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Effect of Annealing in Nitrogen Atmosphere on the Characteristics
of Ga Doped ZnO Films
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Abstract Ga doped ZnO (GZO) thin films were deposited with RF magnetron sputtering on glass substrate and
then the effect of post deposition annealing at nitrogen atmosphere on the structural, optical and electrical prop-
erties of the films was investigated. The post deposition annealing process was conducted for 30 minutes at dif-
ferent temperature of 150, 300 and 450°C, respectively. As increase annealing temperature, GZO films show the
increment of the prefer orientation of ZnO (002) diffraction peak in the XRD pattern and the optical transmittance
in a visible wave region was also increased, while the electrical sheet resistance was decreased. The figure of
merit obtained in this study means that GZO films which vacuum annealed at 450°C have the highest optoelec-

trical performance in this study.
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Fig. 1. XRD pattern of GZO films post deposition
annealed under different temperatures in nitrogen
atmosphere.

Table 1. Grain size of GZO films annealed under different
temperatures

Condition Grain size (nm)
As deposited GZO films 11.1
Annealed at 150°C 183
Annealed at 300°C 65.3
Annealed at 450°C 80.4
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Fig. 2. Optical transmittance of GZO films post
deposition annealed under different temperatures in
nitrogen atmosphere.
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Table 2. Comparison of resistivity, concentration, mobility of the GZO films prepared under different annealing

temperatures
Condition Resistivity Concentration Mobility
As deposition 82x1072 3.0x10% 24x107!
Annealed at 150°C 1.6x 107 4.6x10%° 82x107!
Annealed at 300°C 6.4 %107 6.4 x 10 15
Annealed at 450°C 41x107 7.7 % 10%° 1.9

Table 3. Figure of merit (FOM) of GZO films annealed under different temperatures

Condition FOM (Q™) Sheet resistance (¢ [1) Transmittance (%)
As deposited films 1.210° 8278 80.1
Annealed at 150°C 7.310° 1644 81.0
Annealed at 300°C 2.110" 644 81.9
Annealed at 450°C 3.310" 416 82.4
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Fig. 3. Surface morphology of GZO films post deposition annealed under different temperatures in nitrogen
atmosphere. (a) As deposition, RMS roughness 3.3 nm, (b) Annealed at 150°C, RMS roughness 2.9 nm, (c) Annealed
at 300°C, RMS roughness 2.5 nm, (d) Annealed at 450°C, RMS roughness 2.2 nm.

Table 4. Comparison of work function of ITO and post deposition annealed GZO films at nitrogen atmosphere

Film Surface treatment Work function (eV) Reference
ITO Ar”*Sputtering 42 [11]
ITO Cleaning with organic solvent 3.9 [12]
GZ0O Annealed at 450°C 7.7 This study
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