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 Surface plasmon resonance (SPR) sensors are proficient at detecting minute 
changes in refractive index, making them ideal for biomolecule detection. 

Traditional prism-based SPR sensors encounter miniaturization challenges, 

encouraging exploration of alternatives like fiber optic-based SPR (FO-SPR) 

sensors. This study comprehensively investigates the effects of material and 
geometrical parameters on the performance of single-mode FO-SPR sensors 

using Maxwell's equation solver software based on the finite-difference 

time-domain (FDTD) method. The findings highlight the influence of 

plasmonic thin film materials and thickness on SPR spectrum profiles and 
sensitivity. Silver (Ag) demonstrates superior performance compared to 

copper (Cu) and gold (Au) in transmission type, achieving a sensitivity of up 

to 2 × 103 nm/RIU, while the sensitivities of Cu and Au are lower. Probe 
length and core diameter impact spectrum profiles, specifically resonance 

depth, without affecting sensitivity. Furthermore, variations in core 

refractive index influence both spectrum profiles and sensitivity. Probe types 

significantly affect both spectrum profiles and sensitivity, with the reflection 
type surpassing the transmission type. These results provide suggestions for 

optimizing FO-SPR sensors in biotechnological applications. 
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1. INTRODUCTION  

Advancements in biotechnology, especially driven by plasmonic studies and nanofabrication 

technology, have led to the development of surface plasmon resonance (SPR) sensors. These sensors are 

capable of detecting small refractive index changes in the environment at the nanometer scale, making them 

well-suited for biomolecule detection [1]. Numerous commercial SPR sensor products utilize prism-based 

configurations that present a challenge in the context of miniaturization. Alternatively, utilizing fiber optics 

as surface plasmon polariton waveguides presents a promising route for miniaturizing SPR sensor 

development, potentially overcoming the challenges associated with prism-based configurations and offering 

distinct advantages in terms of miniaturization [2]. Despite this distinction, fiber optic-based surface plasmon 

resonance FO-SPR sensors exhibit performance comparable to prism-based SPR sensors, demonstrating high 
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sensitivity [3], label-free operation [4], and real-time monitoring capabilities [5]. Additionally, ongoing 

development progress indicates that fiber optic-based SPR (FO-SPR) sensors have enabled the examination 

of biomolecular interactions [6]. However, the primary challenge in establishing FO-SPR sensors resides in 

their design difficulties. These include determining optimal plasmonic film materials and thickness, as well 

as selecting parameters for the fiber optic, such as core refractive index, which could influence the numerical 

aperture (N.A.) and subsequently alter sensing performance. Noble metals generally exhibit excellent 

plasmonic properties due to the abundance of free electrons, resulting in a negative real permittivity (𝑅𝑒[𝜀𝑚]) 

that enables the generation of plasmon waves. Moreover, it is well-known that good plasmonic materials 

satisfy 𝑅𝑒[𝜀𝑚] < 0 and 𝐼𝑚[𝜀𝑚] << –𝑅𝑒[𝜀𝑚], where 𝐼𝑚[𝜀𝑚] represents the imaginary permittivity [7]. 

Besides material considerations, the geometrical parameters of probe types must be carefully considered. 

Several works develop modified-geometry probes such as U-shape [8], tip [9], and tapered-based designs; the 

resulting sensitivity of tapered probes can vary depending on the specific taper profile [10]. 

Therefore, modeling and simulation are necessary for designing and optimizing FO-SPR sensors 

before reaching the experimentation stage. This approach facilitates the reduction of trial and error and 

minimizes costs in experimentation. Various numerical methods can be employed to investigate plasmonic 

phenomena in such systems by solving Maxwell’s equations in the optical media. These methods include the 

finite-difference time-domain (FDTD) method, finite element method (FEM), boundary element method 

(BEM), and discrete dipole approach (DDA) [11]. The FDTD method can calculate both near and far fields 

and is well known for its successful simulation and prediction of plasmonic properties. It allows for the 

monitoring of surface plasmon waves, whether localized or propagated, with stability, precision, and 

accuracy [12], [13]. Additionally, it enables the calculation of far field transmission within the FO-SPR 

sensors [14], [15]. 

