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Abstract

An optical refractive index(RI)sensor is a sensing equipment that can alter variations in the RI into measurable optical
data. The grouping of surface plasmon resonance (SPR) and Fano resonance can enhance some key parameters, which
are all linked to the complete performance for highly-precise and multi-band sensor. This study purposes and analyze
Fabry—Perot (F-P) cavity for optical RI sensing based on the critical coupling condition, effective in a near-infrared (NIR)
wavelength range. The simulation shows that the proposed meta-surface exhibits double Fano-resonance by the coupling
of the confined surface plasmon resonances (LSPR) of the NR array and the cavity mode of the F-P resonant cavity, at
the wavelength of 785 and 1064 nm for an aqueous background medium surrounding the metasurface. Some important
optical indexes, polarization sensitivity, figure of merit (FOM) and sensing sensitivity can be improved by the grouping
of surface plasmon resonance (SPR) and Fano resonance which are entirely associated to the wide-ranging performance
for excellent accuracy and multi-band detecting. Proposed simulation results shows that the excellent sensing sensitivi-
ties can attain 650 nm/RIU and 1001.5 nm/RIU, and the corresponding FOMs can significantly attain 226.48 and 247.89.
Then we considered the effect of the structural limitations on the sensitivity and FOM of the sensor by simulations and
confirmed the structure is in-sensitive to the polarization angle of incident light. Our sensor has excellent performance
in polarization insensitivity, good sensing sensitivity and FOM in both resonance bands, which is further appropriate for
applied applications.
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Introduction

Sensing techniques has been advanced in many areas to vary
the limited space and sensitivity of human intelligences.
Between the diversity of sensors, RI sensors are extensively
used in environmental surveillance, bioanalytic, medical
diagnostics, and material recognition etc. To exactly distin-
guish and precisely analyze several liquids and gases, there
have been various optical resonance assemblies used, like
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FP interferometers, GMR structures, SPP resonance struc-
tures, Fano resonance structures, Tamm plasmon (TP) reso-
nance structures and bound states in the continuum (BIC)
structures. On the basis of these resonance structures, the
RI sensors sense the change in a dip location (A,) or reso-
nance peak along the optical band by changing background
medium. To attain a highly precise RI sensor, A\, should
be sufficiently large to determine and to calculate the signal
with good sensitivity. Optical Refractive index sensor has
many applications in biological science, since the concerta-
tion of cancerous cells as well as the assault of viruses are
frequently convoyed through variations in RI statistically
[1]. Plasmonic RI sensor is a type of optical sensor fabri-
cated on the metallic nanostructures which are widely used
[2—4]. Amongst them, SPR based sensing [5, 6] is a progres-
sive method and most practically used in industrial applica-
tions. An advance improvement in a LSPR based sensing
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[7] which frequently happens in precious metallic particles,
and its reverberation frequency peak is associated to the
structural parameters and change in a RI of the background
medium, thus, the RI changes will source the change of the
LSPR peak and sensing ability.

Nanomaterial structural parameters and material com-
position greatly affects the LSPRs features as well as EM
near-field distributions in addition to positioning of par-
ticles, incident angle of source, photon wavelengths, and
background medium [8—10]. The presence of LSPRs can
localized and manipulated the incident photon in course of
matter-photon interaction. Nanostructures of metals which
are extensively used because of their ability to improve
local electromagnetic fields as well as field detention. Even
though noble metal NP of different structural parameters
have been considered comprehensively with restricted tun-
ability, plasmonic nanostructures such as reduced NPs,
hollow NPs, nanocage NPs, core—shell NPs and nanorings
(NR), in precise, exposed up an innovative and important
method of guidance of LSPRs reliant on their sizes and
topographical characteristics [11-15]. Among several plas-
monic nanostructures, noble metal NRs have gain huge
attention due to some admirable characteristics. NRs of
noble metals provides us with plasmonic resonances in the
extensive array of wavelengths with visible, infrared (IR)
and near-infrared (NIR) range dependent on their normal
thickness, width and the proportion between internal and
external rings [16—18]. NRs facilities LSPRs-arbitrated EM
near-field disseminations were described to be confined
at internal and external shells depending on the incident
wavelengths [19, 20]. These plasmonic features form flex-
ible parts with geometry-based responses and have several
required properties, for example the chance to restrict light
to sub-wavelength parameters and huge local field enrich-
ments. Metals also have inherent nonlinear optical factors
that are several orders of size greater than dielectric materi-
als [21].

