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Abstract: 13 

A surface plasmon resonance (SPR) based sensor founded on Photonic crystal fiber (PCF) is 14 

suggested and numerically analyzed in the manuscript. The refractive index (RI) detecting SPR 15 

based sensor has the ability to identify the analyte range from 1.33 to 1.4. Pure silica is used as a 16 

base material and it has high RI value than the analyte RI. Furthermore, an analyte layer and 17 

chemically stable gold (Au) layer are also placed at the sensor design. The simulations are done 18 

based on the Finite Element Method (FEM). Here, the scaled-down approach has the necessity to 19 

increase phase matching point within the core mode and surface plasmon polariton (SPP) mode 20 

which tends to the sensor to reach high sensitivity response. At the intersect point of core and 21 

SPP mode, the loss curve shows a maximum peak value. The suggested sensor shows the highest 22 

wavelength sensitivity (WS) response of 35,943.22 nm/RIU, amplitude sensitivity (AS) response 23 

of 2321.36 RIU-1, sensor resolution of  9.04×10-6 RIU, and Figure of merit (FOM) value of 600. 24 

It is noted that all the optical parameters show better performance analysis. Furthermore, an 25 

external sensing approach provides more fabrication feasibility which marks the offered sensor 26 

more suitable for practical experimentation. Besides, the investigated sensor provides the 27 

maximum and rapid sensing performance that will be helpful for microfluidic analyte detection, 28 

detection of biomolecules, medical diagnostics, virus detection, security, and bio-imaging. 29 

Keyword:   Surface plasmon resonance (SPR); Optical fiber sensors; Photonic crystal fiber 30 

(PCF); Plasmonic Material; High sensitivity. 31 
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Introduction: 32 

In the 21st century, Photonic Crystal Fiber (PCF) forms a new way for the improvement of 33 

Refractive Index (RI) based sensors. It is also known as micro-structured optical fibers or the 34 

holey fibers [1]. Light is confined through the fundamental core of the PCF-based structure. The 35 

characteristics and performances of the optical sensor can be extended through the use of various 36 

liquids [2], metals [3], liquid crystal [4], or oil [5]. In the past decades, PCF based SPR sensor 37 

was the most explored technique than the other structures such as modal interferometers [6], 38 

Fiber Bragg grating (FBGs) [7], micro-ring resonator, multimode interference, long-period fiber 39 

gratings (LPFGs) [8], and resonant mirror [9]. Besides, the non-PCF based SPR sensors were 40 

also analyzed in [10, 11].  The SPR based sensor was introduced first both for bio sensing and 41 

gas-detection in 1983 [12]. Basically, SPR is the combination of the PCF technology and 42 

plasmonic science where gold (Au) is applied as a plasmonic material and the analyte is used as 43 

an investigated liquid. In the SPR based technology, light conducts electrons between the 44 

interface of the gold and analyte. Previously, prism and metal layer were used in the SPR based 45 

sensor but due to some limitations, recently PCF based SPR technology has drawn attention for a 46 

large number of advantages. This SPR sensor is able to overcome the limitations of bulky and 47 

remote sensing features [13]. The noticeable features of SPR sensor are effectiveness [14], low 48 

loss [15], real-time detection [16], broad mode area [17], and so on. Moreover, SPR based 49 

sensing technique has a large number of applications on control food quality [18], environment 50 

monitoring [19], gas detection, medical diagnostics [20], bio-molecular analyte detection, 51 

security, virus detection [21], and bio-imaging [22].  52 

Various analysis have been performed to design a sensor with high sensitivity response. To rise 53 

the sensing performance as well as minimize the loss value is the main focus of the 54 

investigations. From the previous analysis, the maximum wavelength sensitivity response of 55 

5500nm/RIU was noted for a liquid-core PCF-based plasmonic sensor [23]. More investigations 56 

were performed to improve the sensing performance in addition to reduce the loss value. 57 

Additionally, Dash et al. [24] anticipated a Graphene based D Shaped PCF Biosensor and 58 

obtained the sensing response of 3700 nm/RIU and the amplitude sensitivity response of 216 59 

