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Real-Space Mapping of Hole Plasmons†
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The nano-voids,1 nano-holes,2 and nano-slits3 have shapes

that are complementary to the nanospheres, discs and nano-

rods, respectively. According to the Babinet principle,4 the

plasmon modes and resonances of such nano-objects are

fairly similar to (the Babinet principle is exact only when the

constituting metal is a perfect conductor) the original objects.

As such, the plasmons of such complementary nanostruc-

tures can be equally good, or even better (in terms of ease of

fabrication), structures for plasmonic sensing, surface-en-

hanced Raman scattering (SERS)5 and plasmonic devices.

Therefore, it is important to fully characterize the plasmon

modes of such objects.

In this Note, we report on the direct spatial mapping of

dipolar plasmons of a gold nano-hole, which provides infor-

mation on the spatial distribution of enhanced local fields.

We employ the nano-holes instead of nano-slits because the

former can be easily fabricated by low-cost nanosphere

lithography.6 The operating principle and the detailed setup

of the scattering-type scanning near-field optical microscopy

(sSNOM) can be found in ref. 7, and only the key concept is

outlined here. Linearly polarized light excites plasmonic

nanostructure (in our case nano-hole) and the plasmonic

field induces an oscillating dipole of the tip-end (see Figure

1(a)). Therefore, the far-field scattering from the tip-end

contains the information on the intensity, phase, and direc-

tion of the tip-dipole, and hence the local field information.

In particular, we detect z-component (parallel to the tip-axis

and perpendicular to the sample plane) of the local field, Ez.

Figure 1 shows the atomic force microscopy (AFM) topo-

graphy, sSNOM intensity and phase images of an isolated

nano-hole. Also shown in comparison are the simulated (via

the finite-domain time-dependent, FDTD, method) Ez-field

intensity and phase images. Close agreement between the

experiment and simulation is evident. First, we observe

enhanced field intensity at the rim of nano-holes (compare

Figures 1(c) and (e)). Because of the topographic convolu-

tion effect of the tip-end, the apparent boundary of nano-

holes in AFM image does not exactly match the physical

boundary. The dashed circles in the images are the estimated

positions and sizes of the boundary.

Secondly, we observe a 180 degree phase shift across the

center of the nano-hole (compare Figures 1(d) and (f)). This

corresponds to the Ez-field pointing opposite directions (up-

ward and downward) on either side of the nano-hole. This,

within the Gauss law, reflects the dipolar charge distribution

at the rim of the nano-hole. This phase signature proves that

the enhanced field does not arise from random hotspots

associated with surface roughness. Rather, this arises from

the overall circular geometry of the nano-hole. With an

excitation of nano-hole with p-polarized light, these two

features disappear (Figures 1(g) and (h)), which further

substantiate our interpretation. The agreement between the
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Figure 1. (a) Schematic of sSNOM measurement; (b) AFM topo-
graphy of the nanohole; (c) sSNOM intensity (in-plane excitation);
(d) sSNOM phase (in-plane excitation); (e) FDTD-simulated
intensity; (f) FDTD-simulated phase; (g) sSNOM intensity (out-of-
plane polarized excitation); (h) sSNOM phase (out-of-plane
polarized excitation). The dashed circles represent the estimated
position of Au/Si boundary. The double-sided arrows in (c), (d),
(e), and (f) and concentric circles in (g) and (h) are the excitation
polarization direction.



954     Bull. Korean Chem. Soc. 2014, Vol. 35, No. 3 Notes

experiment and theory is not exact. Part of the deviation is

caused by the sSNOM experimental artifact. For example,

the intensity profile shows slight asymmetry, which is caused

by the asymmetry of the tip-end. Some other part of the

deviation is likely to arise from the non-ideal shape (especi-

ally edges of holes) of the nano-holes fabricated. Neverthe-

less, the result clearly shows the detailed spatial profiles of

the dipolar plasmons of nano-holes. The study of near-field

interaction of the two or more Au nano-holes and their

possible application to SERS are currently under way.

Experimental

The Au-hole with a diameter of 200 nm is made by the

simple nanosphere-lithography: polystyrene beads of a

corresponding diameter are dispersed onto the Si-wafer, and

is coated with an Au film of thickness of 50 nm by thermal

evaporation coating, and the bead is removed by sonicating

in dichloromethane (CH2Cl2). This procedure yields random-

ly distributed nano-holes with a well-defined diameter. To

minimize the tip-induced perturbation (shift in resonance

frequency and distortion of the recorded field) in sSNOM,5

we use weakly scattering Si-tip (tapping mode), and use the

cross-polarization geometry in which excitation light is

polarized orthogonal to the tip-axis (s-polarized) and only

the scattered light that is polarized near-parallel to the tip-

axis (p-polarized) is detected.
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