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A dimer nanohole array is proposed for in situ characterization of radiation damages in spin transfer torque ran-
dom access memory (STT-RAM) multilayer structures. The structure supports a Fano resonance, which is about
twice as sensitive to the refractive index changes in the surface layer, compared to the plasmonic mode in single
nanohole arrays. A simplified STT-RAM multilayer of air/gold(5 nm)/MgO(10 nm)/gold(60 nm)/quartz substrate
is considered as the platform for the dimer nanohole array. Our studies show that regarding the changes in the ultra-
thin MgO layer, the normalized figure of merit for this structure is up to more than 10 times larger than an array of
single nanoholes. Furthermore, an improvement in bulk sensing performance over the array of nanohole heptamers
is observed. ©2019Optical Society of America

https://doi.org/10.1364/JOSAB.36.003090

1. INTRODUCTION

In situ measurement of radiation effects requires a high level
of sensitivity to the very small changes in material properties
due to radiation damage. Optical readout through engineered
nanostructures has the potential for high-sensitivity radiation
damage detection. For instance, real-time optical measure-
ments of refractive index and absorption profile changes in
photonic crystal fibers have been demonstrated in the past [1].
Recently, there is an interest in in situ measurement of radiation
effects on non-volatile memory cells made of phase changing
materials or magnetic tunnel junctions [2,3]. It is important to
test their resistance to ionizing radiation, so that we can assure
their stability for space applications. Among different types
of memory cells, spin transfer torque random access memory
(STT-RAM) cells have received a lot of attention because of
their high speed, low power, scalability, and high endurance
[4–7]. Therefore, our focus here is designing an optical read-
out scheme for radiation effects in STT-RAM cells. A typical
STT-RAM cell is made of multilayer thin films in the form of
metal/ferromagnet/dielectric/ferromagnet/metal. In particular,
among all the layers of an STT-RAM structure, the dielectric
layer, which is usually MgO, is the one that is expected to change
the most under an ionizing radiation [8]. Hence, this paper

focuses on detecting changes in optical properties of the dielec-
tric layer. Taking advantage of the metallic layers, we show that it
is possible to design plasmonic devices that are sensitive to such
changes.

Radiation effects on materials vary significantly. For instance,
photodarkening in ytterbium-doped silica glass due to gamma
radiation can change the imaginary part of the refractive index
several orders of magnitude, depending on the dose of the radi-
ation [9]. Permittivity change of oxides in CMOS is significant
enough to alter CMOS operation space applications [10]. There
are some materials that show very good radiation tolerance.
However, there is no quantified study on the exact magnitude.
In particular there is no study available on radiation effects in
MgO. Our study shows in situ detection of refractive index
changes due to radiation effects and sensitivity of photonic
detection methods based on information available on SiO2

parameters. The results presented here can be expanded beyond
the defect detection by ionizing radiations.

This paper shows a plasmonic sensor design that can facilitate
in situ material characterization of radiation damages in STT-
RAM structures. In particular, a plasmonic dimer nanohole
array that supports a Fano resonance is proposed for high-
sensitivity sensing. Since the STT-RAM multilayer includes
super thin layers of metal, conventional nanohole array designs
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[11] will not work as efficiently for such small thicknesses.
The dimer nanohole array presented in this paper provides
higher sensitivity at the surface layer, and hence allows better
surveillance of the thin dielectric layer, where the most radiation
damages occur. Also, since the inter-hole spacing is larger than
conventional nanohole cluster array designs [12–14], complex-
ity is manageable. It is worth mentioning that optical spectra of
dimer nanohole arrays have been investigated by using polarized
and unpolarized light excitation [15–17]. However, high sensi-
tivity of the Fano resonance created by the coupling of surface
plasmon polariton (SPP) mode and Wood–Rayleigh anomaly
(WA) [18] mode has not being investigated up to date. Here,
we show that the coupling between SPP and WA can facilitate a
high sensing performance with a figure of merit (FOM) of 40.5
and 486 nm/RIU sensitivity.

