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Abstract 

        Cholesterol, also known as the pulpy fat of human body, may cause the body vulnerable to heart malady by filling blood-

vessel with fatty substances. This urges a precise, simple, and effective method of cholesterol detection. Considering this, a novel 

hollow equilateral-octagon core PCF model has been presented as a cholesterol sensor. The sensor is modeled and simulated 

using finite element method (FEM). Multiple performance metrics suggests the effectiveness of the proposed sensor model. The 

relative sensitivity attained for the model is 92.34% at optimum frequency (OF), 3.6THz. Besides, the model shows ultra-lower 

confinement loss of 3.77×10−18cm−1 at OF along with standard values for other performance metrics. In addition, the feasible 

implementation of the model by exercising existing fabrication strategies ensures the practicability of the proposed sensor.  

Keywords: Cholesterol; confinement loss; hollow octagonal core; PCF; sensitivity. 

1. Introduction 

Cholesterol is the soft and pulpy fat in our body. It is a very worthy element of the human body since cholesterol assists to 

preserve the structural integrity as well as it carries on the fluidity of cell membranes. Besides, it also controls the production of 

Vitamin D in our body. The major source of cholesterol in the human body is egg, milk, meat, etc. Therefore, the presence of an 

immoderate amount of cholesterol in our body can lead to heart disease, high blood pressure, or stroke. So, to understand the level 

of cholesterol in our body we need to check up regularly from age 35 or earlier for men and age 45 or earlier for women. 

Cholesterol can be good or bad for our health. Because of the presence of Low-density lipoprotein (LDL) cholesterol in our body 

can lead to heart attack and stroke. So, LDL cholesterol is bad for us. Again, the presence of High-density lipoprotein (HDL) 

cholesterol in our body helps to remove LDL cholesterol. For this reason, HDL cholesterol is good for human health. Usually, the 

total amount of cholesterol in human blood is less than 200 milligrams per deciliter while the amount of LDL is around 70 to 130 

milligrams per deciliter and the amount of HDL is around 40 to 60 milligrams per deciliter. For LDL cholesterol, the lower 

amount is better and for HDL cholesterol, the higher amount is better. The main way of measuring the amount of cholesterol in 

the human body is a blood test. Hence, an efficient technique of cholesterol detection is very urgent. 

So far, several methods have been reported for detecting biochemical, for example, Chromatographic [1], voltametric [2], 

electrometric [3], etc. However, these sensing methods possess some drawbacks, for instance, long investigation time, the 

measurement procedure is complex, expert manpower (operating assistant) is required, etc. For these reasons, still researchers are 

finding an efficient way to sense biochemicals. For the last two decades, researchers have realized that the photonic crystal fiber 

(PCF) can provide efficient outcomes, especially for sensing applications. Recently, liquid sensing, gas sensing, and chemical 

sensing fields are explored by different kinds of PCF sensors [4-9]. Besides, the intensity measurement strategy of EM waves has 

also made the PCF capable of operating remotely.  

The research related to chemical sensing especially in THz region has attained the attention of researchers, engineers, 

academia, industry, etc. THz sensing got introduced by Jepsen et al. [10,11] in early 2017 where they perform chemical sensing. 

Recently, a heptagonal shaped PCF is proposed by Hasan et. al. [12] for sensing water, ethanol, and benzene where they found 

the maximum sensitivity for benzene is around 63.04%. The same experiment is done by Kanmani et. al. [13] for different PCF 

structure, where they found around 77.08% sensitivity for benzene. Ahmed et al. [14] presented a sensor for blood component 

detection while they found the sensitivity of approximately 80.93 % for the Red Blood Cells. Islam et al. [15] reported a complex 
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sensor structure for chemical detection where they achieved a sensitivity of approximately 86%. Hossain et al. [16] have reported 

a rectangular hollow-core PCF sensor to identify the bane chemicals and they achieved a sensitivity of almost 94.4 %. Therefore, 

there is still a chance to develop the performance of chemical sensing using PCF in the THz region.  

