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Abstract

To achieve a high-sensitivity surface plasmon resonance sensor, a sensor based on Ag-MgF, grating was designed and fab-
ricated. A suitable-thickness MgF, was suggested to prevent the oxidation of silver while avoiding reducing its plasmonic
properties. The combination of an interference lithography approach, the material used for the fabrication of grating, and
angular interrogation method led to a less costly sensor. The sensitivity and figure of merit of the proposed sensor approached
85.61 deg/RIU and 51 RIU™!, respectively, which is higher than the experimental values reported so far for grating-based
sensors. It was shown that by optimization of the silver-based structure, it has great potential for use in sensor applications. It
was observed that based on the made grating pattern, the numerical results were closer to experimental results by considering
the grating pattern in a sine form. The effect of temperature on sensor performance was experimentally investigated. It was
demonstrated that the change in the resonance angle with the temperature in this structure was equal to 0.02 deg/°C and it
was also experimentally shown that temperature changes in the analyte refractive index had the most effect on the variations

of the SPR response with temperature.

1 Introduction

Surface plasmon polaritons (SPP) are electromagnetic (EM)
waves propagating at the interface of a metal and a dielectric
material. When a conductor’s electron plasma oscillations
are coupled with EM fields, a strong absorption of EM waves
occurs. By changing the refractive index (RI) of the sur-
rounding environment of the metallic film, the propagation
constant of the surface plasmon will change. This change
can appear by the shift in the peak position of surface plas-
mon resonance (SPR). SPR sensor technology has attracted
a lot of attention not only due to its high sensitivity, but also
because of its label-free, real-time, and fast detection as well
as its reduction of electromagnetic interference [1, 2].

Many applications of surface plasmon sensors have been
reported in various fields of chemistry [3], gas analysis [4],
biology [5], medical diagnostics [6], environmental monitor-
ing [7], and food safety [8—10]. These wide-ranging applica-
tions have led researchers to increase the sensitivity of these
sensors by various methods.
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The incident light on a metal—dielectric interface could
not typically excite SPs. Therefore, exciting SPs needs to
be done artificially. It can be done by a prism [11] or grat-
ing coupling [12, 13]. As an instance, in reference [11],
using a graphene SiO,/Si structure and prism coupling
method, a high resolution plasmonic sensor for the thick-
ness of 0.335 nm of graphene and incident angle of 62.5°
was obtained.

Surface plasmons coupled on metallic gratings are also
used to improve the performance of various optoelectronic
devices such as detectors [14], lasers [15], and solar cells
[16]. However, it has been reported that the major applica-
tions of these devices are in optical sensors. Therefore, there
has recently been a lot of research to improve the sensitiv-
ity of grating sensors so that they can replace prism-based
Sensors.

The first high-sensitivity surface plasmon sensor was
introduced in 1999 by Homola and colleagues without the
use of molecular labels [17]. Subsequently, surface plasmon
sensors are widely used in the analysis of bimolecular inter-
actions and the detection of chemical and biological ana-
lytes. On the other hand; a living cell is a complex structure,
which contains numerous organelles with different refractive
index. For example, the refractive index of cytoplasm is nor-
mally 1.35-1.38, and the index of nucleus is around 1.39.
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However, the protein concentration within the cell compo-
nents mainly determines the effective refractive index of
cells because of the large amount and high refractive index
of 1.50-1.58 [18, 19].

With the advent of new technologies, an interest has
emerged toward making sensors which are capable of detect-
ing specific sensor responses from uncertain responses such
as temperature fluctuations, analyte combinations, and so on.
In 2005, the combination of a prism and a dielectric grating
was proposed to improve the efficiency of surface plasmon
wave transmission (which increased to 68%) [20]. In refer-
ence [21], nanograting surface plasmon resonance (NGSPR)
sensors have been proposed. In 2008, surface plasmon sen-
sors based on palladium-coated metal grating were used to
detect hydrogen gas [22]. In 2010, Kan et al. presented the
construction of an integrated sensor by Au grating on a Si
prism for point-of-care applications [23]. In this structure,
the negative orders of the diffracted waves of grating were
used. In 2011 [24], another type of sensor was introduced
including nanogratings with very narrow grooves (less than
15 nm). In 2012, using interference lithography (IL) based
on pulsed laser, a large area submicron grating on Au was
constructed by Arriola et al. to be used as a sensor [25].

