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ABSTRACT  

Surface plasmon resonance (SPR) sensors have emerged as powerful tools for label-
free and real-time detection of biomolecules, yet their performance often depends on 
optimizing the sensing structure. This work proposes and analyzes a silver-based 
SPR sensor in the Kretschmann configuration, enhanced with thin layers of Ni and 
TiO2, for non-invasive glucose detection in urine. The optical response was 
calculated using the transfer matrix method, while sensitivity and figure of merit 
(FOM) were employed as performance indicators. The incorporation of ultrathin Ni 
and TiO2 layers atop the silver film induces a pronounced shift in the SPR toward 
higher incidence angles, accompanied by an enhanced angular response to 
refractive index variations, thereby indicating improved sensitivity. However, further 
increases in the thickness of these layers lead to an excessive redshift of the 
resonance dip toward the extreme angular range, reducing resonance definition and 
ultimately limiting the sensor's detection capability. The results show that the 
introduction of Ni and TiO2 significantly improves both sensitivity and spectral 
sharpness, with the optimal BK7/Ag(30 nm)/Ni(14 nm)/TiO2(5 nm) structure achieving 
a maximum sensitivity of 432 deg/RIU. This configuration detected glucose 
concentrations as low as 0.625 g/dL, corresponding to a refractive index change of 
only 0.001 RIU. Finite-difference time-domain analysis further confirmed that the 
performance enhancement originates from stronger localization of the electric field 
at the TiO2 interface, as evidenced by the presence of the Ni layer. These findings 
demonstrate the effectiveness of Ni and TiO2 layers in enhancing plasmonic 
responses and highlight the strong potential of this sensor design for practical 
biomedical applications. In particular, the proposed structure offers a promising 
pathway for developing simple, non-invasive urine-based glucose monitoring 
systems.  
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I. Introduction 

Diabetes mellitus is a chronic metabolic disease that 
has become a primary global health concern due to its 
rapidly increasing prevalence. According to the 
International Diabetes Federation (IDF), the number of 
individuals living with diabetes reached 537 million in 
2021 and is projected to rise to 643 million by 2030 if 
effective interventions are not implemented [1], [2]. In 
Indonesia, the burden of this disease is particularly 
alarming, with a projected prevalence of 9.94% in 2024, 
placing the country as the fifth highest in terms of 
diabetes cases worldwide [3]. This condition reduces 
patients' quality of life and substantially strains national 

healthcare and economic systems, with treatment 
costs estimated at 500 billion rupiah annually. 

One of the key challenges in diabetes management 
is the lack of timely, continuous, and highly accurate 
monitoring of blood glucose levels. Conventional 
methods, such as electrochemical-based glucometers, 
while practical, still exhibit significant limitations. These 
methods are invasive, requiring capillary blood 
samples, requiring recurrent replacement of disposable 
sensor strips, and generating electrode waste that may 
contribute to environmental contamination by toxic 
metals [4]. These shortcomings highlight the urgent 
need for next-generation biosensing technologies that 
are highly sensitive, selective, user-friendly, 
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environmentally sustainable, and capable of enabling 
non-invasive or semi-non-invasive glucose detection 
[5]. 

In recent years, several alternative biofluids such as 
tears, sweat, and saliva have been explored for non-
invasive glucose monitoring. However, these 
approaches often require wearable devices, 
continuous microfluidic extraction systems, or direct 
skin and ocular contact, which may introduce signal 
instability, biofouling, and user discomfort. In contrast, 
urine sampling is simple, painless, and does not require 
continuous body contact with devices. Importantly, 
under hyperglycemic conditions, glucose excreted in 
urine produces measurable changes in refractive 
index, making urine particularly suitable for refractive-
index-based sensing platforms such as surface 
plasmon resonance (SPR). Therefore, urine-based 
glucose detection offers a practical, physically 
compatible pathway for developing reliable, non-
invasive monitoring systems. 