RIU−1. Though the wavelength sensitivity (WS) response was lower than the previous analysis 60 

but a new parameter of amplitude sensitivity response was indicated here. Later more 61 

investigations were performed to increase the amplitude sensitivity (AS) response. Likewise, 62 
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a Graphene-Based PCF sensor was demonstrated and shown the highest amplitude sensitivity 63 

response of 860 RIU−1 and also reported the resolution as 4×10−5 RIU with the loss value of 160 64 

dB/cm [13]. Moreover, dual-core D-shape PCF sensor was suggested to get the sensitivity and 65 

resolution value of 14660 nm/RIU and 6.82 × 10−6 RIU respectively with the loss value of 80 66 

dB/cm [25]. Furthermore, the WS and AS responses of 25,000 nm/RIU and 1411 RIU−1 was 67 

achieved with the highest Figure of merit (FOM) value of 502 for the analyte RI range from 1.33 68 

to 1.38 [26]. In recent years, more researches have been performed on the design, materials, and 69 

analytes to get high sensitivity responses. Recently, in the year 2020, a duplex core SPR sensor 70 

has been intended and reported the AS response of 1770 RIU−1 for the analyte RI value from 71 

1.33 to 1.40 and the WS response of 10,700 nm/RIU is noted [27]. Additionally, the WS 72 

response of 45003.05 nm/RIU has been achieved using a Au layer thickness of 50 nm [28]. The 73 

reported sensitivity was better than the previous works but the gold layer thickness was very 74 

high. 75 

In this manuscript, an SPR based sensor structure is designed using an external sensing 76 

mechanism. The suggested sensor is highly sensitive to detect the unknown analyte. 77 

Additionally, scaling down air hole diameter controls the light-guiding mechanism [29]. 78 

Basically, scaling down air holes provide better propagation and light direction that is 79 

responsible to increase the coupling between core and SPP mode. The offered sensor provides 80 

maximum sensitivity response with a low loss value. The numerical investigates has been 81 

performed based on the FEM method. The main goal of this investigation is to gain high WS and 82 

AS with better resolution, and maximum value of FOM. The manufacture feasibility of the 83 

suggested sensor will help to explore the opportunity for commercial utilization. 84 

Design and Methodology: 85 

The structural cross-sectional three dimensional vision of the proposed sensor is given in Fig. 86 

1(a). The mesh analysis for the structural view is also shown in Fig. 1(b). There are 10126 87 

domain elements in the entire mesh. The mode distribution fields are also exhibited in Figs 1 (c), 88 

(d), and (e) for the core, SPP, and coupling modes respectively. The numerical examinations of 89 

the simulated sensor are carried out using the commercially available COMSOL Multiphysics 90 

(version 5.5). The FEM is used for further investigations which makes the boundary conditions 91 

and perfect match layer (PML) are also used to reduce the scattering of light. The structural 92 

parameters of the design are chosen through the variations of the value of parameters. Finally, 93 
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three layers and different sizes of air holes are selected with diameters of 1.6 µm, 1.2 µm, and 94 

0.8 µm respectively.  The thickness of the layers of gold and analyte are taken at 20 nm and 0.7 95 

µm respectively. The PML layer of the proposed sensor has been used as 1 µm.  Typically, the 96 

PML layer is used to fascinate the scattering of light. 97 

 98 

99 

Fig. 1. The physical design analysis of the investigated sensor, (a) for simulated structure design, 100 

(b) mesh analysis of the suggested sensor, (c) Fundamental or the core mode, (d) SPP mode, and 101 

(e) coupling mode field distributions.  102 

The PML layer of the structure is marked by blue color in Fig. 1 (a). Besides, the fundamental 103 

core mode propagates light at the core region, the SPP mode creates plasmon at the interface 104 

between the gold layer and analyte layer and the coupling mode indicates the more scattering of 105 

light from core mode to the SPP mode. This coupling or phase matching occurs at the point of 106 

highest peak loss. All these mode distributions are highlighted into the sub figures of Fig. 1(c). 107 

