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Nanoarrays are at the forefront of research and commercial plasmonic devices. The shape, size, periodicity and material of
the structures in nanoarrays determine their optical response. Therefore, the performance and operating wavelength range of the
nanoarrays can be tuned by the aforementioned parameters. Disc, square and triangular nanoarrays of gold and aluminum were
compared using finite element method (FEM) simulations. The effect of size, thickness and periodicity was studied in detail.
The coupling effect of the resonant modes observed in the nanoarrays resulted in a sharp resonance in the transmission spectra,
which could be used for next generation chemical and biosensors. Gold nanoarrays had stronger resonance in the visible
spectrum. Aluminum nanoarrays displayed resonant modes in the UV region, which were absent for gold. However, weak
resonances for aluminum were seen in the visible region due to the increased losses. Sensitivity of nanoarrays was compared to
quantify their performance. The coupling of the lattice resonance with the single structure resonance had a major impact on the
sensing performance. Nanoarray with gold triangles at the optimal coupling condition (wavelength of lattice resonance equal to
the single triangle) showed the highest sensitivity, 541 nm/RIU, which was also compared to the sensing substrates in literature.
Shapes with more potential for hotspots were considered highly suitable for sensing applications.
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1 Introduction

Humans have been inspired by nature to employ the
power of structured surfaces to manipulate light for
various applications. A butterfly's wings are one such
example in nature that uses periodic structures on
surfaces to create complex patterns and bright colours
due to the dimensions of the structures'. Periodic
structures when reduced to sizes close to or less than
the wavelength of incident light, lead to a unique
response based on the geometry and morphology of the
structures”. Therefore, to capitalize on the structures’
response in the visible wavelength range, their size has
to be in a few hundreds of nanometres. Furthermore,
nano structures fabricated using materials showing
good plasmonic response such as Au, Ag, Al, Cu,
etc. have been on the forefront of -cutting-edge
technologies. Some of the applications of plasmonic
structured surfaces in the visible regime are sensing’,
antireflective coatings®, highly absorptive solar cells,
high speed optoelectronic devices °, etc.

A plasmon refers to the collective excitation of
electrons in response to an electromagnetic (EM)
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wave’. In practical applications, this collective
excitation is generally obtained as localized surface
plasmon resonance (LSPR) and surface plasmon
resonance (SPR). Metals show a good plasmonic
response due to the availability of free electrons on
their surface®. The LSPR condition is satisfied in
structures that are comparable to or smaller than the
wavelength of the incoming EM wave. The electrons
on the surface of these structures collectively oscillate
to oppose the incoming EM wave, further, at the
resonance condition, the oscillation frequency
matches with the incident EM wave’. SPR is observed
in metallic films with thickness in tens of nanometres,
however, SPR condition is not fulfilled directly
by a thin metal film. The momentum of the
incoming EM wave must match the momentum of the
surface plasmons. The simplest method of satisfying
the SPR condition is by using the Kretschmann
configuration, which uses a prim that creates an
evanescent wave via total internal reflection to satisfy
the coupling condition'’. Another method to obtain
the momentum matching is by creating a grating like
structure on the thin film, which is called grating
coupling/resonance'’. The plasmons in the case of
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thin films are no longer confined as in LSPR, but
propagate as surface plasmon polaritons (SPPs). At
the resonance condition, the frequency of the
frequency of SPPs is equal to the incoming EM wave.

The dielectric function of a material determines the
intensity and wavelength range of its plasmonic
response'”. Ag and Au have the best plasmonic
response among the commonly available materials;
however, Ag is highly prone to corrosion . Hence,
Au is highly prevalent as a plasmonic material
throughout research and commercial applications. The
research community is on the hunt for new economic
materials which can replace Au, the best candidates
are Cu and Al. Comparison of the dielectric function
and LSPR response of Ag, Au, Al and Cu shows that,
the wavelength of the plasmonic response of Ag, Au,
and Cu was similar and in the visible range. However,
the intensity of response was the highest for Ag,
followed by Au and then Cu, owing to the
imaginary part of the dielectric function in the
visible range. A larger imaginary part of the dielectric
function leads to more losses in the material, thereby
causing a lower intensity of the plasmonic response.
Al in comparison, showed plasmonic behaviour in the
UV and visible wavelength, but it also had high losses
similar to Cu'*,