Nanoparticle polarization by an incident light is depen-
dent on its structure, performing as a loss preventing dipole
wire and containing light for a short interval. In comparison
of photonic sensors, dipoles resonance can be access simply
in metasurface through a beam of light in permitted space as
well as a sub-wavelength proliferation area is just needed for
resonant operation. Hence, a resonating plasmonic metasur-
face allows a sequence of specified optical results, compris-
ing optical resonance effects by nonlinear phase-matching,
multi-mode process, spatially localized optical response and
an intensely localized field enhancement. These metasur-
faces by a high-quality factor (Q-factor) might be utilized
as a void for applications that requires enlarged light-mat-
ter exchanges, high enhanced field, huge optical nonlineari-
ties and small mode volumes, for example an absolutely flat
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nano-laser with a frequency transformation applications or
high transverse mode size [4, 19].

In comparison of previous methods using natural materi-
als, metasurface-based sensors exhibit smaller volumes and
have been simulated by many methods. Its precise responses
are attained by designing modified periodic arrays of sub-
wavelength resonators to modulate the characteristics of
electromagnetic wave broadness, transmission direction,
phase and polarization. At mean time, the respond of meta-
surface strongly relies on the RI of the environment. 2D
materials composed of nanostructures are also defined as
Meta-surfaces. Because of its ultra-rigid size and distinctive
photosensitive properties, it has fascinated many academics
[22-26]. These nanostructures of meta-surfaces can create
LSPR, and the RI of the related medium affects the reso-
nant frequency. Meta-surface could be deliberated as LSPR
refractive index sensor, for example nanoring, nanodisk and
H-shape metasurfaces respectively [27-29]. High ohmic
drop of the metal configuration in LSPR-based meta-surface
creates high sensitivity and large value of full width and half
maximum (FWHM) at the resonant peak. If the FWHM at
the resonant peak has high value resulting a low figure of
merit (FOM). In literature the H-shape metasurface having
sensing sensitivity with high value, nevertheless its FOM is
merely low [27]. This will be cause of the resonance peak
shift which is challenging to differentiate in applied meth-
ods and disturb the sensing behavior.

Fano resonance produced through the combination of
illuminated state and dark state could be utilized to advance
the sensing behavior because of its fine irregular resonance
line spectral profile [30]. The intensely confined electric
fields can significantly increase the interaction among the
light and substances. Thus, Fano resonances are extensively
used to design highly efficient sensors in various structural
systems, such as coupled graphene systems, metamaterials,
metallic and dielectric metasurface and metal-dielectric-
metal waveguides, coupled and so on. The metal and dielec-
tric hybrid surface will increase the sensitivity of the sensor
based on Fano resonances because of the highly optical field
binding characteristics of SPs. Furthermore, as compared
to the metallic metamaterials, ultra-narrow spectra of the
Fano resonance can be recognized in the metal and dielec-
tric hybrid metamaterials. By using metal and dielectric as
a hybrid material on a glass substrate enhanced the Fano
resonance effect due to its strong coupling and shows nar-
row resonance peak.

Its narrow resonance peak signifies a minor FWHM con-
sistent to a large sensing FOM. F For instance, the meta-
surface can realize dual-band sensing by using asymmetric
double metallic nanotriangles [31-35] and the irregular
metasurface self-possessed of nanorings as well as nanodisks
may comprehend tri-band detection [36], mutually they can
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accomplish great sensing sensitivity. Hence, utmost Fano
resonances have been produced by the destructive coupling
of irregular arrangements. Even though the enhanced FOM
of sensing are limited by the precise states of the divergence
of the incident light. To summarize, FOM, the polarization
sensitivity and sensing sensitivity are entirely vital for a
device, particularly for good accuracy, accuracy and multi-
band detection. Hence, a sensor with good optical result and
comprehensive behavior is extremely desired. Related with
metamaterials, metasurface is a novel kind of two-dimen-
sional simulated nanostructure, which is of low damage,
convenient fabrication, and has benefits in adjusting light
in nanoscale, so it has significant value in the field of opti-
cal devices. Consequently, illuminating the generation and
performing mechanism of the Fano-resonance in an easy
fabricated metasurface, and exploring sensing develop-
ments may perform a significant part in designing ultra-high
sensitivity nano-sensors.