(d) and (e).  108 

Although the investigation is simulation-based, the generalized schematic block diagram of the 109 

experimental operation of the suggested sensor is exhibited in Fig. 2(a). A light source 110 

(broadband or monochromatic) can carry the optical power into single-mode fiber (SMF). The 111 

connection between the light and PCF can be established through upper standard SMF. On the 112 
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other hand, lower standard SMF can connect PCF and optical spectrum analyzer (OSA). 113 

Furthermore, OSA or photo-detector can easily detect the transferred light. Moreover, a 114 

computer display has been used to observe the outputs. The Inlet and outlet section can control 115 

the flow or change of the analyte through withdrawal or pumping process. The movement flow 116 

of the free electrons of the sensor within the interface of the gold layer and analyte has been 117 

drawn in Fig. 2(b). 118 

119 

Fig. 2. (a) Schematic block diagram for experimental setup, and (b) Movements of free electrons 120 

at the interface between Au and analyte layer.  121 

The oscillations of the free electrons become started at the interface of the Au and analyte layer 122 

when the light hits the gold layer. When the light is supplied from the optical light source then 123 

the light is transmitted through the fiber sensor and creates different modes as core and SPP. At a 124 

point of high loss value, coupling mode is obtained. These modes are corresponding output 125 

figures can be achieved through Optical Source Analyzer.  126 

Fabrication: 127 

The fabrication technique of the sensors can be two types, internal and external sensing 128 

techniques [30]. In the internal detecting approach, the internal air holes are covered with 129 

plasmonic materials and analytes [31]. As a result, the fabrication process is difficult as liquid 130 

intrusion and selective metal covering are required. Recently, external sensing is an attractive 131 
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approach and preferred much for the fabrication feasibility [32]. In this type of sensing, the 132 

plasmonic material coating and analyte layer are kept outside of the PCF sensor. The external 133 

sensing approach is better to compare to internal sensing for real-time applications. As the layer 134 

thickness, layer deposition, and analyte filling can easily be controlled through this technique. 135 

Additionally, the circular air holes can be easily fabricated through capillary stacking, and stack-136 

and-draw processes [33]. 137 

 138 

Numerical Analysis: 139 

In the proposed investigation, silica or silicon dioxide (SiO2) is used as both ground material and 140 

PML layer. The air holes are arranged in three different layers within the silica. The RI value of 141 

SiO2 is changed with the variations of the operating wavelength. All the equations are analyzed 142 

for the temperature 20 °C. The analytes of lower RI can easily be sensed by using silica. 143 

Sellmeier Equation (1) is used to measure the dispersion values of silica. 144 

 145 𝑛𝑠𝑖𝑙𝑖𝑐𝑎(𝜆) = √1 + ∑ 𝐴𝑖𝜆2𝜆2−𝐵𝑖2𝑗𝑖=1                                                           (1) 146 

where, 𝜆 (μm) denotes the wavelength and the constant values of the Sellmeier coefficients can 147 

be represented by 𝐴𝑖 and 𝐵𝑖. These fixed values of A1, A2, A3, B1, B2, and B3 are 0.696750, 148 

0.408218, 0.890815, 0.069066, 0.115662, and 9.900559 respectively [34]. 149 

At the time of light propagation within the core region, free electrons start moving through the 150 

plasmonic material. As a result, an oscillation is generated at the interface of the plasmonic 151 

material and the metal-dielectric. Mainly, the execution of the SPR sensor depends on the 152 

plasmonic material. Normally, Au, copper (Cu), silver (Ag), Aluminum (Al) are used as a 153 

plasmonic material in the sensors [35].  Among them, though silver offers a better resonance 154 

peak, it is a chemically unstable material [36]. To overcome this problem of oxidization gold can 155 

be used as it is reliable and chemically stable material than all other materials [37]. This is the 156 

main reason to select a tiny gold layer for this analysis. The RI of gold can be chosen from 157 

