
Abstract:

1. Introduction
It is common sense that transparent, high refractive,

and curved surface materials, like an optical glass, are
used as the lens and opaque; high reflective, and flat
surface materials like a metal are used as the mirror.
Beyond common sense, we proposed metallic nanolens
which is constructed by the array of silver nanorods
provides an image with subwavelength spatial resolution
[1]. Local surface plasmon (LSP) resonance excited on
each silver nanorods is utilized for imaging beyond the
diffraction limit of light.

Electric field enhancement is observed on the metal
surface, when light is irradiated to metallic nanostruc-
ture [2], [3]. This enhancement is caused by the resonant
couplings between electron oscillation and the electric
field oscillation of light, is so-called by the surface plas-
mon. Nanoplasmonics, plasmonic phenomena induced on
metallic nanostructure, is very attractive research field.
Metallic nanoprobe, metallic nanoshell, and metallic na-
nospheres have been developed for the local field en-
hancement, and the optical properties are utilized for
plasmonic nanoimaging, plasmonic nanospectroscopy,
plasmonic laser, and so on [4].

In this article, we show the imaging mechanism and
the imaging characteristics of proposed metallic nano-
lens. We demonstrated that near-field sources in nano-
meter scale were plasmonically imaged through the array
of silver nanorods by three-dimensional finite-difference
time-domain (FDTD) algorithm. Local surface plasmon
polaritons of nanorods contribute to the nano-imaging.
Furthermore, our simulations show that well-designed
metallic nanolens gives color imaging with subwave-

We proposed a nano-imaging system at optical frequen-
cy region with the array of metallic nanorods. We simulated
the field distribution of imaging process using the finite-
difference time-domain algorithm. It is found that the spa-
tial resolution is 40 nm, which is much beyond the diffrac-
tion-limit and is limited by the array pitch. The typical con-
figuration is a hexagonal arrangement with 40 nm perio-
dicity of silver rods of 50 nm height and 20 nm diameter.
The image formation highly depends on the coherence and
the polarization of the dipole sources, the array pitch, and
the source-array distance. The principle of our near-field
imaging is based on the longitudinal resonance of the loca-
lized surface plasmon along a metallic nanorod. The spec-
tral responses of the device are also investigated.
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length resolution [5]. The spatial resolution was 40 nm
that was determined by the array pitch. It is expected
that plasmonic nanorod array would be applied to optical
nanoimaging, nanobiosensor, nanolithography, and na-
nocommunication

The typical configuration of metallic nanolens is the
hexagonal arrangement of silver rods of 50 nm height and
20 nm diameter with 40 nm array pitch. The rod diameter
and the pitch should be much shorter than the wave-
length, while the height can be longer than the wave-
length. Drude dispersion formula was applied to FDTD
simulation in the reference from experimental value [6]
for the consideration of frequency dispersion of silver
complex permittivity. The near-field sources in nanome-
ter scale were plasmonically imaged through the metallic
nanolens (Fig. 1). Figure 1(a) shows the bird view and the
x-z cross sectional view of silver nanorod array. The rod
axis is parallel to z axis. Point sources were shaped as
letter as an object (Fig. 1(b)). The point sources were
all z-polarized and incoherently oscillating like fluores-
cent molecules. The oscillation wavelength was 482 nm.
Each source is located at the center of a rod. The silver
nanorod array is located 10 nm away from the point sour-
ces. Figure 1(c) is the intensity distribution at the plane
10 nm away from the top of the rod array. The FWHM of
each spot was 30 nm, and letter is well resolved.

.

Longitudinal resonant mode of LSP excited on each
silver nanorods contributes to this super-resolutive ima-
ging. We have examined the field distribution of the elec-

2. Simulation model
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Fig. 1. Subwavelength optical imaging through the metallic
nanolens, which is constructed by the array of silver nano-
rods. (a) model (b) object (c) image.

3. Imaging mechanism
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tric field components, Ez and Ex, in the vertical cut inclu-
ding a rod center (Fig. 2). It is found that the Ez compo-
nent is enhanced at the circumference of the top end of
the rod and it contributes to provide the hot spot at the
image plane as shown in Fig. 2(a). In Fig. 2(b), it is seen
that the field of Ex component is enhanced at the side of
the rod and fundamental mode of the LSP resonance is
excited. The resonant frequency was analyzed by time
resolved Fast Fourier Transform (FFT) of the intensity at
the image plane which was 10 nm away from the top end
of rods on impulse response of z-polarized dipole source
(Fig. 3).

It was investigated that the relationship between the
peak intensity at the image plane for the source-array
distance to confirm the contribution of near-field com-
ponents. The peak intensity at the image plane were plot-
ted when the z-polarized dipole source was far from the
bottom of the rod array from 2 to 100 nm. Figure 4 shows
peak intensity in the image plane as a function of source-
array distance. The peak intensity decreased in propor-
tional to the source-array distance and it fitted well to an
exponential decay curve (dashed curve in the figure).
This indicates that a major contribution to plasmon coup-
ling with the dipole radiation is the evanescent compo-
nents of near-field photons.

The array pitch of the nanorod array contributes to
the spatial resolution for the optical nano-imaging.
Therefore the narrow pitch is better for super-resoltive
imaging. The image field distribution dependence on the
array pitch was investigated when the rod diameter and

Fig. 2. Intensity field distributions for individual polariza-
tion components obtained at the vertical (x-z) cross section
of the nanorod array including the centric rod-axis and a z-
polarized dipole source. (a) Ez component. (b) Ex compo-
nent. The size of the scale bar is 50 nm.

Fig. 3. FFT spectrum of near-field intensity at the image pla-
ne. Impulse signal is detected at the image plane through
a silver nanorod. A peak is observed at the wavelength of
482 nm.

4. Imaging properties

height were fixed to 20 and 50 nm. Figure 5 shows the
peak intensity at the image plane as a function of hexa-
gonal array pitch a. Insets in Fig. 5 show the intensity
distribution of the image obtained with the array pitch of
30 and 40 nm. The peak intensity became smaller as the
array pitch decreased. When the distance between rods is
less than 40 nm, there is the coupling between local sur-
face plasmons in the neighboring rods, and then coupling
out or smearing of the peak intensity occurred. Therefore
the image became broadened, not forming nanospot, at
a less than 40 nm array pitch. When the array pitch is lar-
ger than 40 nm, local surface plasmon coupling between
rods became negligible and the peak intensity is almost
constant that means the spot formed by this nanorod ar-
ray is as same as the single nanorod case. In conclusion,
a pitch of 40 nm is the best pitch for this model, since the
image resolution depended on the pitch.

In conclusion, subwavelength image transfer process
by silver nanorod array was discovered and proposed. The
theoretical calculation work was done and the mecha-

Fig. 4. Relationship between the peak intensity (dots) as
a function of the source-array distance and exponential
fitting for the dot marks (dashed curve).

Fig. 5. Hexagonal array pitch dependence on the peak inten-
sity at the image plane. Insets show the intensity distribu-
tions of the image obtained with the pitch of 30 and 40 nm.

5. Conclusion
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nism of the super-resolutive optical imaging through pla-
smonic nanorod array was clarified by three-dimensional
FDTD algorithm. The spatial resolution is limited by not
the wavelength but the array pitch. The resolution in the
case of used parameters was six times higher than that
of conventional diffraction-limited optics. It was found
that the image formation depends on the source-array
distance and the polarization of the dipole sources, array
pitch, and the coherence by the FDTD simulation.
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