=11 Ix2383]R), #1269 A|23(2013)
J. of the Korean Society for Heat Treatment.
http://dx.doi.org/10.12656/jksht.2013.26.2.55

TS dxf2fof wE 1T

g‘IAo-IE*’*** . ?:!ioé* .

O tfafo| S Bisf

L LR - U

[=]
A AT, SRR Vel T, A ]E A7

Effect of Vacuum Annealing on the Properties of ITO Thin Films

Sung-Bo Heo****, So-Young Kim*, Seung-Hong Kim*, Sun-Kyung Kim*,
Yu-Sung Kim**, Daeil Kim*'
*School of materials science and Engineering, University of Ulsan 680-749, Korea
**R&D Team, New optics LTD., Miryang, 627-803 Korea
***Korea Institute of Industrial Technology, Yansan 626-821, Korea

Abstrart

ITO thin films deposited on glass substrate with RF magnetron sputtering were vacuum annealed at

100, 200 and 300°C for 30 minutes and then effect of annealing temperature on the structural, electrical and opti-
cal properties of ITO films were investigated. The structural properties are strongly related to annealing tempera-
ture. The annealed films above 100°C are grown as a hexagonal wurtzite phase and the largest grain size is
observed in the films annealed at 300°C. The electrical resistivity also decreases as low as 4.65 x 10 Qcm with
a increase in annealing temperature and ITO film annealed at 300°C shows the lowest sheet resistance of 43.6
Q/ [ . The optical transmittance in a visible wavelength region also depends on the annealing temperature. The
films annealed at 300°C show higher transmittance of 80.6% than those of the films prepared in this study.
(Received January 28, 2013; Revised February 13, 2013; Accepted February 20, 2013)
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Table 1. The deposition conditions of ITO films
Parameters Condition

Base pressure (Torr) 84x107

Deposition pressure (Torr) 1.0%x 103

Power density (W/cm?) RE 3.0

Deposition rate (nm/min) 12

Ar/0, gas flow rate (sccm) 5/0.03

Annealing temperature 100, 200, 300°C
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Fig. 1. XRD patterns of the ITO film as a function of
annealing temperature. (a) As deposited ITO film, (b)
Annealed film at 100°C, (c) Annealed film at 200°C, (d)
Annealed film at 300°C.

Table 2. Grain size of ITO film as a function of annealing
temperature

Temperature Grain size (nm)

As deposition Amorphous
100°C Amorphous
200°C 33.2
300°C 36.5
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Fig. 2. AFM image and RMS roughness of the ITO films as a function of annealing temperature. (a) As deposited film,
RMS 1.7 nm, (b) Annealed at 100°C, RMS 1.8 nm, (c) Annealed at 200°C, RMS 2.1 nm, (d) Annealed at 300°C, RMS

2.4 nm.
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Fig. 3. Optical transmittance of the ITO film as a
function of annealing temperature.
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Table 3. Comparison of electrical properties of ITO film
as a function of annealing temperature

Temperature Carriegodeniity Mobilli‘q!1 Resistivity
x10%cm™) |(cmV"S7)| (Qcm)

As deposition 3.69 1057 | 1.60x107

100°C 3.70 11.02 | 153x107°

200°C 4.42 18.08 |7.81x10™

300°C 7.42 19.26 | 4.65x10™
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Table 4. Comparison of figure of merit (FOM), sheet
resistance (Rs) and transmittance (T) as a function of
annealing temperature

Temperature| FOM (W™) |Rsh W/ )| T (%)

As deposition| 3.96 x 10* 159.9 75.9
100°C 441 x 10* 153.3 76.4
200°C 1.05 x 107 78.13 77.9
300°C 2.64 x 107 46.38 80.6
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