In this paper, we have proposed a PCF model for cholesterol detection in the Terahertz regime. The proposed model affords 

the relative sensitivity of around 98% and we have also numerically investigated several significant optical properties, for 

instance, confinement loss, effective area, EML, etc. The proposed model offers better sensing characteristics than some of the 

recently proposed sensor models (Terahertz sensor) in sensing applications [12-20]. 
 

2. Designing Strategies 

The proposed cholesterol sensor has been modeled using hollow core PCF (HC-PCF). The reason behind this hollow core is 

its inherent advantageous features over porous core PCF (PC-PCF). HC-PCF provides space for increased quantity of analytes at 

the core region. Besides, improved collaboration between the core material and transitory field is observed in this type of PCF 

since guiding mode is highly confined in the core region and the analyte injected into the core region gets more interacted with 

the light in this type of PCF [21,22]. In addition, HC-PCF hardly suffers from effective material loss (EML) since only samples 

are injected into the core region. This type of sample injection also ensures the presence of higher portion of light in the core 

region. As a whole, HC-PCF offers greater sensitivity compared to PC-PCF.  

The structure of the proposed PCF based sensor has been modeled and analyzed using finite element method (FEM). This 

offers platform for both designing and simulation of PCF model. The software is founded on finite element analysis that is 

capable to handle numerous simultaneous electromagnetic (EM) modes, operate with numerous light-sources, spontaneously 

generate analogous partial differential equations, and provide numerical results [23]. Additionally, FEM can efficiently handle 

many composite substance features as well as it can collaborate with Matlab software [24]. 
 

 
Fig. 1. The transversal schematic diagram for the anticipated sensor model. 

 

        The transversal schematic diagram for the anticipated sensor model has been represented in Fig. 1. The core region of the 

sensor model consists of a hollow equilateral-octagon where analytes should be injected to be sensed. The length of each side of 

the octagon, denoted by l in the figure, is 100 μm. The width and height of the octagon are 273μm and 200μm respectively. The 
total area covered by the octagonal core is 45950 μm2. The cladding region for the proposed sensor geometry is formed by the 

asymmetric organization of eight quadrilateral hollow structures. Two different sets of quadrilateral structures (as represented by 

A1 and A2 in the model) construct the cladding region. The four sides of A1 and A2 type of quadrilateral are indicated by a1, b1, c1, 

d1, and a2, b2, c2, d2 respectively. The lengths of a1, b1, c1, and d1 are about 100, 350, 457, and 350μm respectively. Each A1 covers 

an area of around 83966μm2. Whereas, the values of a2, b2, c2, and d2 are approximately 95, 348, 278, and 376 μm respectively 

and the total area covered by a single A2 quadrilateral structure is nearly 64453 μm2. The gap between two consecutive blocks, 

known as strut and denoted by St in Fig. 1, is chosen to be 10μm. The radius of the modeled sensor is 600μm. To avoid ecological 

interferences, a layer in the outermost region is introduced which is known as a perfectly matched layer (PML). PML resists the 

departing waves from the fiber and thereby, it acts as a reflection-resistant cover [25]. Here, the thickness of PML is set as 8% of 

the radius of the proposed model and the value of it becomes 48μm. Zeonex is accommodated as the background substance for 
this model as it maintains constant value for the refractive index (RI=1.53) in THz regime, minimized amount of substance 
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absorption loss, and dispersion, moisture insensitiveness, etc. [16]. Besides, zeonex exhibits an increased amount of chemical 

restiveness as well as greater crystal transition temperature that helps to fabricate the fiber flexibly. The above reason influences 

us to elect zeonex over topas, silica, and other fiber materials. To present a comparative analysis we have varied the core region 

of the optimum model by ±25% and thereby we found two additional model structure named as optimum model −25% and 
optimum model +25%. The core region of each model is injected by cholesterol and the simulation is performed. Again, the 

optimum sensor model is also simulated to explore the performance of the model in detecting blood and water.  
 