To prove the concept, we use a simplified STT-RAM mul-
tilayer structure made of metal/dielectric/metal thin films
on a dielectric substrate. To make the structure supportive
of plasmonic modes, the metal layer sitting on the substrate
is set to be an optically thick one. Therefore, the dielectric
thin film is placed closer to the surface. From the device
point of view, the thickness of the bottom metallic layer
has no impact on STT-RAM performance, and it is used
as an electrode. We show that the sensitivity to refractive
index changes of the dielectric thin film in a multilayer of
air/gold(5 nm)/MgO(10 nm)/gold(60 nm)/quartz substrate
can be up to twice as large compared to a symmetric nanohole
array designed in the same multilayer structure. Furthermore,
the sharp Fano resonance results in an FOM improvement of
10.5 times and 1.7 times over different plasmonic resonances
in conventional nanohole arrays depending on the excited SPP
mode. An estimation of radiation effects is performed based on
information available on silica parameters [19], since there is no
study available on radiation effects in MgO. According to the
sensitivity calculations in this paper and assuming that MgO
shows a refractive index change similar to silica after radiation
damage (about 3.5%), the radiation-induced wavelength shift is
expected to be 0.3 nm.

So far, many works have been done to achieve high sensitivity
of plasmonic resonance for sensor applications [20–24]. Some
focus on changing the shape of the nanostructures to increase
sensitivity. For example, an array of elliptical nanoholes [25]
and an array of overlapping dimer nanoholes are introduced
[26] to provide larger field enhancement and therefore higher
sensitivity by their sharp features in the apices. Furthermore,
Fano resonance has been studied as an alternative approach to
achieve higher sensitivity. In general, Fano resonance occurs
through a coupling between a broadband bright mode and a
narrowband dark mode. To make such coupling happen, usually
a form of asymmetry is needed. A large number of research
efforts have been dedicated to create Fano resonance in arrays
of nanoparticles or several combinations of nanoapertures with
different aperture shapes [22,27–31]. In particular, clusters of
circular nanoholes with heptamer geometry have been proposed
as a high-sensitivity plasmonic sensor with improved FOM
[12–14]. However, there has been no study of arrays of dimer
nanoholes, which is a simpler structure, supporting a Fano
resonance.

In what follows, we first provide a comprehensive discussion
on the optical behavior of the dimer nanohole array, the ori-
gin of the Fano resonance, and how to change the dimensions
to make the resonance strong. Next, we investigate the sensing
ability of the proposed dimer nanohole array to the changes
in refractive index of the ultrathin dielectric layer in the STT-
RAM multilayer. We specifically investigate the sensitivity of
a multilayer of air/Au(5 nm)/MgO(10 nm)/quartz substrate,
derived from STT-RAM structure [6], regarding the changes
in the ultrathin dielectric layer (MgO). We also report the bulk
sensitivity performance of a dimer nanohole array designed
for water as its top layer so that we can compare it with other
nanohole array structures.

2. PROPOSED STRUCTURE AND SIMULATION
MODEL

The high-sensitivity Fano resonance in a dimer nanohole array
can be created through making an asymmetry by moving the
nanoholes of a nanohole dimer in a unit cell closer to each
other along the dimer axis. Such resonance originates from
the excitation of an SPP mode at the top surface (metal/top
layer interface), which excites a WA mode at the same interface.
An additional form of asymmetry in the structure of a dimer
nanohole array that can help strengthen the Fano resonance
is the refractive index difference between the top layer and
the substrate, similar to the plasmonic nanocube reported in
[32]. This is unlike the conventional SPP modes generated
in symmetric nanohole arrays, where such refractive index
differences can degrade the plasmonic resonance and its sensing
performance [33].

