Characterization of sputtered indium tin oxide layers as transparent
contact material
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The electrical, optical, and various mechanical properties of rf sputtered indium tin oxide layers
were investigated in terms of electrical resistivity 共four-probe measurement and Hall兲, optical
transparency, scanning transmission electron spectroscopy and x-ray spectroscopy. Whereas the
specific conductivity is at the lower limit reported in the literature (2⫻10⫺4 ⍀ cm兲, and the optical
transparency is as high as 90% in the wavelength range between 550 and 800 nm, the grain size is
between 10 and 25 nm. The stress is tensile and in the range of 7 kbar after deposition, to drop to
3 kbar after anneal. © 2001 American Vacuum Society. 关DOI: 10.1116/1.1389901兴

I. INTRODUCTION
For p contacting on III/V compound semiconductors,
variations of the Bell contact 关Ti/Pt共Mo兲/Au兴1,2 have evolved
to be most successful. The lowest contact resistivities challenge the rim of accuracy which is possible with methods
like transmission-line method or contact hole.3,4 To enlarge
the range of possibilities, transparent p contacts made of
indium/tin oxide 共In2O3 :SnO2 or ITO兲, zinc oxide or related
compounds like SnO2 are in common use and are very attractive for light-emitting diodes 共LEDs兲 to enhance and simplify the outcoupling of light. These systems consist of a
wide-gap (⭓3 eV兲 oxide to which an appropriate dopant is
added to the onset of electron degeneracy. From these three
systems which have been investigated comprehensively, ITO
is expected to approximate the theoretical estimations most
closely.5,6 As pointed out by Tahar et al.,7 the resulting conduction mechanism is an overlap of an impurity band due to
O2⫺ vacancies with the conduction band at E c . The chemical reaction is a contribution of electrons 共two at maximum兲
O2⫺ →2 h⫹ 2 e ⫺ ⫹ 21 O2 共 g 兲 .

共1兲

By replacing In3⫹ by Sn4⫹ randomly, another electron is
provided to the conduction band. Since Sn4⫹ acts as a scattering center for electrons inside the In2O3 lattice, electron
mobility and electron density are mutually opposed. Therefore, the highest achievable conductivity is a trade-off between these two quantities. This results in a system with high
optical transparency and electronic conductivity.7,8 For their
effective use as a conducting coating layer in LEDs, a good
specific resistivity  (  of the contact material should be
high compared with  of the p-contact layer兲 and a low absorption constant should be combined. The absorption edge
should be beyond 800 nm 共1.5 eV兲. For a relative dielectric
constant of about 3 and an effective mass m * of 0.3 m e , we
obtain a maximum for n e of 2⫻1021 /cm3 from which the
highest conductivity can be estimated to 5⫻103 ⍀ ⫺1 cm⫺1 .
a兲
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Among the lowest values reported for the specific resistivity of sputtered films of In2O3 :SnO2 are those of Morgan
et al. (230  ⍀ cm after an annealing step in vacuum or
nitrogen/hydrogen above 250 °C兲.8 This corresponds to a
drop in resistivity by a factor of 3–4 compared to asdeposited values which are connected with an improvement
of optical transparency by about 10% between 500 and 800
nm. As the main mechanism, they evaluated grain growth up
to 250 °C which will saturate for higher temperatures. Hall
measurements revealed that the electron concentration will
decrease very slowly above 300 °C at constantly increasing
mobility, so that their product, the conductivity, levels off.
II. EXPERIMENT
In this study, In2O3 :SnO2 films were investigated which
were sputtered using an Alcatel system SCR 650 equipped
with a VAT downstream control unit. Base pressure was
1.5⫻10⫺8 Torr (2⫻10⫺6 Pa兲. The composition of the sintered target was 90:10% In2O3 :SnO2 which has proven to get
the lowest specific resistivities. The dependence of the deposition rate was investigated for variations of
共1兲 rf power between 100 and 600 W 共corresponds for a 6 in.
target from 0.5 to 3 W/cm2 ),
共2兲 discharge pressure between 0.5 and 5 Pa (4⫺40 mTorr兲,
and
共3兲 substrate temperature between 100 and 550 °C.
The influence of an annealing step in nitrogen between
150 and 500 °C was investigated for the parameters of main
interest: topography, electrical resistivity, and optical transparency.
III. RESULTS AND DISCUSSION
A. Deposition rate as function of rf-power and
discharge pressure

In Fig. 1, the dependencies of the deposition rate on rfpower and discharge pressure are plotted. Both dependencies
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