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Abstract 

Surface plasmon resonance (SPR) sensing technology has been extensively applied in biomedical applications, but 
traditional SPR sensors often suffer from limited sensitivity. In this study, a bi-metallic/ Two-Dimensional (2D) Transition-
Metal-Dichalcogenides (TMDCs)–based SPR biosensor has been proposed to achieve improved performance in urine 
glucose detection utilizing the Lumerical Finite-Difference-Time-Domain (FDTD) platform. The design incorporates 
different TMDC materials, including WS2, WSe2, MoS2, MoSe2, and MoTe2 to enhance the sensor’s sensitivity, whereas 
the MoS₂-based structure demonstrates the superior sensitivity. The optimized CaF₂–Ag–Al–MoS₂ structure has 
successfully detected the urine glucose concentrations ranging from 0 to 0.015 g/dL in non-diabetic individuals and from 
0.625 to 10 g/dL in diabetic persons, corresponding to a refractive index (RI) range from 1.335 to 1.347, achieving 
outstanding sensitivity of 455.830 RIU⁻¹ with detection accuracy of 1.32 and a quality factor of 110.10 RIU⁻¹. The sensor 
exhibits a broad linear response to urine glucose, indicating accurate and reliable detection. Additionally, the electric field 
analysis confirms that the integration of TMDCs significantly enhances sensitivity and ensures effective bimolecular 
interaction with a penetration depth of 190 nm. These enhancements are attributed to the superior optical absorption and 
large surface-to-volume ratio of TMDCs. In particular, MoS2 stands out with the highest refractive index, which strengthens 
the confinement of the evanescent field and increases its interaction with biomolecules, thereby boosting sensitivity. Hence, 
the developed SPR biosensor shows promise as a cost-effective, label-free refractive index sensor for non-invasive tracking 
of glucose levels in the human body. 

Keywords  Surface Plasmon Resonance . Bi-Metallic . TMDCs . FDTD . Urine Glucose . Biosensor 

1. Introduction 

Glucose is an essential biomolecule for the human body, and its levels are controlled by insulin. A lack of insulin 
results in diabetes, which exists in two forms—Type I and Type II—both of which must be identified at early stages 
due to their severe complications, including kidney failure, liver disease, cardiovascular issues, blindness, organ 
damage, etc. [1–3]. According to the International Diabetes Federation (IDF), approximately 589 million adults aged 
between 20 to 79 are living with diabetes, and it could rise to 853 million by 2050 [4]. Hence, early diagnosis and 
regular monitoring of glucose levels are critical for effective diabetes management. In earlier days, invasive methods 
like the finger-pricking method were used to monitor glucose levels, requiring skin pricking and leading to pain, 
infection, and discomfort [5]. To overcome these drawbacks, researchers have focused on developing a non-invasive 
glucose detection method. In contrast, Urine has emerged as a promising medium for glucose measurement due to its 
painless collection, non-invasive nature, and strong correlation with blood glucose levels. Chen et. al. [6] proposed a 
simple and cost-effective colorimetric dipstick method that relies on enzyme reactions, but its performances are limited 
by the urine pH, temperature, and other metabolites. A non-enzymatic-based electrochemical sensor has been 
developed by Arif et al. [7]. This method is limited by the requirement of regular calibration to ensure accuracy; the 
interference from other substances in urine can reduce the sensitivity, and the electrode instability can reduce the 
lifetime. Therefore, the development of a more advanced and non-invasive technology is needed for continuous 
monitoring of glucose.  
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Surface Plasmon Resonance (SPR)-based sensing technique has been given great attention by researchers for 
biomolecule recognition due to its special features such as label-free, non-invasive,  fast-response, accuracy, and real-
time monitoring [8–10]. These features make it a potential choice for sensing applications[11–15]. Generally, there 
are two basic SPR structures: the Kretschmann structure [16] and Otto structure [17]. The metal layer is directly 
deposited on the prism in the Kretschmann structure, while in the Otto arrangement, an air space is maintained between 
those layers, which is difficult to implement practically [18]. Therefore, the Kretschmann structure-based SPR sensor 
is broadly used because of its easy design. There are variety of glass materials, including BK7, SF11, CaF2, BaF2, 
CsF, etc., which are generally used as a prism for designing a SPR sensor. Among them, CaF2 is preferred owing to 
its minimal dispersion, low Fresnel loss, and reduced RI dependency on temperature [19,20]. In a traditional SPR 
structure, typically silver (Ag) or gold (Au), is used as a plasmonic material due to its high density of free electrons in 
the valence band, which facilitates the excitation of surface plasmons [21]. But gold offers higher optical loss resulting 
in wider SPR response, which reduce the sensing performance. Therefore, silver (Ag) is generally chosen as a 
plasmonic layer due to its thinner SPR response [22]. In addition, recent studies also suggest that bimetallic structures 
provide better sensitivity than a single metallic structure [23,24]. The fundamental principle behind the SPR sensor is 
the oscillations of collective electrons, generally called surface plasmons (SP), which occur between the metal and 
dielectric interface. When polarized light strikes the metal surface at a particular angle/wavelength, the light energy 
couples with the SP, reducing the reflection of the incoming light. This angle/wavelength is extremely sensitive to 
even slight changes in the refractive index (RI) caused by the detecting targets, offering continuous and label-free 
biomolecular interactions. Although the SPR biosensor is promising for detecting biomolecules, the detection limit 
and sensitivity are the key challenges, particularly for detecting low-weight molecules in conventional SPR sensors 
[25]. In addition, metals are prone to oxidation, which can alter the plasmonic features; thereby limiting the stability 
of the sensor in biological media. 