Drude–Lorenz Equation (2). 158 𝜀𝐴𝑢 = 𝜀∞ − ⍵𝐷2⍵(⍵+𝑗𝛾𝐷) + ∆𝜀.Ω𝐿2(⍵2−Ω𝐿2)+𝑗𝛤𝐿⍵                                      (2) 159 

 160 
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where, 𝜀𝐴𝑢 refers to the gold permittivity. The constant coefficient values are chosen from Rakić 161 

et al., (1998). Moreover, FEM is used to numerically simulate the planned SPR based sensor 162 

design. In addition, a wide range of wavelength is analyzed for the suggested sensor. 163 

Therefore, the loss spectrum of the core mode can be measured from the unreal part of the 164 

effective RI values using Eq. (3) [38]. Based on the loss curve the effectiveness of the sensor has 165 

been realized.   166 𝛼𝐿𝑜𝑠𝑠(𝑑𝐵/𝑐𝑚) = 8.686 × 𝑘0𝐼𝑚𝑔(𝑛𝑒𝑓𝑓) × 104                                  (3) 167 

Here, 𝑘0 refers to the free space wave number whose value is 𝑘0 = 2𝜋/𝜆, 𝐼𝑚𝑔(𝑛𝑒𝑓𝑓) defines the 168 

unreal part of the effective RI and λ is the operating wavelength. 169 

The AS response can be evaluated from the loss peak of the anticipated sensor. It is also known 170 

as cost-effective method. This parameter can be measured using the amplitude interrogation 171 

method following Eq. (4) [39] 172 𝑆𝐴(𝑅𝐼𝑈−1) = − 1𝛼(𝜆,𝑛𝑎) . 𝛿𝛼(𝜆,𝑛𝑎)𝛿𝑛𝑎                                                       (4) 173 

where 𝛼(𝜆, 𝑛𝑎) indicates the overall loss value for the effective RI is equal to 𝑛𝑎, 𝛿𝛼(𝜆, 𝑛𝑎) 174 

represents the change of two consecutive  loss peaks for the variations of the analyte RI, and 𝛿𝑛𝑎 175 

refers to the change of RI values. 176 

Besides, the wavelength sensitivity (WS) response is a vital parameter for the performance 177 

analysis of a sensor. Usually, the wavelength interrogation method displays maximum sensing 178 

performance from the amplitude interrogation method [40]. The WS response of the simulated 179 

structure can be determined by using Eq. (5) [40] 180 𝑆𝜆(𝑛𝑚/𝑅𝐼𝑈) = ∆𝜆𝑝𝑒𝑎𝑘∆𝑛𝑎                                                         (5) 181 

where, ∆𝜆𝑝𝑒𝑎𝑘 and ∆𝑛𝑎 denotes the alteration between the resonance peaks and the analyte RI 182 

respectively.  183 

Sensor resolution is also another parameter to evaluate sensor performance. It controls the degree 184 

of dielectric RI detection. This parameter can be calculated by Eq. (6) [41] 185 𝑅(𝑅𝐼𝑈−1) = ∆𝑛𝑎∆𝜆𝑚𝑖𝑛/∆𝜆𝑝𝑒𝑎𝑘                                           (6) 186 

Where, ∆𝑛𝑎 refers to the difference of analyte RI, 𝜆𝑚𝑖𝑛 indicates the minimum peak 187 

wavelength and ∆𝜆𝑝𝑒𝑎𝑘specifies the difference of the peak wavelengths.  188 

 189 
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Figure of merit (FOM) can be evaluated from the value of WS or AS. The FOM can be 190 

calculated by Eq. (7) [42], 191 𝐹𝑂𝑀 = 𝑆𝜆𝐹𝑊𝐻𝑀                                                                           (7) 192 

where 𝑆𝜆mentions the value of WS. Therefore, FWHM specifies the full width of half maximum 193 

peak resonance. The parameters of this investigation are summarized in Table. 1. All the 194 

parameters are upheld here to visualize at a glance. 195 

Table. 1. Symbols of all parameters with explanations those are used in this simulation. 196 

