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Abstract: 

In the present study, an ultrahigh-sensitivity photonic 

crystal fiber (PCF) sensor which works based on the 

surface plasmon resonance (SPR) phenomenon is 

proposed. The structure is cut into a D-shape and two 

layers of Ag and hematite (𝛼 − 𝐹𝑒2𝑂3) materials are 

placed on the cut part. The 𝛼 − 𝐹𝑒2𝑂3 layer prevents silver 

oxidation as well as significantly increases the interaction 

between light and the analyte, thereby increasing the 

efficiency of the sensor. In this structure, evanescent 

waves interact with the free electrons of the metal, and 

surface plasmon waves arise, based on which sensing is 

performed. The method of finite element (FEM) modeling 

is employed to investigate the response of the SPR sensor 

to the refractive index (RI). By examining the loss peak 

shift, the desired refractive indices can be identified. The 

presented PCF sensor provides a very high sensitivity of 

9200 nm/RIU and also covers a detectable refractive index 

range of 1.3 to 1.4. The performance of the PCF-SPR 

sensor implies that it can be very suitable for use in 

applications such as biosensing and chemical detection. 
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High sensitivity surface plasmon resonance sensor based on D-shaped photonic…. 

1. INTRODUCTION  

Today, one of the most interesting topics in the field of sensing is SPR-based 

sensors. They have extraordinary capabilities in various applications such as 

interactions of antibody-antigen, biochemical/biological detection, and medical 

diagnostics [1-6]. SPR sensors leverage the unique properties of surface 

plasmons, which are the free electrons that oscillate collectively at the interface 

of metal-dielectric medium. These oscillations respond quickly to changes in the 

refractive index of the surrounding environment, which makes the SPR sensors 

excellent for real-time detection of molecular interactions. The three most 

commonly used types of SPR sensors are based on prism, fiber grating, and PCF. 

Prism based ones are large and less accurate than others. Fiber grating based 

sensors have moderate efficiency and their loss curves are almost wide, which 

makes it difficult to identify some analytes. In 1993, Jorgenson introduced an 

SPR-based optical fiber sensor, which successfully addressed the limitations of 

earlier designs [7]. PCFs, a type of microstructured optical fibers, are described 

by a periodic structure of air holes along the fiber axis. The compact physical 

dimensions of PCFs enable significant miniaturization of sensors. Furthermore, 

the guided modes in PCFs can be precisely controlled by tuning structural 

parameters and selecting appropriate materials, leading to enhanced sensing 

performance. Unlike traditional SPR sensors, PCF sensors offer several 

advantages, including smaller size, higher accuracy, and easier manufacturability. 

These sensors demonstrate exceptional performance characteristics including 

minimal loss, enhanced detection capability, rapid temporal response, non-label-

dependent operation, continuous observation capacity, adaptable configuration, 

and consistent operational stability. These advantages of PCFs have driven 

significant interest in PCF-based SPR sensors, prompting researchers to develop 

novel configurations to further improve their performance characteristics. 

Consequently, PCF-SPR sensors have found widespread implementation across 

diverse detection domains, particularly in biomolecular interaction analysis and 

chemical compound monitoring [8,9]. 

Au and Ag are the most widely used as plasmonic materials. Au is chemically 

stabe and resistant to oxidation in adverse environments. However, the silver 

coating makes the sensor more sensitive and accurate. This is because the ratio of 

the real part to the imaginary part of the permittivity of silver is higher than that 

of gold. Also, silver has a higher reflection and absorption constant. Studies by 

Brujinet et al. proved silver achieves higher refractive index sensitivity than 

alternative SPR metals [10]. In 2019, Yasli et al. introduced a PCF SPR-based 

dual-channel sensor using gold and silver coatings. The gold-coated channel had 

a sensitivity of 2500 nm/RIU, and the silver-coated channel had a sensitivity of 
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3083 nm/RIU [11]. Another class of PCF-based sensors is the D-shaped, which 

brings the analyte closer to the core and increases the sensitivity. In 2022, 

Fanglong Meng et al. introduced a PCF-SPR refractive index sensor with a D-

shaped structure that used a thin layer of gold. The sensitivity of this sensor is 

reported to be 5100 nm/RIU [12]. Vishal Sorathiya et al. in 2022, introduced the 

D-polished PCF sensor in which three layers of silver, graphene, and titanium 

dioxide (TiO2) were used. The sensitivity of this sensor is 4250 nm/RIU [13]. 