In reference [26], to improve the performance of an Au
grating surface plasmon sensor, instead of a perpendicular
incident light, an oblique incident light was applied. In this
reference, the sucrose aqueous solutions at the concentra-
tions of 0, 5, 10, 15, 20, 25, 30, 40, 50, and 60 wt%, and the
corresponding refractive indexes 1.3330, 1.3372, 1.3478,
1.3556, 1.3639, 1.3740, 1.3812, 1.4000, 1.4200, and 1.4419,
respectively, were also investigated.

Many researchers have tried to improve the sensitivity of
SPR sensors based on metal grating so that they can detect
small changes in the RI of analyte. In plasmonic grating
structures, using hybrid structures, Ag is optimized and pre-
ferred to Au despite its chemical instability because of its
high scattering efficiency and narrow bandwidth. In fact,
Au is more stable and more sensitive than Ag. However, the
full width at half maximum (FWHM) of its SPR spectrum
is large. Therefore, in most sensing applications, Au is less
accurate than Ag. Hence, many efforts have been made to
increase the stability of Ag including hybrid metal struc-
tures. In reference [27], it has numerically been shown that
angular sensitivity can reach 346 deg/RIU with a quality
factor of 97.46 RIU™! using a bimetallic structure consisting
of a silver grating on a metal film where RIU is the refractive
index unit. In addition to sensor applications, bimetallic and
hybrid structures have also been used in other applications
such as solar cells [28, 29]; so that, in reference [30], Ag: Zn
and Ag: Mg nanocomposites were used to improve the opti-
cal and electrical properties of organic thin-film solar cells.

In this paper, a high quality SPR sensor based on silver
grating is designed and fabricated. The grating pattern is
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implemented by interference lithography which is faster and
less costly than other methods such as electron beam lithog-
raphy (EBL), ion beam lithography (IBL), and nanoimprint
lithography (NIL). We present MgF, coating to avoiding
the oxidation of silver while maintaining the SPR response.
The positive diffraction orders of metallic grating are used
to excite the surface plasmons and the sensor parameters
are examined. The angular interrogation approach studied
here is less costly than the spectral interrogation mode. The
results show that the proposed sensor has higher sensitivity
and quality factor than the experimental cases reported so
far. The effect of temperature on the operation of the sensor
is also investigated.

2 Theory of a grating-based SPR sensor

When the TM-polarized light at the wavelength of A is inci-
dent on a grating, in some directions, the surface plasmon
wave begins to propagate in the metal—dielectric interface.
This is due to the coupling of the incident field and the oscil-
lation of the free electrons of metal. This coupling leads to
a reflection dip in the zero-order angular spectrum. Figure 1
shows a schematic diagram of a grating coupled SPR sensor
model using angular interrogation.

The radiation on grating in various angles produces a
series of diffracted waves. In the angle at which the dif-
fracted wave vector is parallel to the surface plasmon wave
vector, the SPR excitation occurs [17]:

n2e
+ mzxﬁ = +k, a7

kon,Sind (1

res ntzl + 6m

where m is an integer, 6, is the resonance angle, & is the
free space wave vector of optical wave, n, is the RI of the
analyte, €, is the permeability of metal, and A is the period
of the grating. The 4+ and — signs correspond to the diffracted
modes with the order of m >0 and m <0, respectively.
Since the effective surface plasmon excitation requires
that ,, >> nZ, the limitation on the grating period can be
expressed as follows [22]:

