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Abstract: Ga-doped ZnO (GZO) films were deposited by an RF magnetron sputtering method on glass substrates using

ZnO as a target containing 5 wt% Ga,O; powder (for Ga doping). The structural, electrical, and optical properties of

the GZO thin films were investigated as a function of the substrate temperatures. The deposition rate decreased with

increasing substrate temperatures from room temperature to 350°C. The films showed typical orientation with the c-axis

vertical to the glass substrates and the grain size increased up to a substrate temperature of 300°C but decreased beyond
350°C. The resistivity of GZO thin films deposited at the substrate temperature of 300°C was 7x10™ Qcm, and it showed
a dependence on the carrier concentration and mobility. The optical transmittances of the films with thickness of 3,000

A were above 80% in the visible region, regardless of the substrate temperatures.
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FESH ZnO vfeke wigkst F2XQl x4, W HshA
HHCiap Q% 3 BEae s 7HXAL ok 4%t ZnO
ghake AtA Z=2o2 Qs ngS Wy vHjwA =2 A
7] A& 7Y & €491 B, Al, Ga, In &2 &
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Table 1. Deposition conditions.

Deposition parameters Deposition condition

Ga,0O5 content in a target 5 wt%
Base pressure 5X10° torr
RF power 200 W
Working pressure 1X107 torr

Substrate temperature Room temperature ~350C

Ambient gas Only Ar (50 sccm)

Substrate-target distance 10 cm
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Fig. 1. Deposition rate of GZO (5 wt%) thin films with different
substrate temperatures (RF power: 200 W, working pressure: 1 mTorr).
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Fig. 2. XRD patterns of GZO thin films varying substrate temperatures.
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Table 2. XRD analysis of GZO thin films varying substrate
temperatures.

S. temp  Theta (°) 2Theta (°) FWHM Grain size (nm)
Room 17.38 34.76 0.34 23.83
200C 17.37 34.74 0.34 23.83
250C 17.33 34.67 0.30 27.00
300C 17.29 34.59 0.28 28.93
350C 17.30 34.61 0.32 2531
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Fig. 3. FE-SEM images of GZO thin films with different substrate
temperatures (a) room temperature, (b) 200°C, (c) 250°C, (d) 300°C,
and (e) 350°C.
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Fig. 4. SPM images of GZO thin films with different substrate
temperatures (a) room temperature, (b) 200°C, (c) 250°C, (d)
300°C, and (e) 350°C.

0 2 4 i i 10

Wl Soale 1383 fs Cursor, 12.233 (6 cts) ke

Fig. 5. EDS spectra of GZO thin films at the substrate temperature
of 300°C.
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Table 3. Atomic weight of Ga in GZO thin films at the
substrate temperature of 300°C.

Elements Weight (wt%) Atomic (at%)

Ga K 5.05 3.32
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Fig. 6. Resistivity, carrier concentration, mobility of GZO thin
films with different substrate temperatures.
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Fig. 7. Transmittance of GZO thin films with different substrate

temperatures.
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Fig. 8. Optical bandgap of GZO thin films with different substrate

temperatures.
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