The experimental setup of the FO-SPR sensor is shown in Figure 1, with transmission type in  

Figure 1(a) and reflection type in Figure 1(b). The simulation setup for this study is shown in Figure 2, with 

transmission type in Figure 2(a) and reflection type in Figure 2(b). This study aims to comprehensively 

investigate the main parameters affecting the performance of FO-SPR sensors using the FDTD approach. The 

effects of various materials and geometrical parameters are examined to understand their influence on sensor 

performance. First, we determine the optimal plasmonic thin film materials and their thickness. 

Subsequently, we analyze the sensing probe length, core diameter, and core refractive index. Additionally, 

different types of sensing probes, such as transmission and reflection types, are evaluated.  

 

 

 
(a) (b) 

 

Figure 1. Schematic experimental set-up illustrating (a) transmission-type and (b) reflection-type FO-SPR 

sensors 

 

 

 
(a) (b) 

 

Figure 2. 2D-FDTD simulation schematics of (a) transmission type and (b) reflection type FO-SPR sensors 
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2. METHOD 

This study used FDTD-based Maxwell’s equation solver software. FDTD algorithm, also known as 

the Yee’s algorithm, solves Maxwell's equations across space and time based on central difference 

approximations, enabling the calculation and storage of electric and magnetic fields within a spatial grid over 

time. This study comprises four stages aimed at investigating and discussing the effects of various physical 

parameters, including the materials and thickness of plasmonic films, probe length (𝑃𝑙𝑒𝑛𝑔𝑡ℎ), core refractive 

index (𝑅𝐼𝑐𝑜𝑟𝑒), core diameter (𝑑𝑐𝑜𝑟𝑒), and probe types. The first stage involves evaluating the performance of 

Au, Ag, and Cu plasmonic thin films and optimizing their thickness, considering variations of 20, 40, 60, and 

100 nm. The second stage focuses on observing the effects of probe length variations, with lengths of 100, 

200, and 300 μm. In the third stage, the study examines the impact of core refractive index (values of 1.46 

and 1.52) and diameter variations (6, 8, and 10 μm). Finally, the fourth stage compares the effect of probe 

types, including reflection type and transmission type. 

In this 2D-FDTD simulation, the structure of the FO-SPR sensor was constructed by arranging its 

geometrical and material components, including the core, thin film, and sensing medium (the fiber cladding is 

excluded as SPR phenomena occur solely within the probe area), as shown in Figure 2. The permittivity of the 

thin film material was fitted, using reference experimental data sourced from Johnson and Christy for Au [16], 

Lynch and Hunter for Ag [17], and Hagemann et al. [18] for Cu. The simulation area was defined with a fixed 

probe wide (𝑃𝑤𝑖𝑑𝑒) of 14 μm and the value of 𝑃𝑙𝑒𝑛𝑔𝑡ℎ according to the simulation stage. The single-mode 

source, with a range of broadband wavelengths from 400 to 1,200 nm, was calculated across a line and 

generated by a mode solver that uses the same discretization mesh as the FDTD algorithm. The selected mode 

typically exhibits the surface plasmon mode. Perfectly matched layer (PML) boundary conditions were applied 

to the simulated space, utilizing 8 layers. The mesh type was auto-nonuniform, with a minimum mesh step of 5 

nm and fixed smaller mesh along the thin film (mesh override). Subsequently, the resulting transmission or 

reflection spectrum was recorded using a power monitor; the electric and magnetic components were used to 

calculate the Poynting vector, and the transmitted or reflected light power could be calculated. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  The effect of plasmonic thin film materials and thickness 

The fitting permittivity models derived from experimental data for Au, Ag, and Cu can elucidate their 

behavior in generating surface plasmon waves, as shown in Figure 3 [7]. The real and imaginary permittivities 

are presented in Figure 3(a) and Figure 3(b), respectively. These plasmon waves are subject to influence from 

interband transitions, characterized by high imaginary permittivity across specific wavelength ranges [19]. 

Interband transitions, which denote the energy required for electrons to move between bands, play a crucial 

role in this context. Notably, Ag exhibits a comparatively smaller imaginary permittivity in the visible regime 

due to its higher interband transition energy of 4 eV, whereas Au and Cu possess lower interband transition 

energies of 2.4 eV and 2.15 eV, respectively [20]. These transitions not only impact the imaginary permittivity 

but also affect the energy conversion between incident light and surface plasmons [21]. 