Apart from the material effect; the size, shape, and
periodicity of the structure have a critical impact on
its overall plasmonic response. The fabrication
methods employed by engineers and scientists to
fabricate nanostructures include electron beam
lithography (EBL)", UV lithography'®, laser
interference lithography'’, nano imprint lithography'®,
and templating methods which use nanospheres '*and
anodic aluminium oxide (AAO) arrays™. Nishijima et
al?' presented the effect of periodicity on the
plasmonic resonance of gold nanodisk arrays for
applications in light harvesting and solar cells. EBL
was used to fabricate the arrays on a glass substrate.
EBL is the method with the highest resolution and is
able to create periodic as well as non-periodic
structures; however, the technique is slow and very
expensive”. The remaining techniques use templates
to create periodic structures, which can then be
selectively deposited with the required material and
thickness, and the excess material is etched away.
Thereby, these techniques can create arrays of
nanosized shapes of plasmonic materials on the
required substrate. The highly prevalent shapes for
plasmonic applications include nanoarrays of disc,

square and triangle shaped structures in a square
lattice. Potejanasak™ used an economical nano
imprint method to fabricate a nanodisk array on a
glass substrate for sensing applications. The method
was deemed suitable for mass production. Further,
altering the shape of the shapes in the nanoarrays
leads to higher confinement of the EM wave by the
creation of hotspots. Luo e al. ** used nanosphere
lithography for high throughput fabrication of arrays
containing gold triangles on a glass substrate. The
triangular nanoarray was used as a surface-enhanced
Raman spectroscopy (SERS) substrate which showed
huge enhancement of the Raman signal and was able
to detect dye molecules at the pico Molar
concentrations. Mudachathi and Tanaka® created a
tuneable square Al array to replicate the dazzling
colors seen in butterflies and peacocks. It was
observed that the colors seen in the square nanoarray
could be altered by varying the size of the square and
the periodicity of the array. As previously explained,
the LSPR and SPR conditions have different
excitation conditions. The nanoarrays displayed a
combined effect of LSPR (due to the size of the
individual shape being comparable to the incoming
EM wave) and grating resonance. Therefore,
nanoarrays have the potential to reap the benefits of
both lattice and single structure resonance modes.
Furthermore, the interference of the various resonance
modes in metal and/or dielectric structures arranged in
a periodic lattice can create exciting properties such
as electromagnetically induced transparency (EIT)*.
This phenomenon was generally observed at the
quantum level for many years, however, recently
nanoarrays have shown to create destructive
interference of normal modes that create windows
for very high Q factors and figure of merits (FOM).
The main resonant modes include single structure
resonance (which is also referred to as LSPR and
Mie localized resonance) of one or more than one
structures and lattice resonance (which is also referred
to as grating resonance). Also, the single structure
can support dipole, quadrupole, and other higher
order poles. There are 2 major methods using
which a very high Q factor windows can be created,
interference of two or more single structure resonance
modes (bright and dark modes)® and interference of
single structure and lattice resonance mode. This
destructive interference leads to a drastic decrease in
group velocity of light which has opened up the
potential numerous new  technologies.  The
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applications of EIT are in optical communications and
computation (increasing the speed and decreasing
power compared to electronic switches), light delay
and storage’’, enhanced mnon linear optics™,
biomedical imagining and new age sensing substrates.
Another interesting property observed in nanoarrays
is electromagnetically induced absorption (EIA)*, as
opposed to EIT, constructive inference enhances the
absorption of light in a specific wavelength range.
The applications include non linear spectroscopy,
lasers and optical amplifiers.

The current article aims to improve the
understanding of the resonant modes in a nanoarray
placed in a non-homogenous medium (air-glass
interface) for sensing applications. Single structure
resonance, grating resonance, as well as their coupling
effect is presented. First, the effect of geometric
parameters (diameter, thickness and periodicity) of
gold nanodisk arrays of Au and Al are compared.
Then, the disc shape is compared with square and
triangle, to observe the effect of increased hotspot
generation on their overall plasmonic response and
sensitivity. Although discussion of nanoarrays is
prevalent in literature, the discussion covering
material effect, the single structure response, lattice
and structure resonance coupling, and sensitivity
analysis is lacking.

