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ABSTRACT This study introduces the capability of the AgSiN/SU-8 layer on the silver-based SPR structure
for water content detection in stingless bee honey. The 30% water content in pure honey was adulterated by
water bath procedure until they reached 18% adulterated honey. The experiment was carried out for two
different SPR structures, with and without AgSiN/SU-8 layer to examine its potential in protecting the silver
metal from eroding and minimize the formation of the silver oxide. The resonance angles of adulterated
honey solutions for these two SPR structures denote a similar behavior by shifting to a higher angle from the
pure honey solution. It indicates that the AgSiN/SU-8 layer can select and detect the variation percentage
of honey water content. After 24 hours, the Cr/Ag/AgSiN/SU-8 structure produces the equivalent resonance
angle value with only 5.26% changes in minimum reflectivity. It shows that the AgSiN/SU-8 layer can
protect the silver surface from erosion and preserve the SPR characteristic. Besides, the presence of the
AgSiN/SU-8 layer on the silver surface is capable of decreasing the oxygen atomic percentage by 21.48%,
hence minimizing the growth of silver oxide. This work is a preliminary study of the AgSiN/SU-8 layer to
detect water content in stingless bee honey, at the same time can protect the silver surface from erosion and
minimize the formation of the silver oxide.

INDEX TERMS Silver-silicon nitride, SU-8 photoresist film, surface plasmon resonance, honey adulteration
detection, protective layer.

I. INTRODUCTION
Stingless bee honey is a natural food sweetener produced by
the stingless bees that considered to have higher nutritional
andmedicinal value compared to the other honeybees [1]. It is
a viscous and complex solution mainly composed of sugar
and water with a small amount of other compounds, such
as amino acids, enzymes, organic acids, minerals, vitamins,
pollen, and proteins [1], [2], [3], [4], [5]. Stingless bee honey
has higher water content compared to the honey of sting bees
[4], [6], [7]. The water content in honey varies depending on
how it is harvested, stored, and environment, which can affect
the physical characteristics of honey, such as crystallization
and viscosity.

The associate editor coordinating the review of this manuscript and
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According to the Codex regulation [8], commercial honey
is a pure product with no other ingredients and particular
constituents being added or removed from it. However, the
restricted production level of stingless bee honey and the
lack of international standards have put pure honey into
an adulteration issue [7]. Adulteration of honey causes a
reduction in the natural therapeutic value of honey. To over-
come this challenge, various analytical techniques have been
introduced to appraise the authenticity of honey including
spectroscopic [9], [10], [11] chromatographic [12], [13], [14],
isotope analysis [15], [16], and physico-chemical analysis.
These conventional approaches are useful and accurate in
identifying the honey authenticity, but involving high knowl-
edge to handle the devices, time-consuming, and expen-
sive instruments. Hence, several researchers have designed
optical sensing devices for adulterated honey detection
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since it is simple, rapid, and chemical-free approach [17],
[18], [19], [20].

The optical phenomenon of surface plasmon resonance
(SPR) has recently drawn huge attention among the research
community due to its high-potential in the area of optical
sensing, biomedicine, and electronics. Since SPR is a non-
radiative and label-free detection method, it is well-suited for
numerous applications in chemical and biological sensing,
including the detection of adulterated honey [21]. SPR refers
to the optical excitation of surface plasmons (SPs) at the
interface between ametal and a dielectric. The SPR technique
is based on the electromagnetic response relying on the vari-
ation in refractive index that occurred on the sensing surface
due to the adsorption of the target analyte.

Noble metals such as gold, silver, and copper are the
most commonly used for SPR applications. In this regard,
even though gold possesses high chemical stability, silver is
preferred since it exhibits higher conductivity and a sharper
resonance spectrum than gold and copper metal. However,
silver metal may cause the sensing surface to be easily oxi-
dized [22], [23] due to the presence of oxygen element. The
growth of silver oxide layer can produce a broader SPR curve
width [24]. The oxidation and stability issues of plasmonic
materials can be solved by protecting the metal surface with
a thin and inert layer that is impermeable to water, oxygen,
and other corroding agent [23]. For instance, the bimetal-
lic layer [25], two-dimensional (2D) structures of graphene
[26], [27] and molybdenum disulfide [28], [29], and wurtzite
nitride semiconductor [30], [31], [32] have been proposed as
protective elements against metal corrosion. In addition to
this, the thickness of noble metal can also affect the strength
of SPR signal. The power of energy transferred from the
excitation beam to the SPs wave becomes weaker with the
thicker metal thickness. An ideal metal thickness to excite
surface plasmons is within the range of 40 nm to 60 nm.