In this context, SPR-based biosensors have 
emerged as a promising alternative. Plasmonic-based 
sensors enable real-time, label-free monitoring of 
highly sensitive analytes by detecting variations in the 
refractive index at the metal–dielectric interfaces [6], 
[7]. Such variations manifest as shifts in the reflectance 
minima in the Kretschmann configuration, arising from 
interactions between surface plasmons and the target 
analyte [8], [9]. Given these advantages, SPR has been 
extensively explored for detecting biomolecules, 
including proteins, viruses [10], [11], and disease 
biomarkers. However, its application to non-invasive 
glucose detection in urine remains underdeveloped, 
particularly due to the inherently small refractive index 
changes associated with glucose in complex biological 
fluids. This limitation necessitates optimizing sensor 
design and material engineering to achieve higher 
sensitivity [12], [13], [14]. 

Previous studies have demonstrated that modifying 
the plasmonic active layer with additional functional 
layers can significantly enhance SPR sensor 
performance. Incorporating a nickel (Ni) layer has been 
reported to improve optical coupling and detection 
capabilities in cancer biosensing applications [15]. At 
the same time, titanium dioxide (TiO2) thin films have 
shown potential to increase sensitivity in detecting 
viruses such as dengue [16] and chikungunya [17]. 
Building on these insights, this study proposes the 
design of an SPR biosensor in the Kretschmann 
configuration using silver (Ag) as the primary plasmonic 
material [18], whose performance is further enhanced 
by integrating Ni and TiO2 layers. The synergistic 
interaction between the complex refractive index of Ni 
and the high refractive index of TiO2 is expected to 
amplify the local electric field at the sensor–analyte 

interface, thereby significantly improving the detection 
sensitivity for glucose in urine [19]. 

Despite extensive progress in SPR-based 
biosensing, previous studies have predominantly 
explored single-metal configurations or simple bilayer 
modifications, such as Ag/TiO2 structures to improve 
chemical stability and field confinement, or bimetallic 
systems including Ag/Ni to tailor plasmonic damping 
and coupling characteristics. However, these 
investigations generally focus on isolated layer 
combinations or limited parameter variations, without 
systematically examining the synergistic interaction 
among Ag, Ni, and TiO2 within a unified multilayer 
framework. 

Moreover, most reported SPR configurations for 
glucose sensing either target blood-based detection or 
rely on functional biochemical coatings, while studies 
addressing refractive-index-based glucose detection in 
urine using hybrid plasmonic multilayers remain 
limited. In particular, a comprehensive thickness-
dependent optimization of the Ag/Ni/TiO2 structure 
including the identification of feasible and infeasible 
resonance regions and evaluation of both sensitivity 
and figure of merit (FOM) has not been reported in 
detail. Therefore, this study addresses this research 
gap by integrating Ni and TiO2 as functional 
enhancement layers in an Ag-based SPR platform and 
systematically investigating their coupled influence on 
plasmonic confinement and sensing performance. The 
novelty of this work lies in demonstrating that controlled 
multilayer coupling between Ag, Ni, and TiO2 
significantly enhances electric-field localization at the 
sensing interface and improves refractive-index 
sensitivity for detecting small glucose-induced 
variations in urinary refractive index. This approach 
provides a more rigorous design strategy for high-
performance SPR biosensors and contributes toward 
the development of practical non-invasive glucose 
monitoring systems. 

The main contributions of this work are summarized as 
follows: 

1. A novel multilayer SPR sensor design is proposed 

by integrating Ag, Ni, and TiO2 within a unified 

 

Fig. 1. SPR sensor structure design Fig. 1 SPR sensor structure design 
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Kretschmann configuration, enabling synergistic 

plasmonic coupling that has not been systematically 

explored in previous studies. 

2. A comprehensive thickness-dependent optimization 

of the Ag/Ni/TiO2 structure is conducted, including 

the identification of feasible and non-feasible 

resonance regions and the evaluation of both 

sensitivity and FOM. 

3. An enhanced non-invasive glucose-sensing 

strategy is demonstrated by improved electric-field 

localization at the sensing interface, enabling the 

detection of small refractive-index variations in urine 

with high sensitivity. 