 197 

SI No Symbol Description 

1 𝑛𝑠𝑖𝑙𝑖𝑐𝑎 RI of silica 

2 λ Operating wavelength 

3 𝜀𝐴𝑢 Gold permittivity 

4 𝛼𝐿𝑜𝑠𝑠 Confinement loss 

5 𝑛𝑎 Analyte RI 

6 𝑆𝐴 Amplitude sensitivity 

7 𝑆𝜆 Wavelength sensitivity 

8 𝑅 Resolution 

9 FWHM Full Width Half Maximum 

10 FOM Figure of Merit 

 198 

Results and Discussion: 199 

In the SPR based mechanism, the RI (real value) of the fundamental and SPP mode transect at a 200 

particular point where the operating wavelength gets a loss intense peak. This occurrence is 201 

recognized as the phase-matching condition [43]. In Fig. 3, the dispersion relation is upheld for 202 

the analyte RI 1.33 where two intersect points have been gained for the proposed sensor. The real 203 

value of core and SPP mode intersects at the wavelength of 1.48 μm and 1.6 μm. In the phase-204 

matching points or intersect points, extreme energy is moved from the fundamental core mode to 205 

SPP mode. 206 

 207 

 208 
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209 

Fig. 3. (a) Wavelength dependent dispersion relation of core and SPP mode with loss value, (b) 210 

first intersect point, (c) second intersect point.  211 

 212 

The dispersion relations for the different analytes are also exposed in Fig. 4. It is realized that the 213 

intersect points are growing with the variations of analyte RI. The first intersect points are found 214 

at the operating wavelength at 1.48 μm, 1.49 μm, 1.52 μm and 1.525 μm and the second intersect 215 

points are gained at the operating wavelength 1.6 μm, 1.61 μm, 1.63 μm and 1.645 μm for the 216 

analyte 1.33, 1.34, 1.37 and 1.38 respectively. Due to the variations of analyte RI, the phase 217 

matching wavelengths are indicated through red and green line for the respective core and SPP 218 

modes. 219 

 220 
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221 

Fig. 4. Wavelength dependent dispersion relation of fundamental and SPP mode with loss value 222 

for the variations of different analytes.  223 

 224 

At the phase-matching points the loss value shows the maximum peak value. The confinement 225 

loss values for the offered sensor are exhibited in Fig. 5 for the variants of the analyte RI within 226 

1.33 to 1.4 where two-loss peak points have been achieved. Moreover, the second peak shows a 227 

higher value than the first peak. Different color lines have been used to clearly identify the loss 228 

values for each analytic RI. It is noticed that the highest loss value is obtained for the analyte 229 

1.38 at the wavelength of 1.645 μm. At that point, the maximum loss value of 580.34 dB/cm is 230 

attained. Besides, the zoom portion of the first peak and second peak are also displayed in Fig. 5 231 

(b) and (c). The loss peak points gradually shift with the variation of analyte. The low loss value 232 

is gained for the analyte 1.33. So that it is cleared that the loss values are increasing with regard 233 

to the rise of analyte RI. The low loss value of 27 dB/cm and the extreme peak loss value of 277 234 

dB/cm are reached for the proposed sensor design. Basically, the low loss values define the 235 
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sensor effectiveness as well as scattering. The low-loss sensor is most suitable for practical 236 

implementation. Based on these peak loss values another important parameter named amplitude 237 

sensitivity can be easily derived. 238 

 239 

240 

Fig. 5. Confinement loss spectrum with regard to the wavelength change for the variations of 241 

analyte from 1.33 to 1.4.  242 

 243 

The AS is also a vital parameter for the measurement of sensor efficiency. The values of the AS 244 

mostly depend on the peak values of the confinement losses. To gain the high AS response, the 245 

offered structure has been reshaped and resized. The corresponding AS response for the 246 

suggested sensor scheme is given in Fig. 6. The AS response for the two-loss peaks are revealed 247 

in Figs 6 (a) and (b). The first part of the amplitude sensitivity response is downward up to the 248 

peak point. After reaching the peak point, the graphs again show upward characteristics. The 249 

maximum AS response of -2321.36 RIU-1 is attained for the design at the wavelength of 1.645 250 

