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Crystallization Behavior and Electrical Properties of
IZTO Thin Films Fabricated by Ion-Beam Sputtering
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Abstract: Ton-beam sputtering (IBS) was used to deposit semiconducting IZTO (indium zinc tin oxide) thin films onto

heavily-doped Si substrates using a sintered ceramic target with the nominal composition Ing4ZngsSng;0;s, which could

work as a channel layer for oxide TFT (oxide thin film transistor) devices. The crystallization behavior and electrical

properties were examined for the films in terms of deposition parameters, i.e. target tilt angle and substrate temperature

during deposition. The thickness uniformity of the films were examined using a stylus profilometer. The observed

difference in electrical properties was not related to the degree of crystallization but to the deposition temperature which

affected charge carrier concentration (n), electrical resistivity (0), sheet resistance (R;), and Hall mobility (un) values of

the films.
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Table 1. Summary of IBS deposition condition.

Value

<5.0x107°

Specification

Base pressure Torr

Working pressure <1.7x10"* Torr

Substrate-target distance 15.5 cm
Gas flow rate Ar 2.0 scem
(Ar 100%)
Discharge power 50 V, 05 A
Cathode power 300 V, 03 A
lon beam power 1 kV, 43 mA
Accelerator power 150 V, 1 mA
Neutralizer power 14 mA, 43 mA
Deposition time 15 min

Fig. 1. Schematic of the substrate holder used in the ion beam
sputter (number denotes the position of each substrate).
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Fig. 2. Schematic diagram of the ion beam sputter defining target
tilt angle, ©.

Fig. 3. Schematic drawing of a substrate (1.3 cm x 1.3 cm)
indicating thickness-measuring points using alpha-step surface
profilometer.
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Fig. 4. Variation of average thickness values measured for semi-

conducting 1ZTO thin film sample deposited at room temperature

with target tilting angle ©=46°, (a) substrate position 3 and (b)

substrate position 4.
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Table 2. Summary of average film thickness with target tilt angle
(©) variation for IZTO films deposited at room temperature.

Target tilt angle Thickness
40° 104~117 nm
44° 92~111 nm
46° 95~122 nm
48° 95~106 nm
50° 90~113 nm
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Fig. 5. XRD patterns for semiconducting IZTO thin films
deposited on (a) SiO»/Si and (b) glass substrate at different
substrate temperatures.
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Fig. 6. Thickness variation of semiconducting IZTO films
deposited at different substrate temperatures.
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Fig. 7. UV-Vis transmittance spectra for semiconducting 1ZTO

thin films deposited at different substrate temperatures.
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Fig. 8. Tauc plot of semiconducting IZTO thin films deposited
at different substrate temperatures.
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Fig. 9. Carrier concentration (4), Hall mobility (H), and resistivity
(@) values measured for semiconducting 1ZTO films deposited

at different substrate temperatures.

Table 3. Summary of electrical property data for semiconducting
IZTO thin films determined by Hall effect and four-point
resistivity measurements (similar data for the film deposited by
RF sputtering is also included for comparison).

Ay Conf:;ﬁ;iion Hall mobility ~ Resistivity
& (em) (em?/Vs) (Qem)
RT 3.8 107 3.1 5.5%107
100C 3.9x10' 3.2 79
200C 6.2x10' 5.6 22
300C 9.8x10" 3.9 0.81
Reference [1] 7.3%x10"7 14 0.60
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