2 Material and Methods

In the field of space and time dependent problems
within the domain of physics, the governing laws are
often described through partial differential equations
(PDEs). Unfortunately, the analytical solutions for
these PDEs are elusive for the majority of geometries
and scenarios. As a pragmatic alternative,
approximations of these equations are formulated,
typically employing various discretization techniques.
These methods involve representing the continuous
PDEs as numerical model equations, which can then
be tackled using numerical methods. The finite
element method (FEM) stands out as a prominent
approach for generating such approximations.
By utilizing FEM, one can discretize the problem
domain into finite elements, allowing for the creation
of a system of algebraic equations. Solving these
equations provides a numerical solution to the model,
serving as an approximation to the actual solution of
the original PDEs. This indispensable methodology
plays a crucial role in tackling complex physical
problems that resist analytical resolution, offering a
practical means to obtain valuable insights into the

behavior of dynamic systems. Overall, the FEM
stands out for its flexibility in discretization, allowing
users to freely choose elements for spatial
discretization and basis functions. FEM is widely
used in literature for obtaining accurate solutions for
plasmonic structures’.

The simulation study was performed on
commercial software COMSOL Multiphysics, which

uses FEM to solve Maxwells equations. The
following wave equation is considered in the
simulation domain:

1
Vx(;VxE)—kggrE=0 (D)

where, €, and p, are the relative permittivity and
permeability, respectively. k, represents the incident
wave vector and E is the electric filed vector’'. The
above equation allows the calculation of the far field
optical response. To quantify the near field electric
field, the EM wave perpendicular to the nanoarray
with the wave vector kg is oriented parallel to the z
axis. The electric field £ corresponds to linearly
polarized light. The computation is performed in the
wavelength domain, allowing the removal of the
oscillation factor e!®t from E as:

E = E|Ey|e'®t .. (2
where, the amplitude of the electric field is denoted
by the absolute value of Ey. E is the unit vector
pointing at the direction of polarization. The dielectric
function of Aluminum **and Gold **was input in the
form of Drude-Lorentz model, which can be
described as:

e(w) = &, — W/ (W? — iww,) ...0(3)

where, ¢, signifies the influence of bound electrons
on the relative dielectric constant, while w,, denotes

the plasma frequency and w, represents the damping
frequency.

The 3D simulation domain consisted of a
nanoarray placed at the interface of materials with
refractive index n; and n, as show in Fig. 1(a). To
induce the array effect, the floquet periodic condition
was applied at the opposing faces”. The EM wave
traveled from the top to the bottom of the simulation
domain via two ports. The upper and lower
boundaries of the simulated array domain were also
equipped with perfect matching layer (PML)
boundary conditions to absorb the unwanted scattered
fields*. Glass was considered the substrate, thereby,
the refractive index n, was 1.5. The simulation was
performed for nanopatterns with disc, triangular, and
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Fig. 1 — (a) Simulation domain showing the ports, periodicity and the shapes that were analyzed. The periodicity (P), thickness (T),
diameter (d), and sides (s and t) were varied. (b) Comparison of simulation and experimental results of 400 nm period, 187 nm diameter
and 45 nm thickness. (c) Real and imaginary part of the dielectric function of Au and Al according to Lorentz Drude model.

squares. To compare the three shapes, the volume of
the shapes was kept the same. Fig. 1(a) shows the
various shapes and the geometric parameters studied
in the current article. To calculate the transmission
spectra of the various nanoarrays, the simulation was
performed from wavelength 200 nm to 1800 nm.
Initially, the effect of thickness (10 nm to 150 nm)
with period to diameter ratio of 0.5 for Au and Al
nanodisks of diameter 50 nm, 100 nm, 200 nm, and
300 nm was seen. Then, the effect of periodicity
(diameter to periodicity ratio 0.2 to 0.8) for the
aforementioned nanodisks with thickness 30 nm was
calculated. The coupling effect was most clearly
observed in 200 nm nanodisks (explained in results
and discussion section); hence, it was selected for
further analysis. Similar thickness and periodicity
studies were performed for square and triangle shapes
with volume equal to disc of diameter 200 nm and
thickness 30 nm. Sensitivity analysis was performed
for the optimal coupling periodicity.

The simulation was validated using experimental
results; the comparison is shown in Fig. 1(b). The
nanodisks were fabricated using laser interference
lithography (LIL). Briefly, photoresist was spin
coated on a glass substrate. Lloyd’s mirror setup
was used to double expose (90° rotation of the
second exposure) the photoresist to a deep UV laser
(266 nm and 30 mW) for 110 seconds (for each
exposure). The angle of incidence of the laser beam
was selected such that the periodicity of the array was
400 nm. The sample was developed and 5 nm
chromium and 40 nm of gold was deposited using a
thermal evaporator. The transmission spectra were
measured using a StellarNet spectrometer in air (n =
1) and water (n = 1.33) surrounding the nanodisk
array (on the glass substrate) as shown in Fig. 1(b).
The discrepancy in the resonance wavelength was less

than 4 % a stronger resonance was observed
compared to the experimental spectrum. It was
deemed to be due to the practical losses and
imperfections in the experimental nanoarray.