μm for the RI 1.38. Besides, in the first peak value the maximum AS is noted as -1197.57 RIU-1 
251 

for the analyte 1.34. Comparing two of these values the maximum response is noticed for the RI 252 

1.38. Based on this AS response the sensor's compactness can also be determined. So, from the 253 

confinement loss analysis and AS response investigation, the maximum performance analyte is 254 
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selected as 1.38.  Now, it is also an important task to analyze the performance according to the 255 

gold layer variations. 256 

257 

Fig. 6. Amplitude sensitivity response with respect to the wavelength change for the variations of 258 

analyte from 1.33 to 1.4. (a) for 1st peak and (b) for 2nd peak.  259 

 260 

The conforming loss spectrum for the variations of the Au layer is exhibited in Fig. 7 with the 261 

corresponding mode field distributions. The four colored lines of red, blue, green, and violet are 262 

used to indicate the four gold layer thicknesses. The extreme loss peak of 960 dB/cm is gained 263 

for the Au layer wideness of 50 nm at the operating wavelength of 1.62 μm. Moreover, a low 264 

loss value is obtained for the thickness of 20 nm at the operating wavelength of 1.63 μm.  The 265 

loss curve is increasing with the rise of Au thickness. As the Au layer is costly, so based on this 266 

problem and loss curve analysis 20 nm thickness is picked for the sensor design.267 
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268 

Fig. 7. Loss spectrum with respect to the variations of gold layer from 20 nm to 50 nm.  269 

Gold layer thickness is varied from 20 nm to 40 nm. As, much amount of gold is responsible to 270 

costly fiber. In the contrary, little amount of gold can’t give better outcomes. For this reason, the 271 

thickness of 20 nm is chosen for this investigation. 272 

 273 

Moreover, the air hole diameter is also changed for further investigations. Among the three-layer 274 

air holes, the innermost air holes of the design are tuned and the obtained results are shown in 275 

Fig. 8. In the meantime, the diameters of the smaller air holes are also changed but the results do 276 

not affect any more by these variations. As a result, the outcomes of the smaller air holes 277 

diameter changes are not highlighted here. The variations of the larger air hole diameters affect 278 

the loss value highly. From the graphical observation, it is pointed that two sharp loss peaks are 279 

gained for the diameter of 1.6 μm. The diameter value is changed from 1.2 μm to 2 μm. It is 280 

investigated that the light scattering is high for the diameter of 2 μm. As well as the diameter of 281 

1.2 μm also responsible for scattering some light from the core to the gold layer. From this 282 

analysis, the air hole diameter of 1.6 μm is chosen for performing more operations. 283 

The corresponding AS responses for the air hole diameter variations are upheld in Fig. 9. Three 284 

peaks are found for the three values. Among them the maximum response of -2151.39 RIU-1 is 285 

gained for air hole diameter of 1.6 μm at the wavelength of 1.63 μm. The lowest peak is attained 286 
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for the diameter of 2 μm at the operating wavelength of 1.47 μm. Additionally, the middle 287 

average value of -1883.52 RIU-1 is achieved for the air hole diameter of 1.2 μm at the 288 

wavelength of 1.51 μm. 289 

 290 

Fig. 8. Confinement loss spectrum for the variations of air hole diameter.  291 

292 

Fig. 9. Amplitude Sensitivity response for the variations of air hole diameter.  293 

 294 
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Another significant parameter is Wavelength Sensitivity (WS) response. Based on this parameter 295 

the effectiveness and the overall performance can be analyzed. As there is a noticeable value of 296 

WS is achieved, so it can be claimed that the proposed sensor will fit for practical use by 297 

reducing fabrication complexity with high sensitivity response. In Fig. 10, two bar graphs are 298 

displayed where the blue graph indicates the values for the first peak value and the green bar 299 

graph defines the values for the second peak values. For the analyte 1.33 to 1.4. The first loss 300 

peak values have given lower peak values than the second peak. Otherwise, the WS responses 301 

are higher for the first peak than the second peak value. Moreover, the maximum WS response of 302 

