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Two Dimensional Gold Nanodot Arrays Prepared
by Using Self-Organized Nanostructure

Kyung-Han Jung*, Jeong-Soo Chang** and Young-Soo Kwon'

Abstract - Highly ordered gold nanodot arrays have been successfully obtained by vacuum
evaporation using an anodic aluminum oxide (AAQO) as a shadow mask. An AAO mask with the
thickness of 300 nm was prepared through an anodization process. The structure of the nanodot arrays
was studied by a field- emission scanning electron microscope (FE-SEM) equipped with an energy
dispersive spectrometer (EDS). A tapping mode atomic force microscope (AFM) was employed for
studies of height and phase feature. The nanodot arrays were precisely reproduced corresponding to the
hexagonal structure of the AAO mask in a large area. In the gold nanodot arrays, the average diameter
of dots is approximately the same as the AAO pore size in the range from 70 nm to 80 nm and 100 nm
center-to-center spacing. EDS analysis indicated that the gold dots were almost entirely consisted of

gold, a highly demanded material.
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1. Introduction

Highly ordered nanodot arrays hold promise for many
applications in various fields such as optical, magnetic, and
electronic devices [1-3). To date, various approaches have
been explored in order to create these structures by using
electron beam lithography, molecular beam epitaxy,
scanning probe lithography, and template methods [4-6].
Among them, the research of template methods has
increased rapidly due to its attractive potential use for the
alternative approach to overcome the size scale limitation
of conventional lithography with low cost [3, 7-9].

The anodic aluminum oxide (AAO), one of the
promising templates, is a self organized nanoscale structure
and consists of highly ordered hexagonal arrays of straight
and parallel pores. Because the AAO grows under the
anodization process, the pore size (20 ~200 nm) and the
thickness (100 nm ~ tens (m) of the AAO are determined
with controlling the anodic voltage and the type of
electrolyte.

In this study, we attempted to make gold nanodot arrays,
which were prepared using an AAO as an evaporation
mask. A through-hole AAO was used for the preparation of
gold nanodot arrays. The morphology of gold nanodot
arrays was studied by using field-emission scanning
electron microscopy (FE-SEM). Typical dimensions of

1 Corresponding Author: Dept. of Electrical Engineering, Dong-A
University, Korea. (yskwon@dau.ac.kr)

*  Dept. of Electrical Engineering, Dong-A University, Korea.
(khjung@donga.ac kr)

** School of Computer Control & Electrical Engineering, Kyungil
University, Korea. (jsoo@kiu.ac.kr)

Received December 14, 2005 ; Accepted February 13, 2006

gold nanodot arrays prepared by this work were 75 nm in
diameter and 100 nm center-to-center spacing with 25 nm
height. The diameter and spacing of the nanodot arrays
corresponded to those of the AAO template. Energy
dispersive spectrometer (EDS) analysis indicated that the
gold nanodot arrays were almost consisted of pure gold.

2. Experiment
2.1 Preparation of AAO mask

An AAO with the thickness of 300 nm was prepared via
a two-step anodization process [10]. Firstly, a high purity
aluminum sheet (Aldrich, 0.5 mm thick, 99.999%) was
degreased in acetone and then annealed at 550°C for 15
min. to enhance its grain size and remove mechanical
stresses.  Subsequently, the aluminum sheet was
mechanically polished with 6, 3, 1, and 0.25 gm diamond
suspension. The first anodization with this sample was
carried out in a 0.3 M oxalic acid solution at 8°C under a
constant voltage of 40 V for 2 h. The electrolyte was
continuously stirred during the anodization to keep the
temperature and concentration uniformity.

After the first anodization, the generated AAO was
removed by wet chemical etching with a 60°C mixed
solution of phosphoric acid (1.8 wt %) and chromic acid (2
wt %). Then the second anodization was carried out under
the identical condition for 10 min.

After the second anodization, the surface of an AAO was
covered with nail polish to avoid chemical damage during
the chemical etching process. The remaining aluminum
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substrate was removed by wet chemical etching with
saturated HgCl, solution and then the barrier layer of the
AAO was also removed with a 5 wt % H;PO, solution at
room temperature (RT). Finally, the nail polish protecting
layer was removed in acetone and rinsed with ethanol and
distilled water repeatedly before being bonded onto the
substrate. The schematic illustation of the structure of an
AAQ is ideally drawn in Fig. 1 (a) and (b).
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Fig. 1 Schematic illustrations of the ideal hexagonal
structure of an AAO (a-b) and schematic diagrams
of the fabrication of gold nanodot arrays (c-f). (a)
The sectional diagram of an AAO. (b) The planar
diagram of an AAO. (¢) Ti film is deposited onto
the substrate. (d) An AAO mask is set on the
substrate. (¢) Gold is deposited by thermal
evaporation. (f) The mask is removed by chemical
etching.

2.2 Gold dot arrays
The fabrication of gold nanodot arrays was carried out

using the process schematically illustrated in Fig. 1 (c)
through (f). A Ti thin film was first deposited on the
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Fig. 2 (a) Average diameter of the pore and cell as a
function of the anodic voltage. The oxalic acid
concentration is 0.3 M and the temperature is 8°C.
(b) Mean pore diameter with etching time.

substrate by thermal evaporation to enhance the adhesive
strength between gold dots and the substrate. The AAO
mask was then set onto the substrate. Then the pure gold
was also thermally deposited in the vacuum pressure of 1x
107 torr. After deposition, the AAO template was dissolved
with a 10 wt% H,PO, solution at 30°C for 1 h and then the
sample was rinsed with distilled water.