   
(a)    (b)    (c) 

   
(d)    (e)    (f) 

Fig. 2. EM wave propagation through the core of optimum model in x and y direction for cholesterol [(a),(b)], blood [(c),(d)], and water [(e),(f)]. 
 

3. Method of Analysis and Simulation Results 

        Simulation of the anticipated sensor model has been performed for a wide range of frequency bands ranging from 2.0 to 

4.0THz. The EM wave propagation through the core of the optimum model in both x and y propagation directions for three 

different samples namely the cholesterol, blood, and water is shown in Fig. 2. We have injected the samples, i.e., cholesterol, 

blood, and water, through the core once at a time and simulated the model separately.  

        To evaluate how effectively the proposed sensor will detect the samples, we have estimated the relative sensitivity (RS) for 

the proposed model in each case of sample injection. RS is the prime sensing metric that specifies the presence and quantity of a 

specific sample in the core. It is estimated using the following equation (1) [16,17]. 

B×
η
η

=RS

effective

sample
         (1) 

Here, ηsample indicates the RI of anticipated samples, which is 1.525, 1.376, and 1.33 for cholesterol, blood, and water respectively. 

Besides, ηeffective defines the RI of effective mode and B indicates the extent of the entire power of injected light present at the 

core. B is evaluated using equation (2) [17,26]. 
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Here, E and H represent the electric and magnetic field constituents, and the subscript x and y define the transversal and tangential 

constituents respectively. 



 

 

  
(a) (b) 

Fig. 3. Comparison of relative sensitivity in the (a) x-axis and (b) y-axis for three different models. 
 

        The variation of relative sensitivity with the increase in frequency for the three different models namely, optimum−25%, 
optimum, and optimum+25% in x and y polarization direction are shown in Fig. 3(a) and Fig. 3(b) respectively. As found from 

Fig. 3(a), the values of relative sensitivity in the x-axis for optimum−25%, optimum, and optimum+25% are 87.12%, 91.93%, and 
94.47% respectively at the optimum frequency (OF) of 3.6 THz. Besides, Fig. 3(b) reflects that the relative sensitivity in the y-

axis for optimum−25%, optimum, and optimum+25% are 87.59%, 92.34%, and 94.81% respectively at the OF. The optimum, 
and optimum+25% models show dominant sensitivity compared to the optimum−25% model. 
        Fig. 4(a) and Fig. 4(b) represent the relative sensitivity in the x and y-axis respectively while detecting cholesterol, blood, 

and water. The relative sensitivity in the x-axis for water, cholesterol, and blood at the OF are 80.36%, 91.93%, and 84.65%, 

respectively. The relative sensitivity in the y-axis for water, cholesterol, and blood are 82.46%, 92.34%, and 86.11%, respectively 

at the OF. In both directions, the optimum sensor model exhibits dominant relative sensitivity in detecting cholesterol. 

  
(a) (b) 

Fig. 4. Comparison of relative sensitivity in the (a) x-axis and (b) y-axis for three different samples. 

        Birefringence is the degree of asymmetry between core and cladding air holes. It maintains the polarization attributes. It is 

the absolute deviation between the RI for x-polarization (ηx) and y-polarization (ηx) mode as shown in equation (3) [17]. 

 
yx ηη= nceBirefringe         (3) 

        The comparison of birefringence as a function of frequency for the three models is shown in Fig. 5(a). The value of 

birefringence for optimum−25%, optimum, and optimum+25% are 0.0014, 0.0007, and 0.0005 respectively at the OF. The value 
of birefringence for the optimum+25% is lowest compared to the other two and hence, this model is poorly birefringent. 



 

 

  
(a) (b) 

Fig. 5. Variation of birefringence as a function of frequency for (a) three models and (b) three different samples. 
 