Fengmin Wang et al. in 2023, introduced a PCF-SPR sensor structure in which 

the analyte was internally injected into one of the cavities. The wavelength 

sensitivity of this structure was 9217.22 nm/RIU [14]. In 2024, J. Divya et al. 

designed a dual-channel D-shaped PCF-SPR sensor in which a gold layer was 

used for each channel. The sensitivity of the channels is reported as 6000 nm/RIU 

and 10000 nm/RIU. This sensor has a complex structure [15]. Ram Pravesh et al. 

in 2024, designed a double D-shaped dual-core biosensor that was cut on both 

sides to detect biomolecules in human blood. The sensitivity of this sensor is 

reported as 7500 nm/RIU [16]. 

To prevent silver oxidation and increase sensitivity, a layer of a suitable material 

can be placed on it. One of these materials that has recently received attention is 

Hematite (𝛼 − 𝐹𝑒2𝑂3), which is a type of iron oxide. Adding this substance 

increases the effective absorbance constant and thus the sensitivity of the sensor 

improves. It is a semiconductor material known for its good thermodynamic 

stability at high temperatures, non-toxicity, low cost, abundance and affordability. 

It is suitable for biomolecules in different environments [17]. In 2020, Kadhim et 

al. introduced an optical fiber D-shaped SPR sensor in which silver and 

𝛼 − 𝐹𝑒2𝑂3, were used as a grating. Their structure recognized refractive indices 

1.33 and 1.39. The maximum sensitivity of 6400 nm/RIU had been calculated 

[18]. In 2022, Farhan Mumtaz et al. introduced a D-shaped fiber sensor with an 

Ag/𝛼 − 𝐹𝑒2𝑂3 layer. Their structure could detect refractive indices between 1.33 

and 1.4, and by adding Fiber Bragg Grating (FBG) to the structure, it could also 

detect temperature changes. The sensitivity of this sensor was 8518 nm/RIU [17]. 

In 2023, Zhang et al. introduced an optical fiber SPR sensor in which a layer of 

gold was used together with 𝛼 − 𝐹𝑒2𝑂3. This sensor successfully detected 

analytes with refractive indices ranging from 1.33 to 1.38 and its sensitivity was 

reported as 4800 nm/RIU [19]. 

In this research, we propose a highly sensitive surface plasmon resonance 

biosensor utilizing a D-shaped PCF platform with Ag/𝛼 − 𝐹𝑒2𝑂3 layer. Finite 
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element modeling was employed to characterize the optical performance of the 

sensor design. Numerical analysis reveals the sensor achieves very good 

performance metrics, including 9200 nm/RIU sensitivity and 1.1 × 10−5 RIU 

resolution. The optimized design maintains structural simplicity while covering 

the 1.33-1.41 refractive index range. 

2. DESIGN AND THEORY  

Figure 1(a) presents the cross-sectional layout of the proposed PCF-SPR sensor. 

Our structure is D-shaped and we have used air holes with a diameter of 𝑑1, which 

are placed in a hexagonal arrangement. Also, a small air cavity with a diameter of 

𝑑2 is placed between the two lower air cavities. The pitch of holes is equal to Λ. 

In the upper part of the structure, we have used two thin layers of silver and 

𝛼 − 𝐹𝑒2𝑂3. The geometrical parameters and their sizes are given in Table 1. For 

accurate calculations, a perfect match layer (PML) is positioned around the 

computation zone’s perimeter to capture emitted radiation. Furthermore, Fig. 1(b) 

displays the practical setup of the apparatus.  A single-mode fiber connects the 

various elements, and the sensor is enclosed in a chamber with the analyte. Two 

ports—one for inlet and one for outlet—are managed by a single pump. Light 

from a broadband source is directed into the sensor after passing through a 

polarization controller, and the transmitted light is evaluated by an optical 

spectrum analyzer (OSA). 
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(b) 

 

Fig. 1. (a) Cross-section of the proposed sensor, (b) the schematic of the laboratory setup 

of the proposed sensor 

Table 1. 
 Geometrical parameters of the proposed sensor (Fig. 1) 

 

The background material of the sensor is silica, whose dispersion relation is 

determined by the Sellmeier equation as follows [20]:  
 

