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Abstract The preparation of high-quality gallium oxide (Ga,O;) films is one of the premises for the realization of
high-performance Ga, O, electronic and optoelectronic devices. In this study, Ga,O; thin films are deposited on a
sapphire substrate by pulsed laser deposition (PLD) technique at room temperature and annealed in an oxygen
atmosphere. In this way, we can study the change rules of the properties of Ga, O, thin films. The results show that
the Ga, O; thin films deposited at room temperature are amorphous. With the increase in annealing temperature, the
crystallization degree of the thin films and the optical band gap increase. Both Ga’" and Ga' oxidation states are
detected in Ga, O, thin films before and after the annealing, which indicates the Ga, O, thin films are deficient in
lattice oxygen. When the annealing temperature increases, the percentage of lattice oxygen increases, the percentage
of low valence state Ga' decreases, and the quality of thin films is enhanced. However, a high annealing
temperature will lead to the diffusion of aluminum in the substrate into the thin film, and thus the quality of the thin

film deteriorates. In addition, the thermal expansion coefficient and lattice mismatching between the poor-quality thin
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film grown at room temperature and the substrate cause the crack of the Ga, O, thin {ilm after high-temperature annealing.

Key words thin films; gallium oxide thin film; pulsed laser deposition; oxygen annealing temperature; thin film property
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Table 1 Parameters of gallium oxide films deposited

by pulsed laser

Parameter Value
Back pressure /(10 ° Pa) 5
Oxygen pressure /Pa 0.1
Target rotation speed /(remin ') 1
Substrate rotation speed /(remin ') 5
Substrate temperature RT
Laser energy density /(Jecm™ ) 2
Distance from target to substrate /cm 4
Thickness of as-deposited thin films /nm 8543

Annealing temperature /°C 400—1000
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Fig. 1 XRD images of Ga, O; thin films. (a) XRD image for different annealing temperatures;

(b) variations of FWHM and grain size with annealing temperature for (—402) diffraction peak
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Fig. 2 Transmittance spectra of Ga, O, thin films and optical band gap as a function of annealing temperature.

(a) Transmittance spectra for different annealing temperatures; (b) optical band gap as a function of annealing temperature
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Fig. 4 XPS spectra of gallium oxide thin films obtained at different temperatures. (a) Ga 3d; (b) O 1s;

(¢) peak area ratio of different Ga oxidation states; (d) peak area ratio of lattice oxygen
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Fig. 5 FESEM images of Ga, O, thin films before and after annealing. (a) Without annealing; (b) 400 C;
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