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   In this article, a high-accuracy novel optical biosensor consisting of a structurally chiral medium (SCM) 

with 4 2̅m point group symmetry and a silver metallic defect layer under the Sarid configuration as a 

theoretical and computational study has been investigated. We used incident light with p polarization and used 

the 4 × 4 transfer matrix method for absorption spectrum calculations. Surface plasmon polaritons (SPP) 

modes at the interface between a metallic layer and SCM have also been investigated. One of the advantages 

of using the SCM in this configuration is that it allows us to have several plasmonic and waveguide modes. 

We have also determined the difference between plasmonic modes and waveguide modes. This configuration 

creates an open assay interface for real-time detection of the interaction with extremely high sensitivity. The 

resonance angles observed in the absorption spectrum are very sensitive to changes in the fluid placed on top 

of the sensor and this sensor has a very high-quality factor that distinguishes it from other sensors. The effect 

of the tilt angle of the SCM has also been investigated. These combinations make the proposed designed sensor 

unique for performing label-free bioassays in the detection of cancer cells. The basis of this research is to 

detect cancer cells, which the designed sensor can detect with high sensitivity factors. 

 
 

 

 

 

 

I. INTRODUCTION 

In recent decades, structurally chiral materials 

(SCMs) have significant attention due to their 

unique properties and potential applications in 

various fields [1]. An SCM is characterized as 

a non-homogeneous and anisotropic material 

 

 
 

with a relative permittivity dyadic that varies 

helicoidally along a predetermined direction. 

Examples of SCMs include chiral elastomers, 

cholesteric liquid crystals, and sculptured thin 

films, which exhibit the circular Bragg 

phenomenon (CBP). The CBP leads to the near-

total reflection of co-handed circularly 
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polarized plane waves at specific spectral 

regimes while allowing significant 

transmission of cross-handed waves [2_4]. 

The interaction between surface plasmons and 

photons at the interface of a metal and a 

dielectric material gives rise to surface 

quasiparticles termed surface plasmon 

polaritons (SPPs) [5]. In the coupling of 

photons and SPPs in practical configurations 

like the Kretschmann and Otto setups, the 

phenomenon of total internal reflection is 

employed [6]. When the interface of a metal 

and a periodically non-homogeneous dielectric 

material is considered, the propagation and 

excitation of SPP waves can be enhanced. 

SCMs serve as effective mediums for observing 

surface multi-plasmonic phenomena, leading to 

applications in multianalyte chemical sensors 

[7]. SPP waves often suffer from short 

propagation lengths due to metal damping 

losses. To address this limitation, the Sarid 

configuration has been proposed, where a metal 

thin film is positioned between two dielectric 

materials atop a high-index prism, forming a 

Three-layer composite capable of achieving 

propagation lengths on the order of 

micrometers via suitable structural parameters. 

SPP waves can be studied through two primary 

methods: the canonical boundary value 

problem, which is fundamentally theoretical, 

and the prism-coupled configuration, which 

combines both experimental and theoretical 

approaches. Research indicates that results 

obtained from both methods align closely [8,9].  

Cancer of any organ manifests itself in the 

changes and malfunctions in the organ's 

function.  Basal carcinoma is a common type of 

skin cancer that affects parts of the skin due to 

a lot of exposure to sunlight. Over time, UV 

rays can damage the DNA of skin cells, and 

Basal cells play a role in the process of creating 

new skin cells. When the DNA of these cells is 

damaged, the mutation increases the rate of 

reproduction, and cancer cells accumulate in 

that area [10,11]. 

Optical biosensors, for example, SCMs, 

photonic crystals, and surface plasmon 

resonance (SPR) have shown considerable 

versatility and application potential in recent 

years. SPR sensors detect changes in the 

refractive index of the medium above a metal 

surface following analyte interaction with 

surface-bound ligands, which in turn indicates 

plasmonic surface modes' behavior. Optical 

biosensors convert biological interactions, 

including those in blood samples, into 

measurable optical signals, providing single-

step detection, repeatability, and ease of use, 

thus enabling rapid and precise measurements 

compared to traditional diagnostic methods. 

Among various types of biosensors such as 

electrical, piezoelectric, electrochemical, 

mechanical, magnetic, acoustic, and optical 

into an observable and evaluable format 

[12_14]. 