(1) 
𝑛2 − 1 =

𝐴1𝜆2

𝜆2 − 𝐵1
2 +

𝐴2𝜆2

𝜆2 − 𝐵2
2 +

𝐴3𝜆2

𝜆2 − 𝐵3
2            

In this formula, n stands for the refractive index of the material, while λ 

represents the wavelength of the incoming light. The constants A1, A2, A3, B1, B2, 

Symbol Parameter Quantity (µm) 

d1 Diameter of large rods 1.4 

d2 Small rod diameter 0.7 

d3 Fiber diameter (internal) 10 

Λ Pitch 3.5 

tAg Thickness of the silver layer 0.05 

t(𝐹𝑒2𝑂3) Thickness of 𝛼 − 𝐹𝑒2𝑂3 layer 0.015 
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and B3 are set at 0.6961663, 0.4079426, 0.8974790, 0.0684043, 0.1162414, and 

9.8961610, respectively. The silver layer’s dispersion is described by the Drude 

model [16]: 

(2) 
 𝜀𝑚( 𝜆) =  1 −

𝜆2𝜆𝑐

𝜆𝑃
2 (𝜆𝑐 + 𝑖𝜆)

            
 

With 𝜆𝑐 as the collision wavelength associated with energy losses and 𝜆𝑃 as the 

plasma wavelength. For silver, these values are 𝜆𝑐 = 17.614 μm and  𝜆𝑃 = 

0.14541 μm. The refractive index of 𝛼 − 𝐹𝑒2𝑂3 has been assessed through 

various practical investigations, grounded in theoretical equations provided in 

references [18, 19, 21, 22, 23]: 

 Type equation here. 
(3) 

  𝑛𝛼−𝐹𝑒2𝑂3
=

1 + 𝑅

1 − 𝑅
+ √

4𝑅

(1 + 𝑅)2
− 𝑘2            

In the above relationship, R is the reflection coefficient and is equal to: 

(4)   𝑅 = 1 − √𝑇 × exp (𝐴)            

where T represents the transfer function and A represents the absorption rate of 

𝛼 − 𝐹𝑒2𝑂3 layer. Also, k is the extinction constant and its relationship with the 

absorption constant α is equal to: 

(5) 
   𝑘 =

𝛼𝜆

4𝜋
            

(6) 
  𝛼 =

1

𝑡
 ln

1

𝑇
          

Where t is the thickness of 𝛼 − 𝐹𝑒2𝑂3 layer. In our proposed structure, silver is 

used to stimulate the SPR. When SPR occurs, coupling between core mode and 

SPR mode can happen. This coupling between modes can be expressed using 

coupling mode theory as follows [24]: 

(7) 

  {

𝐸1

𝑧
= 𝑖𝛽1𝐸1 + 𝑖𝜅𝐸2

𝐸2

𝑧
= 𝑖𝛽2𝐸2 + 𝑖𝜅𝐸1

         

where 𝐸1 and 𝐸2 are the electric field corresponding to core and SPP modes, 𝛽1 

and 𝛽2 are their propagation constants, κ represents the coupling strength and z is 

the propagation length. In the coupling mode, which is also called resonance 
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mode, the phase matching conditions are provided, and this will be when 𝛽1 and 

𝛽2 are equal. In fact, in the resonant mode, the maximum energy is transferred 

from the core to the SPP mode. 

Confinement loss serves as a critical metric for assessing PCF-SPR sensor 

performance, quantifiable through the following analytical expression [25]:  

(8) 

 
  𝐿𝑜𝑠𝑠(𝑑𝐵

𝑐𝑚⁄ ) = 8.86 ×
2𝜋

𝜆
𝐼𝑚(𝑛𝑒𝑓𝑓) × 104            

Here, Im(neff) denotes the imaginary component of the effective refractive index. 

