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Abstract: In this study, ITO thin films were fabricated on a glass substrate at different thicknesses without introducing oxygen

using RF sputtering system. The structural, electrical, and optical properties were evaluated at various thicknesses ranging from

50 to 300 mm. As the thickness of deposited ITO thin film become thicker from 50 to 100 mm, carrier concentration, mobility,

and band gap energy also increased while the resistivity and transmittance decreased in the visible light region. When the film

thickness increased from 100 to 300 mm, the carrier concentration, mobility, and band gap energy decreased while the resistivity

and transmittance increased. The optimum electrical properties were obtained for the ITO film 100 nm. After optimizing the

thickness, the ITO thin films were post-annealed at different temperatures ranging from 100 to 300°C. As the annealing

temperature increased, the ITO crystal phase became clearer and the grain size also increased. In particular, the ITO thin film
annealed at 300°C indicated high carrier concentration (4.32 x 10?! cm™), mobility (9.01 cm?Vs) and low resistivity (6.22 x 10 2-cm).

This means that the optimal post-annealing temperature is 300°C and this ITO thin film is suitable for use in solar cells and

display application.
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Table 1. Sputtering conditions for ITO thin films.

Parameters Conditions
Thickness 50, 100, 150, 200, 300 nm
Targets 1TO (99.99%)
Substrate Soda-lime glass
Input power 100 W
Working pressure 5 mTorr
Base pressure 5 x 10" Torr

Gas flow Ar: 20 sccm, O2: 0 sccm
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Fig. 1. XRD patterns of ITO thin films deposited with different
thickness.

Table 2. Calculated grain sizes of ITO films deposited at various
thickness.

Thickness (nm) Grain size (nm)

50 Amorphous
100 Amorphous
150 18.39
200 26.24

300 14.97
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Fig. 2. SEM surface morphology images of ITO thin films deposited with different thickness (a) 50 nm, (b) 100 nm, (c) 150 nm, (d) 200 nm,

and (e) 300 nm.
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Fig. 3. Variation of the resistivity, carrier concentration and Hall
mobility of ITO thin films deposited with different thickness.

Table 3. Electrical properties of ITO thin films deposited with
different thickness.

Thickness Carrier concentration ~ Mobility Resistivity
(nm) (x10*! cm®) (em?/V's)  (x10* Q-cm)
50 1.12 1.87 10.3
100 2.03 4.02 7.64
150 1.58 3.50 8.99
200 1.47 3.46 9.49
300 1.34 3.41 9.87
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Fig. 4. UV-vis spectra and optical band gap energy of the ITO thin
films: (a) UV-vis spectra of ITO thin films deposited with different
thickness and (b) optical band gap energy of ITO thin films deposited
with different thickness.
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Fig. 6. SEM surface morphology images of ITO thin films post-
annealed at different temperatures (a) 100°C, (b) 200°C, and (c)
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Table 4. Electrical properties of ITO thin films post-annealed at
different temperatures.

Temperature Carrier C(z)flcen_tzration Molaility Res_istivity
(x10°" cm™) (cm*/V+s) (x10™ Q-cm)
R.T. 2.03 4.02 7.64
100°C 2.51 4.62 7.50
200°C 2.83 7.76 7.59
300°C 4.32 9.01 6.22
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Fig. 8. UV-vis spectra and optical band gap energy of the ITO thin
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