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Abstract. Numerous studies have been conducted on the detection of glucose as
the prevalence of diabetes grows in both industrialized and developing countries.
a poor way of living those results in a persistent buildup of blood sugar levels over
the acceptable limit. Therefore, to detect glucose concentrations, high sensitivity,
label-free, and high-resolution sensors are required. A biosensor is a device or
device that utilizes the molecules of living things to detect chemical materials with
output in the form of electrical, thermal, or optical signals. Biosensors that are now
widely developed are optical biosensors. This is because optical biosensors can
make real-time measurements, have high sensitivity, simpler analysis, and lower
costs. One of the basic technologies in optical biosensors is the observation of the
Surface Plasmon Resonance (SPR) phenomenon. SPR is an optical phenomenon
where there is a resonance between light waves and free electrons (plasma) that
oscillate and travel along the metal surface layer. In this study, biosensor Surface
Plasmon Resonance (SPR) simulations were carried out and the effects of varying
the glucose concentration on the sensor response were examined. The modeling
outcomes showed that the decline in reflectance varied with glucose concentration.
In the simulation analysis, the curve obtained shows that there is a shift in the angle
towards the positive x-axis. This shows that with every increase in the
concentration of glucose solution there is a shift in the angle and an increase in the
refractive index. A range of glucose readings that might indicate diabetic
symptoms were used in the study with sensitivity was 147.84 °/RIU. Herefore,
this sensor type may be used to detect glucose in the concentration range for
diabetic patients.

Keywords: surface plasmon resonance; biosensing; FDTD; glucose; and the
Kretschmann configuration.
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1 Introduction

A growing area of study is glucose sensors, notably in the field of medical
technology. The disadvantages of finger-stick blood testing, which is now the
most used method for measuring blood sugar levels, have drawn increased
attention to the development of non-invasive glucose sensors [1,2]. Label-free
and real-time attributes are crucial for improving sensor performance and
reducing battery consumption [3]. Over the past 10 years, the relevance of
research into Surface Plasmon Resonance (SPR)-based sensors with these
characteristics has increased.

The SPR-based sensor is an optical sensor that uses the surface plasmon wave
(SPW) phenomena. SPW are p-polarized electromagnetic waves that cross the
metal-dielectric contact [4]. It may be activated by a certain resonance condition
that is affected by the angle, wavelength, and strength of the input optical light
[5]. There is detecting activity when the background dielectric constant or the
analytes' refractive indices on the topmost metal surface vary [6]. As SPR-based
sensors are used for various biochemical detection, the metals used in the
arrangement must have high mechanical and chemical stability, as well as good
conductivity and transparency [7]. Because of their characteristics, noble metals
like Au and Ag were chosen for this [8]. One of the precious metals mentioned
above that is appropriate for usage in SPR is gold. Compared to silver, gold is
more oxidation-resistant [9].

Gold thin film-based SPR-based sensors were used in previous work because to
their excellent performance [10]. The angle of SPR is proportional to the
thickness of the gold layer on the prism, which is known to alter the angle's
magnitude, according to a recent study by Miyazaki et al. on the first analysis of
the SPR phenomenon employing gold (au). This illustrates how the SPR angle
changes depending on the metal's thickness. When the SPR phenomenon happens
may be determined using the angle shift of SPR. Variations in the optical
characteristics of the light-transmitting layers cause the angle shift observed in
SPR [11].

In today's research, simulation is an important and helpful phase to achieve the
best findings before manufacturing and testing. Finite Difference Time Domain
(FDTD) solutions in any study field, particularly the optical one, include a variety
of geometric shapes made of various materials, such as dielectric, magnetic,
frequency-dependent, nonlinear, and anisotropic materials, such as wide-angle
broadband [12], tunable terahertz add-drop filter [13], and photonic crystal
fiber[14]. The difficult Maxwell's equation is frequently the subject of FDTD's
theoretical studies [10]. The FDTD approach may be used to determine the spatial
and temporal properties in a single run [15-17]. Lumerical, XFDTD, and



A Surface Plasmon Resonce (SPR) Simulation Based 500

SEMCAD are just a few of the commercial products that have been created using
the FDTD approach [18].

Several sugar level indications are employed in the fasting blood sugar (FBS)
test, which is used to detect diabetes. Blood sugar levels below 100 mg/dL are
regarded as normal; if they exceed that mark, pre-diabetes sets in. Diabetes is
indicated by a blood sugar level of 200 mg/dL or above[19]. Each adjustment has
been evaluated using FDTD simulation. Sensitivity is used to evaluate the
performance of the sensor with Au thin films, the most widely used material in
SPR-based sensors for glucose detection [8, 10].

2 Simulation design

In this research, FDTD is used to look at the surface plasmon resonance
phenomenon in the Kretschman configuration. The laser with a
wavelength of 785 nm was chosen because it has a refractivity index of
90.8% [20]. Figure 1(a) shows the simulation design that will be used
based on the Kretchmann configuration on the XY axis, where the sensor
chip can be seen in Figure 1(b). The front and back power monitor
components are represented by yellow lines, while the sweep component
of the optical source is represented by blue and purple arrows.

The thin-film layers and the substrate layer make up the sensor chip. As
the prism/substrate layer for the biometallic thin film deposition, a BK7
glass substrate with a thickness of 795 nm and a refrective index of 1.5210
was used. The sensing surface is the single metal gold (Au) thin film which
is located aboved the substrate and serves as the sensing surface (nAg =
0.1836, kAg = 4.5871; 1(b)). When the y component of the source wave
vector and the vector of the SPR mode coincide in the bimetallic metal
layers, the SPR phenomenon occurs. Utilizing mathematical examination,
the boundaries of the plane-wave source is coordinated to the metal layers
in aclear way over a scope of accurrence points to get the reververation
point to energize the SPR mode, went in 58° to 78° in glucose. The back-
power monitor that is situated behind the source to measure the structure’s
reflection will be able to identify this mode [21].

