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Preparation of ITO and IZO Thin Films by Using
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In study, for transparent conductive oxides (TCOs) we investigated the electrical and the optical
properties of thin films of indium oxide (In2 O3 ) doped with 10 wt.% tin oxide (SnO2 ) and of
indium oxide (In2 O3 ) doped with 10 wt.% zinc oxide thin films in facing targets sputtering (FTS)
system. All thin films were prepared on the glass at room temperature and at various oxygen
contents in the sputter gas. All as-deposited thin films were annealed at various temperatures
in an air atmosphere. The electrical and the optical properties of the as-deposited thin films were
investigated by using a four point probe, an UV/VIS spectrometer, an X-ray diffractometer (XRD),
and a Hall Effect measurement. As a result, with increasing oxygen content in the sputter gas, the
optical transmittance in the visible range of all thin films increased (>80 %). ITO and IZO thin
films had resistivities of 6.7 × 10−4 Ω·cm and 4.5 × 10−4 Ω·cm respectively at the optimum oxygen
contents. After post-annealing, the structure of ITO thin film was polycrystalline, but the IZO thin
films had amorphous.
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I. INTRODUCTION

Due to high electrical conductivity (<10−4 Ω-cm) and
high optical transparency (>80 %), transparent conducting oxides (TCOs) are widely used as transparent electrodes in various optoelectronic devices such as liquid
crystal displays (LCDs), plasma display panels (PDPs),
organic light-emitting diodes (OLEDs), thin films resistors, and solar cells [1–3]. A variety of research has been
carried out to meet properties required for transparent
electrodes. Among TCO materials, tin-doped indium
oxide (ITO) is an outstanding TCO material for these
applications. However, it is widely known that because
of the insufficiency of indium in ITO, the cost of this
material is comparatively expensive. Exposure to a hydrogen plasma also reduces the electrical and the optical
properties of ITO [4]. Recently, indium zinc oxide (IZO)
has attracted significant attention as a new candidate,
which might be a potential alternative to indium tin
oxide (ITO), for transparent electrodes due to its good
electrical conductivity, high visible transmittance in the
range from 400 to 900 nm, large work function, excellent
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surface smoothness, and low deposition temperature [5].
Nowadays, to improve high-quality TCO materials,
such as ITO and IZO film, for high transmittance and
electrical conductivity, many studies have been carried
out. Electrical properties, such as the carrier density,
the carrier mobility, and various optical parameters of
those films, are important factors to describe the characteristics, microstructure, and physical properties of the
films. Those properties of thin films usually depend on
their structures, i.e., polycrystalline or amorphous. The
structures of the thin films are affected by the deposition condition and the post-deposition annealing treatment [6]. Especially, carriers in thin films are mainly
generated not only by substituted Sn4+ ions but also by
oxygen vacancies in polycrystalline ITO.
Whereas carriers are dominated by oxygen vacancies in
amorphous ITO, because the Sn dopant is not electrically
activated [7].
ITO thin films should be prepared at temperatures
higher than 200 ◦ C [8] or post-annealed at temperatures
higher than 300 ◦ C. However, this high-temperature
post-annealing treatment makes the ITO films rough due
to crystallization, leading to a significant deterioration
in the device’s reliability. Thus, in recent years there
have been many efforts to replace ITO films by amor-
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Fig. 1. Facing targets sputtering (FTS) system apparatus.

phous IZO (a-IZO) films [9]. These amorphous IZO films
were reported to have the smaller compressive stress and
much smoother surfaces than polycrystalline ITO films
deposited under the same sputtering conditions [10].
Several deposition methods have been introduced to
prepare thin films, such as evaporation, sputtering,
metal-organic chemical chemical vapor deposition, solgel deposition, spray pyrolysis, laser deposition and ionbeam-assisted deposition. Among the methods, the sputtering method is widely used because of the large-scale
deposition available for industrial field.
In this study, ITO and a representative substitute material, IZO film, were deposited at various oxygen contents in a facing targets sputtering (FTS) system at room
temperature. As-deposited films were annealed at temperatures of 200, 300, and 400 ◦ C for 1 h in open air.
We investigated the effects of on oxygen content, and
post-annealing on the electrical properties of both the
prepared ITO and IZO films.