To understand the physics of a plasmonic dimer nanohole
array, an array of dimer nanoholes in a gold thin film is inves-
tigated first. Later in this paper, thin-film MgO and gold
layers will be added to estimate the sensitivity to radiation
damage. Each unit cell of the dimer nanohole array consists
of two nanoholes with the same diameters in a gold thin film
on a quartz substrate, covered with an air surrounding layer
[Figs. 1(a) and 1(b)]. We used the material data for gold from
[34]. Also, the refractive indices for MgO and quartz are set to
nMgO = 1.73 and nquartz = 1.45, respectively, which are almost
constant over the wavelength range of interest [35,36]. We have
used COMSOL Multiphysics 5.4 for all the simulations in this
paper. The incident light is normal to the dimer nanohole array,
with its E-field polarization along the dimer’s axis (y polar-
ized). Because of the symmetry, and to reduce the simulation
time, we simulate half of a unit cell [Fig. 1(c)] and use perfect
electric conductor (PEC) and perfect magnetic conductor
(PMC) boundary conditions on the side walls at x z and y z
planes, respectively. Periodic ports are used to illuminate the
structure from the substrate side, and perfectly matched layer
(PML) boundary conditions are set on the top and bottom of
the unit cell behind the ports to absorb the light and to avoid
unwanted multiple reflections. It is worth mentioning that
the evanescent field at the air side extends to a farther distance
from the nanohole dimer in the z direction, compared to the
substrate side. Therefore, we put the PML on the air side at a
farther distance from the structure.
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Fig. 1. Unit cell of gold dimer nanohole array: (a) top view, (b) side
view, and (c) simulation model in COMSOL Multiphysics 5.4.

Fig. 2. (a) Optical response of gold dimer nanohole array on quartz
substrate (t = 60 nm, d = 250 nm, s = 75 nm, px = 450 nm,
p y = 775 nm). (b) Field enhancement profile of its Fano resonance
along the z axis at the location of a major hotspot at the gold/air inter-
face. The dashed lines mark the gold/quartz and gold/air interfaces at
z= 0 and z= 60 nm.

For a nanohole dimer array with dimensions t = 60 nm,
d = 250 nm, s = 75 nm, px = 450 nm, p y = 775 nm, illu-
minated from the substrate side, by a y -polarized plane wave,
the transmission coefficient is plotted in Fig. 2(a). As can be
seen, a Fano resonance occurs around 787 nm wavelength.
Using the grating formula, and having in mind that WA is the
grazing diffraction of light, WA(0,1) mode in a medium with
a refractive index of n occurs at a wavelength of λ= n p y . This
means that the WA(0,1) mode at the gold/air interface is theo-
retically expected to be at λ= 775 nm, which is very close to
the λ= 787 nm, at which the Fano resonance takes place. It
should be noted that the formula used for WA is for PEC, and
it would be slightly redshifted for a real metal, as observed here.
This is in accordance with the Fano resonance being a result
of WA. At the same time, there should be a broad SPP mode
happening, creating a large enough transmission coefficient in a
range of wavelengths to create the possibility of WA(0,1) at the
air side getting efficiently excited. In other words, the excitation
of SPP(0,1) at the top layer makes it possible for the WA(0,1)
grazing mode to be excited. For the rest of this paper, we focus
on the transmission response of the dimer nanohole array. The
reason is that it is much simpler in terms of setup alignment, so it
will be easier to be measured in practice, compared to reflection
and absorption coefficients.

As we mentioned earlier, at the observed Fano resonance,
stronger field localization takes place at the air side compared

Fig. 3. (a)–(d) E-field and (e), (f ) H-field distribution of gold dimer
nanohole array on quartz substrate (t = 60 nm, d = 250 nm, s=
75 nm, px = 450 nm, p y = 775 nm). The x y plane shown in these
plots is at z= 60 nm (at the gold/air interface).

to the substrate side. This is shown in Fig. 2(b), where the field
enhancement is plotted along the z direction at the location of
one of the major hotspots at the gold/air interface. This leads
us to the expectation of the dimer nanohole array structure
being more sensitive to the changes in the top layer, rather than
changes in substrate.