In this work, we simulated a meta-surface self-possessed
of an F-P resonant cavity and a hybrid substrate used for RI
sensor. It is anticipated to acquire the dual Fano resonances
concluded the connection of the LSPR of the NR array and
the cavity mode of the F-P resonant cavity. We will observe
the effect of the structural parameters on the sensitivity of
sensor and FOM with simulation study and examine the
polarization sensing sensitivity according to the altering
polarization state of the incident light.

Theory

The simulation is based on a meta-surface with NR arrange-
ment as well as F-P resonant cavity. The resonant state of
a predictable F-P cavity through of dual reflecting glasses
happens when the circular optical phase in the cavity is a
numeral time of 2x. This inflicts a restriction on the hol-
low thickness to gather the desired phase. Our method to
overwhelmed this restriction is to dwelling a high dielectric
material in the two glasses which persuades a solid phase
change and recompenses for the compact accrued phase in
the respite of the hollow structure. The LSPR by Nano rings
can be easily generated by an incident plane wave which
shows an extensive resonance peak. It might be utilized
like a bright form that produces Fano resonance. To give
the cavity approach with a thin resonance, peak the F-P
resonant cavity could be secondarily enthusiastic through
the striking radiation. These peaks can be utilized as a dim
mode which produces Fano resonance. Hence, through
interchanging the metallic film with a NR array at the upper
of the F-P resonant cavity, the Fano resonance could pro-
duce through the combination of the illuminated as well as

lightless state. Descriptions about sensitivity and FOM are
given below [37],

S =AM An @)

FOM = S/FWHM )

here AA agrees to the variations in the reverberating wave-
length as the RI of the background environment deviations
An, and FWHM signifies the complete thickness of the reso-
nant peak at half maximum. In demand to enhance the sen-
sor execution from the two perceptions of the F-P resonant
cavity and NR array, we will hypothetically study the effect
of the structural specifications on the FOM and sensitivity.

Toward the F-P resonant cavity, the cavity length L of the
resonant cavity has been associated to the resonance wave-
length Ay of the N-order cavity mode, and the connection
amongst them which is given below [38].

Ax = 207 (L +6) /N 3)

Where n; is an adjustable signifying the RI of the back-
ground environment in the cavity, § is a constant. Shown
in Eq. 3.

An/np=2(L+6) /N 4)

Sensitivity defines the variations inside a resonance wave-
length consistent to the change in unit RI. We can see from
Eq. 4 that cavity length and N-order cavity which is linked
to the relation of the reverberation wavelength to the RI in
the cavity, then we derived an Eq. (5)

S~2(L+4d)/N (%)

Equation (5) represents that the sensor sensitivity is linked
to the cavity mode order N and the cavity length L. The
NR arrangement contributes in the connection as a reso-
nant mode with large restraining which links with a huge
FWHM. We will further observe the effect of the FWHM
of the reflection band produced through the NR on the per-
formance of the sensor. The spectral form of Fano resonant
peak has been described through q which represents Fano
parameter in the characteristic of Fano eq.

o (E) = D*(q+Q)*/1+Q (6)

Here energy is denoted by E, D?=4sin’ 3, § is the change
in point of the range. Q=2(E—E)/T, where E, and I are
the resonance energy and width, correspondingly. When the
resonance mode with excessive restraining ye as well as the
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resonance condition with minor damping v, are joined, the
spreading spectra of Fano resonance is shown below [39].

T = [To(w — wp + q'yo)Q/(w — w0)2 + 2+ Ty @)

here Tb is the related parameter, ®, is the resonance fre-
quency, while q=cy./[c.(®y. — ®g,)], co and c, are physical
numerals, oy, and o, are the resonance frequencies of the
dual resonance states. From the eq. of q, we may observe
that the q is linked to the frequency alteration among the
dual resonance modes and the damping constant y,. When
o — ®y, does not vary, we can perceive that the altera-
tion of y, will affect the Fano parameter q, thus altering the
spectral form of Fano resonance, so the FWHM of the Fano
resonance will also vary, which in result effects the sensing
FOM.