Recently, two-dimensional (2D) materials, specifically transition metal dichalcogenides (TMDCs), graphene, and 
black phosphorus, have come out as promising candidates to address the challenges of conventional SPR sensors 
because of their high ratio of surface to volume and extraordinary light absorption features, which strengthens the 
evanescent field at the sensor interface, resulting in a significant increase in sensitivity [26–30]. Besides, 2D materials 
have the potential to enhance the dynamic range, enabling successful detection from low to high concentrations as 
well as they provide sensor stability by protecting the metal layer from chemical reaction with the biomolecules. 
Mostufa et al. modeled a graphene-coated SPR sensor for monitoring urine glucose, achieving a sensitivity of 
2000/RIU [31]. A bi-metallic structure integrated with black phosphorus (BP)-based SPR sensor is developed by 
Houari et. al. [32]. They obtained the sensitivity of 2400/RIU using 4 layers of BP with a poor detection accuracy 
(D.A.) of 0.128 and quality factor (Q.F.) of 30.45 RIU-1. Karki et al.[33] demonstrated a SPR sensor utilizing WS₂, 
achieving a sensitivity of 314°/RIU by compromising D.A. (0.142) and Q.F. (44.05/RIU).  Zhao et al. [34] introduced 
a TMDC/graphene-based SPR sensor and attained enhanced sensitivities of 210.10/RIU, 214.80/RIU, 286.30/RIU, and 
315.50/RIU  using MoSe2  (4 layers), MoS2  (3 layers), WSe2 (7 layers), and WS2  (7 layers), respectively, but the 
FWHM becomes wider with layer number increases. These studies suggest that the incorporation of 2D materials can 
significantly boost sensitivity, but D.A. and Q.F. decrease with the growth of layers number. Hence, further research 
is essential to design high-performance SPR sensors using minimal layers of 2D materials. 

In this study, a SPR biosensor based on bi-metallic/TMDCs has been developed to detect urine glucose, offering 
enhanced sensing properties. The Lumerical FDTD platform has been employed to design and simulate the SPR 
biosensor. Among the TMDC materials, the MoS2-based SPR sensor demonstrated superior sensitivity compared to 
WS2, WSe2, MoSe2, and MoTe2. The sensor exhibited a wide dynamic detection range for urine glucose. Notably, the 
optimized CaF2-Ag-Al-MoS2 showed an excellent sensitivity of 455.830/RIU along with a D.A. of 1.32 and a D.F. of 
110.10 RIU-1. Thus, the biosensor might offer an economical and effective framework for non-invasive detection of 
urine glucose. 
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2. Sensor Design and Simulation Method 

The Kretschmann structure [16] has been employed to design the prospective sensor because of its simplicity and 
widespread applicability. Figure 1(a) and 1(b) depict the schematic and simulation setup of the proposed structure, 
respectively.  Based on Sellmeier relation [19,35], the RI of the prism layer (CaF2) is calculated using equation (1), 
whereas, equation (2) based on Drude–Lorentz model [36], is used to calculate the RI of the plasmonic layers (Ag, 
Al). 