In this study, the capability of silver-silicon nitride (AgSiN)
and SU-8 photoresist film for water content detection in sting-
less bee honey are introduced to protect the silver metal from
eroding [33] and simultaneously minimize the formation of
the silver oxide. The experiment was carried out for two
different SPR structures, with andwithout AgSiN/SU-8 layer,
as shown in Figure 1. The SPR structures were analyzed
based on the Energy Dispersive Spectroscopy (EDS), surface
morphology, and Tauc plot analysis. The narrowness and
depth of the SPR curves were observed and evaluated in terms
of sensitivity and full width at half maximum (FWHM). This
is the first study of AgSiN and SU-8 film for honey water
content detection using silver-based SPR technique.

II. SPR THEORETICAL CONCEPT
Plasma is a fourth fundamental state of matter that contains
a portion of charged particles; ions and electrons. Collective
oscillations of plasma propagating in a bulk metal are called
plasmons. Plasmons are created by the interaction of charged
particles at the plasma frequency, where the fixed positive

FIGURE 1. SPR structures (a) with and (b) without AgSiN/SU-8 layer.

ions in a metal exert an attractive force on the free electrons
to pull them back to their original position. The plasma
frequency, ωp is defined as the natural oscillation frequency
of the electrons with respect to the ions.

ωp =

√
Ne2

ε0me
(1)

The subscript N is the electron density, eis the electron
charge, ε0 is the permittivity of vacuum, andme is the electron
mass. In contrast to bulk plasmons that oscillate throughout
the bulk metal, surface plasmons (SPs) are subjected to lon-
gitudinal charge density oscillations at the interface between
a metal and dielectric with opposite signs in a real part of
dielectric permittivity, as shown in Figure 2. The propagation
of surface plasmon polaritons (SPPs) take place when the
charge motion in SPs interacts strongly with electromagnetic
radiation. SPPs are electromagnetic waves composed of sur-
face charges propagating along the metal-dielectric interface.
The wave travels along the x-direction and exponentially
vanishes the amplitude in the direction perpendicular to the
interface. In the z-direction, the decay length or skin depth
into the dielectric, δd and metal, δm are reduced by a factor
of 1/e.

FIGURE 2. Schematic diagram of the electromagnetic field for SPs
propagating along metal and dielectric interface.

The conservation laws of both momentum and energymust
be fulfilled to excite the SPPs. The relation between the
momentum in terms of the wavevector in the propagation
direction kx and the energy in the angular frequency ω is plot-
ted in Figure 3. The excitation of SPPs can be established by
coupling the wavevector component of the incident light (kx)
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and the propagation constant of surface plasmons (ksp).

kx =
ω

c
np sin θi (2)

ksp =
ω

c

√
(

εmεd

εm + εd
) (3)

where ω, np, c, and θi correspond to the angular frequency,
refractive index of the glass prism, velocity of light, and the
incident angle. While the εm and εd denote to the permittivity
of metal and dielectric. It should be noted that the ksp is
always greater than that of the wavevector of freely propa-
gating photon (ω/c). Conceptually, the surface plasmons can
be excited through evanescent waves created inside a medium
of refractive index (n >1) with an incident angle larger than
the critical angle. In this situation, the slope of the tilted light
line in medium, ω = ckx

/
n is lowered and intersect with the

surface plasmon curve.

FIGURE 3. Dispersion relation of surface plasmons.

FIGURE 4. Schematic illustration of the principle of the SPR system.

Surface plasmons resonance occurs when the electrons
in the metal surface are excited by the photon of parallel
polarized (p-polarized) light under total internal reflection

situations. The electromagnetic field component of the inci-
dent radiation penetrates up to a certain distance from a
medium with a high refractive index into the lower refractive
index, such as a glass-air medium, creating an exponentially
decaying evanescent wave, as illustrated in Figure 4. The
polarization of the evanescent field wave can interact with
the free electrons of the thin metal layer coated in between
the medium interface, hence resulting in the excitation of
surface plasmon waves propagating on the metal surface.
The resonance energy transfer between the evanescent wave
and surface plasmons produces a minimum intensity of the
reflected radiation at a particular incident angle due to the
energy losses during the transmission coupling of photons to
the plasmons.

III. METHODOLOGY
A. MATERIALS
The three elements targets that are chromium (Cr), silver (Ag)
and silicon (Si) with the purity of 99.95% were purchased
from Nanorian Technologies Sdn. Bhd. The SU-8 3000 neg-
ative photoresist laminate film with the refractive index of
n = 1.567 was acquired from Kayaku Advance Material
Japan. A 20 mm × 20 mm × 20 mm right-angle BK-7 glass
prism with refractive index, n = 1.51 obtained from Bohr
Optic Co. Ltd. was used as a substrate.