A short time later, the ideal plan was recreated in different groupings of
glucose as the foundation analyte, which is 108, 144, 180, 216 mg/dL.
Each fixatio gives an alternate refractive list determined utilizing direct
fitting to detailed exploratory information [22], in the light of the direct
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connection among 7 and A(n = a + #A)A single metal sensor chip made
of nano-laminated gold (Au) with a thickness of 50 nm was used to ceck
the SPR phenomenon in glucose solution.

S = ABspr Ospr(glu)—FsPR(water)

An - Bﬂ(glu)_en(water) (21)
y
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Figure 1 (a) Simulation display in Lumerical FDTD; sensor chip configuration

3 Results and Discussion

Surface plasmon excitation events happen when Magnetic Transverse (TM) k
passes over a nanofilm of metal with a refractive index that is lower than the
refractive index of an analyte (nP> nD) at a certain angle [23]. The Kretschmann
arrangement has this as its foundation. The resonance conditions in the
Kretschmann setup may be described based on the presumption that the Prism-
Metal-Layer sensor layer polarizes the laser beam. The reflectance is therefore
calculated using the three-layer Fresnel equation [24, 25].

Tpm+Tms€xP(2ikmzd) 5
1+7pmTmsexp(2ikmzd)

R=| (3.1)
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The simulation of sensors was done using the FDTD method. Gold-plated thin-
film SPR was used to determine the sensitivity of glucose sensors, figure 3 at a
wavelength of 785 nm displays the results of an FDTD research using water as
the analytic medium or a glucose concentration of 0 mg/L. A resonance event
takes place at an angle of 70.72°. Indicators include a noticeable decrease in curve
reflectance or weakened total reflection (ATR) [26]. Plasmon oscillations on the
metal surface that happen at the same frequency as the electromagnetic waves of
the laser cause ATR. The occurrence may be described by Equation (1). The
resonance angle at 0 mg/L of glucose was used as a reference point for computing
the resonance angle shift.
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Figure 2 Curve for the resonance angle at 0 mg/dL of glucose.

The sensor's performance against variations in analyte concentration is impacted,
as shown by Fig. 3, by fluctuations in the concentration of glucose. The
simulation results for glucose at concentrations of 108, 144, 180, and 216 mg/dL
at a wavelength of 785 nm showed that ATR angles varied. ATR glucose angles
at high concentrations were greater than those at low concentrations. This is due
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to the refractive index being changed by the glucose content near the thin gold
coating. Eqg. (3.2) states that when the concentration of glucose grows, the
refractive index close to the gold layer increases. This is based on research by
Prabowo et al [21] that looks at how objects' angles are affected by the refractive
index.

Figure 3 displays the various glucose concentrations that affect the resonance
angle. With an increase in glucose concentration, the resonance angle also
increases. In comparison to low glucose concentration, high glucose
concentration showed a larger increased resonance angle. The sensor shows the
robustness and capacity of nano-laminated gold sheets to detect a range of
glucose concentrations rapidly and continuously. Using a method like Fig. 4, data
may be plotted to assess the sensor's sensitivity.

0,9
0,8

0,7

S 06
3
> 0,5 Water 1.33398
2 04 Gls(108) 1.33529
S Gls(144) 1.33697
:“2 0,3 Gls(180) 1.33792
Gls(216) 1.33943
0,2
0,1
0

58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78
Incident angle (degree)

Figure 3 Results simulation of glucose at concentrations of 0, 108, 144, 180,
and 216 mg/dL at 785 nm.
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Figure 4 Change in SPR angle to change in refractive index of

glucose solution.

Variations in the resonance angle shift at different concentrations showed a linear

increase. Consequently, the sensitivity value of 147.84 °/RIU

may be calculated

by computing the gradient of the curve. The amount of glucose in the sample and
variations in the resonance angle have an impact on the sensor’s sensitivity. An
important element in the detection of glucose is the shift in resonance angle. This

is because as movement rises, so does the sensor's sensitivit

y. High sensitivity

may be able to distinguish between minute concentration changes and significant

shifts, as shown by Menon et al [10]. Fluctuations in concent

ration may be seen

as a result. The sensor may thus be used to assess the glucose levels in people

with diabetes, as indicated in Table 1.
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Table1l Minimum reflectance (R,,;,), maximum reflectance (R,,q,), and SPR

angle(®) values of SPR-based sensor testing for glucose solution detection
at 785 nm wavelengths.

Concentration

Sensitivity

(mg/dL) n (RIU) OSPR(O) An AHSPR (O/RIU) Category
108 1.33529 70.9293 0,00131  0,2020 154.19 Normal
144 1.33697 711313  0,00299  0,4040 135.11 Prediabetes
180 1.33792 71.3333 0,00394  0,6060 153.80 Prediabetes
216 1.33943 71.5354 0,00545 0,8081 148.27 Diabetes
Average 147.84
4 Conclusions

Surface plasmon resonance sensor simulation has been completed to detect
glucose solution based on the Kretschmann configuration. The curve
obtained shows that there is a shift in the angle towards the positive x-axis.
this shows that every increase in the concentration of glucose solution
there is a shift in the angle and an increase in the refractive index. A range
of glucose readings that might indicate diabetic symptoms were used in
the study with sensitivity was 147.84 °/RIU.
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