
Delivered by Ingenta to: Nanyang Technological University
IP: 91.242.217.115 On: Wed, 08 Jun 2016 13:39:52

Copyright: American Scientific Publishers

R
E
S
E
A
R
C
H

A
R
T
IC

L
E

Copyright © 2013 American Scientific Publishers
All rights reserved
Printed in the United States of America

Journal of
Nanoscience and Nanotechnology

Vol. 13, 7149–7151, 2013

Structural Properties of Indium Tin Oxide Thin

Films by Glancing Angle Deposition Method

Gyujin Oh, Seon Pil Kim, Kyoung Su Lee, and Eun Kyu Kim∗

Quantum-Function Research Laboratory and Department of Physics, Hanyang University,

222 Wangsimni-Ro, Seongdong-Gu, Seoul 133-791, Korea

We have studied the structural and optical properties of indium tin oxide (ITO) films deposited on
sapphire substrates by electron beam evaporator with glancing angle deposition method. The ITO
films were grown with different deposition angles of 0�, 30�, 45�, 60� at fixed deposition rate of 3 Å/s
and with deposition rates of 2 Å/s, 3 Å/s, and 4 Å/s at deposition angle of 45�, respectively. From
analysis of ellipsometry measurements, it appears that the void fraction of the films increased and
their refractive indices decreased from 2.18 to 1.38 at the wavelength of 500 as increasing the depo-
sition angle. The refractive index in the wavelength ranges of 550 nm–800 nm also depends on the
deposition rates. Transmittance of ITO film with 235-nm-thickness grown at 60� was covered about
20–80%, and then it was increased in visible wavelength range with increase of deposition angle.
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1. INTRODUCTION

The advanced optical devices such as light-emitting diode
(LED), solar cell, and photo-detector, are required by
social needs. Although it is important to improve electrical
properties of the devices, there is also significant impor-
tance in structural factor of the film surfaces exposed to
the environment, which results in devices absorbing broad-
band or particular wavelength of light with little loss. For
penetration of light through thin film, well-adjusted graded
index profiles of refractivity minimize Fresnel reflection
occurring in the interface of different materials so that it
enhances the transmission of light in the every direction.1�2

Such modification can be achieved by glancing angle
deposition (GLAD) method. The GLAD has been widely
studied since first reported in 1959.3 Due to their conve-
nience of controlling the nano-structure of films, there are
many attempts to take advantage of it for device fabrica-
tion process.4–6 When substrates are obliquely exposed to
particle flux, it grows the columnar nano-structures con-
taining high porosity, and it makes the films easy to change
their refractive properties.7–9 The film accumulated by the
GLAD method was reported to have various refractive
indices along with its porosity.10 Indium tin oxide (ITO) is
a well-known material in fabrication of optical devices for
its high transparency and low resistivity.11�12 The refrac-
tive index of ITO is about 2, so this material can be used
for antireflection coatings between air and semiconductor
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materials such as GaAs(3.6), Si(3.4), ZnO(1.9), GaN(2.2)
and so on. Studies for ITO using an evaporation method
have to be implemented in a partial pressure of oxygen
gas to keep the stoichiometry of composition of indium,
tin, and oxygen elements.13–15

In this study, the structural properties of ITO thin films
grown by GLAD method were discussed as a pre-step for
further applications to the optical devices. The ITO films
were deposited with electron-beam evaporation method
without an oxygen flow. Many ITO films with different
refractive indices could be fabricated by controllable vari-
ables such as the angle between vapor flux and sample
holder, and the rotation speed of sample holder.

2. EXPERIMENTAL DETAILS

The ITO films were deposited on sapphire substrates by
an e-beam evaporation system. Films were prepared to
compare physical properties related to deposition rates
and deposition angles. The deposition angle means an
angle between particle flux and line normal to substrate
surface. In this study, the deposition rates were 2 Å/s,
3 Å/s, 4 Å/s, and the deposition angles were 0�, 30�, 45�,
60�, respectively. All films were accumulated to 235-nm-
thickness, and then the crystal planes and crystallinity were
examined by scanning X-ray diffraction (XRD). Struc-
tural properties such as surface morphology and roughness
were investigated by an atomic force microscopy (AFM).
The ellipsometer confirmed refractive indices, extinction
coefficient, and thickness of the films. The void fraction
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of films was obtained by performing effective medium
approximation (EMA) from optical information of ellip-
someter. The UV-Vis spectrophotometer verified transmit-
tances of the films.