Results and discussions

The proposed sensor is simulated by using finite-difference
time-domain (FDTD) [40]. Moreover, we choose silver for
metal material whose dielectric constant has a minor posi-
tive imaginary quantity and a negative real quantity, it can
strengthen resonance of Localized surface plasmon polari-
tons (SPPs) in the deliberated NIR [41]. The unit structure
comprises of a single ring stimulated on a hybrid substrate.
Hybrid substrate is composed of silver film and dielectric
material (n=2.93) on a glass (SiO,) substrate. Mesh size is
2 nm of our defined structure. The used confine conditions
are periodic in both xy-directions and the PML (Perfect
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Fig. 1 Scheme of the (a) NR array (b) F-P resonator (¢) F-P resonant
cavity (d) our structure (e) Transmission spectrum of NR array (f-
h) reflectance spectra of the F-P resonator, F-P resonant cavity and
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matched layer) is in z-direction. Periodic boundary condi-
tions permit the periodic unit structure in xy-directions [42].
Hence electric field enhancement, transmission spectrum
and reflection spectrum are attained through frequency-
domain area and control monitors. Our purposed sensor
is shown below in Fig. 1 which consists of nanoring array
with a SiO, substrate. The outer radii R and inner radii r
of the NR are 130 and 60 nm, correspondingly, the width
of Ag substrate is 70 nm and dielectric layer is 55 nm, the
nanoring periodic array is used such as P, = P, = 300 nm,
and the surrounding RI of the sensor is an aqueous medium.
The perpendicular plane wave whose polarization route is
with the y-direction is projected on the sensor. There is a
F-P resonant cavity which is a cooperated with dual silver
films having a width of 50 nm in Fig. 1b, there is 790 nm
cavity length L between two silver films, while SiO, is used
as a substrate, and the background medium in a cavity is an
aqueous solution.

We simulated another structure which is exhibited in
Fig. 1c by interchanging the upper silver layer of the F-P
resonant cavity having the NR arrangement, and the consis-
tent reflection band of this structure is exhibited in Fig. 1g.
We also observe, the NR array has a dual resonance peak at
a 701 and 1006 nm resonant wavelength. The gap difference
between dual band resonance peak is lower than the reflec-
tion spectra of the F-P cavity by using hybrid substrate is
exhibited in Fig. le. We could observe two fine resonance
peaks at the wavelengths of 785 as well as 1064 nm. Elec-
tric field enhancements showed that there are two resonance
wavelengths in the inset of electric field distribution. The
nanocavity consist of two silver films as reflecting outsides,

A1) ; - 1
TO0 8OO 900 1000 1100 1200 1300 1400
Wavelength (o)

Waveleng(h (nm)

our structure (e) the intracavity electric field at wavelengths 785 and
1028 nm (f) the intracavity electric field at wavelengths 785 and
1064 nm
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Fig. 2 The electric field at resonance wavelengths for (a) F-P resonant cavity (b) simulated structure (¢) The resultant intra-cavity electric field at

resonance wavelengths (¢) 785 nm (d) 1064 nm

an Ag-based NR metasurface detached from the lower Ag
mirror through a dielectric spacer film, and an aqueous
medium which fill out the remaining cavity. Two fine reso-
nance peaks are observed at the resonant wavelengths of 785
and 1064 nm which show Fano-resonances produced with
the combination of the illuminated and the dark condition.
In this study the illuminated state is the resonance refers
to the LSPR of the NR array which are directly excited
by incident plane wave. The dark condition is a resonance
that raises the reverberation of the F-P cavity secondarily
excited in incident light.

The Fig. 2a and b illustrates the E.F at both resonance
wavelengths, so we can observe that they relate to the con-
nection of the cavity means respectively. Figure 2¢ and
d shows the relative intra-cavity E.F at 785 and 1064 nm
resonance wavelengths, so we can perceive that they match
to the coupling of the third-order and second-order cavity
modes, correspondingly. So, it is justifying that there is an
influence of the F-P cavity to Fano resonances. The support
of LSPR to Fano resonances can be demonstrated through
the study of electromagnetic domain. Our suggested com-
position can give two peaks of Fano resonance having a fine
resonance line form, which builds the groundwork for its
utilization as a sensor.

