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a b s t r a c t
Nanowires of indium tin oxide (ITO) were grown on catalyst-free amorphous glass substrates at relatively
low temperature of 250 °C in argon and helium ambient by the Nd:YAG pulsed laser deposition technique.
All the ITO samples showed crystalline structure due to substrate heating and the (400) X-ray diffraction
peak became relatively stronger as the pressure was increased. The surface morphology was also changed
from compact, polycrystalline thin-ﬁlm layers to a dendritic layer consisting of nanowires for some limited
pressure ranges. The transition from the normal thin-ﬁlm structure to nanowires was likely due to the
vapor–liquid–solid mechanism but under catalyst-free condition. These nanowires tended to grow perpendicularly on the glass substrate, as observed with the transmission electron microscopy (TEM), which also
conﬁrmed that these nanowires were crystalline.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Indium tin oxide (ITO) has been used as the transparent conducting electrode and hole injection anode [1]. ITO nanostructures, which
include nanowires, nanorods, nanowhiskers and nanocrystal, were
prepared by co-evaporating method [2], sol electrophoresis with a
template [3], gold catalyst-assisted vapor–liquid–solid growth process [4], and electron beam evaporation [5]. Raluca Save et al. [6]
reported on the ITO nanowires obtained by pulsed laser deposition
on a catalyst-free silica substrate at 500 °C with nitrogen as the background gas. It was observed that the nitrogen pressure inﬂuenced the
orientation of nanowire as well as transformation, at 2 mbar, of ITO
from nanowires to nano-pyramids. The effects of different background gases on electrical and optical properties of ITO by pulsed
laser deposition were previously reported by Thestrup et al. [7] and
our group [8], but ITO nanostructures were not observed. In this
paper, we report that ITO nanostructures, in particular, nanowires
can be prepared by the Nd:YAG pulsed laser deposition in argon at
relatively low temperature of 250 °C, and on the catalyst-free glass
substrate.

2. Experimental
The deposition was performed with a Q-switched Nd:YAG pulsed
laser (EKSPLA, NL301) at 355 nm [8]. The ablation target was a
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sintered, 2-inch diameter disk of ITO target with a composition of
90 wt.% In2O3 and 10 wt.% SnO2 (Target Materials, Inc., USA). The
ITO target surface was ﬁrst cleaned by ablation for 5 min by unfocused laser beam and the glass substrates were placed at 8 cm
away. The deposition rate was estimated to be about 0.5 nm/s and
the ITO ﬁlm thickness was always maintained at 200 nm. The surface
morphology of the ITO ﬁlms was obtained with a ﬁeld-emission scanning electron microscopy (FESEM) (model Hitachi S-4700). The crystal structures of ITO ﬁlms were determined by an X-ray diffraction
(XRD) and transmission electron microscopy (TEM), namely, the
Bruker AXS D8 Discover diffractometer equipped with a 2D position
sensitive (GADDS) detector, and the JEOL-2010 TEM equipped with a
GATAN TRIDIEM electron energy loss spectrometer (EELS).
3. Results and discussions
The FESEM and XRD patterns of ITO samples grown in Ar and He
ambient are shown in Figs. 1 and 2, respectively. All the ITO nanowires have crystalline structure, which exhibit diffraction peaks only
from the cubic bixbyite structure of In2O3[9]. There are four major diffraction peaks corresponding to (222), (400), (440) and (622) orientations. An obvious trend shown by the XRD diffraction pattern was
that the (400) diffraction peak became relatively strong. For He, the
nanowires could be transformed to closely arranged, pyramid-like
nanocrystals at pressures above 100 mbar.
Fig. 3(a) shows the cross sectional TEM image of ITO deposited at
30 mTorr Ar. The TEM image indicates that the ITO nanostructure
consists of two layers of different morphologies. The nanowire was
perpendicular to the substrate, typically, with “wire” diameter between
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20–30 nm and wire length of 700–800 nm. The high resolution image
and its fast Fourier transform (inset in (b)) represent that the (400) lattice fringes of 0.256 nm period were parallel to the longitudinal axis of
the nanowire. This structural feature, together with the rectangular
alignment of the nanowire may explain the measured strong (400)
XRD peak for this particular sample (40 mTorr) as compared to the
ones deposited either at 30 mTorr Ar or 250 mTorr He.
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4. Conclusions
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In summary, ITO nanowires have been deposited by the Nd:YAG
pulsed laser ablation on glass substrates at a relatively low temperature of 250 °C in Ar and He at appropriate pressures. The growth process as a function of the ambient pressure allowed the fabrication of
nanowire ITO with the (400) lattice plane being aligned to the longitudinal axis.
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Fig. 1. XRD and SEM of ITO samples grown on 250 °C heated catalyst-free glass substrates in Ar ambient at 30 mTorr.
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Fig. 2. XRD and SEM of ITO samples grown on 250 °C heated catalyst-free glass substrates in He ambient at 250 mTorr.

Fig. 3. (a) TEM images of ITO nanowires grown in 40 mbar Ar, (b) fast Fourier transform reveals (400) lattice planes are aligned longitudinally to nanowire.