The wavelength sensitivity, another critical performance metric for PCF-SPR 

sensors, is determined by [26]: 

 

(9) 𝑆𝜆(𝑛𝑚 𝑅𝐼𝑈⁄ ) = 𝜕𝜆𝑝𝑒𝑎𝑘/𝜕𝑛𝑎 

Where 𝜕𝜆𝑝𝑒𝑎𝑘 is the resonance frequency shift and 𝜕𝑛𝑎 is the refractive index 

changes related to the resonance frequencies. Sensor resolution, an additional 

critical metric for performance evaluation, is derived from the subsequent 

expression. [27]: 

(10) 
𝑅 = Δ𝑛𝑎

Δ𝜆𝑚𝑖𝑛

Δ𝜆𝑝𝑒𝑎𝑘
 

Here, 𝑛𝑎 corresponds to the analyte's refractive index variation, 𝑝𝑒𝑎𝑘 is the 

shift in resonance wavelength and 𝑚𝑖𝑛 denotes the sensor's minimum 

detectable wavelength shift. The value of 𝑚𝑖𝑛 is usually set to 0.1 in OSA. 

There is another important parameter called FOM which is considered for better 

detection limits. FOM is obtained from the following formula [28]: 

(11) 
𝐹𝑂𝑀 =

𝑆𝜆

FWHM
 

Where 𝑆𝜆 the wavelength sensitivity obtained from Eq. (9) and FWHM is 

represents the spectral bandwidth measured at half-maximum intensity.  

3. RESULTS AND DISCUSSIONS  

For the simulation, we utilize the Finite Element Method (FEM) facilitated by 

COMSOL Multiphysics, a commercial software tool. Resonance between the core 

mode and the surface plasmon polariton (SPP) mode occurs when their phase-

matching condition is satisfied, meaning the wave vector of the core mode’s 

incident light matches that of the SPP mode’s surface plasmon waves, resulting 

in the peak transfer of energy from the core mode to the SPP mode. The 
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distribution of the optical field related to the core (fundamental) modes, SPP and 

resonant mode are illustrated in Fig. 2(a), (b), (c), respectively. The results have 

been obtained based on an analyte RI of 1.41 and y-polarized (vertical direction). 

The field distribution is related to the core and SPP modes at a wavelength of 1 

μm, with the resonant mode appearing at 1.032 μm. 

 

 

 

 

 

 

 

 

 

 

 

 

 
                       (a)                                          (b)                                           (c) 

Fig. 2. Distribution of the y-polarized optical field with n=1.41 (a) Field distribution of 

the core mode (fundamental mode) at a wavelength of 1 μm (b) Distribution of 

the field in SPP mode at a wavelength of 1 μm (c) Distribution of the field in 

resonance mode at a wavelength of 1.032 μm 

Fig. 3 illustrates the loss spectrum and the dispersion interplay between the 

fundamental mode and the surface plasmon mode at 𝑛 = 1.41. The real 

components of the effective refractive indices for both the core mode and SPP 

mode, as well as the confinement loss (representing the imaginary component of 

the effective refractive index), are drawn in terms of different wavelengths. As 

can be seen, the confinement loss increases with increasing wavelength until it 

reaches the maximum (55.3 𝑑𝐵
𝑐𝑚⁄  at 1.032 𝜇m) and then decreases again. 

Meanwhile, the real parts of the effective refractive indices for the core and SPP 

modes decline with rising wavelength, and when they become equal, the 

resonance conditions are met and the loss peak occurs. 
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Fig. 3. Dispersion relation for core mode and SPP mode. The refractive index of the 

analyte in this case is considered to be 1.41. The maximum loss in resonant mode 

is equal to 55.3 dB/cm and occurred at a wavelength of 1.032 µm 

Next, we examine the effect of changing the geometric parameters of the 

proposed structure. Fig. 4 displays the variation of the loss spectrum with different 

diameters of air holes (d1) assuming n=1.41. As d1 rises from 1.3 to 1.5 𝜇𝑚, 

confinement loss decreases and the resonance wavelength moves to higher 

wavelengths (redshift). This decrease in loss stems from the reduced modal area 

of the core as air hole size grows, limiting energy transfer from the core mode to 

the SP mode due to a constricted pathway between the core and the plasmonic 

surface, thereby lowering the overall loss. 
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Fig. 4. Confinement loss diagram for variations in the diameter of large air holes (d1). The 

refractive index of the analyte is considered to be 1.41. Other parameters are similar 

to the Table 1 

Fig. 5 illustrates the effect of changing the value of Λ on the confinement losses. 