        Fig. 5(b) displays the birefringence of the optimum model for three different samples. The values for birefringence while 

detecting water and blood are higher but they suffer from lower relative sensitivity. Another key performance metrics of PCF is 

the confinement loss (CLoss), which indicates the amount of light leakage in the cladding regions. Indirectly, it reflects how the 

incoming light is confined in the core region. It is evaluated as a function of operating frequency (f), light speed(c), and the 

imaginary portion of ηeffective as shown in the following equation (4) [17,27]. 

  1

effectiveLoss cmIm
4

,η×
c

πf
=C        (4) 

  
(a) (b) 

Fig. 6. Representation of confinement loss for (a) three different models and (b) three different samples.  

        Fig. 6(a) and Fig. 6(b) represent the amount of confinement loss for three different models and three different samples 

respectively. The value of CLoss for the optimum−25%, optimum, and optimum+25% model are 1.89×10−17, 3.77×10−18, and 

1.37×10−18 cm-1 respectively at the OF. On the other hand, the values of CLoss for water, cholesterol and blood at the OF are 

9.09×10−18, 3.77×10−18, and 8.71×10−18 cm-1, respectively. The value of CLoss for the optimum model in detecting cholesterol is 

dominant as it is the lowest. Lower values of CLoss indicate higher signal confinement in the core region which results in a very 

negligible amount of coupling and scattering loss. The EML is measured for the proposed model as it appears when light is 

engaged by zeonex. Following equation (5) is used to calculate EML (EMLoss) [17,16].  
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Where, ε0, μ0, and H* outlines the permittivity, permeability, and transverse magnetic field. αbulk and ηbulk symbolize the absorption 

loss and RI of bulk material respectively. 



 

 

  
(a) (b) 

Fig. 7. EML for (a) three different models and (b) three different samples in the THz regime. 

        Fig. 7(a) and Fig. 7(b) picture the EML as a function of frequency for three different models and three different samples 

respectively. As demonstrated from Fig. 7(a), the values of EML for three different models are nearly the same at the OF. But the 

value of EML is a little bit higher for cholesterol detection compared to the other two sample detection at the OF. 

  
(a) (b) 

Fig. 8. Representation of the effective area for (a) three different models and (b) three different samples. 

Effective area (EArea) states the true sensing area of a PCF. It is evaluated using equation (6) [27,28]. 
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        Fig. 8(a) demonstrates the variation of effective area for three different models where the optimum+25% model exhibits the 

highest value for EArea at the OF i.e., 56112μm2. The highest value signifies signal spreading or dispersion in a wider region 

which is not expected in chemical sensing applications. Hence, the optimum+25% model is not an acceptable one compared to 

the other two models. Fig. 8(b) represents the EArea for sensing three different samples by the optimum model. The values for EArea 

are adjacent to each other for all three samples at the OF. Another key optical parameter is the numerical aperture (NAperture) which 

quantifies the signal compiling skill of any fiber. A higher value of NAperture is expected for chemical detection applications and 

the value for NAperture is evaluated by the equation (7) [15]. 

2
1

22 )1(
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(a) (b) 

Fig. 9. Variation of numerical aperture for (a) three different models and (b) three different analytes. 
 

        Fig. 9(a) represents the NAperture for three different models where optimum−25% and optimum model show dominant value 
compared to optimum+25% model. The value of NAperture attained for the optimum model is 0.234 at the OF. Fig. 9(b) reveals the 

NAperture for detecting three different samples. The values of NAperture are adjacent for all the three analytes at the OF.  
 

4. Summery and Fabrication Possibilities 

        Table 1 represents the comparison of the optical parameters for three different models. The optimum model shows 

comparably higher sensitivity in both x and y-axis, higher numerical aperture, and standard birefringence along with lower values 

for both EML and confinement loss compared to the other models. Hence, the optimum model is selected as the proposed 

cholesterol sensor. 
 

Table 1. Tabular representation of optical parameters for three different models at the OF. 