𝜂஼௔ிమ
=ට1 +

଴.ହ଺଻ହ଼଼଼ ఒమ

ఒమି଴.଴ହ଴ଶ଺ଷ଺଴ହమ +
଴.ସ଻ଵ଴ଽଵସ ఒమ

ఒమି଴.ଵ଴଴ଷଽ଴ଽమ +
ଷ.଼ସ଼ସ଻ଶଷ ఒమ

ఒమିଷ .଴଺ସଽ଴ସ଴మ    (1) 

𝜼𝑨𝒈/𝑨𝒍 = ൤𝟏 −
𝝀𝟐𝝀𝒄

𝝀𝒑
𝟐(𝝀𝒄ା𝒊𝝀)

൨
𝟏/𝟐

                 (2) 

Here, λ= 633 nm, λc =176.14 nm and λp =145.16 nm for Ag, and λc =245.11 nm and λp =106.57 nm for Al. Table 1. 
presents the details of design specification of the proposed configuration. 

Table 1  Design Specification at Wavelength, λ = 633 nm 

Layer 
Position 

Layer material Refractive index 
Thickness 

(nm) 

Layer I CaF2[19] 1.4329 500 

Layer II Ag[36] 0.080438+ 4.242369i 42 

Layer III Al[36] 0.0778+5.8535i 06 

Layer IV 

WS2[34] 4.8937 + 0.3124i 0.8 

WSe2[34] 4.5501+0.4332i 0.7 

MoS2[34] 5.0805 + 1.1723i 0.65 

MoSe2[34] 4.6226 + 1.0063i 0.7 

MoTe2[37] 3.9159+1.5716 0.7 

Layer V Bio-Sample 1.335-1.347 ----- 

The proposed structure has been modeled and simulated using the Lumerical FDTD platform utilizing the FDTD 
method. The plane wave source is the most appropriate for developing prim based SPR sensor due to its uniform and 

(b) 
(a) 

Fig. 1  (a) Schematic structure and (b) Simulation setup of the developed CaF2-Ag-Al-TMDCs based SPR biosensor. 
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angle-dependent illumination over the structure. Moreover, the wavelength of 633 nm is provided by the He-Ne laser 
is widely chosen for designing the SPR sensor because it can achieve near-zero reflectivity with high sensitivity 
compared to longer wavelengths [38]. Hence, a plane wave source with a wavelength of 633 nm is considered in this 
work. A mesh override region was applied to enforce a finer mesh resolution along the y-axis, which is perpendicular 
to the metal layer. The FDTD solver sets a non-uniform mesh with a size of 0.25 nm to improve the simulation 
accuracy. The simulation time, temperature, and background RI are set to 1000 fs, 300 K, and 1.00, respectively. The 
perfectly matched layer has been selected as a boundary condition, and the profile has been set as “step angle” in order 
to maximize light absorption and improve simulation precision[39,40]. A reflector monitor has been placed behind 
the source to capture the amount of reflection light, while a field monitor has also been included to visualize the 
electric field profile over the structure. The angular interrogation method is employed using a parameter sweep for 
“source angle” to produce the SPR response for the developed structure. Incident light is directed into one face of the 
CaF2 prism, and the reflected amount of light is observed from the opposite face. When the incident light is reflected 
from the boundary satisfying total internal reflection conditions, it produces an evanescent wave and exponentially 
decays throughout the bio-sample layer. The free electrons of the metal surface are stimulated by the interaction with 
the evanescent wave, producing a surface plasmon wave (SPW). The momentum of SPW and incident light are 
matched at a certain incident angle, which is generally called the SPR angle, transferring energy from the evanescent 
wave to the SPW. This phenomenon sharply reduces reflectivity. 