In this work, we have developed a biosensor 

based on a central metal defect within a 

dielectric structure configured as an SCM under 

the Sarid configuration. We analyze the optical 

absorption for p-polarized plane waves as a 

function of incident light angles in MATLAB 

software to extract multiple SPP peaks from the 

resulting absorption spectra that demonstrate a 

heightened sensitivity to variations in 

biological samples. The Absorption of linear 

polarized light in this context is computed using 

the 4×4 Transfer Matrix Method, laying the 

groundwork for advanced biosensing 

applications. 

II. METHOD 

 

The schematic description of the proposed 

optical biosensor is shown in Fig. 1 in which the 

excitation of SPPs at the interface of an SCM 

and a thin metallic layer has been employed 

under the Sarid configuration. The structure is 

composed of a prism with the dielectric 

constant of 1 , a thin layer of Silver with the 

thickness of mt
and dielectric constant of m , 

and a layer of SCM with the thickness of SCMt

and dielectric constant of SCM
. The area above 

the second SCM is filled by the fluid 

biomaterial. It is assumed that this structure is 

irradiated by a light beam in the form of a plane 

wave with linear polarization from the prism at 
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an angle   to the x-axis. In structurally chiral 

mediums, the tilt angle refers to the deviation or 

tilting of molecules from a reference axis 

(usually vertical or a specific optical axis in 

cholesteric liquid crystal such as SCM). This 

angle is crucial in chiral environments, as it 

influences the optical properties such as light 

polarization, optical rotation, and light 

scattering. The tilt angle determines how 

molecules are oriented within the structure, 

which impacts the material's chiral properties 

and the way it interacts with light, including 

phenomena like circular dichroism and 

birefringence. This angle plays a significant 

role in controlling the optical behavior of the 

medium. 

The pitch refers to the distance over which the 

molecular or structural arrangement repeats 

itself in a helical or spiral pattern. It represents 

the length required for one full rotation of the 

molecular alignment around an axis. The pitch 

plays a key role in determining the optical 

properties of the material, such as the 

wavelength of light it reflects, its color, and its 

overall interaction with polarized light. 

Changes in the pitch can significantly affect the 

material's optical characteristics, including its 

ability to rotate light and the formation of 

specific optical textures [15_17]. 

 
Fig. 1 The schematic description of the proposed 

optical biosensor. 

The direction of rotation and heterogeneity of 

the studied structure is along the x-axis and the 

electromagnetic wave enters the structure at the 

angle   [18]. 

We have used the matrix form of Maxwell's 

equations in a non-magnetic environment with 

4 electric and magnetic field elements 

( ) ( )( ), ( ), ( ), ( )y z y zx e x e x h x h x =  for the 

propagation of the wave [16]: 

 

( )
( ) ( )0 0

d x
ik A x x

dx


=                       (1)                                                                                                              

 

In Eq. 1, 0k is the wave number in the free 

space and ( )A x is 4 4 the matrix in the form 

of [15,18]: 
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The dielectric tensor of an anisotropic structure 

in the principle coordinate system is shown in 

Eq. 3,  

1

1

3

0 0

0 0

0 0



 



 
 

=  
 
 

                                             (3)                    

where the axis 3 is the distinguished axis of the 

SCM. To calculate the SCM dielectric tensor 

elements, , (x) (i, j x, y,z)i j =  in Eq. 2,  we apply 

the tilt and rotation matrices of ( )T   and 

( )R x to the dielectric tensor of Eq. 3 and obtain 
1 1(x) ( ) ( ) ( ) ( )SCM R x T T R x   − −=  

where  
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cos 0 sin

( ) 0 1 0 ,

sin 0 cos

T

 



 

 
 

=  
 − 

                     (4)   

and 

1 0 0

( ) 0 cos(qx) sin(qx) ,

1 sin(qx) cos(qx)

R x

 
 

= − 
 
 

               (5)   

with 
2

 q
p


= . 

The rotation matrix represents a spiral motion 

that is performed at a constant speed and also 

includes the pitch of the structure and displays 

structural chirality [19,20]. 

For the propagation of the wave inside the 

structure, the general solution of Eq. 1 can be 

written as follows: 

                                                                   (6) 

( ) ( ) ( ) ( )0

0

0 [ ] 0 .

