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Abstract: ZnO nanowire arrays are fabricated on anodized aluminum oxide templates with electric field-assisted

electrochemical technology. Transmission electron microscopy results indicate that the nanowires are straight and

uniform. X-ray diffraction patterns indicate that the nanowires are highly oriented. The result of selected area

electron diffraction suggests that the nanowires are single crystals. The photoluminescence spectrum presents a

broad-band luminescence in the region of 350 ~650nm. The effect of the assisted transverse electric field on the

growth process of ZnO nanowires is also discussed.
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1 Introduction

Recently, zinc oxide (ZnO) has stimulated
extensive research interest because of its excellent
physical properties and numerous potential appli-
cations'?. As a II-VI compound semiconductor
with a wide band gap (3.37¢V),ZnO nanowires
are emerging as candidates for nanoscale ultravio-
let (UV) lasers,light-emitting diodes, photodetec-
tors,and chemical sensors? . Therefore, extensive
research on the fabrication of ZnO nanostruc-
tures, such as nanowires, nanobelts, nanocables
and nanotubes,has been carried out recently. The
fabrication methods of one-dimensional ZnO
nanostructures mainly focus on vapor transport
processes at high temperatures ranging from 400
to 1150C, including chemical vapor deposition
(CVD)"', metal-organic vapor-phase epitaxy
( MOVPE )",
(PLD)" . Low temperature electrochemical depo-

and pulsed laser deposition
sition methods have been used to deposit ZnO'- .
In those works, the template was used as a cath-
ode. According to X-ray diffraction experiments,
nearly all the single crystal products fabricated by
the above methods have the same peak corre-
sponding to ZnO (002) because they all grew per-
pendicularly to the substrates. In this report,anod-

Article ID: 0253-4177(2007)10-1503-05

ic aluminum oxide (AAO) template was utilized
to fabricate single crystal ZnO nanowires via a
simple electric field-assisted electrochemical dep-
osition approach at low temperature (room tem-
perature). All the obtained samples only have a
sharp peak corresponding to ZnO (101).

2 Experiment

Briefly, a 99.999% pure Al foil was de-
greased and electropolished in a solution of per-
chloric acid, ethanol, and distilled water to pro-
duce a mirror-like surface™ . This film was then
washed in distilled water, air dried,and anodized
in 0. 3M oxalic acid at room temperature using a
constant anodizing voltage of 40V. The anodiza-
tion was carried out for 0. 5h to form a thick por-
ous alumina film on the surface, which was then
stripped off in hot chromic/phosphoric acid and
the anodization was repeated again for 10h to
form another porous alumina film with a thick-
ness of a few microns. The two-step anodization
process®! yielded an anodic alumina film with a
well ordered array of about 80nm diameter pores.
After the anodization, the remaining aluminum
was etched by a saturated HgCl solution. Finally,
the barrier layer was dissolved using 0. 5M H; PO,
at 60°C for 50min. The AAO template to be used
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Fig.1 Device used to synthesize ZnO nanowires a Fig.2 Growth process of ZnO (a) Without the

and b are the half-sleeve form transverse electrodes.

in the following experiment was then obtained.

Figure 1 shows a schematic picture of the de-
vice that is used to synthesize the ZnO nanowires.
The porous template is sealed in the middle of the
device. Each side of the template has a graphite
electrode (left and right). One is the cathode,
which connects to the aqueous solution of Na,S.
and the other is the anode, which connects to the
aqueous solution of Zn(NQO;),. A transverse clec-
tric field (between a and b) is applied with a volt-
age of 12. 5V and a frequency of 50Hz to generate
an infinitesimal disturbance in the formation
process of the nanowires.

The Na,S aqueous solution is prepared first at

0.01250M. The consistency of the Zn (NO; ),

aqueous solution calculated by Eq. (1) is
0.00166M.
aQ
N = v @Y

where C is the consistency of the ions, Q is the
electric charge of the same ions, M is the atomic
weight,and r is the ionic radius.

Figure 2 shows the growth process of ZnO. If
the transverse electric field (Figure 2(a)) is not
applied, the nucleation occurs at random loca-
tions. Once ZnO is formed, the channel for the
ions is blocked and the growth process stops. ZnO
nanowires then cannot be synthesized. Figures 2
(b), (c) and (d) illustrate the growth process of
ZnO nanowires in the transverse electric field.
During the electrodeposition process, the major
effect to control the growth orientation is the
transverse electric field. Zn** and O*”
opposite directions in the transverse electrical
field. When the electric field direction alternates,

move in

transverse electric field; (b), (¢), (d) With the trans-
verse electric field

nucleation occurs on the walls of pores in the
AAO template. ZnO nanotubes form and thicken
radially gradually. Until the tubes are blocked,
ZnO nanowires are synthesized.

In the experiment, the current density was
about 10mA/cm?® at first, and then it decreased
gradually to 107 mA/cm® after 20min and main-
tained this constant current density.