A>m—/1 m>0

e @
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2n, n,

Periodic grating sensors provide a distinct change either
in the intensity of diffracted light or in the frequency of
optical resonance in response to variations in the RI of the
surrounding environment. The principal mechanism of this
optical signature is the well-known phenomenon called
‘Bragg scattering’. Although this process provides useful
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Fig. 1 Schematic diagram of a
grating coupled SPR sensor in
angular modulation mode

TM Polarized
Laser (633nm)

Duty cycle =
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frequency-selective responses for colorimetric detection, the
ability of light waves to interact with absorbed or chemically
bound analytes present on the surface of these sensors is
intrinsically limited. In fact, Bragg scattering is a first-order
process in surface scattering perturbation theory [31] and
the scattered photons easily escape from a periodic surface
within well-defined spectral bands and without prolonged
interaction with the sensing layer. Therefore, a surface plas-
mon resonance sensor can yield a label-free detection of
various molecular analytes and protein dynamics. Label-
free sensor is usually based on physical parameter detection
such as optical, electrical, and acoustic. The surface plasmon
resonance sensor designed in this work is a label-free detec-
tion method which could detect the molecular binding and
dissociation without any label on samples.

Angular sensitivity, S and figure of merit (FOMy) are
important parameters in the evaluation of sensor perfor-
mance. Angular sensitivity is defined as the ratio of the
shift of resonance angle A6, to the change in the RI of the
analyte An,;

_ AG,,(deg)
~ An,(RIU) @)

where RIU is the refractive index unit. FOM, is defined as
the ratio of sensitivity to resonant width:

(i) 0

FOM, = ————~—
¢~ FWHM(deg)

In a broad FWHM, it is difficult to distinguish among
small variations in the amount of dip.

Using the two-dimensional finite-difference time-domain
(2D-FDTD) method for solving Maxwell’s equations, the
angular SPR treatment of the grating-based sensor was
calculated. The computational domain consists of a sin-
gle period of the grating. The mesh size in this simulation

Rotation direction of stage

Detector

Na
—> Sensing medium

t €m —> Metal grating
“—> «—>
T A { w —> Substrate

was taken 5 nm in two dimensions which meets the nec-
essary resolution of FDTD simulation. We used the peri-
odic boundary condition along the periodic direction and
the perfect matched layer (PML) absorption boundary
condition at the top and bottom boundaries. Throughout
the article, we only give attention to the plane wave with
TM polarization. Silver permeability was considered as €,
(633 nm)=— 18.23 +0.482i [32]. Figures 2 and 3 show the
simulated SPRcurve of a grating-based sensor for the peri-
ods, A, of 900, 1200, and 1600 nm with a silver thickness of
65 nm in a rectangular and sinusoidal pattern, respectively.
The source of excitation was the TM-polarized light at a
wavelength of 633 nm. As can be seen, the dip strength is
longer for sinusoidal pattern than rectangular pattern. Also,
Fig. 3 shows that as periodicity increases, the resonance
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Fig.2 Simulated SPR response for different periods, A, of plasmonic
grating (900, 1200 and 1600 nm) with a silver thickness of 65 nm in a
rectangular pattern. The data are for glass substrates, duty cycle 50%
and air analyte
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Fig.3 Simulated SPR response for different periods, A, of plasmonic
grating (900, 1200 and 1600 nm) with a silver thickness of 65 nm in
a sinusoidal pattern. The data are for glass substrates and air analyte