The performance metrics of the SPR sensor is assessed through sensitivity (S), detection accuracy (D.A.), and 
quality factor (Q.F.). Sensitivity quantifies the shift in SPR angle to a change in RI of the bio-sample. Detection 
accuracy is the ratio of the variation of SPR angle by the shift of RI in bio-sample to the FWHM of the corresponding 
response curve. Quality factor is determined by dividing the sensitivity by the FWHM. These performance metrics 
are mathematically represented as follows [41,42].  

S = 
୼஘౏ౌ౎

୼஗౩
 ; deg/RIU                                                      (3) 

D.A. = 
୼஘౏ౌ౎

୊୛ୌ୑
  (4) 

Q.F. = 
𝐒

୊୛ୌ୑
; RIU-1  (5) 

Here, 𝛥𝜃ௌ௉ோ , 𝛥𝜂௦ , and FWHM are the change in SPR angle, variation in RI of the bio-sample, and the broadening of 
the response curve at reflectivity of 50%, respectively.  

3. Results and Discussion 

Figure. 2(a) demonstrates the SPR response for CaF2-Ag (40 nm)-Al (10 nm)-Bio sample structure by varying the RI 
of the bio-sample (ηs). The SPR angle is changed from 70.780 to 72.480 for the shift of RI in bio-sample from ηs= 
1.335 to ηs= 1.347. The SPR angle is shifted to higher values with the increase of ηs. This characteristic can be 
explained by the equation (6) [35,43]. 

θSPR = sin-1 𝜼𝒆𝒇𝒇𝜼𝒔

𝜼𝒑ට𝜼𝒆𝒇𝒇
𝟐ା 𝜼𝒔

𝟐

             (6) 

Here, ηp, ηeff, and ηs denote the RI of the prism (CaF2), composite layers, and bio-sample, respectively. Equation (6) 
shows that the SPR angle is a function of ηs, where ηp and ηeff are both constant for a specific structure; thereby, the 
SPR angle changes with the changes of RI in the bio-sample. The value of FWHM has been extracted from Fig. 2(a) 
and obtained to be 1.050. The calculated sensitivity, D.A., and Q.F. are found to be 141.670/RIU, 1.62, and 134.92/RIU 
using equation (3-5). Despite these results, the obtained sensitivity is still not sufficient for practical biosensing 
applications, and additional enhancement is required. It has been suggested that TMDCs can enhance the sensitivity 
of the sensor. TMDCs possess a higher refractive index, strong light absorption capability, and higher excitonic 
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binding energy [44]. Additionally, TMDCs have a high ratio of surface to volume, which enables a larger interaction 
area for the molecules. When the TMDCs layer is placed between the metal and bio-sample, its higher refractive index 
enhances the evanescent field confinement, resulting in stronger overlap with the biomolecules. This improved 
interaction leads to a more significant shift of SPR angle even with a small variation of RI in the bio-sample thereby 
increasing sensitivity. In contrast, the inclusion of TMDCs also adds damping and additional dispersion at the metal 
surface, which provides counteraction by increasing the plasmonic energy loss, resulting in the FWHM of the SPR 

Fig. 2  Reflectivity vs. Incident angle characteristics for different configurations (a) CaF2-Ag-Al, (b) CaF2-Ag-Al- WS2 (c) CaF2-Ag-Al- WSe2 (d) 
CaF2-Ag-Al- MoS2 and (e) CaF2-Ag-Al- MoSe2, (f) CaF2-Ag-Al- MoTe2. 
 