As it is clear, with the variation of Λ from 3.3 𝜇𝑚 to 3.6 𝜇𝑚 (by keeping other 

parameters constant and d1=1.4 𝜇𝑚), the resonance wavelength changes from 

1.13 𝜇𝑚 to 0.98 𝜇𝑚. Also, the maximum confinement loss value increases from 

48.6 𝑑𝐵
𝑐𝑚⁄  to 55.3 𝑑𝐵

𝑐𝑚⁄  and then decreases to 51.5 dB/cm. 

 

 
 Fig. 5. Confinement loss diagram for pitch variations (Λ), (RI=1.41, d1=1.4μm) 
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As Λ increases, the core energy finds a wider path to reach the SP mode in front 

of it, and as a result, more energy reaches the plasmonic surface and losses 

increase. However, as Λ increases further, some of the core energy is scattered in 

the structure and wasted as leakage, and as a result, losses decrease. Also, with Λ 

changes, the phase-matching conditions change, which leads to a shifting the 

resonance wavelength. According to the obtained results, the optimal values for 

d1 and Λ are considered as 1.4 and 3.5 𝜇𝑚, respectively.  

In the next step, we examine the effect of changing the thickness of Ag and 

𝛼 − 𝐹𝑒2𝑂3 layers. The Ag layer thickness is adjusted from 45 to 60 nm, with d1 = 

1.4 𝜇𝑚, Λ = 3.5 μm, an analyte refractive index of 1.41, and 𝛼 − 𝐹𝑒2𝑂3  thickness 

fixed at 15 nm. Results are presented in Fig. 6. At an Ag thickness of 45 nm, the 

peak loss reaches 57.5 𝑑𝐵
𝑐𝑚⁄  with resonance at 0.98 𝜇𝑚. For 50 nm, 55 nm, and 

60 nm thicknesses, peak losses are 55.3 𝑑𝐵
𝑐𝑚⁄  at 1.032 𝜇𝑚, 37.6 𝑑𝐵

𝑐𝑚⁄  at 1.086 

𝜇𝑚, and 26.1 𝑑𝐵
𝑐𝑚⁄  at 1.145 𝜇𝑚, respectively. This occurs because thicker silver 

layers modify the real part of the 𝑅𝑒(𝑛𝑓𝑓) of the SPP, causing a wavelength shift. 

Additionally, a thicker silver layer weakens the evanescent field before it reaches 

the interface of the metal-analyte, requiring polaritons to travel farther, reducing 

their energy for interaction with the analyte and thus lowering confinement loss. 

Variations in silver thickness also alter the 𝑅𝑒(𝑛𝑓𝑓) of the plasmonic material and 

structure, adjusting phase-matching conditions and shifting the resonance 

wavelength. 

 
Fig. 6. Variations of confinement loss with different silver layer thickness. (RI=1.41, 

d1=1.4μm, t(α − Fe2O3) = 15nm) 
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Figure 7 illustrates how the loss spectrum changes with different 𝛼 − 𝐹𝑒2𝑂3  

layer thicknesses, with d1 = 1.4 𝜇𝑚, Λ = 3.5 𝜇𝑚, an analyte RI of 1.41, and Ag 

thickness at 50 nm. As α-Fe₂O₃ thickness increases, confinement loss rises 

slightly, the resonance wavelength shifts to longer values, and the FWHM of the 

loss spectrum broadens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Variations of confinement loss with different  𝛼 − 𝐹𝑒2𝑂3 layer thickness. 

(RI=1.41, d1=1.4μm, t(Ag)=50nm) 

Figure 7 can be explained as follows: to form an evanescent field, the thickness 

of the α − Fe2O3 layer must be proportional to the penetration depth, a small 

thickness of the α − Fe2O3 layer causes the evanescent field to not form well, and 

as a result, less energy reaches the α − Fe2O3 -analyte interface and a weaker 

interaction occurs between the analyte and the light energy, and losses are 

reduced. As the α − Fe2O3 thickness increases, the evanescent field becomes 

stronger and the interaction also improves, and as a result, losses increase. As we 

can see in Fig. 7, as 𝛼 − 𝐹𝑒2𝑂3 thickness grows from 0 to 20 nm, the loss peak 

values change from 47 𝑑𝐵
𝑐𝑚⁄  to 56.1 𝑑𝐵

𝑐𝑚⁄ , and the resonance wavelength shift 

towards the longer wavelengths. To choose the appropriate thickness for the silver 