3. RESULTS AND DISCUSSION

Figure 1 shows XRD patterns for ITO films grown at depo-
sition rate of 3 Å/s on sapphire substrate by e-beam evap-
oration system. Although peak intensity of (222) crystal
plane was relatively strong, the diffraction patterns showed
entirely broad intensity distribution. Therefore, the film
was considered as a more amorphous-like structure.
Figure 2 shows a void fraction in the films deposited

at different deposition conditions such as deposition angle
and rate, respectively. The void fraction is a measure of
void spaces in a material which is able to define a frac-
tion of the volume of voids over the total volume of the
material. In this figure, the void fraction in ITO films

Fig. 1. XRD patterns of the ITO film at deposition rate of 3 Å/s by
e-beam evaporation system.
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Fig. 2. The void fractions in the ITO films deposited at different depo-
sition angles and rates.

increased up to 65% as deposition angle increased up to
60�. The deposition rate was fixed at 3 Å/s. That was an
expected result because GLAD method brings a porous
structure by chiefly two mechanisms, limited surface diffu-
sion and shadowing effect. Many precedent reports support
this theory with scanning electron microscope images and
calculation.16 On the other hand, when the deposition rates
of ITO film increased from 2 Å/s to 4 Å/s, the void frac-
tion increased also from 33% to 40%. Here, the deposition
angle was fixed at 45�.
Figures 3(a) and (b) show the refractive index spec-

tra measured by ellipsometer for the ITO films grown
at different deposition angles and rates, respectively. The
refractive index in the wavelength region from 400 nm
to 580 nm decreases gradually as the deposition angle
increases, and then it is well consistent with increase of
void fraction. The rest of region also showed approxi-
mately similar trend. The inset figures show an extinction
coefficient of ITO film grown by GLAD. In general, the
extinction coefficient will be influenced by the density of
ITO films, so the extinction coefficient could be expected
to decrease as the void fraction increases. The extinction
coefficient roughly coincided with those expectations, and
the tendency was most obvious at 45� and 60� angles.

In Figure 3(b), the refractive index spectra for differ-
ent deposition rates also showed consistent changes on

(a)

(b)

Fig. 3. The refractive index spectra measured by ellipsometer for
the ITO films grown at different deposition (a) angles and (b) rates,
respectively.
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Table I. Optical characteristics at the wavelength of 480 nm and
700 nm for ITO films grown under different deposition angles and dif-
ferent deposition rates, respectively.

Deposition Reflective Extinction RMS
condition index coefficient roughness (nm)

Angle at 3 Å/s (480 nm)
0� 2.14 0.47 5.1
30� 1.86 0.44 4.3
45� 1.65 0.40 5.3
60� 1.37 0.28 7.0

Rate at 45� (700 nm)
2 Å/s 1.63 0.23 2.9
3 Å/s 1.50 0.31 4.4
4 Å/s 1.46 0.44 4.7
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Fig. 4. Optical transmittance spectra for the ITO films with thickness
of 235 nm grown at different deposition angles.

the void fraction, especially in the range from 550 nm
to 800 nm. The extinction coefficient in the inset figure
agreed with the expectation within the wavelength regions
of 650-nm to 800-nm-wavelength.
Table I shows the summarized results of RMS rough-

ness obtained by AFM, the optical characteristics such
as refractive index and extinction coefficient at the spe-
cific wavelength of 480 nm and 700 nm, respectively. As
shown in the Table I, the surface roughness values were
getting bigger when the deposition angles increase. That
result from AFM images qualitatively matches with the
void fraction data of Figure 2.
Optical transmittances measured by UV-Vis spectropho-

tometer was shown in Figure 4. The spectra appeared that
how transmittance varies on deposition angles. We could
get more obvious tendency compared with extinction coef-
ficient measured by ellipsometer. Here, the transmittance
uniformly increased as increasing the deposition angle.
However, the transparencies of ITO films grown by GLAD
on sapphire substrate appeared to be a lower property com-
pared to commercial ITO thin film. Although XRD peaks
coincided with that of typical ITO, the GLAD without

partial pressure of oxygen gas has limitation to make ITO
thin films which have high transparency.

4. CONCLUSION

The ITO films were grown on the sapphire substrates by
e-beam evaporation with different angles of 0�, 30�, 45�,
60� at fixed deposition rate of 3 Å/s and with deposition
rates of 2 Å/s, 3 Å/s, and 4 Å/s at deposition angle of
45�, respectively, and their structural and optical proper-
ties were studied. When the angles and rates of deposition
were increased, the void fractions of films also increased.
Their refractive indices decreased from 2.18 to 1.38 at
the wavelength of 500 nm as increasing the deposition
angle. The RMS roughness also has a close relationship
with void fraction. The effect of void fraction appeared
most clearly in transmittance measured by UV-Vis spectro-
photometer, and the transmittance of ITO film with
235-nm-thickness grown at 60� deposition angle was cov-
ered about 20–80%.
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