To better show the origin of the Fano resonance, the field
distributions near a unit cell of the dimer nanohole array are
illustrated in Fig. 3 at the Fano resonance wavelength. In the
x y plane at the gold/air interface, field localization occurs in
the form of four hotspots [Figs. 3(b) and 3(f )]. It is clear from
the plots in the y z plane that the field is localized mainly at the
gold/air interface. Also, the x y plane plots for E z and Hx show
the wave propagation along the y axis, which is the characteristic
of SPP(0,1) and WA(0,1) modes. Although the defects we try
to sense are not sensitive to the magnetic field, magnetic field
distributions are shown in Figs. 3(e) and 3(f ) to provide a better
sense of the excited resonance mode.

A. Effect of Changing Dimensions

Changing the dimensions affects the strength of the aforemen-
tioned Fano resonance in metal dimer nanohole arrays. Again,
quartz is considered here as the substrate, gold as the plasmonic
metal, and air as the top layer. The simulation results for the
changes in the width and magnitude of the Fano resonance as
well as the maximum field enhancement on the air side (FEmax )
at the Fano resonance will be discussed. In all the cases, the
nanoholes in the nanohole dimer are set to have equal diameters
(symmetric nanohole dimer).

The effect of changing p y on the transmission spectrum and
the maximum field enhancement on the air side is shown in
Fig. 4. Increasing p y increases the Fano resonance wavelength
proportionally, while for each p y , the resonance wavelength
is close to the value of p y . This supports the fact that the Fano
resonance is caused by the WA(0,1) mode propagating in the
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Fig. 4. Effect of changing p y on (a) transmission spectrum and
(b) maximum field enhancement (px = 450 nm, s = 100 nm, d =
250 nm, t = 60 nm).

Fig. 5. Effect of changing px on (a) transmission spectrum and
(b) maximum field enhancement (p y = 775 nm, s = 100 nm, d =
250 nm, t = 60 nm).

y direction. Also, as p y increases, the Fano resonance gets
stronger (deeper resonance feature in transmission spectrum
and larger FEmax). This is because the larger the p y , the more
asymmetry is created in the structure in the y direction, since the
difference between the inter-hole spacing between the nearest
nanoholes in two adjacent unit cells and the one between the
nanoholes inside a unit cell becomes larger. Another thing to
notice is that increasing p y increases the peak wavelength of the
transmission spectrum, which is in agreement with the large
broad transmission being a result of excitation of SPP(0,1)
mode.

On the other hand, changing the period in the x direction
(px ) does not change the Fano resonance wavelength [Fig. 5(a)].
The reason is that the WA(0,1) mode is the decision maker for
the Fano resonance wavelength, and it propagates along the
y direction, which has nothing to do with the period in the x
direction. However, increasing px reduces the depth of the Fano
resonance at the resonance wavelength. This is expected, since
a larger px decreases the ratio of nanohole-to-metal area in the
dimer nanohole array, so there is less light coupled to the SPP
mode and therefore the WA mode at the gold/air interface. Also
in Fig. 5(b), FEmax is plotted at the Fano resonance for different
values of px . It shows an overall trend of FEmax decreasing by
increasing px , which is in accordance with the Fano resonance
getting weaker because of less coupling to the WA mode. There
are some irregularities in the overall falling trend though. This
is because of the sampling error created by a relatively large
wavelength step chosen in the simulations, and it is kept that
way for the sake of consistency with the rest of the results in this

Fig. 6. Effect of changing the nanohole diameter on (a) transmis-
sion spectrum and (b) maximum field enhancement (px = 450 nm,
p y = 775 nm, s = 100 nm, t = 60 nm).

Fig. 7. Effect of changing the inter-hole spacing on (a) transmission
spectrum and (b) maximum field enhancement (px = 450 nm, p y =

775 nm, d = 250 nm, t = 60 nm).

paper. Smaller wavelength steps show a constantly falling trend
for FEmax as px increases.