B. SAMPLE PREPARATION
The authentic stingless bee honey was purchased from the
established bee farm in the South region of Peninsular
Malaysia, known as Asiana Bees Sdn. Bhd (ABSH), Johor.
The 120 grams of pure honey were divided into four jar
bottles, where the three bottles were ready for adulterated
honey. The adulterated honey samples were prepared by
deliberately reducing the water content in honey through the
water bath procedure with a temperature between 80◦C to
85◦C. The evaporation process that occurred during the water
bath procedure has decreased the water content in honey
samples from 30% pure honey (0% adulterant volume) to
18% adulterated honey (12% adulterant volume).

C. FABRICATION OF SPR STRUCTURE
The fabrication procedure of the proposed SPR structure is
displayed in Figure 5, which comprises the simple cleaning
process, the thin film deposition and, and the SU-8 lamination
process. First, the prism substrate was sonicated with acetone,
followed by isopropyl ethanol (IPA) for 10 minutes at 30◦C
each, to remove the contaminants from the substrate using the
ultrasonic bath. Then, the substrate was rinsed with deionized
(DI) water and dried using drying oven for 20minutes at 70◦C
to evaporate the remaining solvent.

The next process is a deposition of the thin film using
radio frequency (RF) magnetron sputtering technique, as pre-
scribed in Table 1. The Ag and AgSiN films were sputtered
on a chromium adhesion layer at the hypotenuse surface of
the prism with the base pressure at 8× 10−6 Torr. Argon gas
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FIGURE 5. Fabrication procedure of the SPR structure.

pressure was set to 100 sccm with 100 W power source
for Cr and Ag films. The AgSiN was deposited using
Argon/Nitrogen gases mixture at 50 W and 200 W power
of Argon and Nitrogen, individually. The working pressure
for Ag and AgSiN were adjusted to 0.003 Torr with the
deposition rate of 9.3487 s/nm and 2.0114 s/nm, respectively.
While the working pressure for Cr was set to 0.005 Torr at
the deposition rate of 15 s/nm. The profilometer confirmed
that the thickness of the Cr, Ag, and AgSiN layers was
approximately 1 nm, 32 nm, and 29 nm, respectively.

The final stage is the lamination process of the SU-8 pho-
toresist film with the 3.9 µm fixed thickness on the deposited
prism surface using a hot plate at the temperature of 60◦C.
The SU-8 surface was manually rolled out using a roller for
better adhesion. Then, the laminated prism was exposed to
the ultraviolet (UV) source of 1 mW for 5 minutes before
the hard bake in the oven at 90◦C for 10 minutes. Lastly, the
laminated prism was cooled down at the ambient temperature
and ready for the SPR testing.

TABLE 1. RF magnetron sputtering setting selection.

D. EXPERIMENTAL PROCEDURE
An optical prism-coupled SPR structure is employed based on
the Kretschmann prism configuration to couple the incident
light at the attenuated total reflection for the SPR excitation,
as illustrated in Figure 6. The incident light of a parallel
polarized 650 nm laser diode with 0.005Watt output power is
propagated directly to a prism substrate on the rotation stage

for the plasmons resonance activation. The angle of the inci-
dent light beam is controlled by the motorized rotating stage
in a counter-clockwise direction with one degree (1◦) angular
resolution. The incident angle value, θi can be achieved from
the following relation [34]:

θi = arcsin
sin (θex − Ap)

np
+ Ap (4)

where θex is the external angle onto the prism surface, Ap is
the angle of the prism specified in Figure 7 which equivalent
to 45◦, and the term np refers to a refractive index of the glass
prism. The optical signal detection involves a photodetector
to collect the reflected beam from the coated prism surface
on a different degree of angle. Customized software consists
of an analog-to-digital converter (ADC) and a gain amplifier
interfaced to a computer to record and store the reflected light
intensity as a function of incidence angle at a coated prism in
real-time. The normalized reflectance is calculated where the
reflectance is a ratio between the incident and reflected light
intensity.

FIGURE 6. Schematic diagram of SPR experimental set up.

FIGURE 7. Internal and external angles of prism.

IV. RESULT AND DISCUSSION
A. SPR SENSING CURVE
The proposed SPR structures are illustrated in Figure 8,
where the Cr/Ag layer is a reference model to a new
Cr/Ag/AgSiN/SU-8 sensing structure. The SPR structure was
initially verified on air (n=1.0) and DI water (n=1.33),
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followed by the honey solutions of 30%, 26%, 22%, and
18% water content. The SPR response against concen-
tration divergence of adulterated honey using Cr/Ag and
Cr/Ag/AgSiN/SU-8 sensing layer is depicted in Figure 9.