3 Results and Discussion

3.1 Effect of geometric parameters (thickness, diameter, and
periodicity)

The selection of geometric parameters is a critical
aspect for any plasmonic application. Generally, the
disc nanoarray is the easiest to fabricate by the
methods listed in the introduction section.
Furthermore, in many of the techniques, the period to
diameter ratio (d/P) is usually around 0.5. Therefore,
the Au disknanoarray on a glass air interface of
diameters 50 nm, 100 nm, 200 nm, and 300 nm are
compared with d/P 0.5 in the Fig. 2(a-d). A strong
resonance in the transmission spectra was observed
in Fig. 2(a, b). In the near field, the creation of a
dipole was observed in the electric field contour, as
shown in Fig. 5 (d). Increasing the thickness leads to a
blue shift in the transmission dip, this is due to an
increase in the surface charge of the nano sized disc™.
The increase in size diameter causes a red shift of the
transmission dip. The larger size creates a lower
surface charge density, which leads to a weaker
restoring force of the oscillating dipole and hence, a
decreased resonance frequency’®’’. Further, the
increase in size also increases the size of the
localized plasmon,whichis comparable to the size
of nanodisk®®. Therefore, the increased size also
causes higher radiation damping that increases the full
width at half maxima (FWHM) of the dipole
resonance™". Now, for the 200 nm diameter disc, a
Fano like resonance can be clearly observed
at 600 nm for all the thicknesses that are plotted
in the Fig. 2 (c). This Fano resonance is due to a
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Fig. 2 — Simulated transmission spectra for Au disc nanoarray at air glass interface. (a-d) Thickness variation and (e-f) variation of d/P.
The vertical dashed lines represent lattice resonance,(1 0) diffraction edge,and the number beside is the refractive index for the lattice
resonance. No number pertains to the resonance due to glass environment (n=1.5). Solid line represents the single disc resonance.

lattice effect in the surrounding refractive index,
which can be approximated using the following
general equation™.

A=nP )]
where A represents the resonance wavelength, n
is the refractive index of the surrounding. The
600 nm lattice resonance is due to the 1.5 refractive
index of the glass substrate. Increasing the thickness
creates a higher conferment of the EM wave;
therefore, for larger thicknesses, along with a dipole
at larger wavelengths, an octupole resonance™ can be
observed at the shorter wavelengths as shown in
Fig. 5(d). Moving to an even greater diameter
of 200 nm, along with the lattice resonance due to
glass surrounding at 900 nm, another lattice resonance
can be observed at 400 nm due to the refractive
index of air (n =1).

The effect of periodicity is observed by varying
the d/P ratio for the various diameters of the
disc nanoarray as shown in Fig. 2 (e -h). It was
observed that at smaller d/P (for very large
periodicity), the resoaonce intensity was very low,
and it increased as d/P was increased (the periodicity
becomes closer to the diameter of the disc). For larger
d/P, the higher confinement of the EM wave creates a
strong plasmonic response. The dashed lines represent
the lattice resonance for the respective colored d/P.
An interesting observation can be made for 200 nm
diameter disc nanoarray (Fig. 2(g)). The major
transmission dip had a very strong resonance for the
d/P ratio of 0.4. It was noted that the single particle
resonance for 200 nm diameter Au disc is at 895 nm,
represented by the solid black line. It was observed
that the strongest resonance (had the lowest

transmission dip) for the d/P ratio for which the lattice
resonance was the closest to the single particle
resonance. As the lattice resonance moved further
away from the single particle resonance, the intensity
of the major resonance decreased. Hence, it can be
concluded that the coupling of the single particle and
lattice resonance creates a highly intense transmission
dip*". For a 300 nm diameter disc nanoarray, the
single particle resonance was at 1152 nm (far away
from the lattice resonance), and the lattice resonance
dominates the single particle resonance. Meanwhile,
for 50 nm and 100 nm diameter, the single particle
resonance (at 592 nm and 664 nm, respectively)
dominates the transmission spectra. Therefore, to
observe the coupling effect in other shapes (square
and triangular nanoarrays), where the volume is kept
equal to the diameter 200 nm disc. The comparison of
the various shapes is presented after the discussion of
Al disc nanoarray.

