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Effects of Post Annealing Temperatures
on Sputtered Indium Tin Oxide Films
for the Application to Resistive Touch Panel

SOO MIN LEE, JEONG MIN LEE, SANG JIK KWON,
AND EOU SIK CHO*

Department of Electronics Engineering, Gachon University, 1342
SeongnamDaero, Sujeong-gu, Seongnam, Gyeonggi-do, 461-701, Republic
of Korea

Indium tin oxide (ITO) films were deposited on glass substrates by in-line DC sputter-
ing and were annealed at different temperatures in the main chamber of sputter. The
post-annealing effects on the optical and electrical properties of the ITO films were
investigated and analyzed by various measurement systems. The results show that a
higher annealing temperature makes an improvement on the electro-optical properties
of the ITO films. The resistivity of the ITO films was reduced from 8.90x10~* Q-cm to
2.91x10~* Q-cm and the transmittance was increased from about 76.91% to 82.15%
after post annealing at 300 °C in vacuum. The post annealed ITO glass was used in
the fabrication of resistive touch panel and it was possible to obtain the better linearity
characteristics than those from the touch panel fabricated with non-annealed ITO glass.

Keywords Indium tin oxide (ITO); in-line DC sputtering; linearity; post-annealing;
resistive touch panel

Introduction

Touch panels are increasingly growing as the devices of user interface for the applications
such as ATMs, kiosks, PDAs, cellular phones, and so on. Until now, several types of touch
panel such as a resistive type, a capacitive type, an infrared type, and an acoustic wave
type each have been developed with their own characteristics. Although the capacitive type
touch panels are rapidly developed in recent years, the analog resistive type touch panel
systems are also being widely used because of their simple structures and high writing
resolutions. Figure 1 shows the schematic drawing of the so-called 4-wire analog resistive
type touch panel and its sensing mechanism. The resistive type touch panel consists of two
indium tin oxide(ITO) layers deposited on glass or polyethylene terephthalate (PET). It is
necessary to have a finite resistance and a higher transmittance of ITO films used in the
resistive type touch panel. The sheet resistance of the ITO film is typically in the order of
4004£50 /03 with a thickness of 50 nm [1-3]. The transmittance of ITO film higher than
87% is also required at 550 nm for the application to the high end products.
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Figure 1. (a) Structure of the resistive type touch panel and (b) a principle of the position acquisition.

Usually, an ITO PET film has been used as the top sheet and an ITO glass substrate as
the bottom sheet of the resistive type touch panel. For the improvement on the driving of
the resistive touch panel, the ITO layer on glass substrate has been deposited at a relatively
high temperature such as 300~400 °C [4]. However, the high-temperature deposition may
take time because the temperature of the deposition equipment such as sputter should
be increased before the deposition and also decreased after the deposition at a steady
step. Therefore, it is possible to find a new method to reduce the process time without
any degradation of the quality of ITO as a result of high temperature deposition. Room-
temperature deposition and post-annealing such as rapid thermal annealing (RTP) may be
considered to reduce the process time [5-6].

In this experiment, the ITO films were sputtered at a room temperature and post
annealed at various temperatures. For the simplicity of the experiment, the post-annealing
was carried out in the main chamber of the in-line sputter. By measuring the optical and
electrical characteristics of the ITO films, the characteristics of the post annealed ITO films
were investigated and compared with those without post annealing. Then the ITO films
were applied to the fabrication of the resistive type touch panel and investigated in terms
of the driving ability of the touch panel.

Experimental

At a room temperature, ITO films were deposited about 1000 A by in-line DC magnetron
sputtering at a power of 1.5 kW on a glass substrate. Figure 2 shows the schematic of
in-line sputtering system. The in-line sputtering system consists of a loading chamber and
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Figure 2. System configuration of the in-line sputter for the ITO deposition on the glass substrate.

a process chamber with a rectangular cathode source and a tubular heater. The sputtering
ITO target (540 x 165 x 7 mm?) was composed of In,O3 and SnO, in a weight proportion
of 9:1 with a purity of 99.99% and was bonded to a water-cooled backing plate. For the
in-line sputtering of ITO, the glasses with a size of 100 mm x 100 mm were attached to a
large soda-lime glass loaded on the jig plate as shown in Fig. 2. During the sputtering, the
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Figure 3. (a) Sheet resistance, (b) resistivity, (c) carrier density and (d) transmittance for the ITO
films annealed at various temperatures.
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gas mixture of Ar 50 sccm and O, 1.5 sccm was maintained and the pressure was kept at
0.8 Pa. After the sputtering, the ITO glasses were moved in front of the tubular heater in
the main chamber of the in-line sputter as shown in Fig. 2. Then post-annealing was carried
out for 30min in a vacuum condition of 10~ Torr at various temperatures from 100 to
300 °C.

The sheet resistances of ITO films were measured using a standard 4-point-probe. The
resistivity, hall mobility and carrier concentration of the ITO films were measured and
calculated using Hall-effect measurement by the Van der Pauw method. The transmittances
of the ITO films were measured in the spectral range from 200 to 800 nm with a HP845X
UV-vis spectrometer. The morphological property of the ITO layers was analyzed by
scanning electron microscopy (SEM, Hitachi S-4700).