FIGURE 8. SPR sensing structure of (a) Cr/Ag and (b) Cr/Ag/AgSiN/SU-8
on the prism substrate.

The SPR curves for air, water, and honey samples show
their own narrow dips at various resonance angles. The
resonance dips occur due to the reaction of surface plas-
mons excitation that involves the transfer of energy from
the incident photons [21]. The resonance angle for pure
honey was observed at 66.85◦ and 65.26◦ in Cr/Ag and
Cr/Ag/AgSiN/SU-8 structures, respectively. The distinct
thickness of the SPR structure exhibits a varying resonance
angle. In Cr/Ag structure, the resonance angles shift is 0.584◦,
1.739◦, and 2.875◦ for 26%, 22%, and 18% adulterated
honey solutions, respectively. While the Cr/Ag/AgSiN/SU-8
structure shows the resonance angles shifting at 0.589◦,
1.173◦, and 1.753◦ for 26%, 22%, and 18% honey water con-
tent, respectively. The shift in resonance angle of adulterated
honey reveals the capability of the SPR structures to select
and detect the variation percentage of honey water content.

Theoretically, the SPR signal is sensitive to the refrac-
tive index of surrounding medium. A linear relationship is
plotted in Figure 10 to determine the refractive index of the
adulterated honey solutions. It has been confirmed that the
refractive index of honey is in the range of 1.461 to 1.492,
where the pure honey shows the lowest refractive index value.
The decrement of honey water content led to the refractive
index increment, hence shifting the SPR curve towards a
higher angle. The result reports that the shift of resonance
angles for different sensing samples is principally due to the
variations in the refractive index, in which the bio-molecular
interaction between the sensing surface and sample solution
has exist [35].

However, after 24 hours, the SPR curves of the Cr/Ag
structure shifted the resonance angle from the initial test-
ing by 1.15◦, 1.14◦, and 0.56◦ for honey water contents

FIGURE 9. SPR curves for (a) Cr/Ag and (b) Cr/Ag/AgSiN/SU-8 sensing
layers.

FIGURE 10. Refractive index against percentage of water content in
honey.

of 26%, 22%, and 18%, respectively. The erosion reaction
during cleaning process altered the SPR characteristic and
thus amended the SPR curve drastically. In the meantime,
the Cr/Ag/AgSiN/SU-8 structure displays similar resonance
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angles to the first application and no degradation occurred
on the SPR sensing surface. The finding expresses that the
AgSiN/SU-8 layer can protect the silver metal from eroding
and shows a stable system that sustains the SPR characteristic
by producing identical resonance angle values.

In the context of reflectivity, the 30%, 26%, 22%, and
18% water content of honey samples recorded the minimum
reflection of 0.443, 0.438, 0.449, and 0.442 in Cr/Ag struc-
ture, respectively. On the other hand, the Cr/Ag/AgSiN/SU-8
structure has the minimum reflection of 0.724, 0.724, 0.720,
and 0.731 for 30%, 26%, 22%, and 18% water content of
honey, individually. The thickness of the silicon nitride that
enables a range of colors to be produced [36] can influence
the anti-reflection characteristic. The larger the thickness of
the silicon nitride layer, the higher the value of reflection.

Nevertheless, the SPR curves of Cr/Ag structure obviously
increased the normalized reflectivity magnitude by 50% for
all samples after 24 hours compared to the SPR structure with
the addition of AgSiN/SU-8 layer. Theminimum reflection of
Cr/Ag/AgSiN/SU-8 structure changed only by approximately
5.26% for all samples, hence specifying the potential of the
AgSiN/SU-8 layer to extend the SPR sensing characteristic.
The increase in minimum reflectivity magnitude occurred
due to the presence of oxygen element on the SPR sensing
surface, which can be identified by FESEM analysis.