 

II. Methods 

The proposed SPR sensor was designed using the 
Kretschmann configuration, consisting of a BK7 prism 
as the optical coupling medium and a thin Ag film as 
the primary plasmonic layer. Additional Ni and TiO2 
layers were introduced above the Ag film to enhance 
optical confinement and sensing performance (Fig. 1). 
A p-polarized (TM) monochromatic He–Ne laser 
source with a wavelength of 633 nm was directed 
through the BK7 prism toward the multilayer structure 
at an incident angle θ. The reflected beam intensity was 
calculated as a function of incident angle to obtain the 
angular reflectance spectrum. At a specific resonance 
angle, momentum matching occurs between the 
incident photons and the surface plasmon wave 
propagating along the metal–dielectric interface. This 
coupling results in a pronounced dip in the reflectance 
curve, which serves as the sensing signal. Variations in 
glucose concentration in the urine-sensing medium 
alter the refractive index, resulting in measurable shifts 
in the resonance angle. A schematic representation of 
the overall sensor structure and optical geometry is 
provided in. The transfer matrix method (TMM) was 
employed to model the reflectance spectra of the 
multilayer system [20]. This method is widely used in 
thin-film optics because it allows accurate computation 
of reflection for stratified media with arbitrary 
thicknesses and complex refractive indices. For a 
multilayer structure consisting of N layers sandwiched 
between the incident medium (BK7 prism) and the 
sensing medium (urine), the electromagnetic wave 
propagation can be described as follows. The 
measurable quantity of interest is the reflectance for p-
polarized light, obtained from the squared magnitude of 
the reflection coefficient as written in Eq. 1 [21], [22]: 

 𝑅𝑝 = |𝑟𝑝|
2
 (1) 

The resonance angle (θres) is identified as the angle at 
which Rp reaches its minimum, corresponding to 
maximum coupling between the incident light and the 

surface plasmon mode. Explicitly, Eq. 2 describes the 
reflection coefficient for p-polarized light, which is 
derived from the overall transfer matrix M of the 
multilayer system [23], 

 𝑟𝑝 =
(𝑀11+𝑀12𝑞𝑠𝑚)𝑞0−(𝑀21+𝑀22𝑞𝑠𝑚)

(𝑀11+𝑀12𝑞𝑠𝑚)𝑞0+(𝑀21+𝑀22𝑞𝑠𝑚)
 (2) 

where q0 and qsm represent the wave impedance 
parameters of the incident medium (BK7 prism) and 
sensing medium (urine), respectively. The multilayer 
stack comprising Ag, Ni, and TiO2 films is represented 
by a global transfer matrix obtained by multiplying the 
characteristic matrices of each layer as written in Eq. 3 
[24], 

 𝑀 = ∏ 𝑀𝑗
𝑁
𝑗=1  (3) 

For the jth layer with thickness dj, refractive index nj, and 
propagation constant in the z-direction kzj, the 
characteristic matrix is written as Eq. 4 [24], 

 𝑀𝑗 = (
cos 𝛽𝑗 −𝑖𝑞𝑗 sin 𝛽𝑗

−
𝑖

𝑞𝑗
sin 𝛽𝑗 cos𝛽𝑗

) (4) 

where 
2

cosj j j jn d


 


=  is the phase thickness, and 

cos
j

j
j

n
q


= is the wave impedance parameter for p-

polarized light. The internal propagation angle θj in 
each layer is determined using Snell’s law, which is 
defined in Eq. 5 [23], 

 𝑛𝑗𝑠𝑖𝑛𝜃𝑗 = 𝑛0 sin 𝜃 (5) 

Where n0 is the refractive index of the incident medium 
(BK7 prism), and θ is the external incident angle. The 
propagation constant kzj within each layer is derived as 
Eq. 6 [24], 

 𝑘𝑧𝑗 =
2𝜋

𝜆
√𝑛𝑗

2 − 𝑛0
2 sin2 𝜃 (6) 

where λ is the operating wavelength. In the reflectance 
calculations performed using the TMM, the primary 
input is the complex refractive index of each layer in the 
SPR sensor structure. At the operating wavelength of 
633 nm, the BK7 prism was assigned a refractive index 
of 1.5151 [25]. The thin metallic and dielectric layers 
were characterized by their respective optical 
constants, namely Ag: 0.06656 + 4.0452i [26], [27], Ni: 
0.0319 + 2.963i [28], and TiO2: 2.5837 [29]. The 
sensing medium was modeled as urine with different 
glucose concentrations, where the corresponding 
refractive indices are summarized in Table 1. The 
refractive indices listed in Table 1 were adopted from 
the literature sources indicated [9], [30], which reported 
experimentally measured values of the urine refractive 
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index as a function of glucose concentration. These 
data provide a physiologically relevant basis for 
numerical modeling of the SPR response to glucose-
induced changes in urine refractive index. This 
approach enabled systematic evaluation of the effects 
of material layers and glucose concentration on the 
sensor’s optical response.  

