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Abstract: We have investigated the structural, electrical and optical properties of Ga-doped ZnO (GZO)
thin films prepared by RF magnetron sputtering with laboratory-made ZnO targets containing 1, 3, 5, 7
wt% of Gax0s powder as a doping source. The GZO thin films show the typical crystallographic
orientation with c-axis regardless of Ga:0s; content in the targets. The 3,000 A thick GZO thin films
with the lowest resistivity of 7x10™ Q-cm are obtained by using the GZO (Gaz0s= 5 wt%) target. Optical
transmittance of all films shows higher than 80% at the visible region. The optical energy band gap for
GZO films increases as the carrier concentration (ne) in the film increases.
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Fig. 1. Process flow chart for sputtering target
fabrication.
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Table 1. Deposition conditions.

Deposition parameters Deposition condition

Ga;0s content in a target 1, 3, 5, 7 wt%
Base pressure 5 x 10° Torr
Ambient gas Only Ar (50 sccm)

RF power 200 W
Working pressure 1 X 10° Torr

Substrate temperature 300C

Substrate-target distance 10 em
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Fig. 2. XRD patterns of GZO thin films with Ga0s content
in a target (Pre= 200 W, Pw= 1 mTorr, Ts= 300T).
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Table 2. XRD analysis of GZO thin films with Ga:Os
content in a target (Prr= 200 W, Pw= 1 mTorr, Ts= 300T).

Theta(®) 2theta(®) FWHM  Oan
Twi% 1729 3458 034 2
3wi% 1730 3461 030 27
5wi% 1731 3463 028 29
Twi% 1729 3458 032 %

Fig. 3. FE-SEM images of GZO thin films with Ga:Os
content in a target (Pre= 200 W, Pw= 1 mTorr, Ts= 3007TC).
(a) 1 wt%, (b) 3 wt%, (c) 5 wt%, (d) 7 wt%.
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Fig. 4. SPM images of GZO thin films with Ga:03 content
in a target (Pge= 200 W, Pw= 1 mTorr, Ts= 300TC). (a) 1
wt%, (b) 3 wt%, (c) 5 wt%, (d) 7 wt%.

Table 3. EDS analysis of GZO thin films with Ga:Os
content in a target (Pre= 200 W, Pw= 1 mTorr, Ts= 300T).

Gaz(; content

—— Weight(%) Atomic(%)
3 wt? 2.90 1.96
GaK 5 wt%% 5.02 332
T wt2% 7.98 5.34
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Fig. 5. Resistivity, carrier concentration, and mobility of
GZO thin films with Gax03 content in a target (Ppe= 200
W, Pw= 1 mTorr, Ts= 300T).
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Fig. 6. Dependence of transmittance of GZO thin films
on different Ga:03 content (Pre= 200 W, Pw= 1 mTorr,
Ts= 300C).
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Fig. 7. Dependence of optical bandgap of GZO thin films
on Ga:0z content (Pre= 200 W, Pw= 1 mTorr, Ts= 300T).
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