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Development of a Large-Area Plasmonic Sensor
Substrate with Dielectric Subwavelength
Gratings Using Nanoimprint Lithography
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We demonstrated an enhanced surface plasmon resonance (SPR) detection by incorporating subwavelength SiO2 grat-
ings built on a thin silver film. Large-area SiO2 gratings were fabricated by nanoimprint lithographic technique and dry
etching processes and used to sense a surface-limited biomolecular interaction. Numerical results based on rigorous
coupled-wave analysis method exhibited that the dielectric gratings can provide a notable sensitivity improvement by
2 times, which is attributed to an increase in surface reaction area. As another possible application of the fabricated plas-
monic substrate, experimental data of imaging the cell morphology were also presented. This study was intended to show
the feasibility and extend the applicability of a large-area grating-based SPR substrate to diverse optical bioengineering
fields.
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INTRODUCTION
Surface plasmon resonance (SPR) sensors have been
explored intensively as one of the promising candidates
for monitoring diseases and detecting biomolecular inter-
actions, due to their intrinsic advantages such as rapid,
quantitative and label-free detection.1 Optical biosens-
ing based on SPR originates from the resonant coupling
between an incident light of transverse-magnetic (TM)
polarization and evanescent electromagnetic waves. In
general, the resonance angle shift in SPR spectrum shows
a fairly linear relationship over a wide range of refrac-
tive index change of dielectric environments within the
penetration depth of propagating surface plasmons. How-
ever, in practical SPR sensing applications, it has been
often difficult to directly detect the adsorption process of
biomolecules, especially those with very low molecular
weights, because of minute and nonspecific changes in
refractive index unit.2 Hence, together with a lot of efforts
towards multiplexing and miniaturization, improving the
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sensor sensitivity and detection limit has been an important
issue of current SPR biosensor research.
In our previous investigations, use of metallic nano-

structures deposited on a thin metal film has resulted in a
significant SPR signal amplification.3 While this approach
could serve as an effective way to enhance the sensitivity,
which is associated with an increase of surface reaction
area and a locally enhanced field, the SPR curve becomes
broader and shallower inevitably due to the multiple exci-
tations of localized surface plasmon (LSP) modes. On the
contrary, an alternative approach based on non-absorbing
subwavelength structures can simply improve the sensor
sensitivity by increasing the number of ligands and target
molecules that participate in the surface reaction without
considering several adverse effects of LSP modes on the
SPR sensor performance.
From the viewpoint of practical application, the fabri-

cation technique should offer the simplicity of usage and
the possibility of good uniformity over a large surface
area. Unlike conventional lithographic techniques, where
nanoscale patterns are defined by the modification of the
chemical and physical properties of the resist, nanoimprint
lithography (NIL) is based on the direct mechanical defor-
mation of the resist.4 Thus, the resolution achievable with
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NIL is beyond the limitations caused by light diffraction or
beam scattering in other optical lithographies. The poten-
tial for high precision, mass production, reproducibility,
and large scale integration makes NIL considered as the
most promising next generation nanopatterning technique.
Therefore, in this study, we intend to describe the fabri-

cation of dielectric subwavelength gratings on a silver film
as a high-sensitivity SPR sensor substrate using NIL tech-
nique. Moreover, it is interesting to note that radiation of
propagating surface plasmons via dielectric gratings and
its application to cell imaging will be demonstrated. The
results of this study could open up a potential for advanc-
ing the use of large-area dielectric grating-based plasmonic
substrates in both fields of optical biosensing and imaging.

MATERIALS AND METHODS
Fabrication of one-dimensional dielectric gratings on a
silver film is schematically illustrated in Figure 1. As a
first step, a 45 nm thick silver film is evaporated onto
an SF10 glass substrate after an evaporation of a 2 nm
thick chromium adhesion layer. Silicon dioxide (SiO2�
layer with a thickness of 100 nm is then grown on the
silver film via thermal oxidation method. Before press-
ing the stamp which contains a designed nanostructure
into the imprint resist of NIP-SC58LV100 (Chem Optics,
Korea), an additional coating of polymethyl methacrylate
(PMMA) is intentionally deposited so that this PMMA
layer acts as a cushioning layer that prevents a direct
impact of the stamp on the dielectric layer and protects
the fragile nanoscale features on the stamp surface. During
the nanopatterning process of transferring the imprinted
patterns to dielectric subwavelength gratings, a large-area
stamp with high feature density is successfully transferred
and creates a deep thickness contrast of about 150 nm in

Figure 1. Fabrication process flow of dielectric subwave-
length gratings on a silver film.

the imprint resist. After the stamp is peeled off from the
substrate, the PMMA and SiO2 layers are removed, respec-
tively, by O2 ashing and anisotropic dry etching with a 9:1
C4F8-O2 mixture. Finally, the lift-off approach is utilized
to remove the patterned residual polymers. As a result,
a large-area nanopattern of subwavelength gratings could
be achieved reproducibly using our NIL-based fabrication
process.