Table 1. Refractive index of urine containing 
glucose [9], [30]  

Glucose concentration Refractive index 

0 – 15 mg/dL (normal) 1.335 
0.625 g/dL 1.336 
1.25 g/dL 1.337 
2.5 g/dL 1.338 
5 g/dL 1.341 
10 g/dL 1.347 

 

To quantitatively evaluate the sensor performance 
for glucose detection in urine, two standard metrics 
were employed: (i) sensitivity and (ii) figure of merit 
(FOM). Sensitivity refers to the SPR sensor's ability to 
detect small changes in the analyte's refractive index. 
It is defined as Eq. 7 [31], 

 𝑆 =
∆𝜃𝑟𝑒𝑠

∆𝑛
 (7) 

where Δθres represents the shift in resonance angle 
corresponding to a change in analyte refractive index, 
Δn. The sharpness and quality of the resonance dip are 
quantified using the figure of merit, which is defined as 
Eq. (8) [20], [32], 

 𝐹𝑂𝑀 =
𝑆

𝐹𝑊𝐻𝑀
 (8) 

where FWHM denotes the full width at half minimum of 
the resonance dip. The FWHM was determined from 
the reflectance versus incident angle curve by 
calculating the angular separation between the two 
angles at which the reflectance equals, 

( )min max min / 2R R R+ −  where Rmin corresponds to the 

minimum reflectance at the SPR angle and Rmax 
represents the baseline reflectance. A higher FOM 
indicates improved detection resolution and precision. 

 

III. RESULTS 

Fig. 2 illustrates the schematic configuration of the 

proposed SPR sensor along with a feasible fabrication 

route. The multilayer structure can be sequentially 

fabricated by depositing a thin Ag film as the primary 

plasmonic layer, followed by a Ni interlayer deposited 

via DC sputtering, and then coating with a TiO2 thin film. 

The sensor surface can then be functionalized with 

appropriate receptors for glucose detection in urine.

 
The incorporation of Ni and TiO2 layers results in a 

noticeable shift in the plasmonic resonance toward 

higher incident angles. More importantly, these 

additional layers enhance the SPR sensor's sensitivity, 

as evidenced by the sharper, more responsive 

resonance behavior shown in Fig. 3. The SPR sensor 

based on the BK7/Ag/SM configuration exhibits a 

sensitivity of 123.09 deg/RIU with a corresponding 

FOM of 50.97 /RIU. Incorporation of a Ni interlayer, 

forming the BK7/Ag/Ni/SM structure, significantly 

enhances sensing performance, increasing sensitivity 

and FOM to 141.38 deg/RIU and 56.67/RIU, 

respectively. Notably, further modification by 

introducing a TiO₂ layer in the multilayer configuration 

BK7/Ag/Ni/TiO₂/SM results in a substantial 

improvement in sensitivity, reaching 172.99 deg/RIU. 

However, this enhancement is accompanied by a slight 

reduction in FOM to 50.69 /RIU. This decrease can be 

attributed to the reflectance curve, which increases its 

FWHM and adversely affects detection accuracy. 

Therefore, careful optimization of the multilayer 

 

Fig. 2 Conceptual schematic of the proposed SPR sensor structure and its potential fabrication route 
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structure is essential to achieve a balanced 

performance, ensuring both high sensitivity and a 

superior FOM for reliable sensing applications. 

 

Fig. 4 presents the variation of sensitivity and FOM 

as functions of Ni and TiO2 layer thicknesses. 

Increasing the thickness of these layers initially 

improves both sensitivity and FOM due to enhanced 

plasmonic coupling and field confinement; however, 

excessive thickness results in significant performance 

degradation, characterized by broadened resonance 

curves and reduced sensitivity.  In the first case, this 

study investigates the effect of Ni layer thickness on the 

sensitivity and FOM of the SPR sensor within the range 

of 1–12 nm. For the BK7/Ag/Ni/TiO₂/SM configuration, 

the sensitivity values corresponding to this thickness 

variation are 166.33, 176.31, 187.96, 201.26, 216.23, 

232.87, 256.15, 284.43, 322.69, 374.25, 429.15, and 

372.59 deg/RIU, respectively. A consistent increasing 

trend is observed up to a thickness of 11 nm, beyond 

which the sensitivity slightly decreases. Similarly, the 

FOM values are 42.50, 43.95, 45.49, 47.56, 49.69, 

52.08, 55.32, 59.37, 64.15, 71.02, 82.37, and 73.49 

/RIU, indicating optimal performance at a Ni thickness 

of 11 nm. 