angle shifts to larger values. This limits the dynamic range
of the sensor in measuring the large values of RI. On the
other hand, as the period increases, the resonance FWHM
also increases. It is worth noting that for keeping the other
parameters constant, the SPR response for different peri-
ods depends on the thickness of the metal grating. The SPR
curve for the grating with a period, A, of 900 nm versus the
different thicknesses of silver taking account to a sinusoidal
pattern for Ag grating has been shown in Fig. 4. As can be
seen in the figure, the optimum thickness of the silver grating
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Fig.4 The simulated SPR response of a plasmonic grating with a
period, A, of 900 nm for different thicknesses of silver (45, 55, 65, 75
and 85 nm) with taking account to a sinusoidal pattern for Ag grating.
The data are for glass substrates and air analyte
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18 65 nm. Because for this thickness, the resonance width
was also narrower in addition to the larger dip strength. On
the other hand, with an increase in the thickness of silver, the
angle of excitation decreases slowly. Therefore, among the
structures studied, the optimum case, a grating sensor with
aperiod, A, of 900 nm and an Ag grating thickness of 65 nm
was considered as input data for the experimental mode with
the excitation wavelength of 633 nm. In the next section,
we will see that the results of the sensor simulation with the
grating sinusoidal pattern are in better agreement with the
experimental results and the method of fabrication selected.

3 Experimental details and results
3.1 Device fabrication

To fabricate the chip, a 500-nm thick AZ1505 photoresist
(MICROCHEMICALS) was coated on a borosilicate glass
substrate by a spin coater at 4000 rpm after cleaning the sub-
strate. Then it was soft baked for 90 s on a hotplate at 110 °C
to remove the remaining solvent in the photoresist. The sam-
ple was then exposed by the interference lithography setup
shown in Fig. 5. In this configuration, the light beam from
a continuous-wave and single-longitudinal mode solid state
laser with a wavelength of 360 nm (MSL-FN-360, CNILA-
SER) is split into two parts by a beam splitter (BS) after
passing a polarizer (P). These beams reach the substrate after
passing through a spatial filter (consisting of a lens (L) with
a focal length of 50 mm and a pinhole (D) with a diameter of

M1

Laser Source

Photoresist
Glass Substrate

Fig.5 Interference lithography setup: The light beam from a continu-
ous-wave and single-longitudinal-mode solid state laser with a wave-
length of 360 nm is split into two parts by a beam splitter (BS) after
passing a polarizer (P). These beams reach the substrate after passing
through a spatial filter [consisting of a lens (L) and a pinhole (D)] and
a mirror (M) so that both beams make an angle € with the normal line
on the substrate. Exposure time can be controlled using the shutter(S)
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10 pm) and a mirror (M) so that both beams make an angle
6 with the normal line on the substrate. The period of the
structure was obtained from the relation A/2sin 6 in which A
is the wavelength of the laser beam. Using the shutter (S),
the exposure time was controlled. The samples were exposed
to this method at periods, A, of 900, 1200, and 1600 nm and
with exposure times of 17, 20, and 25 s, respectively. Then
the sample was post-exposure baked for 60 s at 110 °C on
a hotplate and was then immersed in an AZ351B developer
(MICROCHEMICALS) with a ratio of 1:5 (AZ351B:H20)
for 60 s. Finally, after being washed with de-ionized water,
it was dried with nitrogen. Subsequently, by the thermal
evaporation method, 5 nm of chromium, 65 nm of silver,
and 15 nm of MgF, were deposited, respectively, on the
samples at a rate of 1 Als. Since the sensitivity of the sen-
sor decreases due to oxidation, to prevent silver oxidation,
MgF, is coated on the silver grating. Chromium was used
for better adhesion of silver to the substrate. At the end, the
samples were lifted off by acetone to remove the remainder
of the photoresist. Figure 6 shows the fabrication steps in
the process.

The morphology of the samples was determined by
an atomic force microscope (AFM). AFM topography
image and cross-sectional analysis of Ag-MgF, gratings
with different periods have been shown in Fig. 7a—c. As
you can see in the Fig. 7a—c, the metal gratings made by
interference lithography based on continuous-wave laser,
wet-etching, and then lift-off are sinusoidal in shape. The
exact values of the periods of the constructed gratings
were measured by AFM and were 895, 1190, and 1610 nm.

