[= #] ¢35
Korean Journal of Materials Research
Vol. 12, No. 6 (2002)

RF reactive magnetron sputtering &. &
Az Ti0, Wte] 73 4 334 54
B - o] BT - HBE* -

FoFANGR ANl Ag) TR
*L.G. Philips Displays

A D s - Hys!

L oldE -

Structural and Optical Properties of TiO. Thin Films Prepared
by RF Reactive Magnetron Sputtering

Gye-Won Kang, Young-Hoon Lee, Jae-Chan Kwak, Dong—G'{l Lee,
Bong-Kyo Jung*, Sung-Ho Park* and Boung-Ho Choi '
School of New Material & System Engineering, Kumoh National University of Technology
*L.G. Philips. Displays

(200214 1Y 264 Hg, 200249 6¢€ 54 HAFFHE HS)
Abstract
tions on structural and optical properties was investigated systemically as a function of sputtering pressure(5~20
mTorr) and O./Ar flow ratio(0.08~0.4). The results of the X-ray diffraction showed that all films had only the anatase
TiO. phase. At low sputtering pressure and O./Ar flow ratio, the films had preferred orientations along [101] and
[200] directions. As the sputtering pressure and O./ Ar flow ratio increased, the intensity of the 101 and 200 diffraction
peaks decreased gradually. The microstructure of the sputtered films showed the fine grain size (20nm~50nm) and
columnar microcrystals perpendicular to the substrate. With increasing the sputtering pressure and decreasing O,/ Ar
flow ratio, the sputtered films showed the more porous columnar structure. XPS analysis showed that stoichiometric
Ti0O. films were deposited at 7 mTorr sputtering pressure and 0.2 O,/ Ar flow ratio. The results of the X-ray diffraction
showed that all films had only the anatase TiO. phase. Ellipsometeric analysis showed that the refractive index in-
creased from 2.32 to 2.46 as the sputtering pressure decreased. The packing density calculated using the refractive
index varied from 0.923 to 0.976, indicating that TiO. films became denser as the sputtering pressure decreased.

Titanium oxide films were prepared by RF reactive magnetron sputtering. The effect of sputtering condi-
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Fig. 1. XRD patterns of TiO; films deposited with different O./
Ar ratio. (sputtering conditions : pressure 7 mTorr, T,=R.T.
RF power 300W)
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Fig. 2. XRD patterns of TiO. films deposited with' different
sputtering pressure. (sputtering conditions: Q,/Ar=0.08, RF

. power 300W, T,,==R.T.)
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Fig. 3. XPS spectrum of deposited Ti0, film.(sputtering condi-

tions : pressure 7 mTorr, 0./ Ar=0.2, RF power 300W, T,,=
R.T)
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Fig. 4. XPS spectrum of deposited TiO, film. (sputtering condi-
tions : pressure 7 mTorr , O,/ Ar=10.2, RF power 300W, T.,=
R.T)
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Fig. 5. Transmittance spectra as a function of wavelength for
TiO, films at various parameters. (sputtering conditions : RF
power 300W, T,,=R.T. (a). different sputtering pressure at O./
Ar=0.08 (b). different O./Ar ratio at 7 mTorr)
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Fig. 6. Surface and cross-sectional SEM images of TiO; films
deposited with different O./Ar ratio.(sputtering conditions :
pressure 7 mTorr, RF power 300W, Tw=R.T. (a). 0,/Ar=0.08
(b). 02/Ar=0.2 (c). 02/Ar=0.4)
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Fig. 7. Surface AFM images of TiO, films deposited with differ-
ent O./Ar ratio.(sputtering conditions : pressure 7 mTorr ,RF
power 300W, T,=R.T. (a). 0,/ Ar=0.08 (b). 0.,/ Ar=02 (c). O/
Ar=04)
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Fig. 8. Surface and cross-sectional SEM images of TiO. films
deposited with different sputtering pressure. (sputtering condi-
tions : O,/ Ar=0.08, RF power 300W, T,,=R.T. (a). 5 mTorr
(b). 7 mTorr (c). 20 mTorr)
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Fig. 9. Surface AFM images of TiO, films deposited with differ-
ent sputtering pressure. (sputtering conditions : O,/ Ar=0.08,
RF power 300W, T+=R.T. (a). 5 mTorr (b). 7 mTorr (c). 20
mTorr)
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Fig. 10. The variation of reéfrective index as a function of O,/ Ar
ratio and sputtering pressure (sputtering conditions : RF power
300W, To=R.T))
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Table 1. Some characteristics and properties of titanium oxide films deposited with different parameters.

Sputtering pressure 5 . 2
{mTorr)
O,/ Ar ratio 0.08 0.08 0.2 0.4 0.08
Deposition rate
. 37 28 15 11 15
(A /min)
Refrective index
2.4 2. 2.43 2.48 .
(A=550nm) 6 39 232
O:Ti ratio 1.96 1.98 2.01 2.03 2.02
Packing density 0.976 0.950 0.965 0.983 0.923
rm.s roughness 1.859 2.074 1.267 0.791 5.027
Rg(nm)
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