3.2 Effect of change of material

To study the effect of the change in material to the
response of the nanopattern array, the extinction cross
section spectrum of single nanostructures of volume
equivalent to disc of diameter 200 nm and thickness
30 nm (shown in Fig. 3). Considering a nanodisk of
Au and Al, it was clearly observed that a strong dipole
resonance was seen for both. However, for Al, the
resonance was blue shifted, had a higher FWHM, and
was of lower intensity. To explain this change in the
response of the nanodisk, the dielectric function of Au
and Al, shown in Fig. 1(c) will be used. The blue shift
was due to the large negative real part of the dielectric
function achieved for shorter wavelength in Al as
compared to Au. The broader and less intense
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resonance was due to the large positive imaginary part

of the dielectric function.
Now, when the nanodisks

were arranged in a

square lattice, it was observed that the dipole
resonance of Al for similar sizes was blue shifted,

and a strong resonance in the
was also observed in the UV

transmission spectra
region as shown in

Fig. 4(a-h). This can be easily observed for 50 nm and
100 nm diameter disc nano array in Fig. 4 (a, b). The
distinguishable resonances in the UV region in Al can

be explained due to the lower
dielectric function in the UV re

imaginary part of the
gion (shown in Fig. 1

(c)). However, at larger wavelengths, the transmission

dip is broader and less intense

in Al because of the

increased losses, as compared to Au. The Fano
resonance due to lattice effect was seen for diameter

100 nm disc nanoarray also. T

he other observations

for Al disc nanoarray were similar to that of Au
nanoarray. For the diameter 200 nm Al disc
nanoarray, the single particle resonance for Al

was at 691 nm. The highest coupling effect was
observed for the d/P of 0.4, for which the lattice
resonance was at 750 nm. The red shifted lattice
resonance (for d/P 0.5 and d/P 0.6) led to a weaker
resonance (higher FWHM), and for the red shifted
resonance (d/P 0.2), the resonance almost
disappeared. Also, due to the low losses in the UV
region, a big coupling effect was also observed for
d/P ratio of 0.4 for diameter 100 nm disc nanoarray
(which was absent for Au nanodisk array).Therefore,
the material and the geometric parameters play a
critical role in determining the plasmonic response of
the nanoarray.

3.3 Effect of change of shape

To analyze the effect of the shape of the particle
in the nanoarray, square and equilateral triangle
shapes were simulated. The sides s (for square) and
t (for triangle) were kept at 177.25 nm and 269.35 nm
to keep the volume equal to the disc with a diameter
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of 200 nm. The size was chosen in order to observe
the coupling effect clearly in the selected shapes. The
polarization direction for the simulated plots can be
seen in Fig. 5 (6 was 0° for the plots in the current
article). The extinction cross section plots in the Fig. 3
present the effect of the change in optical response for
disc, square and triangle of volume equal to nanodisk
of diameter 200 nm and thickness 30 nm. A red
shifted and increased dipole intensity in the extinction
cross section spectrum can be observed as the shape
of the nanostructure was changed from disc to square
to triangle. The red shift was majorly due to the
increase in size of the structure (both square and
triangle) in the polarization direction (the direction is
same as for Fig. 5) when the volume was kept equal
to the disc. The increase in intensity was due to the

creation of electric field hotspots near the sharp
corners in square and triangle'*. The asymmetry in the
dipole resonance in Al structures was because of the
increased effect of higher order poles.

Simulations were performed for both Au and Al
nanoarrays to observe the effect of thickness and
periodicity, as shown in Fig. 6 (a-h). The plots
displayed a similar trend to that discussed for disc
nanoarray. It was observed that for comparable sizes,
the major resonances were red shifted due to single
particle resonance being at longer wavelengths for
both square and triangle. Furthermore, the increased
confinement of the EM wave due to the hotspot
generation was confirmed by the increased intensity
of the resonances. Similar to the disc nanoarray,
higher order poles were observed for larger
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thicknesses which are shown in Fig. 6 (e,f).
Comparing Au and Al, it can be inferred from
Fig. 6 (b,f), the lattice resonance due to air (n=1) was
more clearly observed for Al. The lower losses in the
UV region, as seen in Fig. 1(c) was the clear
contributor to the aforementioned phenomenon. A
similar trend was also seen in Fig. 6 (a,e).
Furthermore, for similar sizes, the coupling effect was
observed more clearly for Al square and triangle in
the Fig. 6 (gh) due to the increased proximity
of the single particle resonance to the lattice
resonance. The effect of polarization was also
checked using refractive index variation plots in
Fig. S1, Fig. S2, and Fig. S3 (supplementary
material); it was observed that the shift in the
resonance wavelengths was not very significant for
the respectively comparable cases for 8 = 45° for
square nanoarray and 6 = 60° and 90° for triangle
nanoarray as compared to the 6 = 0° polarization.