L

L M exp ik A x dx  = =                                     

M is a transfer matrix in Eq. 6 that connects the 

wave vector ψ from the left side of the layer to 

the right side. We used the same method to 

obtain the transfer matrix of the metal layer by 

substituting the dielectric tensor of the chiral 

medium with the dielectric permittivity of the 

metal, m . Then, we used the method presented 

in reference [18] to obtain the mentioned 

transfer matrix M for the plane-wave 

illumination. We also used the boundary 

conditions to obtain the reflection and 

transmission coefficients of the structure as 

[20]: 

.

s ss sp

p ps pp s

s ss sp

p ps pp

p

t t t

t t t a

r r r a

r r r

   
   

    =  
     
   
      

                                   (7) 

The coefficients of reflections and 

transmissions and the amplitudes of the incident 

plane waves have been indicated as 

( , ), ( , )s p s pr r t t and ( , )s pa a , respectively in Eq. 

7. To obtain the optical absorption, we use the 

following relationship: 

2 2

,

,

1 ( )i s p ij ij

j s p

A r t=

=

= − +                    (8) 

The curves obtained by plotting the optical 

absorption as a function of the incident angle 

will represent some sharp peaks which are the 

positions of the incident angles in which the 

incident photon energy is transferred to the 

surface plasmon polaritons. 

III. RESULTS 

we consider the prism-coupled method in the 

Sarid configuration shown schematically in 

Fig. 1. In the optical modeling, we consider two 

thin layers of SCM with the point group 

symmetry 42m  and the dielectric constants 

1 2.7 =  , 3 3.2 = , the tilt angle 45 =  , and 

length 2L P= ( or ( 4 )L P= ) and the first layer 

of SMC is located on a prism, where 
595P nm=  the pitch of the structure. A thin 

layer of Silver with the thickness of 50mt nm=

and dielectric constant of the metallic layer 

-17.81+0.676im = in the working wavelength 

(632.8 nm of He-Ne laser) is considered 

between the two SCM layers. First, we assume 

a normal and healthy biological sample named 

Basal cell covers the environment above the 

second SCM layer where the refractive index is

1.360n = . Also, the dielectric coefficient of 

the prism is 1 1.515n = in the mentioned 

wavelength.  

The results depicted in Fig. 2 highlight the 

optical absorption characteristics of the 

structure as a function of the incident angle for 

two different thicknesses of the SCM layer, 

denoted (L=2P) and (L=4P). The Results were 

conducted using p-polarized light to evaluate 

the performance of normal Basal cells. The 

absorption spectra reveal several peaks that 

vary depending on the incident angle and in 

angles of 65.8°, 68.7° and 86.2°. Notably, one 

particular peak, marked with an arrow, shows 

minimal shift—almost negligible—in the 

excitation angle with an increase in the SCM 

layer thickness (L). This behavior suggests that 

this specific peak in 86.2° is associated with the 

excitation of Surface Plasmon Polaritons 

(SPPs), which are sensitive to the layer's 
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thickness but not significantly affected in this 

instance. In contrast, other identified absorption 

peaks exhibit a more pronounced shift in the 

excitation angle as (L) increases. These peaks 

are indicative of waveguide modes in angles of 

65.8° and 68.7°, which respond differently to 

the thickness of the SCM layer compared to 

SPPs. Furthermore, when the optical absorption 

was assessed using s-polarized light, the results 

showed in Fig. 2 that the absorption levels in 

the system were negligible across all incident 

angles, leading to the disappearance of the 

absorption peaks. This finding implies that the 

structure is unsuitable for biosensing 

applications when operating under s-polarized 

light conditions. As a result, this analysis 

establishes that a p-polarized wave is essential 

for effectively utilizing this structure as a 

biosensor, which will be the focus of the 

subsequent sections of the paper. 

 

 
Fig. 2 The optical absorption of the structure as a function of the incident angle for two thicknesses of the SCM layer, 

2L P= and 4L P= . the results for the cases of normal Basal cells, using p-polarized waves. And the same results 

for the case of s-polarized waves. 

To illustrate the surface plasmon polariton 

(SPP) modes, we have presented the electric 

field profiles of SPP mode within the structure, 

as depicted in Fig. 3. Specifically, showcase the 

field profiles for SPP mode at a certain 

incidence angle related to the case of the Basal 

cell. Both SPP and waveguide modes 

demonstrate a propagative behavior within the 

SCM layer, exhibiting evident localization of 

the electric field at the interface between the 

SCM and the biological sample. This 

phenomenon indicates a significant penetration 

of the evanescent wave into the sample, which 

is critical for sensing applications. Also, for the 

SPP modes, the electric field is significantly 

localized at the interface between the metal 

layer and the SCM layer. This distinct 

localization at different interfaces ultimately 

highlights the unique propagation 

characteristics of SPPs and waveguide modes, 

emphasizing their relevance in applications 

such as biosensing and optical devices. 