Metasurface arrangements can excite resonances at any
preferred frequency dependent on their fundamental param-
eters, and these resonances strongly affected by the change
in the effective RI of the substrate or surface. Consequently,
it is essential to examine the influence of the RI changes
in the cavity medium. Therefore, we studied the Fano-res-
onance effect, sensitivity as well as FOM of the assembly
by changing the RI (n,) of cavity medium. We simulated
the structure by using five cavity mediums with RI of 1.31,
1.33, 1.35, 1.37, and 1.39. The relevant reflection graph
by changing refractive index of cavity media is shown in
Fig. 3(b). Increase in the RI of cavity media displays signifi-
cant redshift in the resonant wavelength. The corresponding
sensitivities of right and left resonant peaks are 1001.5 nm/
RIU and 650 nm/RIU and the full width half maximum
consistent with the right and left peaks are around 4.0 and
2.87 nm, respectively as see in the Fig. 3(b). The calcu-
lated FOMs of the double peaks are 247.89 and 226.48,
correspondingly. The dual Fano resonances with ultra-thin
resonant peaks [43] has been demonstrated that varying the
aqueous medium to Si0, and inserting the analyte medium
on the upper side of the NR array, consequently it is com-
pulsory to examine both sensitivity and FOM of this analyte
medium structure underneath the similar circumstances.
The analyte medium structure and the relevant reflection
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spectra by changing the RI of the medium on the upper side
of the structure are observed in Fig. 3(d) and 3(e). We can
observe that, there is essentially no change in resonance
wavelengths as the RI increases and the curves of resonance
peaks practically overlap. The FWHMs of the right and left
peaks are 5.2 nm and 4.8 nm, and the sensitivities of the
dual-band peaks are around 86.5 nm/RIU and 50 nm/RIU,
respectively, and then further estimated FOMs approxi-
mately about 16.63 and 10.41. Relatively, we observed that
when the analyte medium is located between the nanoring
array and cavity, the sensitivity and FOM of the structure
is considerably advanced apart from the positioned on the
upper side of the structure. The RI changes generally affects
the resonant peaks by placing analyte medium on the sur-
face of the structure. Minor variations are observed in the
Fano resonance because the scheme of cavity remains same
so it shows slight impact on the F-P resonant cavity. The
wavelengths of Fano resonance have a prominent redshift
by the alteration of RI in the test cavity media and will
impact together on the resonances of the NR sequence and
the cavity of F-P resonant. This summary of our simulated
result is reliable with previous study [44].

We primarily considered the designed structure in the
following study when the investigated channel is in the cav-
ity because it shows high sensitivity. At that time, we con-
sidered the effect of operational parameters by simulation
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calculation on the FOM and sensitivity the structure. We
mostly considered the impact of N and L towards the F-P
resonance cavity. From Eq. (5), we observed that the sen-
sor’s sensitivity of the F-P resonant cavity structure has
been associated to the cavity length as well as mode order
L and N, respectively. Noticeable Fano resonances could be
created after L is 690, 790 or 890 nm [45]. As L is 690, 790
and 890 nm, then other factors stay unaffected, the resultant
reflection spectrum of varying RI are exhibited in Fig. 4(a,
b, c). Connection of 4th, 3rd and 2nd order cavity means
produced three Fano resonance peaks in the data from left
to right. The sensitivity of the three Fano resonance peaks
after the cavity length changed shown in Fig. 4 (d, e, f).
Over the evaluation, we may observe that the compassion
of the resonant peak created through the link of the cavity
means of the similar direction becomes high with the rise
of the length of cavity, and as the cavity span is continuous,
the higher Fano resonance sensitivity is resultant of inferior
the directive of the cavity mode contributing in the connec-
tion. These outcomes are agreeing with the significance of
our proposed Eq. (5). So, the sensitivity can be improved by
increasing L and decreasing N.

After that we further investigated the effect of the struc-
tural constraints on the NR array sensor. From the Eq. (7),
we observed that the FOM of the sensing will get affected by
the restraining of NR array. The resonance of nanoring array
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is essentially associated to the proportion of the internal and
external width of the NR [46]. Then, we enlarged the damp-
ing constant via enhancing the external diameter of the NR,
thus raising the FWHM of the resonant peak, then on the
same interval, set the resonance wavelength continuous in
monitoring the internal radius of NR. We regulate the reso-
nance wavelength to around 932 nm by choosing six assem-
blies of NR arrays with external radii of 140, 130, 120, 110,
100 and 90 nm, and the attuned corresponding internal radii
are 60, 62, 61, 63 and 56 nm, correspondingly. The transmit-
tance spectrum of the six assemblies of NR scheme is rep-
resented in the brown graphs in Fig. 5(a-f). At that time, we
join six assemblies of NR with the F-P resonator and gained
the reflectance spectrum when the RI are 1.31, 1.33, 1.35,
1.37, and 1.39, that is signified through the different color
graphs in Fig. 4(a-f). We may get that when the transmission
of the resonance peak of the NR decreases, the dual Fano
resonance peaks go deeper, and similarly FWHMSs reduced.
The FOM and sensitivity of the resonance peaks are in the
Fig. 5(a-f), which are shown in Table 1. We concluded that
the sensitivities of the resonance peak a little vary though
the FWHM of the transmission spectra of the NR array
enhanced whereas the FOMs become considerably higher.
These results agree with our hypothetical investigation.
Hence, we may realize that the FOM of the sensor compro-
mised of NR can be efficiently enhanced by changing the