35943.22 nm/RIU is attained for the RI 1.38 and the second-highest value of 25646.58 nm/RIU 303 

is reached for the RI 1.39. Both WS response values are noted for the second peak values. This 304 

high sensitivity response will help the structure suitable for more accurate sensing performance. 305 

From Fig. 10, it can be said that the WS response is gradually growing from analyte 1.33 to 1.38. 306 

On the other hand, after reaching the highest sensitivity response it is started to decrease. 307 

Similarly, in the second peak, it is seen that WS is increasing and after reaching a particular point 308 

the value is decreasing again. 309 

 310 

311 

Fig. 10. Wavelength Sensitivity response for the differences of RI from 1.33 to 1.4 for two peak 312 

values.  313 
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Based on the loss spectrum and sensitivity analysis, the dip wavelength for the simulated 314 

structure is cleared in Fig. 11. The resonance wavelengths for the variations of analyte 1.33 to 315 

1.4 are observed here. The polynomial fitting responses for the analyte RI changes are analyzed 316 

where the fitting response with for first peak value and with for second peak value. The 317 

polynomial fitting response is indicated by red and green markers. Besides, the linear fit curve is 318 

also drawn using red and green dash lines to determine the similarity between them.  319 

 320 

321 

Fig. 11. Resonance wavelength with the variations of analyte RI from 1.33 ≤  𝑛𝑎 ≤ 1.4 with 322 

fitting responses.  323 

 324 

The Resolution of a sensor specifies the smallest RI changes detection capability. It can be 325 

calculated through the peak wavelength differences. The suggested sensor resolution of 9.04 ×326 10−6RIU for the analyte 1.40 is obtained by considering the gold layer wideness of 20 nm. As a 327 

result, the offered sensor is adept to detect 10-6 order of the RI change. 328 

The Figure of Merit (FOM) specifies the overall quality of a device. Usually, the high value of 329 

FOM indicates high performance. The high value of FOM depends on high sensing performance 330 

and low full width half maximum (FWHM) value. FOM becomes high when the sensitivity 331 

response shows the highest value. In the proposed work, the FWHM value is decreasing 332 
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significantly as well as the sensitivity response is increasing.  As FOM can be measured through 333 

the sensitivity response and FWHM, so the proposed sensor shows the maximum FOM value of 334 

600 for the RI 1.38 with the FWHM value of 60. On the contrary, the minimum value of FOM of 335 

212 is gained for the analyte 1.37. The respective FWHM and FOM are presented in Fig. 12 336 

where diamond shape markers are used to clarify the value of FWHM and circular shape markers 337 

are used to indicate the value of FOM. 338 

 339 

 340 

Fig. 12. Full Width Half Maximum (FWHM) and Figure of Merit (FOM) variations.  341 

 342 

At that moment, the overall simulation analysis of the designed sensor design are summarized in 343 

Table 2. A large number of parameters have been observed for the effectiveness and quality 344 

measurement of the sensor. From Table 2, it is noticeable that good outcomes have been 345 

achieved for the respective sensor design. Owing to a low confinement loss peak of 299.39 346 

dB/cm, the maximum values of wavelength sensitivity, amplitude sensitivity, resolution and 347 

FOM values are 35,943.22 nm/RIU, 2321.36 RIU-1, 9.04 × 10−6RIU and 600 respectively have 348 

been gained. These high values of the sensor will make the simulated structure more operative. 349 

 350 

 351 
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Table. 2: Overall performance examination of the proposed sensor's sensing parameters. 352 

 353 

Analyte 

RI 

PW(nm) PL(dB/cm) WS 

(nm 

/RIU-1) 

AS 

(RIU-1) 

Resolution 

(RIU-1) 

(×10-6) 