In order to examine the feasibility of the post-annealed ITO glass as an electrode screen
of a resistive-type touch panel, 2 resistive touch panels with 7 inch diagonal size of view
area were fabricated. One was fabricated with the post-annealed ITO glass as a bottom sheet
and the other with the non-annealed ITO glass. For the operation, the manufactured touch
panels were connected to a personal computer (PC) through the driver circuit. Then the real
voltage of various points on the touch panels was measured by using a digital multimeter
(FLUKE 12) for the investigation of the linearity of the resistive touch panels and the effect
of the post-annealing.

Results and Discussion

The electrical and optical properties of the post annealed ITO films can be evaluated by
measuring the electrical resistivity, carrier density, and transmittances as shown in Fig. 4.
Figure 4(a) shows the sheet resistance of the post annealed ITO films and its changing value
depending on the post annealing temperature. It shows that the sheet resistance decrease as
the annealing temperature increases. It changed from 84.78 /L] (R.T) to 35.15 /0]
(300 °C). The resistivity was also monotonically decreased from 8.9x10~* Q-cm to
2.97x10~* Q-cm with increasing annealing temperature as shown in Fig. 4(b).

In a commonly used expression, the electrical resistivity depends on two major factors;
carrier density and mobility, expressed as an equation, p = 1/gnu. The electron carrier
concentration and its change value were obtained as a function of annealing temperature as
shown in Fig. 4(c). It was markedly increased when the annealing temperature was 150 °C.
It was possible to obtain the electron carrier concentration from 2.79 x 10%° /cm® (R.T) to
12.8 x 10%° /cm? (300 °C). It is somewhat well known that the ITO film deposited at a low
temperature less than 150 °C remains amorphous partially or completely [7-9]. It is also
possible to conclude that the temperature of post annealing process has the same effect on
the ITO film quality as the deposition temperature.

Optical properties of the ITO film mainly depend on the crystal quality and the electron
carrier concentration. Figure 4(d) shows the optical transmission of the post-annealed ITO
films. With the increasing annealing temperature, the ITO films give higher transmittance
from 76.91% (R.T) to 82.15% (300 °C) at visible regions. At a higher temperature than
200 °C, the transmittance remains practically constant. It is possible to explain the strict
dependences of the optical transmission on the crystal quality of the ITO film because all
the ITO samples have the same thicknesses.

Figure 5 shows the surface morphologies of the post annealed ITO films. One sample
was just deposited at a room temperature and the other was post annealed at 300 °C after
deposition. The results show that the ITO grains slightly grow as a result of post annealing
process [10].
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Figure 4. SEM surface topography of ITO films (a) not annealed and (b) annealed at 300 °C.

Using the two ITO glasses as the bottom sheet, the resistive type touch panels were
fabricated and the linearity test was carried out. The linearity was calculated as following.
Vi

Vin —
Linearity (%) = ﬁ x 100 @))
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Figure 5. The linearity test result at X-axis obtained from the resistive type touch panel fabricated
with ITO films (a) not annealed and (b) annealed at 300 °C.

When the top sheet and the bottom sheet of resistive type touch panel are contacted, the
ideal voltage and the measured voltage are defined as V, and V,, respectively. V. and V
are defined as the maximum voltage and the minimum voltage of all the measured voltages.
As the linearity has come close to zero, the resistive type touch panel is expected to show
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Figure 6. The linearity test result at Y-axis obtained from the resistive type touch panel fabricated
with ITO films (a) not annealed and (b) annealed at 300 °C.

a better driving ability. The ideal voltages in this experiment were calculated as following.

Xideal voltage (V) = V, + [(Vieo — Vo) = 32]
Y ideal voltage (V) = V, + [(Voo — Vo) + 18] 2)
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Vi+1 and V,, are defined as the n+1 th and n th ideal voltages, respectively [11]. V
and V¢ are the one edge and the opposite edge of x-axis of the resistive touch panel with
the x-length of 160 mm, respectively. Vy and Vg are the one edge and the opposite edge
of y-axis of the touch panel with the y-length of 160 mm, respectively.

Figures 5(a) and (b) show the linearity test result at X-axis obtained from the resistive
type touch panel fabricated with ITO glassed of Figures 4(a) and (b), respectively. From
the results, the X-axis linearity was obtained as 16% and 14.5% from Figures 5(a) and (b),
respectively. Figures 6(a) and (b) show the linearity test result at Y-axis obtained from the
same touch panel fabricated with ITO glassed of Figures 4(a) and (b), respectively. The
Y-axis linearity was obtained as 11.4% and 7.7% from Figures 6(a) and (b), respectively. It
was possible to conclude that the linearity result at Y-axis showed the significant difference
from the resistive type touch panels fabricated with the non-annealed and the annealed
ITO glasses. In case of the linearity at X-axis, the resistance of top sheet ITO PET was
measured since the voltage of bottom sheet ITO glass was grounded. On the other hand, the
resistance of bottom sheet ITO glass was measured because the voltage of top sheet ITO
PET was grounded when the linearity at Y-axis was obtained and calculated. Therefore,
the post-annealed ITO glass is expected to make a better effect on the driving ability of the
resistive type touch panel.

Conclusions

Indium tin oxide (ITO) films were deposited on glass substrates by in-line DC sputtering
and were annealed in the main chamber of sputter. The post-annealing results show that a
higher annealing temperature makes an improvement on the electro-optical properties of
the ITO films. The post annealed ITO glass was used in the fabrication of resistive touch
panel and it was possible to obtain the better linearity characteristics than those from the
touch panel fabricated with non-annealed ITO glass.
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