B. SPR SENSING CHARACTERISTIC
In this work, the characteristic of the SPR signal was con-
ducted by calculating the sensitivity and the FWHM for
Cr/Ag and Cr/Ag/AgSiN/SU-8 structures. FWHM was mea-
sured from the width of the SPR curve at half of its maximum
amplitude to investigate the potential of the SPR structure’s
selectivity [37]. A sharper and narrow SPR curve will create
a smaller FWHM value, which represents an excellent selec-
tivity owing to the improvement in the resolution of the SPR
structure [38]. For angular modulation scheme, the sensitivity
of the SPR signal is described by the ratio of the changes
in resonance angle to the changes in refractive index in the
sensing medium [39]:

Sensitivity
(

◦

RIU

)
=

1θ sp

1ns
(5)

The sensitivity of the SPR structure is achieved by deriv-
ing the linear fitting expression for each sample variation,
as shown in Figure 11. It is expressed that the Cr/Ag structure
produces a smaller FWHM value and higher angular sensitiv-
ity than that of the Cr/Ag/AgSiN/SU-8 structure, as outlined
in Table 2. The increase in the total thickness of the sensing
layer causes a broader and shallow SPR curve, thus leading
to an increment in the FWHM value and reducing the sensi-
tivity of the SPR structure. However, the Cr/Ag/AgSiN/SU-8
structure has proven its potential in protecting the silver metal
from eroding and provides a similar resonance angle with
the smallest changes in reflectivity magnitude after 24 hours
of application. For future work, the thickness of the sensing

layer can be optimized to improve the SPR characteristic of
the Cr/Ag/AgSiN/SU-8 structure.

FIGURE 11. The shift of resonance angle as a function of refractive index
changes in honey sample.

TABLE 2. Sensitivity and FWHM of the SPR structures.

C. FESEM ANALYSIS
Table 3 describes the EDS analysis from the Field Emission
Scanning Electron Microscopy (FESEM) system to deter-
mine the existence of atomic element in the SPR structure.
The changes in minimum reflectivity after 24 hours in the
Cr/Ag layer occurred due to the presence of 30.52% oxygen
atomic percentage which might lead to the formation of
silver oxide on the silver surface. The oxidized Cr/Ag layer
yields small sporadic holes on the film and the possibility
of substantial surface roughness, as shown in Figure 12 (a).
In the meantime, the 21.48% reduction in the atomic oxy-
gen of Cr/Ag/AgSiN/SU-8 structure proves that the addi-
tional layer of AgSiN/SU-8 film provides a great oxida-
tion resistance to the silver surface. Thus, the formation of
the silver oxide becomes more difficult, and the oxidation
of the silver layer can be reduced. Furthermore, a merge
surface that is crack-free and decreases in surface rough-
ness was observed from Cr/Ag/AgSiN/SU-8 sensing surface,
as depicted in Figure 12 (b).
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TABLE 3. Atomic percentage from EDS analysis after 24 hours.

FIGURE 12. Surface morphology of the (a) Cr/Ag and
(b) Cr/Ag/AgSiN/SU-8 sensing layer.

D. UV-VIS ANALYSIS
Figure 13 presents a UV-Vis analysis of both SPR struc-
tures with and without AgSiN/SU-8 layer. The absorbance
spectrum retrieved from UV-Vis spectroscopy was used to
measure the optical band gap using Tauc plot method. The
band gap was measured to identify the minimum amount of
energy required to excite an electron from valence band to the
conduction band. Based on the finding, the optical band gap
of Cr/Ag/AgSiN/SU-8 is lower than Cr/Ag by 2.985% which
is deduced to affect the magnitude of the total reflectance.

Therefore, the possibility of increasing the magnitude of the
sensing sample’s absorption can be achieved owing to the
smaller band gap size and enough photon energy.

FIGURE 13. UV-Vis analysis of the (a) Cr/Ag and (b) Cr/Ag/AgSiN/SU-8
structure from the absorbance spectrum using Tauc plot technique.

V. CONCLUSION
The effect of AgSiN/SU-8 layer on silver-based prism-
coupled SPR was examined for honey water content detec-
tion. The conclusion of results can be point as follow:

• All the resonance angles of adulterated honey solutions
denote a similar behavior by shifting to a higher angle
from the pure honey solution.

• The shift in resonance angle reveals the capability of
the SPR structures to select and detect the variation
percentage of honey water content.

• The higher concentration of honey solution carries
a lower percentage of water content with a greater
refractive index value, hence shifting the resonance
angle to a higher degree.
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• The AgSiN/SU-8 layer verifies its potential to protect
the silver layer from erosion and preserve the SPR
characteristic through a similar resonance angle value
with only 5.26% changes in minimum reflection after
24 hours.

• The ability of the AgSiN/SU-8 layer to have good
oxidation resistance was demonstrated by the 21.48%
decrease in oxygen atomic percentage.

• The possibility of sensing sample’s absorption magni-
tude was increased by lowering the 2.985% of band gap
size from the Cr/Ag structure.

However, future work is required to build a sharper dip SPR
curve and minimum reflectivity so as can enhance the SPR
characteristic in terms of sensitivity and FWHM.
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