ηs = 1.335 
ηs = 1.347 

ηs = 1.335 
ηs = 1.347 

ηs = 1.335 
ηs = 1.347 

ηs = 1.335 
ηs = 1.347 

ηs = 1.335 
ηs = 1.347 

(e) 

(d) 

(b) (a) 

(c) 

(f) 

ηs = 1.335 
ηs = 1.347 
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response curve becoming wider. Figure. 2(b) shows the SPR response after adding WS2 layer over Al. The effective 
RI (ηeff) is modified by the addition of WS2 layer over metal. As a result, the momentum of incident light and SPW 
are matched at higher incident angle. It is seen that the SPR angle has shifted to 79.600 at ηs= 1.335 and 83.310 at ηs= 
1.347 and the calculated sensitivity increased to 309.170/RIU. The sensitivity has reduced to 302.500/RIU, for WSe2 
layer due to its lower RI compared to WS2 which is shown in Fig.2(c). Next, MoS2 layer has been considered for 
observing the impact of TMDCs layer on SPR response. Figure 2(d) reveals that, MoS2 based structure offer the largest 
shift in SPR angle from 79.780 to 83.600, and the sensitivity peaked at 318.330/RIU, The SPR response has been 
observed using MoSe2, which is depicted in Fig. 2(e) and the calculated sensitivity is 304.170/RIU, The SPR response 
has also been observed considering MoTe2, which is shown in Fig.2(f) and the sensitivity is found to be only 
116.670/RIU due to lower RI compared to other TMDCs. The comparative performance using different TMDCs has 
been summarized in Table 2. These performances are directly attributed to the refractive index of the TMDCs, while 
the MoS2-based configuration attained the highest sensitivity because it contains the highest RI. In contrast, the higher 
RI of MoS2 adds more damping and dispersion, which increases FWHM and consequently lowers D.A. and Q.F. 
Despite this trade-off, the MoS2 has been selected in this study for further development due to its superior sensitivity 
compared to WS₂, WSe₂, MoSe₂, and MoTe2. 

Table 2 Performance Comparison of the SPR Biosensor with Different TMDCs 

Different TMDCs 
Sensitivity 
(deg/RIU) 

FWHM 
(deg) 

D.A. 
Q.F. 

(RIU-1) 

WS2 309.17 3.00 1.24 103.06 

WSe2 302.50 2.88 1.26 105.03 

MoS2 318.33 3.18 1.20 100.10 

MoSe2 304.17 2.90 1.26 104.89 

MoTe2 116.67 0.73 1.91 159.82 

 
To achieve the enhanced sensor performance, it is crucial to find out the optimal thickness (t) of each layer. 

Here, the thickness-dependent performance has been evaluated to optimize the proposed structure. Considering tAg = 
40 nm and tMoS2 = 0.65 nm, the thickness of Al (tAl) has been varied from 2 nm to 10 nm, and evaluating the sensitivity 
and Q.F., which are shown in Fig. 3(a). The maximum Q.F. of 100.10/RIU has been found at tAl = 10 nm, while the 
peak sensitivity of 404.170/RIU is found at tAl = 6 nm with a moderate Q.F. of 90.62/RIU. Since sensitivity is the key 
performance indicator of a SPR sensor, the optimized thickness of Al (tAl) has been chosen as 6 nm. Similarly, the Ag 
thickness (tAl) has been varied from 38 nm to 48 nm, considering tAl = 6 nm (optimized) and tMoS2=0.65 nm, and 
evaluating the sensitivity and Q.F. which are depicted in Fig. 3(b). The highest Q.F. has been found at tAg = 48 nm 
while the sensitivity is minimum. In contrast, the peak sensitivity of 455.830/RIU with moderate Q.F. of 110.10/RIU 
are found at tAg = 42 nm (chosen as optimized thickness). To examine the effect of MoS2 layers on sensor’s 
performance, the number of MoS2 layers has been varied, considering tAl = 6 nm (optimized) and tAg = 42 nm 
(optimized). Fig. 3(c) reveals the change in sensitivity and Q.F. with the growth of the MoS2 layer. The Q.F. decreased 
significantly with the increase of MoS2-layer, whereas the sensitivity gradually diminishes up to 3 layers and then 
rapidly decreases beyond that. The peak sensitivity of 455.830/RIU and Q.F. of 110.10/RIU are achieved for a 
monolayer of MoS2. This behavior can be explained by the dependence of sensitivity on the interaction strength 
between the evanescent field and the target biomolecules. In our optimized structure, monolayer MoS2 offers the 
strongest evanescent field confinement near the bio-sample region, achieving the highest sensitivity. If the MoS2 
layer’s number increases, thicker layers push the bio-sample further away from the metal, weakening the field 
interaction with the biomolecules, thereby diminishing the sensitivity. Additionally, the plasmonic loss rises with the 
growth of the MoS2 layer which broadens the SPR curve, reducing the Q.F. The thickness dependent sensor 
performance can also be explained mathematically using equation (7-9)[45,46]. 