Structural characterization was performed by
means of X-ray diffraction ( XRD) using a
Rigaku/Max-2400 diffractometer with CuKe radi-
ation (wavelength 0. 154056nm) . The bright field
image of nanowires and selected area electron dif-
fraction pattern (SAED) were taken by an EM-
400T transmission electron microscope (TEM).
The X-ray photoelectron spectrum (XPS) data
were collected on a PHI-5702 X-ray photoelectron
spectrometer using a monochromatic AlKa X-ray
source. Photoluminescence (PL) spectra excited
with 325nm UV light at 295K were collected with
an FLS920T combined fluorescence lifetime and a
steady state spectrophotometer.

3 Results and discussion

Figure 3 (a) shows a TEM image of dispersed
nanowires with an average diameter of 60nm ob-
tained by electrodeposition in the anodic alumi-
num oxide templates. The dispersed nanowires
were obtained by dissolving AAO templates in 1M
H, SO, solution for 24h at 30C . Enough templates
(about ten pieces) have to be dissolved in 3mL
H.SO, solution to make sure that the nanowires
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Fig.3 (a) TEM image of the ZnO nanowires; (b)

SAED image of the as-grown products

are not dissolved entirely because ZnO is ampho-
teric oxide. In the corrosion process.the consisten-
cy of H'
nanowires can remain. The obtained nanowires
were studied in detail by SAED. The SAED pat-
tern shown in Fig.3 (b) suggests that the nanowi-

decreases gradually and then the

re is a single crystal.

The XRD patterns of the nanowires in the
AAO template deposited at 0. 5,1,20 and 40V DC
are shown in Fig. 4. Only one peak at 20 = 35. 96°
is observed, which can be assigned to ZnO (101),
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Fig.4 XRD patterns of ZnO nanowires in the AAO
template at different voltages a: 0.5V; b: 1V;c:

20V;d: 40V

indicating that the ZnO nanowires are highly ori-
ented hexagonally. This result is reproducible at
different depositing DC voltages. No peaks for Zn
or other impurities are found in the spectrum,
which indicates that the as-grown sample is pure
ZnO. The reason it is ZnO (101) but not (002)
can be attributed to the special growth process. In
other works,the ZnO grew perpendicularly to the
substrates, but, in this work, the ZnO grew per-
pendicularly to the wall of the pores as discussed
above.

The chemical the ZnO
nanowires deposited at 40V was obtained by XPS,
and the results are shown in Fig. 5. Figure 5 (a)
shows the full-range XPS spectrum, where only
Zn,0,C,and Al peaks are present. Figures 5 (b)
and (c) display the XPS spectra of the Zn2ps,
and Ols of ZnO nanowires. The binding energies
in all the XPS spectra have been calibrated using
Cls at 284. 6eV,shown in Fig. 5 (d). The binding
energies of Ols and ZnZp;,,, provide a fairly com-
plete picture of the samples. The Zn2p;, XPS
peak that appears near 1021eV coincides with the
findings for ZnO. The Ols peak near 531eV is at-
tributed to oxide ions in ZnO"" . These results in-
dicate that pure ZnO nanowires have been ob-
tained and they are in accordance with the results
of XRD.

The
spectrum for the as-grown ZnO nanowires excited
by a He-Cd laser operating at 325nm is shown as
curve a in Fig. 6, which reveals a broad-band

composition of

room-temperature photoluminescence

emission in the region of 350~650nm. The
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Fig.5 XPS spectra of ZnO nanowires deposited at
40V (a) Full range; (b) ZnZp;,;;(c) Ols;(d) Cls
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tubes are formatted and thickened along the ra-

2000 dial gradually. Until the tubes are blocked, ZnO

1500 1 nanowires are synthesized. Broad-band lumines-

s cence in the region of 350~650nm is observed by

£ 1000 | PL spectra of the as-grown products due to the

é bound-exciton,vacancy-related transitions,and re-

T oS00 combination between self-activated defect levels
ol from (V,,,0,).
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Fig.6 PL emission spectra for the as-grown ZnO
nanowires

emission peak at 380nm corresponds to the near-
band-edge emission of ZnO attributed to the re-
combination of the free excitons. Obviously, there
are visible emissions,including a violet emission at
446nm and a green emission at 510nm. They imply
the presence of some defects. Previous studies on
ZnO mostly reported green subgap luminescence
(peak near 510nm), which has been attributed to
defects associated with oxygen deficiency"'"". The
luminescence band at 446nm is caused by the tran-
sition from the level of the ionized oxygen vacan-
cies to the valence band"*'.

4 Conclusions

In summary, single crystal ZnO nanowires
were obtained at different voltages from 0.5 to
40V at room temperature. The morphologies,
chemical compositions, and structures of the
nanowires were characterized by TEM, SAED,
XPS,and XRD, respectively. The as-grown prod-
ucts are single crystals with wurtzite structure and
diameters of about 60nm. During the electrodepo-
sition process.Zn*” and O*” move to the opposite
direction in the transverse electrical field. When
the electric field direction alternates, ZnO nano-
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