FWHM FOM 

Peak1 Peak2 Peak1 Peak2 

1.33 1480 1600 276.66 379.65 18429.38 1518.61 8.05 40 461 

1.34 1490 1610 299.39 384.67 18681.18 1538.69 7.89 50 374 

1.35 1500 1610 281.96 434.43 19982.90 1737.72 7.15 90 222 

1.36 1510 1620 270.83 494.45 20295.24 1977.79 7 85 239 

1.37 1520 1630 270.54 537.85 19100.13 2151.39 7.63 90 212 

1.38 1525 1645 291.08 580.34 35943.22 2321.36 3.34 60 600 

1.39 1530 1665 277.51 551.91 25646.58 2207.64 5.09 80 321 

1.40 1540 1680 276.85 533.48 20758.48 2133.91 9.04 90 231 

 354 

From Table 3, it is clearly visible that the offered structure shows an improved performance 355 

compare to the existing sensors. Based on the operating wavelength the variations of analytes 356 

from 1.33 to 1.4, the FOM reaches 600 value that is much more than the previously noted values. 357 

In addition, the wavelength and amplitude sensitivities also indicate a good improvement parallel 358 

to the prior works. Although the resolution value is not as high as found in the previous analysis, 359 

this response is good enough for the detection capability. Based on these good outcomes, the 360 

designed sensor can be used in the field of sensing for the detection of different analytes [44, 45].   361 

Table. 3: Performance analysis of the proposed sensor in comparison to previous works. 362 

  363 

Analyte RI Wavelength 

Sensitivity 

(nm/RIU-1) 

Resolution 

(RIU-1) 

Amplitude 

Sensitivity 

(RIU-1) 

FOM Ref. 

1.33-1.38 4,600 2.17×10-5 420.4 ---- [46] 

1.33-1.42 11,000 9.1×10-6 1,420 407 [47] 

1.40-1.43 15,180 5.68×10-6 ---  [48] 

1.40-1.44 9,600 1.04×10-5 1739.26  [49] 
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1.33-1.38 10,493 9.53×10-6   [50] 

1.20-1.40 3,751.5 1×10-5   [51] 

1.33-1.39 30,000 3.33×10-6 1,212 508 [24] 

1.18-1.36 20,000 5×10-6 1054  [25] 

1.33-1.37 5,000 4×10-5 860 47 [13] 

1.33-1.38 25,000 4×10-6 1411  502 [26] 

1.33-1.40 10,700 9.34 ×10-6 1770  [27] 

1.32-1.32 13,750 7.2×10-6 400  [12] 

1.46-1.48 10,800 1.95× 10-5 514  [13] 

1.33-1.40 12,000 8.33× 10-6   [52] 

1.36-1.41 8,000 1.25× 10-5 1560 266 [15] 

1.33-1.40 35,943.22 9.04×10-6 2321.36 600 This work 

 364 

Conclusion: 365 

 366 

The FEM method is used to construct and investigate an SPR-based multi-layer sensor with an 367 

external sensing mechanism. Several parameters of the sensor are optimized to get better sensing 368 

outcomes. The simulated structure attains maximum WS and AS response of 35,943.22 nm/RIU, 369 

and 2321.36 RIU-1. Besides, a large FOM value of 600 is obtained. Moreover, the sensor has 370 

scaled small analyte variation detection capability. Gold is used as a plasmonic material that has 371 

major impact on sensing by creating a phase-matching phenomenon. When the RI values of two 372 

core and SPP modes cross, the phase-matching point can be obtained at that point. In this 373 

wavelength, the loss value reaches the high peak value. A maximum peak loss value of 580.34 374 

dB/cm is noticed for the operating wavelength of 1.63 μm. The examined structure can sense a 375 

wide range of RI from 1.33 ≤  𝑛𝑎 ≤ 1.4. Due to the favorable features such as high WS and AS 376 

sensitivity responses and high value of FOM, the sensor will be helpful for practical use in 377 

sensing. Furthermore, the investigated sensor can be the prospective candidate for a large 378 

number of applications such as chemicals detection, gas detection, medical diagnostics, security, 379 

virus detection, and bio-imaging. 380 
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