Fig. 2. XRD patterns of (a) ITO and (b) IZO thin films
with annealing.

the working pressure was maintained at 0.1 Torr. Before deposition of the thin films, the pre-sputtering in a
pure Ar atmosphere for 10 min was carried out in order
to remove the natural surface oxide layer of the targets.
The detailed sputtering conditions are given in Table 1.
As-deposited films were annealed (Thermolyne tubular
furnace: model 21100) at temperatures of 200, 300, and
400 ◦ C for 1 h in open air at heating and cooling rates
of 3 and 2 ◦ C/min, respectively.
The thicknesses of the multilayer thin films were measured by using a surface profiler (Alpha-step, TENCOR).
The electrical, structural, and optical properties were
measured by using a Hall effect measurements (HEM2000, Ecopia), four-point probe measurements (CMTSR-100nw, Changmin), UV-VIS spectrometry (HP8453,
Hewlett-Packard), X-ray Diffractometry (RINT 2000series, Rigaku) and scanning probe microscopy (XE-150,
PSIA).

II. EXPERIMENTAL
Figure 1 shows the FTS (facing targets sputtering)
system apparatus. In conventional DC/RF magnetron
sputtering, the substrate is on the opposite side of the
target. The FTS system was designed to array two targets facing each other and to form a high-density plasma
between targets. The FTS system was able to restrain
the bombardment of the substrate by high-energy particles because the substrate position was located apart
away plasma. Consequently, the FTS equipment can
suppress substrate damage caused by high-energy particles, such as γ-electrons and partial ions [11].
Inside the chamber, two ceramic, 4-inch ITO (90wt.% In2 O3 , 10-wt.% SnO2 ) and 2-inch IZO (90-wt.%
In2 O3 , 10wt.% ZnO), targets facing each other were installed. The glass substrate was ultrasonically cleaned
with deionized water and isopropyl alcohol (IPA) for 15
min and was dried in N2 gas. The FTS chamber was
pumped down to 2.0 × 10−3 Pa prior to sputtering, and

III. RESULTS AND DISCUSSION
Figure 2 shows XRD patterns of ITO and IZO thin
films for various oxygen contents and annealing temperatures. For the films deposited without annealing, all the
films were amorphous. IZO continued to be amorphous,
regardless of annealing temperature. Detail information
on the films is shown in Table 2.
The diffraction peaks of the (222), (400), (440), and
(622) planes of the ITO films appeared at an annealing
temperature of 200 ◦ C. ITO prepared at R.T. was amorphous as was the IZO film, but with increasing annealing
temperature, ITO began to crystallize. The peak intensity of the (222) plane is stronger with increasing annealing temperature (ITO-1, ITO-2, and ITO ITO-3 in
Tables 2 and Figure 2). The peak intensity of the (222)
plane increased with increasing oxygen gas flow. We suggested that crystal growth of the films is suppressed by

-1998-

Journal of the Korean Physical Society, Vol. 55, No. 5, November 2009

Table 1. Sputtering condition details. Deposition parameter Condition.
Condition
ITO
ITO (10 wt. % SnO2 , 4 inch)
2.0 × 10−3 Pa
0.1 Pa
100 mm
100 mm
10 sccm
0.0-0.8 sccm
120W
150 nm

Deposition parameter
Targets
Base pressure
Working pressure
DT −T
DT −S
Ar gas flow
O2 gas flow
Input power
Thickness

IZO
IZO (10 wt. % ZnO, 2 inch)
2.0 × 10−3 Pa
0.1 Pa
50 mm
90 mm
10 sccm
0.0-0.8 sccm
70W
150 nm

Table 2. Electrical, optical, and structure properties of films as functions of the oxygen content and the annealing temperature.
Film Materials.
Film
Materials
ITO-1
ITO-2
ITO-3
ITO-4
ITO-5
ITO-6
IZO-1
IZO-2
IZO-3
IZO-4
IZO-5
IZO-6

A.T.
[◦ C]
R.T
200
300
300
400
400
R.T
200
300
300
400
400

PO
[sccm]
0.4
0.4
0.4
0.6
0.4
0.6
0.4
0.4
0.4
0.6
0.4
0.6

T
[%]
65.10
77.42
80.17
85.21
85.59
88.33
85.48
84.17
89.10
93.26
88.67
84.98

R
[Ω·cm]
6.05 × 10−4
7.98 × 10−4
2.13 × 10−3
3.26 × 10−3
3.21 × 10−4
2.85 × 10−3
5.40 × 10−4
6.67 × 10−4
4.32 × 10−3
5.38 × 10−2
1.61 × 10−1
1.57 × 10−1

µ
[cm2 /V.s]
21.9
38.2
15.5
14.8
19.3
17.2
14.8
24.0
38.0
30.0
34.5
32.9

n
[cm−3 ]
4.39 × 1020
2.05 × 1020
1.89 × 1020
1.30 × 1020
1.01 × 1020
1.27 × 1020
4.45 × 1020
3.85 × 1020
3.79 × 1020
1.89 × 1020
1.56 × 1020
1.21 × 1020

Film
Growth
Amorphous
Amorphous
Polycrystalline
Polycrystalline
Polycrystalline
Polycrystalline
Amorphous
Amorphous
Amorphous
Amorphous
Amorphous
Amorphous