Glass Substrate

‘ Spin-coating

Photoresist
Glass Substrate

Interference
Lithography

Glass Substrate

‘ Deposition MgF,
I BE B B Ag

Glass Substrate cr B

‘ Lifi-off

Glass Substrate

Fig.6 Fabrication steps of SPR sensor chip: A glass substrate is
cleaned by 2-propanol and pure acetone. The AZ1505 photore-
sist is spin-coated on the substrate and pre-baked. Then, the sample
is exposed using an interference lithography setup, post-exposure
baked, and developed. Chromium, silver and MgF, layers are depos-
ited on the sample, respectively. Finally, the sample is lifted off by
acetone

Also, an electron microscope image was obtained to obtain
the confidence of the sinusoidal structure of the grating.
A side view of micro objects produced by a FESEM has
been shown in Fig. 8. This confirms that the grating made
by interference lithography method based on a continuous-
wave laser, the subsequent use of a wet etching method
(that is isotropically etching) and lift-off, has created a
sinusoidal structure.

3.2 SPR measurement

The sensor chip was inserted into a chamber. This chamber
includes a mounting for chip installation, an optical win-
dow for passing light beams, and two valves for the inlet
and outlet of various analytes. The SPR sensor was placed
on a rotational stage and controlled the angle of the inci-
dent light on the sensor with a precision of 0.25°. Figure 9
illustrates the layout of the SPR measurement. The light
of a Helium—Neon laser 633 nm (SUPA13L, SUNSHID)
was TM-polarized by a polarizer and was incident through
the optical window to the chip surface. The zero order
reflectivity of the sensor chip was measured by a photo
detector (S120VC, THORLABS). All the measurements
were carried out at a temperature of 23 °C and the ambi-
ent humidity was within the range of 11-15%. When the
remaining electrical and software components of the sys-
tem are taken into account, the response time of the sensor
depends on the angular scan rate and the angular range
studied. By knowing the approximate refractive index of
the analyte, the angular range under investigation can be
reduced, thus reducing the response time of the sensor. In
this study, the sensor response time was approximately
120 s due to the angular scan speed of 0.5°/s and the con-
sidered angular range.

The zero-order reflectivity curve at various angles is
shown in Fig. 10 for gratings with the periods, A, of 895,
1190, and 1610 nm. As is seen in the figure, dip strength
decreases with increasing period. Also, with increasing
period, the resonance angle shifts towards larger angles. To
have a sensor with a wide dynamic range (1-1.6 RIU), the
resonance needs to occur at low incident angles which are
possible in a grating with a period, A, of 895 nm. Also,
for this period, the dip strength is higher and the resonance
width narrower. The above observations are in good agree-
ment with the results of the Fig. 3. The larger incident angle
at the metal-air interface, due to the increase in light diffrac-
tion with increasing incident angle, results in a decrease in
the reflection intensity, thereby reducing the dip strength.
Therefore, the grating with a period, A, of 895 nm was
selected as the proposed sensor.

Sensor sensitivity to RI was determined using various
analytes including water, ethanol, 2-propanol, and ethylene
glycol with the corresponding refractive index of 1.332,
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Fig.7 AFM topography image I
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Fig.8 Side-view FESEM
images of sinusoidal surface of
the fabricated MgF, grating for
the grating with a period, A, of
900 nm
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Fig.9 Setup of SPR measurement
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Fig. 10 Experimental reflectivity spectra for TM-polarized light at
different angles of incidence for the periods, A, of 895, 1190, and
1610 nm

1.360, 1.376, and 1.4301 (Fig. 11). As can be seen in the
figure, by increasing the analyte refractive index, the SPR
angle shifts to larger angles. Also, the dip strength increases
as the RI of analyte increases. The data obtained for the
different analytes have been normalized to their maximum
extent during each measurement.