RESULTS AND DISCUSSION
Figure 2 shows the cross-sectional image of the fabricated
SiO2 gratings via scanning electron microscope. Dielectric
gratings have been intended to take a rectangular profile
with �= 400 nm, a width of 250 nm (i.e., fill factor f =
62�5%), and a thickness of 100 nm. The total effective
area where dielectric gratings are formed is approximately
5 ×5 mm2. Despite good uniformity over a large area,
however, severe dry etching processes may cause a rough
surface. The effect of surface roughness on the sensor per-
formance will be discussed in a quantitative way in our
subsequent studies.
An analysis on the physical interaction between the

plasmonic substrate and the incident light is necessary to
estimate the sensor characteristics of the fabricated SPR
samples. Note that, in an actual application, the sensitiv-
ity characteristic obtained from the layered biointeractions
such as the formation of DNA hybridization could be a
more practical performance measure of the SPR substrates.
However, as the immobilization efficiency of the capture
ligands depends on the substrate material, the biomolecular
interactions may not produce an identical refractive index
change for exposed silver and SiO2 surfaces. Therefore,
alternative experiment using parylene polymer membrane
as a pseudo protein layer is currently underway, instead of
real protein biomolecules.
Hence, a biomolecular reaction of DNA hybridiza-

tion is theoretically modeled as a homogeneous dielec-
tric layer that covers the whole sensor surface. In our
numerical model, the refractive index of an immobilized

Figure 2. Cross-sectional image of the fabricated SPR sub-
strate with SiO2 gratings.
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Figure 3. Calculated reflectance curves for the SPR samples
with and without SiO2 dielectric gratings.

single-stranded DNA (ssDNA) is set to be 1.462 and this
value changes to 1.480 with the formation of the double-
stranded DNA (dsDNA). The refractive index of the DNA
layer was estimated from the results of ellipsometric char-
acterizations for 27-mer ssDNA and its complementary
target DNA.5 The optical constants of SF10 substrate, SiO2

grating, and thin layers of chromium and silver refer to
Ref. [6]. We employ the rigorous coupled-wave analy-
sis (RCWA) method for numerical computations.7 Conver-
gence in RCWA calculation can be achieved by including
30 space harmonic orders
Figure 3 shows SPR reflectance curves of a conven-

tional and a SiO2 grating-based SPR structures when
it is assumed that DNA hybridization forms a 4-nm-
thick uniform coverage over the sensor surface and
its refractive index varies from 1.462 (for ssDNA) to
1.480 (for dsDNA). For traditional SPR sample without
SiO2 gratings, the resonance angle shifts from 54.81� to
54.84�; thus, the net change is 0.03�. However, a SiO2

Figure 4. Experiments for imaging the stained cells of Ficus elastica.

grating-based SPR substrate exhibits a higher shift of
0.06� in resonance angle before and after DNA hybridiza-
tion, indicating an improvement in sensitivity by 2 times.
This enhancement is mainly associated with an increased
surface reaction area provided by dielectric subwavelength
gratings. For the proposed SPR configuration, the sensor
sensitivity can be improved more significantly by employ-
ing dielectric grating structures with a smaller period.
Strong correlation between the surface-limited increase of
binding area and the enhanced sensitivity was also reported
by Oh et al., representing a prominent amplification in SPR
signal by employing mesoporous silica substrates with a
high pore volume.8

Another interesting possibility of the dielectric grating-
based SPR substrate is conversion of propagating surface
plasmons into a radiation mode by diffraction gratings.9

While the results are not shown here, RCWA simulation
presents that a rectangular dielectric grating with a period
of � = 400 nm, a width of 250 nm, and a thickness of
100 nm on a silver film leads to a significant diffraction
efficiency as high as 43% at an incidence angle of 47.0�.
This radiation of surface plasmon waves can be applied to
active or passive optical devices, such as optical imaging
systems and polarization filters. In order to demonstrate
the potential use of the radiation mode in optical imaging,
the stained cells obtained from Ficus elastica are placed
on the sensor surface and the cell images are detected by
CCD camera via an imaging lens.
Figure 4 shows the experimental setup and the captured

image of Ficus elastica cells. When an incidence angle
is fixed at � = 45.0�, the radiation mode is scattered by
the sample and produces a high contrast image. While
light level in the final image is relatively low due to an
absorption by thick samples, this microscopy technique
based on surface plasmons is simple yet effective and the
quality of image is good enough to provide the morpho-
logical characteristics of a cell. Hence, the proposed SPR
structure could be useful to investigate thick targets such
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as in cell analysis, in contrast to a traditional SPR struc-
ture with a limited penetration depth in the 100–200 nm
range. In short, radiation modes can sense cell status
variation by means of transmission or scattering, e.g., due
to morphological changes.

CONCLUSION
In this study, we have presented a large-area SPR sub-
strate based on dielectric gratings using a nanoimprint
lithography. Subwavelength SiO2 gratings with a period
of �= 400 nm, a width of 250 nm, and a thickness of
100 nm are implemented on a silver film and it is theoret-
ically shown that the fabricated SPR structure can provide
an enhanced sensitivity by 2 times under typical conditions
of DNA hybridization. Further improvement in sensor sen-
sitivity could be achieved by employing finer gratings
and relevant experimental studies are currently underway.
Moreover, it is shown that the diffracted light by dielectric
gratings is useful in imaging thick target samples which
exceed the range of penetration depth of propagating sur-
face plasmons. As a result, the proposed SPR platform
is a feasible structure that can be used simultaneously as
a sensitive optical biosensor detecting a surface-limited
biomolecular interaction and as an optical imaging appa-
ratus showing a morphological change of cells and tissues.
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