In this stage, the parameters for simulated probe sensing were specified as follows: the probe type is 

transmission type as depicted in Figure 2(a), with a probe length (𝑃𝑙𝑒𝑛𝑔𝑡ℎ) of 100 μm, a core diameter (𝑑𝑐𝑜𝑟𝑒) 

of 6 μm, and a core refractive index (𝑅𝐼𝑐𝑜𝑟𝑒) of 1.46. The material and thickness of the thin film were varied 

to observe their effects. The power monitor at the waveguide's end, illustrated in Figure 2(a), records both the 

field distribution and transmission spectrum. The characteristics of the generated spectra and plasmon field 

by the simulated FO-SPR sensor are depicted in Figure 4. Typical SPR spectra of the generated sensor with a 

sensing medium refractive index (𝑅𝐼𝑆𝑀) of 1.335 are shown in Figures 4(a), 4(b), and 4(c) for Au, Ag, and 

Cu, respectively. These spectra display varying profiles based on the material and thickness of the thin film. 

Two key parameters are highlighted: the transmitted power at resonance (𝑇𝑆𝑃𝑅) and the full-width half-

maximum (FWHM) of the resonance spectrum, as shown in Figures 4(d) and 4(e). Furthermore, Figures 4(f), 

4(g), and 4(h) depict the highest magnitude of the electric field at the metal-sensing medium interface, 

occurring at the resonance wavelength (𝜆𝑆𝑃𝑅). This observation highlights the influence of thin film thickness 

on the surface plasmon mode profile, which is consistent with the transmitted power spectrum. As the 

thickness of the thin film increases, the resonance dip becomes shallower (or 𝑇𝑆𝑃𝑅 increases), indicating more 

efficient coupling of the surface plasmon wave at specific thin film thicknesses [22]. Additionally, thicker 

films lead to longer resonance wavelengths. These simulation results align with previous works referenced in 

[23]–[26], demonstrating that increasing thickness reduces the efficiency of plasmon wave coupling at the 

metal-sensing medium interface. In plasmonic-based waveguides, the core mode penetrates through the metal 

film, facilitating surface plasmon wave coupling. However, excessively thick films hinder the efficient 

generation of surface plasmon waves. 
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As depicted in Figure 5, variations in 𝑅𝐼𝑆𝑀, plasmonic film materials, and their thickness result in 

distinct 𝜆𝑆𝑃𝑅 values, specifically presented in Figures 5(a), 5(b), and 5(c) for Au, Ag, and Cu, respectively. 

Moreover, Ag exhibits a shorter 𝜆𝑆𝑃𝑅 compared to both Au and Cu, while Cu shows a shorter 𝜆𝑆𝑃𝑅 than Au. 

This pattern is consistent across different film thicknesses. This phenomenon is similar to the behavior 

observed in localized surface plasmon resonance (LSPR), where the absorption peaks for Au as the 

plasmonic material appear at longer wavelengths compared to Cu and Ag [27]. Furthermore, Figure 5(d) 

demonstrates the sensitivity to thickness variations, with Ag providing higher sensitivity than Au and Cu. 

This higher sensitivity of Ag is illustrated by the steeper slope in the dispersion relation compared to Au and 

Cu [28]; a steeper slope in the dispersion relation typically indicates higher sensitivity because small changes 

in the refractive index of the medium near the metal surface result in larger changes in the momentum and 

energy of the surface plasmons, which are then more easily detectable. However, it is important to note that 

the sensitivity of the SPR sensor is not solely characterized by the dispersion relation, but rather encompasses 

various factors. 

 

 

 
 

Figure 3. Experimental data and fitting models illustrating the (a) real part and (b) imaginary part of the 

complex permittivities for Au, Ag, and Cu 

 

 

 
 

Figure 4. Transmitted power spectra of the simulated FO-SPR with (a) Au, (b) Ag, and (c) Cu thin films in 

various thickness. Spectrum characteristics including (d) 𝑇𝑆𝑃𝑅 and (e) FWHM. Meanwhile, (f), (g), and (h) 

are visualization of electric field distributions at 𝜆𝑆𝑃𝑅. Where sensing medium 𝑅𝐼𝑆𝑀 is at 1.335 
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Figure 5. Resonance wavelength plotted against 𝑅𝐼𝑆𝑀 for varying thicknesses of (a) Au, (b) Ag, and (c) Cu 

thin films, along with (d) their corresponding sensitivities 

 

 

3.2.  The effect of probe length 

The length of the sensing probe is crucial because it is where the plasmonic phenomena occur and 

where the sensing analyte is located. In FO-SPR sensors, the cladding of the fiber optic must be removed, 

leaving only the core, which is then coated with the plasmonic thin film. Various tools and techniques for 

designing the sensing probe have been introduced in previous works. These include using a sharp blade and 

abrasive papers [29], a grinder with speed rotation control [30], and a controlled moving holder and flame 

[31]. 

