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1. Introduction

Vapor-liquid-solid (VLS) mechanism of
single-crystal growth [1] is a well-established
model for catalyst-free [2] or catalyst-guided [3]
growth  of indium tin oxide (ITO)
nanowires/nanowhiskers. It has been generally
accepted that the catalyst particles are in liquid
state during the VLS growth; hence imposing
no direct influence on the crystal structure of
the one-dimensional (1-D) nanostructures they
incubate [3].

The growth via liquid Sn particles to form
the whiskers often results in the deterioration of
the transmittance and electric properties. In
contrast, sputtering is an alternative technique
to fabricate ITO films, which has the advantage
for replicating the composition of a source
target to the exact chemical composition
desired [4]. Here, we report on an investigation
of In-catalyzed growth of ITO whiskers with a
unique shape and growth direction by ion beam
sputtering. The change in the phase purity and
optoeletronic properties of the ITO or ITO:In
composite films with the change in oxygen
flow rates are discussed.

2. Results and discussion

The optical transmission data of the
samples deposited at 150 °C are plotted in Fig.
1. The transparency increases with increasing
oxygen flow rate of up to 1.5 sccm. The ion
beam sputtered films had an ecru tinge as
deposited at 0.5 sccm oxygen flow rate,
however, became yellowish tinge at 1.0 sccm,
and then turned colorless at 1.5 and 2.0 sccm.
Curved whiskers prepared under 0.5 sccm
contained metallic indium would scatter and
adsorbed visible light leading to poor
transparency (< 60 %) even though films have
higher crystallinity. Increasing the oxygen flow
rate to 1.0 sccm, there has spherical droplet-like

structures on the ITO films and also contains
metallic indium, presumably a combination of
solidified or oxidized melts of In/In,O; eutectic,
the transparency was increased slightly (60-70
%). The scattering of the visible light was less
serious than that of the whisker structure
causing the a little increase in the transparency.
Increasing the oxygen flow rate to 1.5 sccm
smoothened ITO films was formed showing
intrinsically high transparency (80-90 %). ITO
films deposited under further high oxygen flow
of 2.0 sccm showing amorphous structure or
composed of small grains for which the optical
transparency degraded to 70-80 %. In the case
of ion beam sputtered ITO films at low
temperature, the inferior optical property can be
controlled by oxygen flow rate. Better quality
films are attained under a moderate oxygen
flow rate.

Transmittance (%)

" Wa.\;r‘elengtl;i.;nm]
Fig. 1 Optical transmission spectra of ITO samples
grown on glass substrate at substrate temperature 150 °C
under oxygen flow rates of 0.5, 1.0, 1.5, and 2.0 sccm.
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