A.T. = Annealing temperature for 1 hour
PO = Partly O2 gas flow
T = Transmittance at 550 nm
R = Resistivity [Ω·cm]; n = Carrier Concentration [cm−3 ]; µ = Mobility [cm−2 /V·s]

the decrease in the number of oxygen vacancies due to
the large oxygen content in the air atmosphere.
The resistivitis, carrier concentrations, and mobilitis
of the ITO and the IZO films as-deposited and after annealing at different oxygen contents are shown in Figure
3. The resistivity of the films usually increased not only
with increasing oxygen contents but also with increasing annealing temperature. Compared to ITO films, the
resistivity of IZO sharply increased with increasing annealing temperature. During annealing treatment, the
absorbed oxygen reduced the oxygen vacancies in the
film, and leading to decreased carrier density and increased mobility. However, the carrier concentration of
ITO did not change because the structure of ITO shifted
from amorphous to polycrystalline with increasing annealing temperature, despite the increasing mobility.
For the ITO films deposited at R.T., the carrier concentration decreased and the mobility increased with in-

creasing oxygen gas flow, and the lowest resistivity (5.51
× 10−4 Ω·cm) was obtained at a 0.6-sccm oxygen gas
flow. The ITO film deposited at R.T. had the highest
carrier concentration (4.39 × 1020 cm−3 ), which are increased from 2.05 × 1020 cm−3 due to annealing. In
the case of the IZO films, the carrier concentration 3.85
× 1020 cm−3 from 4.45 × 1020 cm−3 . Thus, for ITO
films, the carrier concentration depended on the annealing treatment even for the same oxygen gas flow. These
results indicate that the porosity or the distribution of
ZnO in the IZO crystals was different although all the
amorphous films deposited under various annealing temperature changed to a cubic In2 O3 structure. The mobility after annealing treatment was almost constant and
was relatively low for crystalline ITO films, except for the
films deposited at R.T. (as shown Figure 3).
Figure 4 shows the transmittance and absorption coefficient (α−2 ) of the ITO and IZO the films deposited at
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Fig. 3. Electrical properties of ITO and IZO films as functions of oxygen content and annealing temperature: (a) resisivtiy,
(b) mobility, and (c) carrier concentration.

R.T. as functions of the oxygen contents. The absorption
coefficient α is calculated [11]
1 1
ln
(1)
d T
where d is the thickness of the film and T is the transmittance. α2 is plotted as a function of the photon energy in
Figure 4. The transmittance of the films increased and
the band gad gap widened with increasing oxygen gas
flow:
q
1
hν = A (hν − Eg ).
(2)
α
Figure 5 shows the absorption coefficient (α−2 ) of the
ITO and the IZO films as a function of the annealing
temperature. The optical absorption in the short wavelength region was related to the absorption coefficient
α=

(α) and the incident photon energy (hν) and depended
on the energy band gap (Eg ) of the thin films. The band
gap obtained for the as-deposited ITO films increased
with increasing oxygen contents and annealing temperature. The band gap obtained for the as-deposited
IZO films also increased with increasing oxygen contents and annealing temperature (as shown Figures 4
and 5). The transmittance spectrum in the absorption
edge was shifted to the higher wavelength region. The
optical absorption edge slightly shift toward the short
wavelength region with increasing oxygen content and
annealing temperatures which could be explained by the
Burstein-Möss (B-M) effect [12].
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Fig. 4. Transmittance and absorption coefficient (α−2 ) of (a) ITO and (b) IZO films deposited at R.T. as functions of oxygen
content.

Fig. 5. Absorption coefficient (α−2 ) of (a) ITO and (b) IZO films as functions of annealing temperature.

IV. CONCLUSION

We prepared ITO and IZO films on glass substrates
at room temperature in a facing targets sputtering system. As-deposited films were annealed at temperatures
of 200, 300, and 400 ◦ C for 1 h in open air. The structure
of ITO changed from amorphous to polycrystalline with
annealing, but that of IZO continued to be amorphous
regardless of annealing. The transmittance of both films
was improved by increasing the annealing temperature.
The resistivity of films was mainly determined by the
carrier concentration. The lowest resistivity values for
the ITO and the IZO films without annealing were 5.5 ×
10−4 Ω·cm (oxygen gas flow = 0.6 sccm; n = 4.24 × 1020
cm−3 ) and 5.4 × 10−3 Ω·cm (oxygen gas flow = 0.4 sccm;

n = 4.45 × 1020 cm−3 ), respectively. With increasing annealing temperature, the resistivity values of both films
reached to be values lower than those of films without
annealing treatment at low oxygen contents. The resistivity of IZO increased more sharply than that of ITO
films.
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