Furthermore, the influence of the TiO₂ layer 

thickness (1–8 nm) on the sensing performance of the 

BK7/Ag/Ni/TiO₂/SM structure is also evaluated. The  

 

Fig. 3  Performance enhancement of SPR sensor via Ni and TiO2 layer addition (a) SPR curve (solid line: 
normal urine, n=1.335; dashed line: urine containing glucose, n=1.347); (b) Bar chart comparison 
of sensitivity and figure of merit (FOM) for different multilayer configurations. 

(a)                                                                       (b)                

SPR structure

 

Fig. 4 Effect of thickness of (a) Ni and (b) TiO2 layer on performance detection of SPR sensor. 
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corresponding sensitivity values are 153.03, 164.67, 

181.30, 201.26, 232.87, 294.41, 417.50, and 0 

deg/RIU, respectively. The zero-sensitivity observed at 

a TiO2 thickness of 8 nm is attributed to the formation 

of an extremely shallow reflectance dip, making it 

indistinguishable and thus undetectable. Meanwhile, 

the FOM values for these variations are 55.55, 53.57, 

52.50, 51.44, 52.08, 56.30, 78.63, and 0/RIU, 

indicating a significant enhancement prior to 

degradation at higher thicknesses. These results 

highlight the critical role of layer-thickness optimization 

in achieving superior sensing performance, as 

excessive thickness may degrade resonance 

characteristics despite initial improvements. 

 

A comprehensive optimization of the multilayer 

structure is shown in Fig. 5, where the thicknesses of 

Ag, Ni, and TiO₂ are varied simultaneously. The optimal 

configuration is identified as Ag (30 nm)/Ni (14 

nm)/TiO2 (5 nm), achieving a maximum sensitivity of 

432 deg/RIU. For the SPR structures with Ag layer 

thicknesses of 40 nm and 50 nm, the maximum 

sensitivities achieved are 429 deg/RIU and 425 

deg/RIU, respectively. These results indicate that an Ag 

thickness of 40 nm provides slightly superior sensing 

performance compared to 50 nm, suggesting a more 

optimal balance between plasmon excitation and 

damping at this thickness. 

 

Error! Reference source not found. depicts the 

angular shift of the SPR reflectance dip under the 

optimal configuration for urine samples with glucose 

concentrations ranging from normal levels up to 10 

g/dL. The resonance angle shows a linear dependence 

on glucose concentration, indicating reliable, 

predictable sensor performance. Linear regression 

analysis reveals that the relationship between the 

resonance dip position (y) and glucose concentration 

(x) is given by y = 82.8758 + 0.51251x, with a 

coefficient of determination (R2) of 0.995, indicating 

excellent linearity and a strong correlation. 

Furthermore, the maximum FWHM is observed at a 

glucose concentration of 5 g/dL, with a value of 5.88 

deg, suggesting a slight broadening of the resonance 

curve at higher analyte concentrations. To further 

 

Fig. 5  Sensitivity of optimization structure based on variation of Ni layer thickness, TiO2 and Ag 
thickness. 

(a)                                                                                         (b)                

(c)
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elucidate the sensing mechanism, the electric field 

distribution of the optimized structure was analyzed  

using the finite-difference time-domain (FDTD) method, 

as shown in Fig. 7. The results reveal a strong 

enhancement and localization of the electric field within 

the active multilayer region, particularly at the TiO₂ 
interface, before decaying into the sensing medium. 

This field confinement plays a crucial role in amplifying 

the interaction between the evanescent field and the 

analyte, thereby improving sensing performance. It is 

observed that the maximum electric field intensity 

occurs at the interface between the TiO2 layer and the 

sensing medium, reaching 1.24 a.u. This indicates 

strong field confinement at the sensing interface, which 

is crucial for enhancing light–matter interaction and 

improving the sensitivity of the SPR sensor. 

