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We demonstrate a concept of optical data storage through plasmonic resonances of metallic
nanostructures. Metallic nanostructures exhibit strong variations in their reflectance and/or
transmittance spectra due to surface plasmon polariton resonances. We study the variations in
spectra through 50�50 arrays of repeated unit cells covering a total area of �50�50 �m2. Each
cell contains ten different nanofeatures, such as an ellipse, a ring, a circle, a triangle, a square, etc.
The size of each unit-cell is 500�500 nm2, and the periodicity is 1.0 �m. The variations in spectra
are obvious enough to be distinguished and then retrieved. © 2011 American Institute of Physics.
�doi:10.1063/1.3584020�

Optical disk data storage in rewritable phase-change ma-
terials in formats such as compact disk, digital versatile disk,
and blue ray disk are well-employed in the world.1–6 How-
ever, due to the diffraction limit, some other methods such as
holographic optical storage,7 near field optical storage,8–12

and three-dimensional optical storage by two-photon
excitation13–15 have been considered for high-density appli-
cations. In recent years, a concept of data storage through
plasmonic resonances of metallic nanostructures has also
been proposed.16,17 Metallic nanostructures exhibit strong
variations in their reflectance and/or transmittance spectra
due to surface plasmon polanton �SPP� excitation.18,19 The
SPP resonant modes of a given nanostructure, determined by
its material parameters as well as its geometry and dimen-
sions, often exhibit unique features in the optical reflectance/
transmittance spectra. The resonances of metallic nanostruc-
tures also depend on the polarization state of the incident
light, as well as interactions with their environment and with
each other. The spectral signature of metallic nanostructures
can be used to increase the capacity of optical storage
media.20,21

In this letter, we report the results of experiments involv-
ing ten different nanostructural features incorporated within
a 500�500 nm2 area. The presence or absence of each such
nanofeature gives rise to 210=1024 different reflectance/
transmittance spectra when a short pulse �on the order of a
few femtoseconds� from a spatially-coherent light source
�e.g., super continuum� is focused onto that 500�500 nm2

area. Assuming one could distinguish 210 different spectra of
a given spot during the available time, it should be possible
to store and then retrieve ten binary digits �bits� from the
area illuminated by a diffraction-limited focused beam. This
letter presents the results of a study aimed at proving the
feasibility of the concept.

Using electron beam lithography, we fabricated �on a
30-nm-thick gold film on a fused silica substrate� 50�50
arrays of repeated unit cells covering a total area of �50
�50 �m2. Each cell contains ten different nanofeatures,
such as an ellipse, a ring, a circle, a triangle, a square, etc.
The size of each unit-cell is 500�500 nm2, and the period-
icity is 1.0 �m. Figure 1�a� shows the schematic diagram of
Espacer �Kokusai Eisei Co., Showa Denso Group, Japan�/
poly methyl methacrylate �PMMA-495K� bilayered resist
fabrication process. The detail of fabrication process is simi-

a�Electronic mail: dptsai@phys.ntu.edu.tw.

FIG. 1. �Color online� �a� Schematic diagram showing the process of
e-beam lithography. Our samples were fabricated without any adhesion layer
�such as Ti or Cr� between the gold film and the glass substrate. A 3 nm film
of gold was sputter-deposited on the developed resist layer, followed by
thermal evaporation of another 27 nm layer of gold. �b� Diagram showing
the dimensions �in nm� of each nanofeature embedded within a single 500
�500 nm2 unit-cell. �c� SEM image of a small region from the fabricated
sample. This array contains four repetitions of ten different nanopatterns
with a periodicity of 1.0 �m along both horizontal and vertical axes.
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lar to our prior work.22 Figure 1�c� shows a scanning electron
microscope �SEM� image of a small region of a sample con-
taining four unit cells; dimensions �in nanometer� of the vari-
ous features within each cell are specified in the diagram of
Fig. 1�b�.

We also fabricated some arrays by removing one and
only one nanofeature from each and every unit cell in order
to examine the differences of the spectra. For example, re-
moving the nanostar from the lower right-hand-side of each
cell in Fig. 1�c� yields the periodic pattern depicted in the
upper-left-hand frame of Fig. 2. We also examined the spec-
tra of periodic arrays of unit-cells that contain only one of
the ten nanofeatures, such as that seen in the SEM image in
the lower-right-hand frame of Fig. 2, which shows each of

the four unit-cells containing a single nanoellipse and noth-
ing else.

Transmittance spectra in the wavelength range �
=400 nm to 1050 nm using x- and y-polarized illumination
were measured using a B&W Tek Inc. BRC642E spectrom-
eter combined with Carl Zeiss Axio microscope �10� objec-
tive, numerical aperture NA=0.3, 100 W halogen light
source�. The transmittance spectra are normalized by the
transmissivity of an unpatterned region of the fused silica
wafer. Figures 3�a� and 3�b� show the transmittance spectra
of the arrays illuminated at normal incidence using x- and
y-polarized light, respectively. In these figures, the spectrum
depicted in black corresponds to the sample with all ten
nanofeatures present �i.e., the sample shown in Fig. 1�c��,
whereas those depicted in color represent samples in which
one of the nanofeatures �namely, star, ring, ellipse, triangle,
etc.� has been removed; for typical SEM images of such
samples see the left-hand column of Fig. 2. In Figs. 3�c� and
3�d�, the color spectra correspond to samples which contain,
within each repeated unit cell, a single feature, e.g., a star, a
ring, an ellipse, or a triangle; for typical SEM images of such
samples see the right-hand column of Fig. 2.