It is worth mentioning that in Fig. 5(a), the dip at
λ= 700 nm for the case of px = 600 nm is because of the
WA(1,1) mode at the gold/quartz interface, which is theoreti-
cally expected to be at λ= 688 nm. The same thing is true for
px = 550 nm at λ= 670 nm, which is theoretically expected
to occur atλ= 650 nm.

The nanohole diameter and the inter-hole spacing have
a correlated effect on the strength of the Fano resonance. In
other words, depending on the nanohole diameter, there
is a specific value of inter-hole spacing that results in the
strongest Fano resonace. This is shown in Figs. 6 and 7.
For example, from these figures, one can observe that for a
dimer nanohole array with x and y periods and thicknesses of
px = 450 nm, p y = 775 nm, and t = 60 nm, two cases of
d = 225 nm, s = 100 nm, and d = 250 nm, s = 75 nm are
the best choices in terms of providing a sharp Fano resonance as
well as a large FEmax.

According to further studies we did, which are not shown
in this paper, if we keep p y constant, for a larger nanohole
diameter, there will be a need for a smaller inter-hole spacing
to achieve a strong Fano resonance. For example, keeping
p y = 775 nm, the Fano resonance for d = 300 nm, s = 5 nm
is almost as strong as the one for d = 250 nm, s = 75 nm.
This is because of the fact that p y is fixed for all cases, so a larger
nanohole diameter needs a smaller s to create a large enough
asymmetry between s and the inter-hole spacing between a
nanohole and its adjacent nanohole in the next unit cell. Also,
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Fig. 8. Effect of changing the gold thickness on (a) transmission
spectrum and (b) maximum field enhancement (px = 450 nm, p y =

775 nm, d = 250 nm, s = 100 nm).

for a smaller nanohole diameter, the transmission for the broad-
band SPP(0,1) mode decreases, which leads to a weaker Fano
resonance because of less coupling to the SPP mode and thus to
the WA mode.

After all, the thickness of the gold layer can affect the strength
of the Fano resonance. It can be seen in Fig. 8 that if the gold
layer gets so thin that the thickness is so close to the skin depth of
the gold, the Fano resonance broadens and gets weaker, which is
because the gold layer is not functioning as a good metal in that
case. On the other hand, for the thickness of 150 nm or more,
the Fano resonance starts to become less deep, and the FEmax

gradually decreases. The reason is that the coupling to the SPP
mode and therefore to the WA mode decreases by increasing
the gold thickness. The maximum thickness for which the Fano
resonance can stay relatively strong depends on the nanohole
diameter, since increasing the nanohole diameter can help
increase the coupling to the SPP and WA modes. However, there
is a limit because a larger nanohole diameter needs a smaller
inter-hole spacing to get a strong Fano resonance, as discussed
earlier in this section.

3. SENSITIVITY AND FIGURE OF MERIT

As mentioned earlier, one of the main applications of metallic
nanohole arrays is sensing the refractive index of the dielectric
material close to the metal layer. The sensing capability is usually
compared by two parameters. The first parameter is sensitivity,
which is the shift in the resonance wavelength divided by the
change in the refractive index of the dielectric material. The
other parameter defined as a measure for sensing is FOM, which
is sensitivity divided by linewidth.

As stated before, we expect the proposed dimer nanohole
array to have better sensing performance regarding a refractive
index change close to the gold/air interface. In this section,
we first focus on sensing the changes in the ultrathin dielectric
layer (MgO) in a dimer nanohole array formed in a multilayer
platform as a simplified version of STT-RAM structure, with
the purpose of detecting the effect of ionizing irradiation on
STT-RAM cells. After that, we provide the results for bulk
sensing for a quartz/gold(60 nm)/air dimer nanohole array. In
both cases, the nanoholes are assumed to extend thoroughly
in the gold layers and the MgO layer. We report the values of
sensitivity and FOM, and compare them to the case of a sym-
metric nanohole array we designed and heptamer nonohole
array reported elsewhere.

