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Nanostructured materials have great potential in microelectronics,
optoelectronics, magnetic storage, and sensors because they display
novel physical and chemical propertids. particular, ordered arrays
of nanoparticles, nanowires, nanotubes, and nanodots have recently
attracted much attentichTemplate depositich'® has been used
in order to make ordered arrays of nanoscale objects. Anodized
aluminum oxide (AAO) has been extensively used in the past few
years as an easy way to prepare nanowires and nanotubes by
electrodepositiod#-12 Many kinds of ordered arrays of nanopar-
ticles, with different diameter and shape, such as disks, hemispheres,
hemiellipsoids, cones, and even rings have also been made using -
ultrathin alumina masks (UTAMS}-16 However, the UTAMs are Figure 1. SEM images of AAO film as-detached by electrochemistry

. . oo method from Al substrate with the cross-sectional view (insets). The scale
very thin (80-640 nm) and fragile and are difficult to handle. Here bar is 500 nm, and the magnification in the inset is twice that of the original

we report the use of an AAO film as a mold for preparing ordered image: (a) top surface; (b) bottom surface; (c) top surface after pore-
arrays of nanodots. The material was deposited onto the largeenlarging.

conical opening of the nanopore in the as-prepared AAO film by

sputtering or e-beam evaporation. After removal of the AAO film, method from the Al substrate. The pore diameter of 40 nm and the
an array of nanodots with the pattern of the AAO film was obtained. interpore distance of 100 nm are both consistent with that shown
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The electrochemical oxidation of Al has a very long histdry? in F_igure 1la. Every nanopore has a gonical opening as sho_wn_ in
Since Masuda and Fukuda’s study of self-ordered porous aluminathe inset of Figure 1b. However, the diameter of the bottom rim is
membranes by a two-step replicating proc®ssA0 films have larger (34 nm) and the height of the conical opening is shorter

became one of the most prominent template materials for the compared with those on the top surface. If the pores are enlarged
preparation of nanostructured materials. For convenient observationdy & wet chemical method, the conical opening of both surfaces is
via scanning electron microscopy (SEM), the pores are usually N0 longer visible. Figure 1c shows the top surface of the AAO
enlarged in phosphoric acid. This treatment by acid solution film after a pore-enlargement process was carried out in 5 wt %
fragilizes the AAO film. In addition, the initial morphology of the ~ HsPQy solution for 30 min at 30C. The diameter of the pores has
as-prepared AAO film is lost Here, we report a new method for been increased to 70 nm, and the opening has the same diameter
preparing and detaching the AAO templates which not only leads s the channel. The uppermost layer of the AAO film in which the
to less fragile and easier-to-handle surfaces but also permits templateéonical opening existed has been removed during the pore-enlarging
transfer onto metal surfaces. After anodization of high purity Al Process. Thus, the conical opening has become very short, as shown
(99.999%) by the two-step process (0.3 M oxalic acid°Cl in Figure 1c.
40 V), the sample was anodized in a solution of HE(68%) and Little attention has been paid to the conical opening, since it is
(CHsCO), (98%) (viv= 1:1) at a voltage of 45 V for 3 s. An open- the long tube which is used as a template for nanowires or
through AAO film with the as-anodized initial morphology was nanotubes. Here, we use the conical opening as a mold to prepare
thus immediately separated from the substtaf8. metal nanodots in a well-ordered array. This method can be used
The morphologies of the as-prepared AAO films were character- for other kinds of materials such as oxides and semiconductors.
ized by SEM (Hitachi S-4700). Figure 1a shows the SEM image Sputtered metal films were deposited onto the three kinds of
of the top surface of an AAO film detached by the electrochemical AAO film surfaces of Figure 1. This metal film can be detached
method from the Al substrate. Hexagonally ordered pore arrays from the AAO film directly or after immersing the sample in a
with an interpore distance of around 100 nm have been obtained.Solution d 1 M NaOH for 5 min. Figure 2 shows the SEM images
The inset in Figure 1a is the cross-sectional view of the as-preparedof our results. Figure 2a is the SEM image of an Ag film sputtered
AAO film. It is clear that the pores have a large conical opening ©Onto and subsequently detached from the top surface of an
with a smaller bottom rim of 13 nm diameter, after which the pores as-prepared AAQ film. The nanodot array was hexagonally ordered
become larger with all channels at a uniform diameter of 40 nm ©On @ continuous metal film. The period of the nanodot array is 100
(as indicated by the white lines). Figure 1b is the SEM image of "M which is consistent with the period of the AAO film. In the

the bottom surface of the AAO film detached by the electrochemical center of every nanodot (or “nanoring”) is a small hole of diameter
about 12 nm. Using the bottom surface of the AAO film as a mold,

 National Research Council Canada. an ordgred_ Ag nanoring array was also obt_amed by sputterl_ng., as
*Ecole Polytechnique de Morite shown in Figure 2b. The resultant Ag nanoring arrays have similar
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opening of the pores, as well as into the nanopores through the
bottom rim of the opening. The metal film consists of many
nanorings with holes in their centers. As the deposition progresses,
the hole in the nanoring becomes smaller, until it finally closes.
Thus, a nanoring with a hole in the middle is formed. After the
AAO film was removed, a metal film with ordered arrays of
nanorings on the surface was obtained. The diameter of the hole in
the nanoring depends on the diameter of the bottom rim of the
conical opening. As shown in Figure 1a, b, c, the diameters of the
bottom rims of the openings are 13, 34, and 70 nm, respectively.
Correspondingly, the diameters of the holes are 12, 21, and 31 nm
as shown in Figure 2 a, b, c. If the rate of deposition is low, the
pore is closed early, and the hole in the nanoring is very small and
a nanocone is obtained instead, as shown in Figure 2d, an image
of Pd deposited by e-beam evaporation at a low rate of about 0.1
nm/s (compared with the rate of 0.3 nm/s for the sputtered Ag film).
In summary, we have developed a new application of AAO films
for the preparation of ordered nanoring and nanocone arrays. In
particular, Ag nanoring and Pd nanocone arrays with morphologies
transferred from AAO templates were fabricated. This method can
\ be easily used for other materials such as metals, oxides, and
5.0 SEW — — T~ semiconductors. Deposition can be performed via evaporation,
Figure 2. SEM images of Ag films sputtered onto the surface of as-prepared sputtering or other methods. By depositing more than one layer of

AA? f“m( a)”d dew‘?he‘i f;tom the AA(? film: (a) tolpdsuhrface; (b) bottom (material on the AAO film, a nanodot array (such as Ag) standing
surface; (c) top surface after pore-widening. Panel d shows SEM image o . .
Pd film e-beam evaporated onto the top surface of as-prepared AAO film on another substrate (such as iCan be obtained.

and detached from the AAO film. The upper insets are the normal view . .
with higher magnification, and the lower insets are the correspondihg 45 Acknowledgment. The authors would like to thank Bo Cui and

oblique view. All the scale bars arem and the magnification in the Francois Normandin for their assistance with the sample preparation
insets are three times that in the original images. and analysis. This research has been supported by the National
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m w Supporting Information Available: Experimental details, AFM
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Figure 3. Preparation process of ordered nanoring arrays: (a) beginning
of metal deposition on AAO film; (b) thicker metal film was deposited; (c)
metal film with ordered arrays of nanorings after removing AAO film.
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