, 

the V-parameter values are smaller than 2.405 which can be used the proposed SC-PCFs as a single mode fiber for 

long distance in communication system.  

 

Figure 6. Illustrates confinement loss as function of the frequency for different shaped 

square porosity (7%, 16% and 28%) 

 

Figure 7.Illustrates the power fraction in core air hole as function of the frequency 

for different shaped square porosity (7%, 16% and 28%) 
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Figure 9 shows the birefringence versus the frequency of the suggested PC-PCFs for different porosity size (7%,16% 

and 28%) at diameter of core and air hole of 300 µm and 240 µm. As this Figure shows, the birefringence is 

increase when the size of porosity is increased. 

The birefringence is high at lower values of the frequency and then its  value start to decrease when the frequency 

range is increased. Additionally, the birefringence found to be larger when the core porosity is raised. It has been 

found that the birefringence value of 8.0 × 10-4 is achieved and presents a flat trend over the frequency ranging 

from 0.7–1.0 THz with 16% porosity. This is due to increase the area of the square air holes in the core. 

Consequently, the asymmetry of the porous in the core is become stronger and is lead to improvement of 

birefringence. This is important for the suggested PC-PCF to obtain a nearly constant birefringence with wide 

frequency range which can be used to control the chromatic dispersion for ultrafast pulse propagation. 
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The dispersion vs frequency for variously shaped square porosity is shown in Figure 10. When the porosity is raised 

from 7% to 28% at 1 THz, it is evident that the dispersion turns negative. Additionally, by increasing the porosity in 

the core, the dispersion flattens at high operating frequencies. In comparison to the others, Figure 10 demonstrates 

that the dispersion is flatter with 28% porosity.  

Figure 8: V parameter response versus THz frequency for different Porosities 

size 

        Figure 9. illustrates Birefringence as function of the frequency for different 

shaped square porosity (7%, 16% and 28%) 
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With a dispersion of β2 = -42.303 ps/THz/cm, the flattened dispersion has been obtained throughout a broad 

frequency spectrum from 0.8 THz to 1.2 THz. By creating tiny holes in the core, the SC-PCF's dispersion is now 

enhanced. It is possible to illustrate a low dispersion that enhances broadband terahertz transmission across 

extended distances. 

 

Figure 10. illustrates dispersion as function of the frequency for different shaped square porosity (7%, 16% and 

28%) 

IMPACT THE CIRCULAR POROSITY ON THE SC-PCF PROPERTIES 

SC-PCF have a 300 µm core and 240 µm air hole diameter were chosen as the ideal settings in this section in order 

to investigate how circuler porosity affects the SC-PCF's characteristics. The aforementioned result indicates that 

the SC-PCF design which have 240µm diameter air holes was chosen because of its low confinement loss and low 

dispersion. This paper's primary objective is to improve terahertz radiation propagation and optimize optical 

characteristics by introducing tiny air holes into the fiber's core. Two circulator air-holes with varying diameters 

(d=20,30 and 40 µm) which they have been put in the core as porosities in order to carry out an optimum set of 

design SC-PCF. When the two tiny air holes are inserted as porosity inside the core at 1 THz, the cross section and 

field of the SC-PCF are displayed in Figure 11., 20 µm, 30 µm, and 40 µm are the chosen diameters of the tiny air 

holes, resulting in 7%, 16%, and 28% porosity in the core, respectively. Figure 11 shows that the field is contained 

within the core's center. Therefore, it can be demonstrated that the presence of tiny air holes in the core enhances 

the amount of light that is contained within the PCF center. 

 

 

 

 

 

 

 

 

      

 

  Figure 11. The field of the SC‐PCF at 1THz 
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Figure 12 illistray the confinement loss of the planned SC-PCF as a function of frequency for various porosity sizes. 

It is evident that as the frequency increases, the confinement loss decreases. However, when the porosity in the core 

increases, so does the confinement loss.  