2.3 Characterizations

The morphology of gold dot arrays was evaluated using
a FE-SEM (JSM-6700F, JEOL) equipped with EDS
(Oxford Instruments, INCA energy), which was performed
to qualitatively examine elemental composition of the
samples with a Mn Ka X-ray source (hv=136 ¢V). Atomic
force microscopy (AFM, Nanoscope Illa, Digital
instruments) studies were performed for estimating the
height or distance of the gold nanodot arrays with a tapping
mode.
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Fig. 3 FE-SEM images of an AAO mask. (a) Surface view.
(b) Cross sectional view. The inset shows a close-up
view of the hexagonal arrangement of the nanopores

The 10 pm scanner and cantilevers with force constants
of 20-100 N/m at resonance frequencies of 260-280 kHz
were used. Images included 512x512 data points.
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3. Results and Discussion

The voltage dependence of the pore and cell diameters is
shown in Fig. 2 (a). The pore and cell diameters
proportionally increased with increasing voltage, as
previously reported [11]. Fig. 2 (b) represents that the mean
pore diameter is increased with etching time monotonously.
This result shows that pore widening rate of our templates
in a5 wt % H;PO, solution at RT is 1.4 nm/min appro-
ximately.

Full Scale 172331: Crsuh‘ le\f (4!;:!5)1 A ; kev
Fig. 4 (a) FE-SEM image of gold dot arrays. The inset
shows a close-up view of the hexagonal
arrangement of the nanodot arrays. (b) EDS
spectrum revealing that the gold dot arrays are
composed of highly demanded gold.

FE-SEM images of the planar and sectional views of the
AAO prepared by two-step anodization are shown in Fig. 3
(a) and (b), respectively. The arrangement of pores is
almost perfect hexagonal order and the average pore
diameter is 65 nm. The interpore distance is about 100 nm
corresponding to the cell diameter of AAO. To our
knowledge, well-ordered nanopore arrays were formed
when the root mean square (RMS) roughness of the
aluminum sheet was less than 3 nm in 3x3 m® as
measured with an AFM after the polishing procedure. The
pore density is 1 x 10'%cm?[10]. The cross sectional view
of AAO is presented in Fig. 3 (b). Pores are perpendicular
to the substrate and parallel with each other. It is clearly
shown that the bottoms of pores are blocked with a barrier
layer (see inset). Therefore, the removal of the barrier layer

is essential to achieve through-hole mask. The thickness of
AAQO plays an important role in the use of a shadow mask
because evaporated vapor could not migrate to the
substrate through the long nanopores. We recognized that
scarcely any gold dot arrays were observed when the
thickness of AAO exceeded 500 nm. Accordingly, we
controlled the second anodization time in order to obtain
thin AAO less than 500 nm.

Fig. 4 (a) shows the FE-SEM image of gold dot arrays
produced on the substrate using an AAO as a shadow mask
Highly ordered dot arrays are seen in a large area with the
same hexagonal shape as that of the AAO mask.
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Fig. 5 AFM images of gold dot arrays. (a) Plane view, (b)
phase view, and (c) cross sectional view along a line
on (a).

The dots also maintain the same circular feature as the
pores of the AAO mask with good size uniformity. These
results indicate that gold dot arrays were well defined by
the through-hole arrays of the AAO mask. The average
diameter is about 75 nm, about 10 nm larger than that of
the pore of the AAO mask in Fig. 3 (a) while keeping the
lattice spacing constant at 100 nm, the same as that of the
AAO mask. It is thought that the pore widening during the
removing process of the barrier layer could induce the
enhancement of the dot size. The high magnification view
is shown in the inset. The EDS analysis in Fig. 4 (b)
indicates that the dominant element is highly demanded
gold.

Fig. 5 (a) and (b) illustrate an AFM plan view and phase
view of the nanodot arrays, respectively. Bright parts
correspond to the protruding dot arrays and dark parts
indicate narrow gap between neighbouring dots. Distinct
dot arrays with hemispherical-shape are clearly observed in
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the phase view image shown in Fig. 5 (b). The average
height of each dot is measured to be around 25 nm from
the cross sectional analysis as shown in Fig. 5 (¢). The
period of the dot arrangement is about 100 nm, almost the
same as that of the interpore distance of the AAO mask.
The concave and convex topography of the dot arrays can
also be clearly seen from cross sectional analysis.

4. Conclusion

Gold nanodot arrays were fabricated by using an AAO
as a shadow mask. The characterization of the gold dot
arrays was carried out by FE-SEM, EDS, and tapping
mode AFM. The dimensions of the nanodot were 75 nm in
diameter, 25 nm in thickness and 100 nm center-to-center
spacing. The diameter, height, and spacing of the rings are
dependent on those of the AAO mask. EDS analysis
indicated that the gold dot arrays were almost entirely
comprised of the highly demanded gold in the arrays. The
present technique is expected to applicant easily for the
development of nanoscale devices.
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