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Growth Characteristics and Properties
of Tin-Doped Indium Oxide Thin Films
as a Function of Oxygen Pressure When
Prepared by E-beam Evaporation

Hong-Hsin Huang, Yen-Ming Chen and Ming-Chih Huang

Abstract The Indium Tin Oxide (ITO) thin films were prepared by E-beam
evaporation at oxygen pressure ranging from 1 9 10-4 to 1 9 10-3 Torr. The
structure was analyzed by X-ray diffraction and the grain size was evaluated by
Scherrer formula. The resistivity and transmittance were measured by 4-probe
method and UV-Visible spectrophotometer, respectively. The crystallinity of ITO
films increases with oxygen pressure increasing which also increase the intensity
of (440). The grain size of ITO films increased with the oxygen pressure
increasing. The resistivity decreased with oxygen pressure increasing, however,
the transmittance increased. These results suggested that the deposition parameter
of oxygen pressure plays an important role in ITO thin film preparation by E-bean
evaporation.
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97.1 Introduction

Indium tin oxide (ITO) films are widely used in a variety of applications, including
optoelectronic devices, such as organic light emitting devices (OLED), plasma
display panels (PDPs), and solar cells, etc. [1], because the ITO films shown high
optical transmittance in visible light region and acceptable resistivity when
deposited under certain optimized condition. ITO film has been the subject of
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extensive investigations and is generally considered to be an important functional
TCO material.

ITO films that exhibit optimum values of conductivity and transparency require
an oxygen partial pressure in evaporation process. The ITO’s physical properties
such as structure, surface morphology, conductivity, etc., which significantly
influence OLED performance, are strongly dependent on the specific deposition
process and post-treatment [2]. The optical and electrical properties of the ITO
films obtained by using electron beam evaporation are reported to be quite sen-
sitive to deposition parameters. Kachouane et al. [3] and park et al. [4] had report
the crystallinity and composition of films are affected by the pressure of chamber
during deposition. ITO films have been fabricated by DC or RF magnetron
sputtering, ion beam sputtering, electron beam evaporation, and pulsed laser
deposition.

E-beam evaporation offers two major advantages: (1) a high power density, and
hence a wide range of control over evaporation rates, from very low to very high
and (2) the source material for evaporation being contained in the water-cooled
crucible and its surface area showing a high temperature. Metallurgical reactions
between crucible and source materials leading to film contamination are therefore
minimized. In this study, the ITO films were deposited by E-beam evaporation and
the effect of oxygen pressure was discussed to obtain the optimized deposition
parameters for low temperature preparation.

97.2 Experimental

The ITO thin films were prepared by E-beam assisted evaporation on glass sub-
strate as a function of oxygen pressure. The source material was a mixture of 90 %
In2O3 and 10 % SnO2. The glass substrate was cleaned by EPA in an ultrasonic
cleaner for 15 min. and then DI water was used to move the solvent. And then it
was carefully dried by nitrogen gas blowing. For deposition, the substrate was
fastened in a curved holder with a working distance of 38 cm and heated to the
temperature of 150 �C. A chamber with base pressure of 5 9 10-6 Torr was
vacuumed by a diffusion pump. Oxygen gas was introduced into the chamber to
adjust the working pressure ranging from 1 9 10-4 to 1 9 10-3 Torr. The
deposition rate was monitored by a thickness control system (ULVAC CRTM-
8000, Tokyo, Japan) and adjusted by the E-beam power to reach the film thickness
of 150 nm.

The structure of ITO thin films deposited on glass substrates was analyzed by
X-ray diffraction patterns (SIMENS D5000, Simens, German). The XRD patterns
were collected in the 2h range of 20–65� with 4�/min using a Cu Ka, k = 1.54056
Å, radiation operated at 30 kV and 30 mA. The Scherrer formula was used to
calculate the grain size, D [5].

D ¼ ðk� 0:89Þ=ðB� coshÞ ð97:1Þ
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where k is the wave length of x-ray, k = 1.54056 Å, B:full width half maximum,
h:diffraction angle.

The transmittance of thin film and glass was measured by UV–VIS spectro-
photometer (HP Agilent 8453, Santa Clara, CA, USA) at 350–750 nm. The
resistivity of ITO films was measured by 4-probe method with Keithley 236
(Keithley Instruments, Inc., Cleveland, Ohio, USA).