In this stage, the effect of 𝑃𝑙𝑒𝑛𝑔𝑡ℎ on performance is discussed in a transmission type configuration, 

where 𝑑𝑐𝑜𝑟𝑒 is set at 6 μm, 𝑅𝐼𝑐𝑜𝑟𝑒 at 1.46, and an Ag thin film thickness of 60 nm. As depicted in Figure 6, 

𝑃𝑙𝑒𝑛𝑔𝑡ℎ affects spectrum characteristics. Figures 6(a) and 6(b) show that a longer 𝑃𝑙𝑒𝑛𝑔𝑡ℎ yields a deeper 

resonance dip. This result is consistent with previous studies using different simulation methods [23], [26], 

[32], and also aligns with various experimental results [29], [33], [34]. Additionally, it does not significantly 

change the FWHM, as shown in Figure 6(c). It highlights the crucial role of probe length in achieving a deep 

resonance dip. Furthermore, the electric field of the core and surface plasmon modes at 𝜆𝑆𝑃𝑅 on each 

transmission monitor (100, 200, and 300 μm) weakens as 𝑃𝑙𝑒𝑛𝑔𝑡ℎ increases, as shown in Figure 6(d). 𝑃𝑙𝑒𝑛𝑔𝑡ℎ 

impacts the number of reflections for light rays launched at an angle 𝜃. Specifically, with a longer 𝑃𝑙𝑒𝑛𝑔𝑡ℎ, 

the number of reflections a ray undergoes also increases. With each reflection inside the SPR active region 

(at the core-metal interface), a certain fraction of optical power dissipates into the sensing region due to the 

coupling of the evanescent wave and the surface plasmon wave. This implies that with an increase in the 

number of reflections, there is greater decay in the power transmitted at the power monitor due to increased 

power dissipation [34]. However, the variation of 𝑃𝑙𝑒𝑛𝑔𝑡ℎ has no significant effect on sensitivity, as the 

positions of 𝜆𝑆𝑃𝑅 overlap for each refractive index of the sensing medium, as shown in Figures 6(e) and 6(f). 

Although there are slight differences in sensitivity, these are attributed to an insufficient number of 

wavelength interval points on the monitor, which subsequently affects the calculation of linear trends. In 

experimental works, concerning LSPR, it is noted that probe length does not impact sensitivity [35]. 

Conversely, experiments utilizing multimode fiber suggest that 𝑃𝑙𝑒𝑛𝑔𝑡ℎ affects the position of 𝜆𝑆𝑃𝑅 and 

sensitivity [36]. 

 

3.3.  The effect of core diameter and core refractive index 

The effects of  𝑅𝐼𝑐𝑜𝑟𝑒 and 𝑑𝑐𝑜𝑟𝑒 on sensor performance are discussed in this subsection. Here, the 

sensing probe is in a transmission type configuration, with 𝑃𝑙𝑒𝑛𝑔𝑡ℎ set at 100 μm and the Ag thin film 

thickness set at 60 nm. Figure 7 and Figure 8 illustrate the effects both core diameter and core refractive 

index. Figures 7(a), 7(b), and 7(c) indicate that the core diameter also influences the depth of the resonance 

dip, with a smaller 𝑑𝑐𝑜𝑟𝑒 resulting in a deeper resonance dip. This finding is consistent with the results 

reported by Dwivedi et al. [34] using multimode fibers. Additionally, the FWHM does not change 

significantly, as shown in Figure 7(d). A shorter core diameter leads to a stronger coupling of surface 

plasmon waves, as more light impinges on the thin film due to a higher number of reflections. Consequently, 

this results in greater decay in transmitted power. Figures 8(a) and 8(b) illustrate that the surface plasmon 

field at the metal-sensing medium interface is much weaker for larger core diameters, regardless of whether 

the 𝑅𝐼𝑐𝑜𝑟𝑒 is 1.52 or 1.46. In addition, the propagation length of the surface plasmon field with 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.46 

is longer than with 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.52. For example, at 8 μm and 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.46, the field still exists in the sensing 

medium even after passing through y = 5 μm, as shown in Figure 8(b). Meanwhile, at 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.52, the field 

magnitude approaches zero around y = 4.5 μm, as shown in Figure 8(a). 
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Figure 6. Simulation results investigating the effect of 𝑃𝑙𝑒𝑛𝑔𝑡ℎ on (a) transmitted power spectra, (b) 𝑇𝑆𝑃𝑅 ,  