 
Fig. 3 The field profiles of the SPP mode correspond 

to the incidence angle of 86.2°. 

Figure 4 shows the graph of optical absorption 

as a function of the incident light angle for 
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different thicknesses of the metal layer. 

According to this figure, when we consider the 

thickness of the metal layer to be zero, no 

absorption peak has been seen, and this 

indicates that SPPs can be excited in the vicinity 

of a metal and a dielectric. There is no 

absorption peak in the 85 nm thickness of the 

metal layer and it can be argued that if the 

thickness of the metal layer is greater than the 

penetration depth of the metal before the 

incident light reaches the interface between the 

metal and the SCM layer, it is absorbed or 

reflected and cannot transfer its energy to the 

SPPs and cause their excitation. On the other 

hand, if the thickness of the metal layer is less 

than its penetration depth, a greater percentage 

of incident light passes through the metal 

medium and does not have enough time to 

couple with surface plasmons. Therefore, 

thicknesses close to the penetration depth of the 

metal also have significant absorption. 

According to Figure 4, it can be seen that the 

peaks in the absorption spectrum are excited for 

the 50 nm thickness of the metal layer. It can be 

said that the presence of the metal layer is 

responsible for the formation of absorption 

peaks, each of which shows plasmonic or 

waveguide modes. 

 
Fig.4 Optical absorption diagram for different 

thicknesses of the metal layer. 

In this part, by examining the effect of different 

tilt angles of the SCM layer, we have examined 

the optical absorption diagram according to the 

angle for the designed structure. By applying 

different tilt angles, it can be seen that the peaks 

in the optical absorption graph are shifted to 

higher angles and the spp are excited at higher 

angles. The closer the tilt angle is to the vertical 

line, the SCM layer becomes similar to an 

isotropic medium, in other words, this layer has 

larger optical constants and the number of 

modes will be less. And this matter can be 

understood that a plasmonic and waveguide 

mode will appear at the junction of the metal 

layer and an isotropic dielectric. However, the 

presence of the SCM layer of specified 

parameters allows us to obtain several modes. 

The number of these modes varies by changing 

the specifications of the SCM and the metal 

layer. In summary, this proposed structure can 

be used as an optical sensor with the ability to 

create more than one mode to measure multiple 

analytes simultaneously in fluid matter. 
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Fig.5 Optical absorption diagram for different tilt angles of SCM layer. 

 

Fig.5 illustrates the effect of the tilt angle (χ) of 

the SCM layer on the optical absorption 

spectrum. As the tilt angle increases, the 

resonance peaks shift toward higher incident 

angles, indicating that the coupling conditions 

for plasmonic and waveguide modes are 

altered. At smaller tilt angles, the structure 

behaves more like an anisotropic medium, 

supporting multiple guided modes. However, at 

larger tilt angles, the system approaches an 

isotropic limit, leading to fewer observable 

resonance peaks. This effect demonstrates that 

adjusting the tilt angle allows for fine-tuning of 

the sensor’s response, optimizing sensitivity for 

specific refractive index variations in the 

biological medium. 

The sensitivity (S) of the designed biosensor 

can be expressed as the ratio of the change in 

resonance angle to the change in refractive 

index [12], for example, 

𝑺 =
𝚫𝜽

𝚫𝒏
                                                                      (9) 

The figure of merit (FOM) determines the 

accuracy and correctness of the data obtained 

from the sensor  

and is calculated according to the following 

relationship [12]: 

𝑭𝑶𝑴 =
𝑺

𝑭𝑾𝑯𝑴
                                                             (10)         

The peak in the absorption diagram for two 

healthy and defective samples has been 

reported according to Table No. 1. This table 

reports the performance of the designed sensor 

by changing the tilt angle of the SCM layer. By 

examining different tilt angles, which causes 

changes in the light angle and, as a result, 

changes in the sensing parameters. 

Based on Table 1, When the defective cell is 

replaced by the healthy cell, the changes in the 

refractive index bring with it changes in the 

absorption modes, such as the position in terms 

of angle, and also the reduction of the width of 

these modes. As the tilt angle increases, we see 

a gradual decrease and then an increase in 

FWHM. As a result, the quality factor of the 

sensor has a significant figure. The sensitivity 

of the sensor is the lowest at zero and 60° tilt 

angle, but with the change of the refractive 

index, it can detect the smallest changes of the 

refractive index at the tilt angles of 30° and 45°. 