Parameters Optimum Model -25% Optimum Model Optimum Model +25% 

Effective Area 23510 μm2
 38017 μm2

 56112 μm2
 

Confinement Loss 1.89×10−17cm−1
 3.77×10−18cm−1

 1.37×10−18cm−1
 

Numerical Aperture 0.29 0.234 0.19 

Sensitivity in x-axis 87.12% 91.93% 94.47% 

EML 0.0058cm−1
 0.0062cm−1

 0.0058cm−1
 

Birefringence 0.0014 0.0007 0.0005 

Sensitivity in y-axis 87.59% 92.34% 94.81% 

         

        Table 2 is the comparative representation of the optimum model while detecting water, cholesterol, and blood. The proposed 

model maintains a higher level of sensitivity in detecting cholesterol among the three samples. Table 3 is the tabular comparison 

of the proposed sensor with the existing PCF based sensors. The proposed sensor is superior to the other sensors as it shows the 

lowest confinement loss, lower EML, higher NAperture, standard effective area, and more importantly higher relative sensitivity.  
 

Table 2. Tabular representation of optical parameters of the optimum model for three different samples at the OF. 

Parameters Water Cholesterol Blood 

Effective Area 32710μm2
 38017μm2

 36674μm2
 

Confinement Loss 9.09×10−18cm−1
 3.77×10−18cm−1

 8.71×10−18cm−1
 

Numerical Aperture 0.252 0.234 0.238 

Sensitivity in x-axis 80.36% 91.93% 84.65% 

EML 0.0034cm−1
 0.0062cm−1

 0.0043cm−1
 

Birefringence 0.0023 0.0007 0.0016 

Sensitivity in y-axis 82.46% 92.34% 86.11% 



 

 

Table 3. Comparative analysis of the proposed sensor with the existing PCF based sensors. 

Analytes OF 

(THz) 

EArea 

(μm2) 

CLoss 

(cm−1) 

NAperture EMLoss 

(cm−1) 

Birefringence Sensitivity 

(%) 

Alcohol [29] 225.6 − 7.55×10−14
 − − − 67.66 

Hemoglobin [14] 1.5 1.5×105
 1.99×10−14

 − − − 80.56 

Ethanol [12] 1.0 1.51×105
 2.30×10−3

 − − − 61.05% 

Formalin [17] 1.8 97657 2.8×10−11
 − 0.0048  77.71 

Proposed Model 3.6 38017 3.77×10−18
 0.234 0.0062 0.0007 92.34 

 

        Flexible fabrication is the prime challenging task for any new PCF sensor. A numeral of fabrication strategies has been 

evolved so far such as stacking, extrusion, stack, and draw (S&D), sol-gel, 3D printing, etc. [30-34]. S&D strategy may be 

practiced for fruitful fabrication for our proposed model as this strategy has already been practiced successfully to fabricate 

multiple PCF models. Besides, the S&D strategy is also capable to fabricate multiple variants of suspended microstructure fibers 

[35]. In addition to the above method, 3D printing is a flexible strategy that is capable to fabricate diverse organizations of holes 

in PCF models [33]. Multiple researchers have already exercised this method to fabricate versatile models [36, 33]. So the use of 

a 3D printing strategy will also result in a flexible fabrication of our proposed model. 

 

5. Conclusion 

        The presented HC-PCF with the asymmetrical organization of air holes and zeonex as the fiber material is anticipated as a 

sensor for cholesterol operating at THz frequency regime. Multiple performance metrics have been evaluated to measure the 

effectiveness of this proposed model as a cholesterol sensor. The proposed sensor model exhibits higher sensitivity of about 

92.34% at the OF in detecting cholesterol. Besides, the proposed model shows a very much negligible amount of confinement 

loss of 3.77×10−18cm−1 at the OF. Also, the proposed model maintains lower EML, denser effective area, higher numerical 

aperture, and standard birefringence. Furthermore, the likelihood of fabrication by practicing existing strategies enhances the 

effectiveness of the proposed model and will introduce its exercise as a chemical-sensor or biosensor. 
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