 

IV. DISCUSSION 

Fig. 2 illustrates the proposed fabrication method for 
the designed SPR sensor structure. This scheme 
demonstrates the conceptual design and highlights its 
strong feasibility and potential for practical fabrication 
and implementation. The fabrication begins with 
cleaning the BK7 prism using a piranha solution to 
ensure complete removal of contaminants from the 
prism surface prior to Ag deposition [33], [34]. The Ag 
layer can then be deposited using the DC sputtering 
technique [35], which allows precise thickness control 
by adjusting deposition parameters such as power and 
deposition time. Subsequently, a Ni thin film can be 
deposited on top of the Ag layer using the same 
method, where the thickness is optimized to enhance 
sensor stability and detection performance [36]. For the 

TiO2 layer, several deposition techniques are available. 
Still, atomic layer deposition (ALD) offers the most 
promising approach due to its ability to produce 
ultrathin films with excellent uniformity and atomic-level 
thickness control [37]. In this process, TiCl4 is 
introduced as a precursor, followed by inert-gas 
purging and exposure to H2O, thereby generating 
controlled chemical reactions that release byproducts 
such as HCl. These ALD cycles are repeated until the 
desired TiO2 thickness is achieved with high precision. 
Once the multilayer structure is fabricated, the sensor 
can detect glucose in urine by allowing the sample to 
flow over the sensing surface [38]. The detection 
principle relies on monitoring plasmonic resonance 
conditions, which are observed as changes in the 
reflectance dip concerning the incident angle of the p-
polarized He–Ne laser excitation [18]. 

Adding Ni and TiO2 layers is crucial in improving the 
sensing performance compared to a simple Ag-based 
configuration. While Ag provides strong plasmonic 
excitation, it suffers from oxidation and structural 
instability [39] in biological environments such as urine. 
A Ni layer enhances chemical stability and improves 
adhesion between Ag and TiO2, reducing degradation 
over time. Meanwhile, the TiO2 coating not only 
protects the metallic layers but also enhances electric-
field confinement near the sensing surface due to its 
high refractive index, thereby increasing the sensor's 
sensitivity and the figure of merit (FOM) [40]. These 
combined effects explain the superior performance 
predicted by simulation results and further justify the 
proposed multilayer design for practical glucose 
detection applications. 

The detection performance of three different SPR 
sensor structures BK7/Ag/SM, BK7/Ag/Ni/SM, and 
BK7/Ag/Ni/TiO2/SM was compared as an initial 
analysis. As shown in Fig. 3(a), the reflectance curves 
indicate that adding Ni and TiO₂ layers on top of the Ag 

film shifts the resonance dip toward larger incident 
angles. This shift occurs because the optical properties 
of the multilayer structure become more complex, 
leading to stronger coupling interactions that govern 
plasmonic resonance [41]. A more detailed evaluation 
of sensing performance, particularly sensitivity and 
FOM, is presented in Fig. 3(b). The results clearly 
reveal that the inclusion of Ni and TiO₂ layers enhances 

both parameters compared to the simple Ag-based 
configuration. The increase in sensitivity demonstrates 
that the sensor is more responsive to small refractive-
index variations induced by glucose in the sensing 
medium, while the higher FOM reflects sharper 

 

Fig. 6 Distribution of the electric field in the 
optimized SPR sensor 

https://ijeeemi.org/
https://portal.issn.org/resource/ISSN-L/2656-8624
https://doi.org/10.35882/ijeeemi.v8i3.292
https://creativecommons.org/licenses/by-sa/4.0/


Indonesian Journal of Electronics, Electromedical Engineering, and Medical Informatics 
 Homepage: https://ijeeemi.org/; Vol. 8, No. 2, pp. 286-298, May 2026  

e-ISSN: 2656-8624 

 

 

Corresponding author: Yuant Tiandho, yuant@ubb.ac.id, Department of Physics, Faculty of Science and Engineering, Universitas Bangka 
Belitung, Bangka, Indonesia 
Digital Object Identifier (DOI): https://doi.org/10.35882/ijeeemi.v8i3.292 
Copyright © 2026 by the authors. This work is an open-access article and licensed under a Creative Commons Attribution-ShareAlike 4.0 
International License (CC BY-SA 4.0).  

 293               

resonance characteristics and improved resolution for 
distinguishing analyte concentrations. These findings 
confirm that the multilayer configuration offers superior 
detection capabilities and highlight the potential of 
further optimization of Ni and TiO₂ thicknesses to 

achieve even higher performance in practical glucose 
sensing applications. 