Fig. 9. Sensitivity evaluation regarding the ultrathin dielectric
layer for the STT-RAM multilayer dimer nanohole array (px =

450 nm, p y = 775 nm, d = 250 nm, s = 75 nm). (a) Transmission
spectra for different refractive indices of the ultrathin dielectric layer.
(b) Fano resonance wavelength versus refractive index of the ultrathin
film dielectric layer.

A. Sensitivity to Ultrathin Dielectric Layer

To evaluate the sensing capability of the proposed dimer
nanohole array regarding the ultrathin MgO layer in the STT-
RAM structure, we investigate a dimer nanohole array in a
quartz/gold(60 nm)/MgO(10 nm)/gold(5 nm)/air multilayer.
The dimensions of the dimer nanohole array considered for this
purpose are px = 450 nm, p y = 775 nm, d = 250 nm, s =
75 nm. The sensitivity is evaluated by changing the refractive
index of the MgO layer from n = 1.3 to n = 2.1 by increments
of 0.2 (Fig. 9). Based on these results, the Fano resonance shows
a linewidth of 11 nm. There is no established dose test for MgO,
so here we take silica as base, which shows a refractive index
change of∼0.05 (about 3.5%) under ion beam radiation using
Br ions with a dose level of about 46 krad as presented in [19].
Considering the same percentage of refractive index change for
MgO, the radiation-induced wavelength shift for the designed
dimer nanohole array structure is expected to be 0.3 nm. One
should keep in mind that the refractive index change would be
different for a different ion type and energy of the ion beam, as
shown in [37].

To make a comparison with a conventional nanohole array
[11], we have designed two nanohole arrays in the same multi-
layer platform, with dimensions d = 200 nm, p = 460 nm
(NHA-1), and d = 400 nm, p = 750 nm (NHA-2), designed
to show field localization at the top layer, by excitation of first-
order SPP mode at the surface layer through coupling with the
SPP mode at the gold/quartz interface, or directly through the
grating effect, respectively. We have included the results of both
in Fig. 10.

Using these results and normalizing them to the
area of the MgO layer per unit cell area in the x y plane
(1− 2Ananohole/Aunitcell) to have a fair comparison, the nor-
malized sensitivity of NHA-1 and NHA-2 are found to be about
2 and 1.3 times less than the sensitivity of the designed dimer
nanohole array, respectively. Furthermore, their calculated nor-
malized FOM values are about 10.5 and 1.7 times less compared
to the designed dimer nanohole arrays. NHA-1 has a larger
linewidth, and its smaller sensitivity is because the field is more
localized at the substrate side in that case due to indirect excita-
tion of the SPP mode at the air side. On the other hand, NHA-2
shows better sensing performance, since the SPP mode at the air
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Fig. 10. Sensitivity evaluation regarding the ultrathin dielectric
layer for the designed STT-RAM multilayer symmetric nanohole
arrays: (a) NHA-1 with dimensions p = 460 nm, d = 200 nm and
(b) NHA-2 with dimensions p = 750 nm, d = 400 nm.

side is directly excited. However, its sensing performance is 70%
less than the proposed dimer nanohole array.

B. Bulk Sensitivity

For bulk sensitivity, we set the top layer as water, because it is
the most common case for bulk material sensing in the liter-
ature. Since the top layer is changed to water, there is a need
for changing the dimensions to achieve the Fano resonance in
the same wavelength range. If we keep p y = 775 nm, because
the refractive index of the top layer here (n = 1.33) is larger
than in the previous cases, the Fano resonance created by the
excitation of WA(0,1) mode at the gold/top layer interface
happens at a longer wavelength, which is outside our wavelength
range of study. Decreasing p y moves the resonance wavelength
back to the desired wavelength range. Tuning the diameter
and inter-hole spacing to get a sharp resonance, we chose the
nanohole dimensions as px = 450 nm, p y = 520 nm, d =
200 nm, s = 20 nm, t = 60 nm.

