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Abstract A series of ZnO thin films were grown by radio-frequency (RF) magnetron sputtering with various
RF powers on SiOx/Si(100) substrates at 500°C. Thicknesses of the investigated ZnO films were fixed to about
Z50nm by changing the growth time hased on the changes of growth rates with RF powers. All the Zn0O thin
films were grown with «<0001> preferred orientation. Average grain sizes of about 250nm-thick ZnO filns
evaluated by FE-SEM, AFM, and TEM were increased by decreasing the RF power. Structural properties
addressed by FWHM wvalues of XRD (0002) omega rocking curves and their intensities were hetter for the
smaller grain sized ZnO films grown with high RF powers, which implies small values of tilt for smaller grain
sized Zn0 films. However, optical properties addressed by intensities of band edge emissions from room
termperature and low temperature photoluminescence were better for the larger grain sized ZnO films with low
RF power, which implies grain houndaries acted as nonradiation recombination centers.
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Table 1. Sputtering conditions for the ZnO thin film deposition

Target 3 inch metal Zn (99.9%)
Base pressure 1X10° Torr

Working pressure 5 mTorr

Ar:0, ratio 30:4 sccm

Substrate temperature 500°C

50, 75, 100, 125, 150 W
360, 180, 120, 80, 50 min

RF power

Deposition time
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Fig. 1. Deposition rate of the ZnO thin films as a function of
the RF power.
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Fig. 2. Plan view FE-SEM micrographs showing surface
morphology of the ZnO thin film as a function of the RF power.
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Fig. 3. AFM topograph and RMS roughness of the ZnO thin
films as a function of the RF power and a plot of the RMS
values as a function of the RF power (scan area: 2X2 ym).
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Fig. 4. (a) XRD 628 curves for the ZnO thin films and (b)
the full width at half maximum of the films as a function of
the RF power and grain size calculated using the Debey-
Scherrer formula.

ZnO vteto] ¢ -2l gk (c-axis preferred orientation)
S & 7HEL USRIt Fig. 4(a)lr] Bxe] ZnO
(0002) 3)=12] Ml71& RF power’} 50 Woll4] 150 W2
gl wg} A9 APAoz F7FEIIT). Fig. 4bys ZnO
(0002) 34329 WX Z(a full width at half maximum,
FWHM)?] #3828 Bol53 919™ RF powerd] that ¥t
A&e] WshEe mg- 22 AL & 5 Ark o2 uk
AE 7 7o 2 AdukEQl Debey-Scherrer 42 ©]&
3l AAse] A1E Arlsd 249l 27171 26.0 nm
A 29.6 nmE L Zpelrh AA] kil Aok HAAR
SRR AR AR AR 2
ol AAHY At FEE & F Stk 9714
XRD 42 wEbdA FAle vigk HRE wdsihy Fig.
29} 39 HANEIFAPAAR A ARl A7 )
72 AL FAe|ng e Zno vheke] A
o W JApe] AN} BEES s & Doyt gtk
Fig. 5% 50 W} 150 WellA] Ad3F ZnO whete] whd
E3AER A ApKlolt}, Fig. 5914 o] ZnO whet
< & Mol B degE FATRIE R AFHUS

&

< €9 Aok E=3 AAPEe R AARe] vARA

(@)

Fig. 5. Cross-sectional TEM micrographs of the ZnO films
grown with RF powers of (a) S0W and (b) 150W.
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