𝑘௫ = 𝑘଴η௣𝑠𝑖𝑛θௌ௉ோ     (7) 
 

ACCEPTED MANUSCRIPT

ARTIC
LE

 IN
 PR

ES
S

ARTICLE IN PRESS



  

𝑘௦௣௪=቎[𝑘଴ඨ
ఌ೐೑೑஗ೞ

మ

ఌ೐೑೑శ஗ೞ
మ቏    (8) 

Here, k0, 𝜀௘௙௙ , ηs are the momentum of light at free space, dielectric constant of the TMDCs enhanced bimetallic 

structure and RI of the sensing medium respectively. The value of 𝜀௘௙௙ varies with the individual layer thickness and 

it can be calculated using Effective Medium Theory[45] 

𝜀௘௙௙ =
ௗ೟೚೟ೌ೗

∑
೏೔
ഄ೔

      (9) 

Here, di, and εi are the thickness and dielectric constant of the ith layer. From equation (9), it is evident that variations 
in εeff induced by changes in layer thickness alter the momentum of SPW (kspw). Consequently, the SPR excitation 
condition (kx = kspw) shifts to a different resonance angle, which directly influences the sensitivity of the sensor. 

 

Fig. 3  Thickness (nm) optimization of (a) Al, (b) Ag, (c) MoS2 layer, (d) Normalized electric-field profile along the proposed CaF2-Ag-Al-MoS2

structure at θSPR = 82.060 and ηs = 1.335. 

(d) 

(a) 

(c) 

(b) 
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The electric-field profile has also been analyzed to explain the role of MoS2 on sensor performance. As depicted 
in Fig. 3(d), the value of the electric field intensity goes its peak at the MoS2/bio-sample interface. The MoS2 provides 
stronger light-matter interaction, which leads the field intensity to go to its peak value at the interface, achieving 
sensitivity enhancement. It suggests that the MoS2 significantly influences the sensor performance. The electric field 
intensity is decaying exponentially through the bio-sample, revealing the nature of the evanescent field. An important 
metric is the penetration depth (PD) of the evanescent field, particularly indicates the effectiveness of the sensor to 
identify the target. It can be calculated by measuring the length from the MoS2/bio-sample interface to the point where 
the electric-field intensity reduces to 1/e times of its maximum value [47]. It can be tuned by adjusting the layer 
thickness, and operating wavelength. In this study, operating wavelength is fixed at 633 nm. So, the PD can be tuned 
by varying the layer thickness. If the layer thickness increases, the analyte goes further away from the metal, 
weakening the evanescent field, and consequently reducing the PD. In contrast, the layer thickness plays a vital role 
on sensor performance. Hence, layer thickness optimization can balance between PD and sensor performance. As 
shown in Fig. 3(d), the penetration depth (PD) of the optimized structure is measured to be approximately 190 nm, 
which facilitates efficient interaction with biomolecules in the sensing medium. This value is notably higher than those 
reported in recent SPR sensor studies, indicating enhanced field penetration and improved sensing performance [47–
49]  

 The SPR response has also been observed considering the humidity effect. Initially, the background refractive 
index has been considered to 1.0 (dry condition).  The effect of relative humidity (RH) on RI of air is very negligible, 
even at RH=100%, the refractive index is approximately 1.00026, while the temperature, and atmospheric pressure 
are fixed at 300 k and 101325 Pa [50,51]. Figure 4 demonstrates the SPR response considering the relative humidity, 
whereas the SPR angle is found to be 82.060 at ηair = 1.0 and 82.070 at ηair = 1.00026 for ηs=1.335 and 87.530 at ηair = 
1.0 and 87.490 at ηair = 1.00026 for ηs=1.347. Hence, the Sensitivity falls from 455.830/RIU to 451.670/RIU and the 
error is approximately 0.91%. Such a minute fluctuation does not significantly perturb the SPR resonance condition 
when compared to the high-index target analyte (ηs). 