spectral of the resonance peak. Deeper resonance peak of
NR arrangement shows the higher FOM value of the sensor.
Then, we considered the sensitivity of the sensor by vary-
ing angle of incident light. The reflection spectra of polar-
ized incident light shown in Fig. 6(a, b). The resonance
reflection spectrum of linearly polarized light does not alter
as the polarization angles vary from 0 to 180 degrees which
are 785 and 1064 nm. When the divergence angle of incident
light is LCP as well as RCP, the resonance peak remains
unaffected. Consequently, our assembly is unresponsive to
the divergence angle of the incident light. It is a most use-
ful structure than the prevailing irregular geometry that pro-
duces Fano resonance because it is not limited through the
polarization mode of incident light for applied application.
From Fig. 6(c) the FDTD reflectivity spectra with diverse
incident light angles that deviate from 0° to 50°. By means of
this process for individual incident angle gives us to exactly
find out the suitable band and accomplish the part of the F-P
resonant cavity. Under normal incidence of light, Fano reso-
nance have a dual band mode on the perceived frequency of
reflection peak. The Fano resonance mode damped quickly
when incident light mode is introduced by using a larger-
order value of based on the angle, on which reflection of
the F-P resonant cavity stimulation. These results exhibit
that it is feasible to proficiently restraint the spectral sig-
nificance of the Fano mode resonance, allowing for signifi-
cant structure cordiality in scheming a sensor. Thus, in the
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Fig.6 The reflection spectra of the structure by using (a) LCP (b) RCP and (c) incident angle from 0 to 50 degrees
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computation kept @ =0° can produce the improved sensing
characteristics.

There is a comparison in Table 2 of our sensor with
some reported multi-band sensors in means of composi-
tion of materials, structural design, sensitivity, FOM, band
numeral, and polarization sensitivity. We may conclude that
sensors possessed of dual metal micro-cavity, nanotriangles,
Dimer Ag rings and nano-bar can attain double-band sens-
ing as well as having advanced sensitivity value, nonetheless
they are delicate to the divergence angle of incident light.
According to literature, the sensor made of nano-block com-
ponent and centered-shell nanorods, they are independent of
the divergence angle of incident light, then the FOMs val-
ues of sensing have been less than 20. The V-shaped probe
sensor attained great FOM detection and independent of
polarization angle, however the sensing sensitivity value is
only reaches up to 186.96 nm/RIU. Four-band detection is
recognized in a sensor made of nanodisks with systematic
prismatic cavities, while the sensor is polarization-insensi-
tive. These four band sensors have sensitivities of less than
250 nm/RIU and FOMs of smaller than 25. Our purposed
sensor can accomplish two resonant peaks in high sensing
sensitivity. It also shows large FOMs and independent to
the polarization of incident light. Thus, this geometry is
harmonized with the desires of an extremely wide-ranging
performance sensor.

Conclusions

In the conclusion, we recommended a sensor having multi-
band with an extraordinary efficiency. The sensor is fabri-
cated with a silver NR scheme and F-P resonant cavity. The
LSPR of the NR and the cavity state of the F-P resonant
may be connected to produced dual Fano resonances. The
sensitivities of sensor consistent to the dual Fano peaks
are 650 nm/RIU and 1001.5 nm/RIU as well as the FOM
are 226.48 and 247.89. Then we attained the similar reso-
nance wavelength via altering the divergence of the incident
light, which verified that proposed scheme is polarization
insensitive. The assessment against reported multi-band RI
sensors shows that our proposed sensor has good inclusive
activity, and the geometry is reachable with current synthe-
sis methods. The Ag layer and Ag NR can be fabricated on
glass substrates separately through lithography and e-beam
evaporation method. The cavity can be designed with regu-
lating the gap between the NR metasurface and the Ag layer
through piezoelectric transducer, therefore it is further capa-
ble to be utilized in drug analysis, ecological monitoring,
biosensing and other areas.
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