[= F] S#FARE3A
Korean Journal of Materials Research
Vol. 15, No. 8 (2005)

g EY AWEYYPOE FFAT FHASE Al=dE 7Zn09
TR EY7ld wE x4, AUF, FF S|
gl . o)
ek AT

Dependence of the Structural, Electrical, and Optical Properties of
Al-doped ZnO Films for Transparent Conductors on the
Process Atmosphere in Magnetron Sputtering

Keunbin Yim and Chongmu Lee'

Department of Materials Science and Engineering, Inha University, 263 Yonghyeon-dong,
Incheon 402-751, South Korea

(2005 7€ 11¥ 25,

20059 8¥ 29 HE4AHE

3

Abstract "Effects of the OJ/Ar flow ratio in the sputtering process on the crystallinity, surface roughness,
carrier concentration, carrier mobility, and optical properties of Al-doped ZnO thin films deposited on sapphire
(001) substrates by RF magnetron sputtering were investigated. XRD spectra showed a preferred orientation
along the c-axis and a minimum FWHM of the (002) XRD intensity peak for the O./Ar flow ratio of 0.5. The
(101)peak also appeared and the degree of preferred orientation decreased as the Oy/Ar flow ratio increased
from 0.5 to 1.0. AFM analysis results showed that the surface roughness was lowest at the Oo/Ar flow ratio
of 0.5 and tended to increase owing to the increase of the grain size as the Oy/Ar flow ratio increased further.
According to the Hall measurement results the carrier concentration and carrier mobility of the film decreased
and thus the resistivity increased as the Oy/Ar flow ratio increased. The transmittance of the ZnO:Al film
deposited on the glass substrate was characteristic of a standing wave. The transmittance increased as the O/
Ar flow ratio in-RF magnetron sputtering increased up to 0.5. Considering the effects of the the Ox/Ar flow
ratio on the surface roughness, electrical resistivity and transmittance properties of the Zn0:Al film the
optimum Oy/Ar flow ratio was 0.5 in the RF magnetron sputter deposition of the ZnO:Al film.
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Table 1. The standard magnetron sputtering process parameters
for ZnO thin film deposition

Target 3 in AlZnO (Zn: 97 wt%, Al: 3 wt%)
Basic pressure 105 torr

Process pressure 0.05 torr

Ar gas flow rate 20 scem

O, gas flow rate 0, 5, 10, 15, 20 sccm

Substrate temperature 200°C

RF power 150 W
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Fig. 2. The RMS roughness of the ZnO: Al thin film surfaces
as a function of the O,/Ar gas flow ratio.
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Fig. 1. (a) XRD patterns and (b) FWHM of the (002) peak of ZnO:Al thin films for different O./Ar gas flow ratios in RF

magnetron sputtering.
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Fig. 3. The electron concentrations, electron mobility, and

electrical resistivity of the ZnO:Al thin film as functions of the

Oy/Ar gas flow ratio.
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Fig. 4. The transmittance spectra of ZnO:Al thin films
deposited by RF magnetron sputtering with different O,/Ar gas
flow ratio.
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