       In addition, the confinement loss of circule porosity is less than the confinement loss of the square porosity. It 

can be explained that the most of light propagates through the porous area, and as we know that circule area is less 

than the square area, as a result, less mode power of the circule porosity is leak out to the cladding compared to leak 

modes of the square porosity and confinement loss is decrease. With 28% porosity, the confinement loss is found to 

be 8.0441 × 10-8 dB/cm at 1 THz wich is decreased compared to confinement loss of the square porosity. 
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For porosities of 7%, 16%, and 28%, Figure 13 displays the power fraction inside the core as a function of frequency 

in the terahertz range. As this figure illustrates, the power fraction is increase in the core region when the frequency 

is increased. Further, the power fraction is increase with increasing size of porosity at fixed frequency. Here we can 

observe that the power fraction with circuler porosity is largre than the power fraction with square porosity.With 

porosity of 28%, the power fraction of 51% is achieved in the core at 1THz.  By reducing confinement loss, it has 

been discovered that the power fraction stays constant throughout a larger frequency range of 1 to 1.2 THz, which is 

crucial for broadband THz transmission.  
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Figure:12.  depicts the correlation between confinement loss and frequency for 

various porosity in the core. 

 

Figure:13. illustrates the relationship between power ratio and the frequency 
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The response of V parameter as function of the THz frequency range for the suggested SC-PCFs with different size 

of circule porosity is shown in Figure 14. From Figure 14, it is clear that with the increase in the value of frecuancy 

the V parameter value is increased. Additionally, the value of V parameter is increase with the increas in the size of 

porosity. Nonetheless, over the range of frequancy, the value of V still smaller than 2.405. hence, the proposed SC-

PCFs can be used them as a single mode fiber for long distance in  communication system.  
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Figure 15 shows the birefringence as a function of the frequency for different size of circule porosity (7%,16% and 

28%). As this Figure shows, the birefringence is decrease when the frequency is increased. The birefringence is high 

at lower values of the frequency and then its value starts to decrease when the frequency range is increased. 

Additionally, the birefringence found to be larger when the core porosity is raised. Further, the birefringence value 

of 3.7 × 10-3 with 28% porosity is achieved over the frequency 1 THz. This is very important feature of the suggested 

PC-PCF for obtaining a nearly constant birefringence with wide frequency range. 
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Figure 15. Birefringence as function of the frequency of the proposed SC‐PCF 

with different  circule porosity 7%, 16%, and 28% at Dcore=300µm 

 

Figure 14: V parameter response versus THzfrequency for different size of the 

square porosity 
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The THz frequency dependencies of the dispersion for different size of circule porosity have been depicted in Figure 

16. It can be seen from this Figure the fiber is negative dispersive for all size of porosity. The negative dispersion is 

decrease and shifted near from the zero point when the porosity size is increased.  Furthermore, flattened 

dispersion is the result of increasing the porosity in the core. The dispersion is flatter at 28% porosity compared to 

other porosities, as seen in Figure 16. For 28% porosity, the flattened dispersion with a dispersion of β2 = -43.2958 

ps/THz/cm has been accomplished throughout a broad frequency bandwidth from 0.8 THz to 1.2 THz. The SC-

PCF's dispersion is now improved by the little air holes in the middle. Long-distance broadband terahertz 

transmission is enhanced by its extremely low dispersion.  
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CONCLUSION 

The aim of this work is to achieve large birefringence and small/flatted dispersion by designed and examined the 

optical properties of hexagonal lattice SC-PCF. The optical properties of the proposed SC-PCF have been 

numerically investigated using COMSOL multiphysics 6.1 which based on the finite element method. It consists of a 

square air-hole porous core to drive high-refractive irefringence and a hexagonal lattice circular air-hole shell to 

enhance the confinement of the guided mode. Several physical features, such as varying core porosity and core 

diameter values at THz-range frequencies, define its guiding characteristics. It is possible to simultaneously 

produce an ultra-low flat dispersion of −0.01 ± 0.02 ps/THz/cm and a birefringence more than 7.1 × 10−2 in the 

broad frequency range of 0.7–1.3 THz. Other favorable characteristics of the suggested fiber include ultra-low 

confinement loss (about 7.08 × 10−12 cm−1), high power-to-core ratio (around 52%), and good mode confinment 

because of low EML (<0.2 cm−1). The suggested THz-PCF's superior steering capabilities can make it ideal for a 

variety of applications, including effective THz transmission, THz sensing, and other optical system designs. 
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Figure 16. dispersion versus frequency of the proposed SC‐PCF with different 

porosity 7%, 16%, and 28% at Dcore=300µm 
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