In Table 1, the numerical values of the performance of
the proposed sensor extracted from Fig. 11 are given. Based
on the data in Table 1 and the Egs. (3) and (4), the variations
of the resonance angle, FWHM, and FOM with the changes
of RI are shown in Fig. 12a—c. As is seen in Fig. 12a, with
an increase in the RI of the analyte, 0, shifts to larger
angles which is in accordance with the theoretical predic-
tions for m >0 mode. As can be observed, by varying the RI
of the surrounding environment from 1.332 to 1.4301, the
resonance angle is shifted from 40.5° to 48.75°. The fitting
line between the resonance angle and RI of the analyte indi-
cates that the sensitivity is equal to approximately 85.6 deg/
RIU with a good linearity whereas in reference [23], a sen-
sitivity value of 28.5 deg/RIU was reported for the device
with 395-nm pitch grating. Fluids with a refractive index
of up to 1.6 can be detected by the proposed sensor. As
can be seen in Fig. 12b, FWHM increases as the RI of ana-
lyte increases. Narrower and deeper resonance reflection
dips provide the ability to determine the minimum reflec-
tion angle accurately. The FOM variations with the analyte
refractive index (Fig. 12c) show that FOM decreases with
increasing RI of the surrounding environment which is
affected by the FWHM variations. So that with the change
of n, from 1.332 to 1.4301, the FOM decreases from 51 to
22.22 RIU™!, while at reference [26], the reported FOM
value was up to about 12.

1.0 .
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0.8 i % ﬁj
z | |
£ | |
S 06 . ﬁﬁ fhw‘
3 | ,}‘;
; 405 | ﬁ
4225 i ]
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Fig. 11 Experimental SPR curves for various analytes for the Ag-MgF, grating with a period, A, of 895 nm

@ Springer



96 Page8of11

S.Nazem et al.

Table1 The comparison of refractive index, resonance angle and
FWHM of the proposed SPR sensor for different analytes

Analyte Refractive index Resonance FWHM (°)
(RIU) angle (°)

Air 1.0003 18.0 0.87

Water 1.332 40.5 1.33

Ethanol 1.360 42.25 1.53

2-propanol 1.376 43.5 1.6

Ethylene glycol 1.4301 48.75 3.22

3.3 Temperature effect

The ambient temperature fluctuations during the operation
of the sensor can have a significant effect on the perfor-
mance of the SPR sensor. Actually, due to the scattering of

photon-electron and electron—electron, as well as thermo-
optical effects and thermal expansion, metal and dielec-
tric properties will change. One of the advantages of a
grating-based SPR sensor over a prism-based sensor is its
lower sensitivity to the components of the system. As an
instance, changes in the RI of the prism with temperature
in a prism-based SPR sensor can have a significant effect
on the performance of the sensor. In 2019, Lou et al. meas-
ured the changes in RI and temperature simultaneously for
angular analysis mode using sensitivity matrix formation in
a prism-based sensor [33]. In reference [34], the effect of
temperature changes on the resolution of prism-based and
grating-based SPR sensors in both angular modulation and
wavelength modulation has been theoretically investigated.

In the current study, the temperature changes of the SPR
response of proposed sensor were experimentally considered
using an air cooling system equipped with a combination
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50
T T T T T 3.5 . . . . .
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Fig. 12 Changes in the resonance angle and the corresponding linear fitting (a), FWHM (b), and FOM (c) with variations in the RI of the ana-

lyte of proposed sensor
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Fig. 13 Experimental SPR curves for different temperatures of plas-
monic chip and instrument from 22.5 to 50 °C. The structure is an
Ag-MgF, grating with a period, A, of 900 nm with 65 nm silver grat-
ing thickness and 15 nm MgF, thickness on a glass substrate