and 𝛼 − 𝐹𝑒2𝑂3 layers, we also investigate the maximum sensitivity, FWHM, and 

FOM parameters. Figure 8 shows resonance wavelength changes for various 

analyte RIs as Ag and α-Fe₂O₃ layer thicknesses are changed. Also, Table 2 

summarizes the sensitivity values obtained for varying thicknesses of the Ag and 

𝛼 − 𝐹𝑒2𝑂3  layers. 
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Fig. 8. Diagram of resonant wavelengths in different refractive indices of the analyte for 

different values of silver layer thickness (a) in the case of 𝛼 − 𝐹𝑒2𝑂3=5nm, (b) in 

the case of 𝛼 − 𝐹𝑒2𝑂3 =10nm, (c) in the case of 𝛼 − 𝐹𝑒2𝑂3=15nm and (d) in the 

case of 𝛼 − 𝐹𝑒2𝑂3 =20nm 

From Table 2, it’s evident that sensitivity is enhanced with a thicker Ag layer as 

well as increasing the thickness of 𝛼 − 𝐹𝑒2𝑂3. According to Fig. 6 and Table 2, 

we opt for an Ag thickness of 50 nm. On the other hand, according to Fig. 7, with 

the increase in the thickness of the 𝛼 − 𝐹𝑒2𝑂3 layer, the FWHM increases, which 

can cause a decrease in FOM as a result of a decrease in the efficiency of the 

sensor. Sensitivity and FOM values for different thicknesses of the 𝛼 −
𝐹𝑒2𝑂3 layer are drawn in Fig. 9. By increasing the thickness of 𝛼 − 𝐹𝑒2𝑂3 to 15 

nm, the value of FOM reaches the maximum value of 150.82 𝑅𝐼𝑈−1, and after 

that, for a thickness of 20 nm of 𝛼 − 𝐹𝑒2𝑂3 the amount FOM drops sharply and 

reaches 127 𝑅𝐼𝑈−1. At the maximum of FOM, sensitivity is 9200 nm/RIU. 

According to the calculated results, the thickness of  𝛼 − 𝐹𝑒2𝑂3 layer equal to 15 

nm is chosen as the optimal value. 
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Table 2. 

Sensor sensitivity values for different thicknesses of silver layer and 𝜶 − 𝑭𝒆𝟐𝑶𝟑 
 

 

 

Fig. 9. Diagram of sensor sensitivity and FOM values for different values of 

𝛼 − 𝐹𝑒2𝑂3 layer thickness. The thickness of the gold layer is 50 nm and the 

refractive index of the analyte is 1.41. 

Also, Fig. 10 shows the changes in resonance wavelength for different refractive 

indices of the analyte. It can be seen that the sensor shows a very good 

performance in terms of linearity in refractive indices of 1.34 to 1.4. 
 

 

 

 

(𝑛𝑚
𝑅𝐼𝑈⁄ )S   

t(Ag) = 60nm t(Ag) = 55nm t(Ag) = 50nm t(Ag) = 45nm 

8320 8100 7900 7500 𝒕(𝜶 − 𝑭𝒆𝟐𝑶𝟑) = 𝟓𝒏𝒎 

8800 8600 8550 8300 𝒕(𝜶 − 𝑭𝒆𝟐𝑶𝟑) = 𝟏𝟎𝒏𝒎 

9400 9300 9200 8950 𝒕(𝜶 − 𝑭𝒆𝟐𝑶𝟑) = 𝟏𝟓𝒏𝒎 

9600 9580 9520 9460 𝒕(𝜶 − 𝑭𝒆𝟐𝑶𝟑) = 𝟐𝟎𝒏𝒎 
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Fig. 10. Variation of the resonance wavelength with refractive indices of analytes 

Fig. 11 depicts confinement loss spectra for analytes of diverse RIs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Confinement loss peak and resonance wavelength with different analyte RIs. The 

geometric parameters of the structure are as shown in Table 1 
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Also, efficiency parameters for the proposed sensor for different values of 

analyte RIs are given in Table 3, indicating a sensitivity of 9200 nm/RIU and a 

resolution of 1.1 × 10−5𝑅𝐼𝑈, suggesting this structure is well-suited for refractive 

index diagnostic purposes. 
 