3.4 Sensitivity comparison

The effect of the material and the shape of the
nanoarray was quantified using a parameter that had
numerous practical applications. Nanoarrays are often
used as chemical and biosensors, and they work on
the principle that a change in the surrounding
refractive index is created by the targeted molecule.
This change in refractive index leads to shift in the

100

resonance wavelength which can be observed in the
transmission spectrum. The refractive index based
sensing has already been used for the detection of
bacteria®’, viruses®*, biomarkers*, heavy metals®,
pesticides™ efc. The sensitivity of these sensors is
defined as the ratio of change in wavelength to the
variation refractive index. Therefore, simulations
were performed by varying n; from 1 to 2, the volume
of the particle in the array being equal to a disc with a
diameter of 200 nm and a thickness of 30 nm. To
compare the best performing structures, the refractive
index variation was performed when the periodicity of
the lattice was equal to the single particle resonance
of the structure. The single particle resonance of the
structures was measured from the Fig. 3, thereby, the
sensitivity comparison was performed for the optimal
coupling condition as shown in Fig. 7(a-g). It was
observed that, when the surrounding of the
nanostructures became homogeneous (n; = n, = 1.5),
the largest Fano like resonance was observed. As
expected, the resonance wavelength was at shorter
wavelengths for Al as compared to Au. Comparing
the sensitivity, the triangle displayed the highest
sensitivity, followed by the square and the disc
nanoarray, as shown in Fig. 8. Furthermore, Au
showed better sensitivity than Al due to the larger
losses in Al. The sensitivity comparison was also
performed for the nanostructures with periods
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Fig. 7 — Refractive index (n,) variation in Au (a-c) and Al (a-c) nanoarray for disc (a, e), square, (b, f), and triangle (c, g) shapes. The
sloid vertical line represents the single particle resonance. The side of square and triangle were kept as 177.25 nm and 269.35 nm to keep
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resonance at air glass interface.
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thickness 30 nm.

Table 1 — Sensitivity comparison of nanopatterns in literature.

Configuration Sensitivity (nm/RIU)  Reference
Nanograting 73 47
Nanodisks array 116 48
Plus shaped rod array 250 9
Elliptical nanodisk array 327 30
Nanocone array 450 3!
Nanohole array 481 52
Nanoellipsoid array 484 53
Triangle nanoarray 541 This work
C shaped nanorod array 600 >4
Sinusoidal nanograting 717 5
Nanocrescent array 879 56

equivalent to d/P = 0.5 (not at the optimal coupling
condition) as shown in Fig. S4. The sensitivity was
much lower than for the structures at optimal coupling
condition.

Table 1 shows the sensitivity comparison of the
various nanopatterns available in literature. The
sensitivity of the triangle nanoarray was comparable
to the configurations in the literature. Furthermore,
from Table 1, it can be inferred that more complicated
geometries (crescent shaped array>, sinusoidal
grating®, and C shaped nanorod array’®) had higher
sensitivities than the conventional shaped arrays.
Therefore, this confirms that geometries with more
potential for hotspots are highly suitable for sensing
applications.

4 Conclusion

The geometric and material parameters of
nanoarrays on a glass substrate were studied. The
coupling effect of the lattice resonance with the single
nanostructure resonance was observed for larger sized
structures (disk of diameter 200 nm). The coupling of

the aforementioned resonances resulted in stronger
resonance in the transmission spectra. The increase in
thickness of the structures led to increased
confinement of the EM wave and created higher order
poles along with the major dipole response. Al
nanoarrays  displayed resonance at  shorter
wavelengths than Au; moreover, resonance in the UV
region was also observed in nanoarrays of Al.
However, in the visible region, the resonances were
weaker due to increased material losses. The
refractive index variation with resonance wavelength
(sensitivity) was studied to study the practical use of
these nanoarrays. The overlap of the lattice resonance
with the single structure resonance was considered the
optimal coupling condition. Sensitivity at the coupling
condition was the highest. The best sensitivity was
observed for the Au triangle nanoarray (541 nm/RIU),
which was high compared to conventionally shaped
sensing substrates in literature. Higher sensitivity was
observed in literature for unconventional shapes, such
as creset shaped nanoarrays and C shaped nanorods.
Therefore, confirming that geometries with hotspots
at the optimal coupling condition are highly suitable
for sensing applications.
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