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ABSTRACT

Fabrication of dual-width plasmonic gratings with sub-10 nm gaps has been made possible by a recently developed
technique. Studying the effects of various material and geometrical parameters on the optical response of these gratings
will prove useful to future fabrication of devices. The ability to tune the widths of both wires in the periodic array allows
for optimization of the response based not only on one nanowire geometry, but the hybridization of the two. The
structures hold potential to be used as a substrate for surface-enhanced Raman spectroscopy (SERS) in the detection of
different chemical analytes, with biosensing as a major area of interest. The ability to tune the structures to different
wavelengths makes this a potentially attractive method of fabricating sensor substrates capable of enhancing otherwise
weak analyte signals. Here, preliminary computational results are shown for a study of the effects of a SiO2 layer on the
substrate containing a plasmonic grating.
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1. INTRODUCTION
Plasmons are oscillations of free electrons on the surface of a metal. These electron density waves are created when light
is incident on the surface of a metal or a metallic structure, due to the oscillating electric field of propagating light. The
study of plasmons, plasmonics, has become a popular area of study for both theoretical understanding and potential
application to useful technology. Metallic nanostructures are small enough to allow the formation of resonant plasmon
modes or to promote propagating surface plasmons with decay lengths on the order of the structure size. This makes
harnessing plasmons more feasible than when using devices above the nanoscale. The near-field electric field
confinement caused by plasmons is useful because it causes a local increase in the electric field strength compared to
that of the incident light causing the plasmons. This strengthened field can benefit photovoltaic light absorption,
spectroscopy signal generation/detection, and other applications.1–4 Bringing two such nanostructures together until they
are separated by a nanogap (less than 100 nm) has been shown to improve the electromagnetic responses of such
devices, as the plasmons on either nanostructure become close enough to couple into a hybrid mode.5,6 This gap
enhancement increases nearly exponentially as the width decreases below 10 nm.7–9 Plasmonic devices with nanogaps
have been studied for their potential to interact with incident light in ways that can prove useful to various
applications.10–14
Periodic structures such as plasmonic gratings of parallel metallic nanowires have been studied to understand their
potential benefits as spectroscopy signal enhancement devices.15–18 These types of structures typically have a single
nanowire width that repeats for the entire device, with each structure separated by the same gap width on either side.
Fabrication of gratings with multiple structure or gap widths per period is typically more difficult than for standard
grating geometries, and so has not been heavily studied. Also, sub-10 nm gaps, which are useful for plasmonics, tend to
be difficult to fabricate to date. A recently demonstrated nanomasking fabrication technique has been utilized as outlined
by Bauman et al. to create plasmonic grating structures containing both sub-10 nm gaps and a dual-width period for the
metallic nanostructures.19 Preliminary fabrication results of such a dual-width geometry are shown in the SEM image in
Figure 1.
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Figure 1. SEM image showing an example of a dual-width grating fabricated via the nanomasking technique.

Preliminary computational studies of such dual-width devices have demonstrated additional optical enhancement effects
over that of single width gratings.20 An example of such results is shown in Figure 2. Here, the optical enhancement
(E/E0)2 is shown for two dual-width instances and one case with only a single structure width per grating period.
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Figure 2. Preliminary results demonstrating the potential benefit of increased optical enhancement provided by a dual-width
plasmonic grating ((a) and (b)) compared to a single width grating (c).

In the current work, preliminary results are discussed for simulations of the type plasmonic grating previously described.
The optimization of the electromagnetic response of these types of structures is studied with the goal of fabricating
substrates for biosensor signal enhancement in mind. The optimization of these grating devices will make use of many
separate parametric studies as well as their collaborative results. In conjunction with other geometrical optimization
studies involving structure widths, heights, and effects of the adhesion layer, studying the effects of varying the SiO2
layer thickness on the substrate is important for fabricating useful devices.