In the extended analysis of the influence of Ni and 
TiO2 layer thickness on sensing performance (Fig. 4), 
the Ni thickness was varied in 1-nm increments to 
evaluate its effect on sensitivity and FOM. The results 
indicate that both sensitivity and FOM increase with Ni 
thickness up to an optimal value of approximately 11 
nm. Beyond this thickness, performance declines. 

This behavior can be attributed to the dual role of 
the Ni layer. At an optimal thickness, Ni enhances 
plasmonic coupling by modifying the interfacial field 
distribution between Ag and the dielectric layers. 
However, further increases in thickness lead to 
stronger absorption due to Ni's relatively large 
imaginary component of the complex refractive index, 
resulting in increased damping losses and a 
degradation of resonance sharpness; consequently, 
both sensitivity and FOM decrease at higher 
thicknesses. 

For the TiO2 layer, the FOM shows a different trend 
from that of Ni. As the TiO2 thickness increases, the 
FOM shows a gradual, nearly monotonic increase, with 
a more pronounced enhancement around 7 nm, driven 
by a significant increase in sensitivity. This behavior is 
attributed to improved optical impedance matching and 
stronger confinement of the evanescent field at the 
sensing interface, resulting from TiO2's high absolute 
refractive index. 

However, at higher thicknesses, the reflectance 
spectrum exhibits broader, shallower resonance dips 
with less distinct minima, indicating weakened plasmon 
coupling and reduced resonance quality. 
Consequently, further increases in thickness do not 
yield meaningful performance gains, underscoring the 
importance of optimizing the TiO2 layer thickness. 

Building on these findings, a systematic 
optimization was conducted to investigate the 
combined influence of Ni, TiO2, and the plasmon-
generating Ag layer, as summarized in Fig. 5. Regions 
without contour coloration correspond to parameter 
combinations for which no distinct resonance dip was 
observed. In this study, a resonance was considered 
unreliable when the reflectance curve did not exhibit a 
clear local minimum or when the dip depth was 
insufficient to determine a well-defined resonance 
angle and FWHM. Under such conditions, accurate 
sensitivity calculation becomes infeasible. 

This parametric study identified the optimal 
configuration with an Ag thickness of 30 nm, Ni 
thickness of 14 nm, and TiO2 thickness of 5 nm, 
yielding a maximum sensitivity of 432 deg/RIU. This 
optimized structure balances field confinement and 
resonance sharpness, delivering superior sensing 
performance. Consequently, this design was selected 
for the subsequent analysis of reflectance spectral 
changes as a function of glucose concentration in urine 
samples. Importantly, this systematic thickness-
dependent optimization of hybrid Ag/Ni/TiO2 
multilayers for glucose detection in a realistic biological 
medium has not been reported previously, thereby 
addressing a research gap and reinforcing the novelty 
of the present study. 

The performance enhancement mechanism can be 
interpreted from the complex refractive indices 
incorporated in the TMM model. Ag, characterized by a 
large negative real permittivity and relatively small 
imaginary component, supports strong surface 
plasmon resonance with sharp resonance curves. The 
insertion of a thin Ni layer, possessing a larger 
imaginary component of refractive index, introduces 
controlled plasmon damping and modifies the field 
distribution at the metal–dielectric interface. This 
affects the absorption profile and slightly shifts the 
resonance condition. 

Meanwhile, TiO2 exhibits a high real refractive index 
with negligible absorption in the visible range. The high 
real part enhances optical impedance matching and 
strengthens the confinement of the evanescent field 
toward the sensing medium. As a result, the overlap 
between the plasmonic field and the analyte region 
increases, thereby improving sensitivity. Therefore, the 
combined effects of the real and imaginary components 
of Ni and TiO2 directly govern the resonance angle 
shift, electric field confinement, and overall sensing 
performance within the TMM framework. 

Error! Reference source not found.(a) presents 
the reflectance spectra generated by the optimized 
SPR sensor configuration for varying glucose 
concentrations in urine. Increasing glucose 
concentration induces a progressive shift of the 
resonance dip toward higher incident angles, 
consistent with the increasing refractive index of the 
sensing medium. This shift arises from modifications to 
the surface plasmon wave vector, which alter the 
momentum-matching condition. 