97.3 Results and Discussion

97.3.1 Structure

The structure of the ITO thin films prepared at various oxygen pressures was
analyzed by X-ray diffraction as shown in Fig. 97.1 which shows the crystallized
ITO thin film could be deposited at various oxygen pressures. The diffraction
peaks of (222), (400) and (440) planes were detected, although the (440) plane was
not detected at low oxygen pressure. Because the ITO thin film is an oxide ceramic
which needs oxygen atom to construct the suitable structure. Lower oxygen
pressure is not suitable for crystal formation, thus it was found a sharper peak was
detected at oxygen pressure of 1 9 10-3 Torr and the (440) diffraction peak was
also detected. Son et al. [6] deposited the ITO thin film on PET substrate with/
without oxygen pretreatment, who found the crystalline ITO could be prepared
after oxygen pretreatment. They also found the preferred orientation of (222) for
non-treated substrate as the result shown in Fig. 97.1. When prepared ITO films at
1 9 10-2 Torr, the prepared ITO film with preferred orientation of (400) was
found. In Fig. 97.1, it was found the peak intensity of (400) increases with the
oxygen pressure increasing. Park et al. [7] reported that grains are aligned in (222)
and (400) direction and changes from (222) to (400) direction with the increasing
oxygen flow rate. In Fig. 97.1, the d spacing of (222) planes are about 0.2985 nm
which are similar when prepared at various oxygen pressures; however, it is larger
than the standard d0 value, 0.2923 nm. Meng et al. [8] reported the d spacing of
(222) planes increased with oxygen flow rate increasing and it reached a maximum
value of about 0.2985 nm. It means that a tensile strain was formed in these films.

The grain size of ITO thin film along the (222) direction has been estimated
using Scherrer formula and the grain size increased with the increase of oxygen
pressure as shown in Fig. 97.2. It means that the higher oxygen pressure is
favourable to form bigger grains in the ITO films deposition process.
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97.3.2 Resistivity and Transmittance

The resistivity of ITO thin films was measured by four probe method and it was
plotted as a function of oxygen pressure as shown in Fig. 97.3. The resistivity
decreased with the oxygen pressure increasing. It may be caused by more con-
dense morphology (not show here) and larger crystalline grain at higher oxygen

Fig. 97.1 The XRD patterns
of ITO thin film prepared at
oxygen pressure of
a 1 9 10-4 Torr, b 5 9 10-4

Torr and c 1 9 10-3 Torr

Fig. 97.2 The grain size of
ITO thin film prepared at
various oxygen pressures
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pressure. Meng et al. [8] and Yamaguchi et al. [9] also reported that the resistivity
decreased with the oxygen flow rate increasing. Kim et al. [10] prepared the ITO
thin film on PET substrate by dc-sputter. They reported the similar trend, where the
resistivity of ITO film decreased with oxygen pressure increasing. The influence of
oxygen admixture and deposition pressure was investigated by Kim et al. [11] who
pointed out the resistivity decreased with oxygen pressure increasing when the
oxygen admixture is low which could not change the rf-plasma condition.

Fig. 97.3 The resistivity of
ITO thin film as a function of
oxygen pressure

Fig. 97.4 Transmittance of
ITO thin film as a function of
oxygen pressure
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The transmittance of ITO films as a function of oxygen pressure was shown in
Fig. 97.4. The condense morphology and larger grain size will reduce the reflection
of thin film owing to less surface and grain boundary scattering to increase the
transmittance. Yamaguchi et al. [9] also reported the similar result for ITO prepared
by e-beam evaporation. Young-Soon Kim et al. [11] reported the transmittance
increases with the deposition pressure (oxygen pressure) and the transmittance is
higher than 80 %. When the deposition pressure (oxygen pressure) is high, i.e.
1 9 10-3 Torr, the transmittance is higher than 90 %.

97.4 Conclusions

The deposition parameter of oxygen pressure plays an important role in ITO thin
film preparation by way of E-beam evaporation. The crystallinity of ITO films
increases with oxygen pressure increasing. The grain size of ITO films increased
with the oxygen pressure increasing. The resistivity decreased with oxygen
pressure increasing, however, the transmittance increased. It may be caused by
condense morphology and larger grain. These results suggested that the deposition
parameter of oxygen pressure plays an important role in ITO thin film preparation.
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