As might have been expected, the various spectra differ
from one another for x- and y-polarized illumination. For
example, in the case of x-polarized illumination in Fig. 3�a�,
comparing the spectrum in pink with that in black, a little
peak appeared at ��600 nm, and the dip at ��880 nm
became sharper. These two variations in spectra resulted
from removing the surface plasmon resonances of the nano-
ellipse. The pink spectrum in Fig. 3�c� shows the plasmon
resonance of the nanoellipse with major axis along the per-
pendicular direction: there are two plasmon resonances at
��613 nm and ��950 nm under x-polarized illumination.
Therefore, the intensity of the black curve in Fig. 3�a� at
��613 nm and ��950 nm should be enhanced when this
nanoellipse is removed. Similarly, removing the nanotriangle

FIG. 2. SEM images of small regions from four different fabricated samples
in which each unit cell is missing a star �upper left�, or an ellipse �lower
left�, or the unit cell contains only a single star �upper right�, or a single
ellipse �lower right�.

FIG. 3. �Color online� Transmittance
spectra of periodic arrays of identical
unit-cells for x- and y-polarized illu-
mination, each containing different
nanostructures. In frames ��a� and �b��,
the black spectrum corresponds to
complete unit cells having all ten
nanofeatures, whereas colored spectra
represent unit-cells with one feature
removed; the missing feature is indi-
cated in the legend. Frames �c� and �d�
represent unit-cells containing a single
nanofeature; the color �matched to the
legend� identifies the nanofeature.
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or the nanoellipse having its major axis along the horizontal
direction, weakens the intensity of the black spectrum at
��889 nm.

In Fig. 3�a�, aside from the overall change in transmitted
intensity, no obvious changes are observed when removing
the L-shaped nanofeature �red� or the nanostar �light blue�
with x-polarized illumination. However, in Fig. 3�b�, corre-
sponding to y-polarized illumination, comparing the spec-
trum in black with the spectrum in light blue, a peak at
��744 nm appears when the nanostar is removed. Simi-
larly, by removing the L-shaped nanostructure, the peak at
��845 nm becomes more distinct than that of the black
spectrum. These variations in the light-blue and the red spec-
tra originate, respectively, from the plasmonic resonances of
the nanostar and the L-shaped nanofeature. The peak in the
light-blue spectrum at ��744 nm in Fig. 3�b�, for example,
originate from removing the plasmonic resonance of the
nanostar seen in the light-blue curve of Fig. 3�d�.

We emphasize that our explanations of the observed
spectral changes arising from the removal of specific
nanofeatures are only qualitative. One would need to conduct
a suitable set of control experiments along with detailed nu-
merical analyses in order to better understand the physics
that underlies these observations. On general grounds, one
expects that the removal of a nanofeature would be seen
most dramatically at and near those wavelengths at which the
�isolated� nanofeature exhibits plasmonic resonances. How-
ever, it is also true that each nanofeature interacts with its
neighborhood so much, so that the resulting spectrum is a
complex function of the shapes and dimensions of the neigh-
boring nanofeatures—not to mention the polarization state of
the incident light. To the extent that such interactions occur
in practice �via the excitation of short-range as well as
longer-range surface plasmon polaritons within neighboring
structures�, the spectral changes observed in consequence of
the removal of a single feature would depend not only on the
feature itself, but also on its position among the surrounding
nanofeatures.

Similar spectral variations are observed upon removing
the nanoellipses when illumination has a given state of po-
larization. Intriguingly, we find that the variations in spectra
while removing the ellipse having its major axis along the
x-axis under x-polarized illumination �see the blue spectrum
in Fig. 3�a�� are different from those obtained when remov-
ing the ellipse having its major axis along the y-axis under
y-polarized illumination �see the pink spectrum in Fig. 3�b��.
This obvious spectral variation results from the coupling of
the nanoellipse with nanoparticles in its vicinity rather than
from any fabrication variations in the nanoellipses. In Fig.
1�c�, the shapes of the ellipses with major axes along the x-
and y-directions are slightly different; however, this struc-
tural variation does not appear to change the corresponding
plasmonic resonances substantively, as may be confirmed by
comparing the blue and pink spectra of Fig. 3�c� with those
of Fig. 3�d�. The ellipse having its major axis along the
x-direction is very close to the square on its right and the
triangle on its lower side so that the coupling effect of the
ellipse with the square and the triangle is particularly strong.
The change in the spectrum is clearly visible when the na-
noellipse with its long axis along the x-direction is removed.
This feature of plasmonic resonance provides the possibility
of enhancing the spectral variations for optical data storage

through the coupling effect of nanoparticles, a feature that is
especially suited for high-density data storage applications.
In the case of conventional optical storage, the signal ob-
tained from recorded marks becomes less distinct when
marks come closer together within a diffraction-limited spot.
In the case of information storage through plasmonic reso-
nances, however, readout signals become easier to detect
when two nearby metallic nanostructures interact.

We studied the concept of high-density optical data stor-
age by employing plasmonic resonances. The SPP-induced
changes in spectra corresponding to different shapes and ori-
entations of metallic nanoparticles illuminated by x- and
y-polarized light can be employed to enhance the capacity of
information storage media. The transmittance spectra were
seen to change their intensity as well as their profiles when
different combinations of nanoparticles were present in a
unit-cell. Unlike the restrictions imposed on conventional
optical storage by the diffraction limit of light, the spectral
variations become enhanced when nanoparticles within a
unit-cell come closer together. This characteristic seems to
be especially suitable for high-density optical storage when
exploiting plasmonic resonances.
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