Fig. 4 Humidity effect on SPR response 

ηair = 1.0, ηs = 1.335 
ηair = 1.00026, ηs = 1.335 
ηair = 1.0, ηs = 1.347 
1.00026, ηs = 1.347 
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Finally, the proposed sensor has also been applied numerically to detect the glucose concentrations in urine 
sample. The availability of glucose alters the RI of the urine sample. The refractive indices due to the different glucose 
concentrations, such as 0-0.015 g/dL, 0.625 g/dL, 1.25 g/dL, 2.5 g/dL, 5 g/dL, and 10 g/dL, in the urine sample are 
1.335, 1.336, 1.337, 1.338, 1.341, and 1.347, respectively [32,52]. The response curves have been produced by the 
developed biosensor with the presence of a urine sample is presented in Fig. 5(a). The SPR angle is shifted toward the 
upper value with the increase of glucose concentrations. The sensor linearity  is very crucial for precise and reliable 
detection of glucose in practical applications [53]. The SPR angles for different glucose concentrations are extracted 
from Fig. 5(a) and displayed in Fig. 5(b).  The SPR angle changes from 82.060 to 87.530 for the variation of glucose 
concentrations from 0-0.015 g/dL (RI=1.335) to 10 g/dL (RI=1.347), respectively. The linear regression equation is 
obtained as θ = 459.08 × RI - 531.08 with R2 = 0.9929, indicating excellent linearity and reliability. The initial SPR 
angle of 82.060 is found for non-diabetic person (RI = 1.335) which is taken as reference. The change in SPR angle 
(ΔθSPR) and change in refractive index (Δηs) for the detected target can be calculated as follows: 

ηs = 1.335 
ηs = 1.336 
ηs = 1.337 
ηs = 1.338 
ηs = 1.341 
ηs = 1.347 
 

Fig. 5 (a) Reflectivity versus Incident angle curve to analyze the change of SPR angle, (b) SPR angle versus refractive index and (c) Biosensor 
performance, toward different glucose concentrations.  

(c) 

(b) 
(a) 
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Δθௌ௉ோ= ൣθௌ௉ோ
௧௔௥௚௘௧

− θௌ௉ோ
௥௘௙

൧    (10) 

Δη௦= ൣη௦
௧௔௥௚௘௧

− η௦
௥௘௙

൧     (11)  

Here, θௌ௉ோ
௥௘௙ = 82.060, and η௦

௥௘௙=1.335. The value of Δθௌ௉ோ  and Δη௦ for all detected targets are determined using equation 

(10) and (11) and the corresponding sensitivity, D.A. and Q.F. are calculated using equation (3-5). The performances 
of the biosensor for detecting glucose concentration in urine samples are summarized in Table 3 and these results are 
further illustrated in Fig. 5(c).  The sensitivity is found to be 3300/RIU at RI=1.336 and increases with the RI along 
with improvements in both the D.A. and Q.F. It is suggested that the developed biosensor is highly sensitive for higher 
concentrations of urine glucose. The enhanced sensitivity of 455.830/RIU is achieved with a D.A. of 1.32 and Q.F. of 
110.10/RIU, at RI=1.347. These findings confirm that the MoS2-based SPR biosensor is highly sensitive and has 
strong potential for non-invasive glucose monitoring in urine samples. 

Table 3 Simulation Data for Urine Glucose Detection 

Concentration of glucose 
(g/dl) 

RI 
θSPR 

(deg) 
Sensitivity 
(deg/RIU) 

D.A. 
Q.F. 