(c) FWHM, and (d) electric field distributions at 𝜆𝑆𝑃𝑅 of the simulated FO-SPR with 𝑅𝐼𝑆𝑀 = 1.335. 

Additionally shown are (e) 𝜆𝑆𝑃𝑅 versus 𝑅𝐼𝑆𝑀, and (f) sensitivities. 

 

 

 
 

Figure 7. Transmitted power spectra with 𝑅𝐼𝑐𝑜𝑟𝑒 at (a) 1.52 and (b) 1.46, and their corresponding (c) 𝑇𝑆𝑃𝑅, 

and (d) FWHM for various 𝑃𝑙𝑒𝑛𝑔𝑡ℎ at 𝑅𝐼𝑆𝑀 = 1.335 
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Figure 8(c) shows that variations in 𝑑𝑐𝑜𝑟𝑒 do not result in a shift of 𝜆𝑆𝑃𝑅 within the same 𝑅𝐼𝑆𝑀. The 

𝜆𝑆𝑃𝑅 values overlap, indicating that 𝜆𝑆𝑃𝑅 is independent of 𝑑𝑐𝑜𝑟𝑒 when 𝑅𝐼𝑆𝑀 is held constant. Meanwhile, a 

lower 𝑅𝐼𝑐𝑜𝑟𝑒 causes a redshift (longer 𝜆𝑆𝑃𝑅). Specifically, with 𝑅𝐼𝑆𝑀 at 1.335, the 𝜆𝑆𝑃𝑅 values corresponding 

to 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.52 are 519.341, 519.341, and 519.247 nm for 𝑑𝑐𝑜𝑟𝑒  of 6, 8, and 10 μm, respectively. However, 

with 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.46, the 𝜆𝑆𝑃𝑅 values are 587.234, 587.635, and 587.234 nm for 𝑑𝑐𝑜𝑟𝑒 of 6, 8, and 10 μm, 

respectively. This trend persists across all measured 𝑅𝐼𝑆𝑀 values. These findings are consistent with 

experimental results reported by Liu et al. [37], demonstrating the direct influence of 𝑅𝐼𝑐𝑜𝑟𝑒 variations on the 

position of 𝜆𝑆𝑃𝑅. Similarly, in prism-based SPR sensors, a lower refractive index of the prism theoretically 

leads to a higher resonance angle [36]. Furthermore, 𝑅𝐼𝑐𝑜𝑟𝑒 significantly affects sensitivity: it reaches over 

2,000 nm/RIU for 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.46, whereas for 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.52, the sensitivity does not exceed 1,300 nm/RIU, as 

shown in Figure 8(d). This observation aligns with the findings of Liu et al. [37], where a lower 𝑅𝐼𝑐𝑜𝑟𝑒 is 

associated with higher sensitivity. 

 

 

 
 

Figure 8. Electric field distribution around Ag film-sensing medium interface with 𝑅𝐼𝑐𝑜𝑟𝑒 at (a) 1.52, (b) 1.46 

and 𝑅𝐼𝑆𝑀 = 1.335. Additionally, the plot of (c) 𝜆𝑆𝑃𝑅 versus 𝑅𝐼𝑆𝑀, and (d) the corresponding sensitivity 

 

 

3.4.  The effect of probe design 

Experimental investigations have demonstrated the successful application of geometry-modified 

probes within FO-SPR sensors. The plasmon field distribution and power in both types are presented in 

Figure 9. The simulation setups are shown in Figure 9(a) for the reflection type and Figure 9(b) for the 

transmission type, both with identical specifications: 𝑅𝐼𝑐𝑜𝑟𝑒 = 1.46, 𝑑𝑐𝑜𝑟𝑒 = 6 μm, and 𝑃𝑙𝑒𝑛𝑔𝑡ℎ = 100 μm. In 

the reflection type, a 150 nm thick Ag mirror is positioned at the probe's tip, with the power monitor placed 

behind the injected light. 