of thermoelectric cooler, fan, and heat sink. At first, only
the temperature of the plasmonic chip and instrument was
changed and the SPR angular spectrum was recorded with
steps of 0.1 degrees (Fig. 13). The structure investigated is
an Ag-MgF, grating with a period, A, of 900 nm, 65 nm
silver grating thickness, a 15 nm MgF, thickness, glass sub-
strate, and an air analyte. This figure shows no significant
change in the SPR response. With a temperature change
of 22.5°-50 °C, the resonant angle will shift from 18.6° to
18.5°. In fact, the rate of resonant angle changes with tem-
perature is — 0.0036 deg/°C and it confirms that the contri-
bution of the instrument sensitivity to temperature is negli-
gible for the SPR sensor with grating coupler.

In the next step, in addition to changing the temperature
of the plasmonic chip and instrument, the temperature of
the test chamber was also changed and the SPR response
was recorded (Fig. 14). The figure shows that in this case,
the change in the SPR response was higher than that of the
previous one which indicates the effect of the temperature
of the analyte on the resonance curve.

Figure 14 shows the variations of the resonance angle
for different temperatures of the analyte chamber. We
observe a left-handed shift with elevation of temperature.
With a variation in temperature from 22.5° to 43 °C, the
resonant angle will shift from 18 degrees to 17.5 degrees.
The fitting line between the resonant angle and the tem-
perature indicates that in this case, the resonant angle
decreases with the rate of 0.02 deg/°C with the increase
of temperature. This rate is 5 times more than that of the
previous case which can be attributed to the change in the

TM Reflectivity

0.2 1 38 °C —

0.14 —43°C _
0.0 T T T T T T T T
15 16 17 18 19 20

Incident Angle (deg)

Fig. 14 Experimental SPR curves for different temperatures of the
sensor set from 22.5 to 43 °C. The investigated structure is an Ag-
MgF, grating with a period, A, of 900 nm with 65 nm silver grating
thickness and 15 nm MgF, thickness on a glass substrate

RI of analyte with temperature. It shows that when used
as a gas alloy sensor, the sensor has lower temperature
dependence than the fluid sensor. The reason for the shift
in the resonance angle in Fig. 14 compared with Fig. 13
is the optical window. Also, the results show that in this
temperature range, the resonant width will not change
considerably.

4 Conclusion

A high sensitivity and high dynamic range surface plasmon
resonance sensor based on one-dimensional metallic grat-
ing was designed and fabricated. Since the sensitivity of the
sensor decreases due to oxidation, to prevent silver oxida-
tion, suitable-thickness MgF, was coated on the silver grat-
ing while examining its plasmonic properties and finally an
Ag-MgF, grating-based sensor was proposed. The angular
modulation approach was used to evaluate the performance
of the sensor. The sensitivity of the proposed sensor cal-
culated by fitting line was 85.61 deg/RIU. Also, the figure
of merit of the proposed sensor approached 51 RIU™! that
showed the proposed sensor had higher sensitivity and FOM
in comparison to the experimental cases reported so far. It
was shown that by optimization of the silver-based sensor,
it has great potential for use in sensor applications. Given
that a wide range of biomolecules have a refractive index of
1.3-1.6 RIU, this sensor can be very useful for their detec-
tion. With an increase in RI of analyte, the FWHM of the
SPR curve increased and subsequently FOM decreased.
Based on the made grating pattern, the sinusoidal profile was

@ Springer
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considered for simulation with a relatively good conformity
with the experimental results. The effect of temperature on
the operation of the sensor was also investigated. The final
results show that when the temperature rises, the resonant
angle shifts to larger angles. From the results of the measure-
ments, it can be seen that temperature changes in the ana-
lyte refractive index have the most effect on the variations
of the SPR response with temperature. It was shown that
the changes in the resonance angle with the temperature in
this structure were equal to 0.0036 deg/°C and 0.02 deg/°C
for the temperature changes of plasmonic chip and sensor
set, respectively. Also, the results showed that in the tem-
perature range studied, the resonant width did not change
considerably.
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