In addition to the angular shift, the resonance 
minima become progressively deeper as glucose 
content increases. This behavior can be attributed to 
enhanced coupling efficiency between the incident 
electromagnetic wave and the surface plasmon mode 
as the dielectric permittivity increases. Improved field 
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overlap at the metal–dielectric interface results in 
stronger energy transfer into the plasmonic mode, 
thereby producing deeper reflectance dips. 

A detailed analysis of the dip position, its width 
(characterized by the FWHM), and the minimum 
reflectance is summarized in Error! Reference source 
not found.(b). The resonance angle shows a linear 
dependence on glucose concentration, confirming the 
consistent, predictable response of the proposed 
multilayer SPR configuration. 

Notably, the sensor demonstrates detectable 
resonance shifts at glucose concentrations as low as 
0.625 g/dL, corresponding to an approximate refractive 
index variation of 0.001 RIU relative to normal urine 
conditions. This result highlights the high refractive 
index resolution of the optimized BK7/Ag/Ni/TiO2 
structure. The linear regression analysis of glucose 
concentration versus resonance yields a coefficient of 
determination (R2) of 0.995, confirming excellent 
linearity of the sensing response. This high R2 value 
quantitatively supports the claim that the proposed 
multilayer SPR structure delivers consistent, 
predictable detection performance across the 
investigated concentration range. 

Overall, these findings demonstrate that the 
engineered hybrid multilayer configuration effectively 
balances plasmon confinement and resonance 
sharpness, offering improved sensing performance 
compared to conventional single-metal SPR structures. 
To further clarify the role of the additional Ni and TiO₂ 
layers in enhancing detection performance, Fig. 7 
presents the spatial distribution of the electric field 
amplitude across the optimized multilayer structure, 
obtained from finite-difference time-domain (FDTD) 
simulations. The profile is evaluated at the resonance 
angle corresponding to the minimum reflectance dip, 
where surface plasmon excitation is maximized. The 
horizontal axis represents the distance along the 
direction normal to the interfaces. At the same time, the 
background color segmentation indicates the different 
material layers and their respective thicknesses, 
namely BK7 prism, Ag (30 nm), Ni (14 nm), TiO2 (5 nm), 
and the sensing medium. 

The results demonstrate a pronounced 
enhancement of the electric field near the metal–
dielectric interface, with the maximum field amplitude 
observed in the TiO2 and sensing medium region. The 
Ag layer supports the primary plasmon excitation, while 
the Ni interlayer modifies interfacial damping and 
coupling, thereby redistributing and strengthening the 
localized field. Meanwhile, the high-refractive-index 
TiO2 layer promotes stronger field penetration into the 
sensing medium, increasing the overlap between the 
evanescent plasmon field and the analyte. This 

synergistic interaction among Ag, Ni, and TiO2 
enhances electromagnetic field localization at the 
sensing interface, leading to stronger light–analyte 
interaction. Consequently, incorporating Ni and TiO2 
into the conventional Kretschmann-type SPR 
configuration results in improved field confinement and 
superior sensing performance compared to a single-
metal Ag structure. 

 

V. Conclusion 

This study aimed to develop and optimize a multilayer 

silver-based SPR sensor in the Kretschmann 

configuration for non-invasive glucose detection in urine 

by incorporating Ni and TiO2 thin films. The results 

demonstrate that the proposed structure significantly 

enhances sensing performance, with the optimized 

configuration Ag (30 nm)/Ni (14 nm)/TiO2 (5 nm) 

achieving a maximum sensitivity of 432 deg/RIU. 

Furthermore, the sensor can detect refractive index 

changes as small as 0.001 RIU, corresponding to low 

glucose concentrations (down to 0.625 g/dL), indicating 

high detection sensitivity for urine-based analysis. The 

performance enhancement is attributed to improved 

plasmonic coupling and strong electric-field localization 

at the TiO2 interface, as confirmed by FDTD analysis. 

These findings highlight the effectiveness of combining 

Ni and TiO2 layers to amplify the SPR response and 

enable reliable detection of small changes in refractive 

index. Future work will focus on experimental validation 

of the proposed design, integration into portable user-

friendly diagnostic platforms, and further exploration of 

this multilayer approach to detect other clinically relevant 

biomarkers in biological fluids. 
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