The reflection type introduces a mechanism where light traveling through the sensing probe 

encounters two paths, forward and backward, due to the presence of the mirror. Figures 9(c) and 9(d) 

illustrate the highest plasmon electric field, captured by the 2D field monitor, at around Ag film-sensing 

medium interface. Additionally, in the reflection type, plasmon propagation also occurs at the mirror-sensing 

medium interface. Figure 9(e) shows that the observed ripple pattern in the electric field magnitude signifies 

interference between forward and backward electric field distributions. In the transmission type, the electric 

field magnitude approaches half of the ripple peak seen in the reflection type, as shown in Figures 9(e) and 

9(f), indicating effective light reflection by the mirror. The spectrum characteristics and sensitivity of both 
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designs are presented in Figure 10. The reflection spectrum exhibits a deeper resonance dip than the 

transmission spectrum, as shown in Figure 10(a). Correspondingly, the electric distribution of the mode 

within the core in transmission type at 𝜆𝑆𝑃𝑅 is lower in the reflection type compared to the transmission type, 

while the plasmon field at the metal-sensing medium interface is higher in the reflection type, as shown in 

Figure 10(b). Furthermore, Figure 10(c) illustrates that for the reflection type, 𝜆𝑆𝑃𝑅 is located at a longer 

wavelength than in the transmission type. Additionally, the sensitivity of the reflection type surpasses that of 

the transmission type, with the transmission type providing a sensitivity of 2498.90 nm/RIU, while the 

reflection type offers up to 2732.70 nm/RIU. 

 

 

 
 

Figure 9. Simulation scheme and corresponding recorded electric field distribution by a rectangular field 

monitor for (a)(c) reflection type and (b)(d) transmission type, respectively. Additionally, electric field 

distribution at y = 0 μm for (e) reflection and (f) transmission types are presented (𝑅𝐼𝑆𝑀 = 1.335) 

 

 

 
 

Figure 10. The recorded data from vertical power monitors, including (a) transmitted power spectra of both 

designs, (b) electric field distribution recorded at 𝑅𝐼𝑆𝑀 = 1.335, and (c) 𝜆𝑆𝑃𝑅 versus 𝑅𝐼𝑆𝑀 

 

 

4. CONCLUSION 

In conclusion, this study comprehensively investigated the main parameters affecting the performance 

of FO-SPR sensors using the FDTD approach. Simulations examined the effects of plasmonic thin film 

materials, 𝑅𝐼𝑐𝑜𝑟𝑒 variations, and geometric variations (such as thin film thickness, 𝑃𝑙𝑒𝑛𝑔𝑡ℎ, 𝑑𝑐𝑜𝑟𝑒, and probe 

design types). Firstly, the performance of Au, Ag, and Cu plasmonic thin films with varying thicknesses was 

evaluated. It was found that the material and thickness of the thin film significantly influence the spectrum 

profile, with Ag thin film providing higher sensitivity than Cu and Au, and thicker films leading to longer 𝜆𝑆𝑃𝑅. 

Secondly, the impact of 𝑃𝑙𝑒𝑛𝑔𝑡ℎ variations on sensor performance was investigated, showing that longer probe 

lengths yielded deeper resonance dips. Thirdly, the effects of 𝑑𝑐𝑜𝑟𝑒 and 𝑅𝐼𝑐𝑜𝑟𝑒 on sensor performance were 

examined. It was observed that shorter 𝑑𝑐𝑜𝑟𝑒 resulted in stronger coupling of surface plasmon waves, leading to 

greater decay in transmitted power, particularly in resonance dip. Additionally, variations in 𝑅𝐼𝑐𝑜𝑟𝑒 influenced 

the position of 𝜆𝑆𝑃𝑅, with lower refractive indices associated with higher sensitivity. Finally, the study 

compared the performance of reflection and transmission probe types, demonstrating that the reflection type 

exhibited deeper resonance dips and higher sensitivity compared to the transmission type. Overall, this study 
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investigates key parameters influencing the performance of FO-SPR sensors, providing insights for the design 

and optimization for various applications in biotechnology and sensing. 
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