The simulation results for bulk sensitivity evaluation are
provided in Fig. 11. Two Fano resonances are observed, cre-
ated by the coupling of the SPP(0,1) mode at the gold/water
interface and a WA mode at the gold/water interface or at the
gold/quartz interface. The one with the larger resonance wave-
length (λ= 790 nm for n = 1.33) is created by excitation of
WA(0,1) mode at the gold/quartz interface, and the resonance
with smaller wavelength (λ= 723 nm for n = 1.33) occurs
because of the excitation of WA(0,1) mode at the gold/water
interface. This is why the Fano resonance with the smaller
resonance wavelength is much more sensitive to the refractive
index changes in the top layer. The two Fano resonances here in
this design are very close to each other, which was not observed
in previous designs in this paper. The reason is that water is
considered as the top layer here for bulk sensing, the refractive
index of which is closer to the one for substrate. Therefore, the
WA modes show up closer to each other in the spectral response.

According to the simulation results, the calculated bulk sen-
sitivity of the dimer nanohole array is 486 nm/RIU. Having a
12 nm linewidth, the calculated FOM for the bulk sensitivity
is 40.5, which is larger than the highest FOM reported in [14]
for a heptamer nanohole array (FOM= 23.8). It is worth men-
tioning that using a dimer nanohole array for sensing purposes
relaxes the fabrication complexity, compared to larger clusters

Fig. 11. Bulk sensitivity evaluation for gold dimer nanohole array
on a quartz substrate with water as top layer (px = 450 nm, p y =

520 nm, d = 200 nm, s = 20 nm, t = 60 nm). (a) Transmission
spectra for different refractive indices of the top layer. (b) Fano reso-
nance wavelength versus refractive index of the top layer for the Fano
resonance with shorter resonance wavelength.

of nanoholes, since the inter-hole spacing can be set to a larger
value, increasing the minimum feature size.

To compare with a conventional symmetric nanohole
array, there are many papers reporting its sensing performance
[38–44], among which an FOM of 40 is the highest, reported
in [43]. Although the design provided here for bulk sensing of
a dimer nanohole array is not optimized to provide the highest
possible sensitivity, it shows a slightly larger figure of merit
compared to the one reported for a symmetric nanohole array.
Furthermore, the design reported in [43] is based on an etched
substrate, which provides more overlap of the surrounding
material with the plasmonic field profile, resulting in an increase
in sensitivity. A better comparison would be with [42], where a
similar substrate is used, and reports FOM of 23.3.

There are also arrays of different nanostructure shapes
based on SPP sensing that one can compare with, such as a
nanoslit array [45] (FOM: 33.9), elliptic nanohole array [46]
(FOM∼16.5), and array of overlapped double holes [26]
(FOM∼16.3). Having the reported FOM values for those
structures, one can observe that our design shows a better
sensing performance.

4. SUMMARY AND CONCLUSION

We propose a dimer nanohole array in a plasmonic metal film,
which has a Fano resonance highly sensitive to the refractive
index of the top layer, or any thin-film layer placed on top. We
provide the simulation results for two cases of ultrathin film
sensing, which is specifically evaluated for a simplified STT-
RAM multilayer, with an incentive of sensing the irradiation
effects. We show that the dimer nanohole array has 10.5 times
and 1.7 times better sensing performance than a conventional
symmetric nanohole array depending on the type of plasmonic
resonance in the symmetric nanohole array. Also, we provide
the results for bulk material sensing with the dimer nanohole
array, a sensitivity of 486 nm/RIU with FOM of 40.5, which
are both larger than the ones reported previously for a symmetric
nanohole array and heptamer nanohole array.

Funding. Defense Threat Reduction Agency (HDTRA1-
16-1-0025).
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