2. SILICON DIOXIDE THICKNESS STUDY
The present work has established a finite element method (FEM) model with variable parameters to study the
electromagnetic response of the dual-width grating geometry under various conditions. A depiction of the twodimensional model geometry is shown in Figure 3. The model is established as a cross-section of two infinitely long Au
nanostructures separated by a nanogap with periodic boundary conditions on either side to simulate an infinite grating in
the horizontal direction. Material properties of Au, Ti, Si, SiO2, and air are utilized for the applicable regions of the
model to simulate the grating structures, Ti adhesion layer, substrate, and grown/native oxide most closely representing
the samples capable of being fabricated. For this reason also, the Au structures are beveled with a radius of 5 nm on the
top corners. The Au/Ti cross-sectional widths, w1 and w2, may be varied independently, as can the gap between them, g,
and the heights of all material regions. Thus, the grating period, P, which equals the width of the model, depends on the
widths of the structures and the size of the gap between them. In the preliminary results reported here, the gap was held
constant at 8 nm, and the Au widths were set equal to one another in order to achieve a baseline for the silicon dioxide
thickness study to be performed.
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Figure 3. Sketch of the model geometry showing perfectly matched layers and periodic boundary conditions. The regions
with different material properties include air, two gold wires with variable widths (w1 and w2) on top of titanium layers, a
layer of SiO2, and a bulk Si region. Incident light polarization and propagation directions are represented by E0 and k,
respectively.

The model simulates a plane wave of 785 nm light incident from the top of the model, shown by k, and polarized in the
horizontal direction, as shown by E0 in Figure 3. This wavelength was chosen as it is commonly used for Raman
spectroscopy studies. The top and bottom of the model are perfectly matched layers, designed to be perfect absorbers so
that light does not scatter back into the model by erroneous interactions at the boundaries. Periodic boundary conditions
are implemented at the horizontal edges of the model in order to simulate an infinitely periodic array of the gold stripes
with the period equal to the width of the model.
For the preliminary results obtained thus far, the Au widths, w1 = w2 = w, were swept from 10 to 100 nm for various SiO2
layer thicknesses, tSiO2, and the summation of the optical enhancement within a small integration box surrounding the
gap was calculated. These data are plotted in Figure 4. The goal of this type of simulation is to determine the
combinations of geometry, material, and incident wavelength that provide the optimal optical enhancement. This can
help focus future device fabrications for experimental verification of these computational results.
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Figure 4. Plot of the summation of optical enhancement (E/E0)2 vs w1 = w2 = w with data from the area of interest
surrounding the model nanogap for various values of SiO2 thickness.

The results shown in Figure 4 don’t show a clear correlation between the peak optical enhancement at different Au
widths and the thickness of the SiO2 layer. While each plot displays a peak for the structure width shown, additional
peaks may be present for larger Au widths, and the location of the peaks on the plot does not follow an obvious trend. It
appears that there is a maximum enhancement for tSiO2 = 200 nm, but truly determining the optimal thickness will require
more and larger parametric sweeps of various conditions. Future work for this study will require additional simulations
in order to fully determine the effects of the oxide layer on the optical enhancement of the device. It is believed that a
wavelength-dependent sinusoidal trend is likely to be found if one plots the enhancement versus tSiO2 for a large enough
thickness range. Future work will simulate a wider range for tSiO2, different wavelengths, and actual dual-width gratings
instead of the w1 = w2 case.

3. CONCLUSION
In conclusion, a finite element model has been created for the simulation of dual-width plasmonic grating
electromagnetic enhancement studies. The model has been utilized in the calculation of preliminary results
demonstrating effects of varying the silicon dioxide thickness beneath the grating structure. The preliminary results of
enhancement versus Au width for different SiO2 thicknesses do not display an obvious correlation between peak
enhancement and oxide layer thickness. Thus, future work will study a larger range of thicknesses with a finer step size.
Other studies will include more geometrical parameter variations for combinations of Au structure widths and SiO2
thickness, different incident light wavelengths, and determination of the potential benefits of dual-width structures over
single width gratings. A newly developed Raman spectroscopy setup will also be used to experimentally characterize
fabricated dual-width grating samples for comparison with the current computational optimization studies.
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