(RIU-1) 

0 -0.015 
Taken as reference 

1.335 82.06 - - - 

0.625 
(Detectable Target) 

1.336 82.39 330 0.09 95.65 

1.25 
(Detectable Target) 

1.337 82.73 335 0.19 96.54 

2.5 
(Detectable Target) 

1.338 83.12 353.33 0.30 100.09 

5 
(Detectable Target) 

1.341 84.37 385 0.61 101.58 

10 
(Detectable Target) 

1.347 87.53 455.83 1.32 110.10 

 Table 4 presents a comparative analysis between the proposed biosensor and previously reported sensors for 
detecting glucose in urine. Tiandho et. al. [1] obtained the maximum D.A. of 1.406 and Q.F. of 117.128 with a 
sensitivity of 309.2350/RIU, although their design was structurally complex. On the other hand, the proposed biosensor 
demonstrates a notable sensitivity of 455.830/RIU, with D.A. of 1.32 and Q.F. of 110.10 RIU-1 compared to existing 
sensors [11,32,52,54–57]. Moreover, it provides the advantages of structural simplicity, eliminating the need for 
plasmonic coatings, as well as compactness, low weight, high sensitivity, and practical applicability. 

Table 4 Comparison of the Proposed Biosensor with the Existing Work for Urine Glucose Detection 

Structure 
Sensitivity 

(0/RIU) 
Detection 
Accuracy 

Quality Factor 
(RIU-1) 

Ref 

CaF2-Ag-Al-MoS2 455.83 1.32 110.10 This work 

BK7-Au-MoS2-h-BN-Graphene 194.12 - - [52] 

Prism-Ag- MXene- ZnO- Graphene 136.5 0.298 38.7 [54] 

BK7-Ag1-MXene-Ag2-ZnO-Graphene 184 0.148 27.23 [55] 

BK7-TiO2-Ag-Au-BP 240 0.132 34.70 [32] 

BK7-Ag-WS₂-Ni-Graphene 280.49 - - [11] 

BK7-Ag-PtSe2-WSe2-MoS2-UiO-66AuNP 309.325 1.406 117.128 [1] 

CF2-Ag-ZrN 315.14 - - [56] 

BK7-BaTiO3- Ag-BlueP/WS₂ 435 0.19 86.299 [57] 
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Though this study presents only a theoretical analysis, the proposed configuration can be implemented 
practically. Firstly, the CaF2 prism is ultrasonically cleaned using acetone, deionized water, and isopropyl Alcohol to 
remove organic residues or oils, followed by a nitrogen flow for drying the prism [58]. Next, the plasmonic silver 
layer and aluminum layer are sequentially deposited on the CaF2 substrate through sputtering techniques [59]. 
Chemical vapor deposition (CVD) is the well-known method for 2D MoS2 growth, but it requires a high temperature, 
which can damage the metal layer. Consequently, monolayer MoS2 is first grown by the CVD method on a Si substrate 
and then transferred to the CaF2-Ag-Al stack using a polymer-assisted wet transfer technique [60,61]. After this 
process, residual polymer is removed by gentle annealing under an inert atmosphere.  

4. Conclusions 

In this work, a bimetallic/2D transition metal dichalcogenides (TMDCs) heterostructure-based SPR biosensor has 
been proposed for detecting glucose concentrations in a urine sample. The Lumerical FDTD platform has been 
employed to develop and optimize the proposed configuration. A comparative analysis among WS2, WSe2, MoS2, 
MoSe2, and MoTe2 identified MoS₂ as the most suitable TMDC for enhancing sensor performance. The thickness-
dependent performance evaluations of each layer have been performed, and the optimized structure consisting of CaF2-
Ag-Al-MoS2-Bio Sample. The proposed configuration demonstrated the enhanced sensitivity of 455.83°/RIU with a 
D.A. of 1.32 and a Q.F. of 110.10/RIU. The analysis of the electric-field profile has confirmed strong field confinement 
at the MoS2/bio-sample interface, and the evanescent field exponentially decays throughout the bio-sample. The 
penetration depth was found to be about 190 nm, ensuring the effective interaction with the urine sample. The 
developed biosensor has been successfully applied to detect urine glucose levels in both non-diabetic patients (0-0.015 
g/dl) and diabetic patients (0.625 g/dl to 10 g/dl), using refractive indices ranging from 1.335 to 1.347. The biosensor 
showed a wide linear dynamic detection range for urine glucose. Hence, the proposed biosensor is utilized in the area 
of medical diagnosis and continuous human health surveillance. 
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