As we expected, with the change in the 

refractive index of the biological material, the 

angle shifted, which is reported in Figure 6. One 

of the advantages of the presence of the SCM 

layer in such a sensor is that it reduces FWHM 

and shows the high quality of the sensor. This 

sensor can be used to detect the progress of 

diseases, which is done by comparing healthy 

and defective cells. By measuring the resonance 

angle for an unknown sample and the obtained 

value, it is impossible to predict the progress of 
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the disease, and the closer the angle changes to 

zero, the less progress we will have in that 

disease. 

 
 

 
Fig.6 The absorption spectrum of the designed biosensor for healthy and cancerous samples of Basal cells. 

In this section, a comparative analysis of the 

sensitivity and FOM of biosensors designed in 

recent years related to cancer is presented in 

Table 2. Therefore, the proposed SCM sensor 

can offer better performance potential due to its 

higher FOM compared to other sensors. By 

placing layers of dielectric materials, the 

performance of this sensor can be increased. 

TABLE1. SENSOR PARAMETERS FOR DIFFERENT TILT ANGLE 

Cell 

Sensor 

Paramet

ers 

𝜒
= 0° 

𝜒
= 30° 

𝜒
= 45° 

𝜒
= 60° 

Basal 

 

Δθ 

(degree) 
0.63 1.15 1.22 0.6 

Norm

al cell 

Canc

er 

Cell 

FWHM 

(degree) 
0.2 0.1 0.2 0.15 

1.36 1.38 
S 

(
𝑑𝑒𝑔𝑟𝑒𝑒 °

𝑅𝐼𝑈
) 

31.5 57.5 61 30 

 
FOM 

(
1

𝑅𝐼𝑈
) 

157.

5 
575 305 200 

 

 

 

 

 

 

 

 

 

Ref. Structure Sensitivity 
FOM 

(
1

𝑅𝐼𝑈
) 

[21] 

two-dimensional 

photonic crystal 

(PC) 

15085(nm/RIU) 
159.5

4 

[22] 
N-FK51A/Ag/ 

AION/BlueP 

416.85(degree/RI

U) 

155.9

4 

[23] 
BK7/Ag/CNT/Pt/ 

Fe2O3 

330.571(degree/R

IU) 
29.91 

[24] 
BK7/TiO2/Au/ 

graphene 

292.86(degree/RI

U) 
48.02 

[25] Ag/TiSi2/BP 
218.6(degree/RIU

) 
45.26 

Our 

Wor

k 

Prism/SCM/Al/S

CM 
61(degree/RIU) 575 

 

 

 
 

 

 

 

 

 

 

TABLE2. COMPARISON OF THE SCM BIOSENSOR AND PREVIOUSLY 

REPORTED BIOSENSORS FOR CANCER DETECTION. 



   

 

 
 

57 

IJBBE 
  International Journal of    

 Biophotonics & Biomedical Engineering                              Vol. 4, No. 2, Fall - Winter, 2024 

 

 

IV. CONCLUSION 

The propagation of multiple SPP waves in 

SCMs with a central metal defect was studied 

theoretically in Sarid configuration by using the 

transfer matrix method-based biosensor 

structure. The multiple SPP modes were 

extracted from optical absorption spectra for 

different structural parameters. The results 

showed that some branches of SPP waves had 

discontinuities due to their conversion to other 

absorption peaks such as waveguide modes or 

combined into other SPP modes. The key 

feature of this sensor is the existence of a 

plasmonic waveguide mode, which makes the 

sensor structure very sensitive to changes in the 

refractive index of the sensor's upper 

environment. The results of the optical 

absorption graphs as a function of the incident 

light angle with p polarization at the 

wavelength of 632.8 nm showed that more than 

one surface mode is emitted in the common 

phase.  

 

Plasmonic modes are selected from waveguide 

modes by changing the thickness of the SCM 

layer. As the tilt angle increases, the peaks shift 

to higher incident light angles. The results of this 

work are used in biosensors and investigation of 

various chemical species and biomolecules that 

are absorbed on the surface of the SCM layer. 

By checking the sensor parameters for Basal 

cancer samples, it was checked by this sensor. 

The results have shown that this sensor has a 

high FOM quality factor with the effect of 

different tilt angles of the SCM environment. 
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