 

Table 3.  
The efficiency parameters of the proposed sensor for different refractive index of the  

analyte 

Table 4 compares the performance of the proposed sensor with previously 

reported SPR designs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

FOM 

(𝑹𝑰𝑼−𝟏  ) 

FWHM 

(nm) 

Resolution 

 (RIU) 

Sensitivity 

 (𝒏𝒎
𝑹𝑰𝑼⁄ ) 

Loss 

(𝒅𝑩
𝒄𝒎⁄ ) 

Resonance 

wavelength 

(nm) 

 

RI 

- 21 - - 22.4 677 1.33 

87.5 24 4.76 × 10−5 2100 24.9 698 1.34 

96.7 31 3.3 × 10−5 3000 27.6 728 1.35 

97 33 3.1 × 10−5 3200 32.6 760 1.36 

100 40 2.5 × 10−5 4000 34.7 800 1.37 

100 43 2.3 × 10−5 4300 37 843 1.38 

102 46 2.1 × 10−5 4700 41.5 890 1.39 

103 49 2 × 10−5 5000 46.7 940 1.40 

150.8 61 1.1 × 10−5 9200 55.3 1032 1.41 
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Table 4. 

Comparison of the proposed sensor with some researches 

Resolution 

[RIU] 

Sλ[nm

/RIU] 
RI Range Sensor structure Year/Ref. 

5.98×10-6 3340 1.36-1.38 D-type PCF based plasmonic (gold) 2018[29] 

1.56×10-6 6400 1.33-1.39 

D-Shaped optical fiber SPR sensor 

grating(𝛼 − 𝐹𝑒2𝑂3) 

2020[18] 

1.35×10-6 7400 1.36-1.41 

D-type PCF based plasmonic 

(silver) 

2021/[30] 

- 5100 1.35-1.40 D-type PCF based plasmonic (gold) 2022[12] 

- 8518 1.33-1.4 

Optical fiber SPR sensor(𝛼 −

𝐹𝑒2𝑂3) 

2022[17] 

- 833.3 1.30-1.34 
D-type optical fiber based 

plasmonic (silver-graphene oxide) 

2023[31] 

1.08×10-6 9217 1.41-1.58 PCF based plasmonic  2023[16] 

- 4800 1.33-1.38 

Optical fiber SPR sensor(𝛼 −

𝐹𝑒2𝑂3) 

2023/[19] 

- 7500 1.33-1.40 Dual core D-Shaped PCF sensor 2024[15] 

1.10×10-6 9200 1.33-1.41 

Optical fiber SPR sensor(𝛼 −

𝐹𝑒2𝑂3) 

Our 

research 

4. CONCLUSION  

This study presents and numerically assesses a D-shaped PCF-SPR sensor with 

elevated sensitivity sensor coated by Ag and hematite (𝛼 − 𝐹𝑒2𝑂3) layers. The 

sensor was designed to operate within a RI range of 1.33 to 1.41, making it 

suitable for a wide variety of biosensing and chemical detection applications. The 

use of a thin 𝛼 − 𝐹𝑒2𝑂3 layer not only enhanced the sensor's sensitivity but also 
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provided protection against silver oxidation, ensuring long-term stability and 

performance. Through rigorous FEM simulations, we optimized critical structural 

aspects, including air hole sizes, pitch, and the thicknesses of the Ag and 

𝛼 − 𝐹𝑒2𝑂3 coatings. The sensor achieves a striking wavelength sensitivity of 

9200 nm/RIU and a resolution of 1.1 × 10−5 RIU, which are among the highest 

reported values for PCF-based SPR sensors. The sensor's performance was further 

validated by its excellent linearity across the tested RI range and its ability to 

achieve a high FOM of 150.82 RIU⁻¹. The key advantages of this sensor include 

its simple design, ease of fabrication, and superior sensitivity, making it a viable 

option for real-world applications in medical diagnostics, environmental 

monitoring, and chemical sensing. The integration of  𝛼 − 𝐹𝑒2𝑂3 as a protective 

and enhancing layer opens new avenues for improving the durability and 

performance of SPR-based sensors. Future work could focus on experimental 

validation of the proposed design and further optimization for specific 

applications, such as the detection of biomolecules or gases. Additionally, the 

sensor's performance could be enhanced by exploring alternative materials or 

nanostructures for the plasmonic layers. Overall, this study contributes to the 

growing field of optical sensing by providing a robust and highly sensitive 

platform for refractive index detection. 
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