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Abstract 

Complex oxide has multi-functional properties such as optoelectrical, ferroelectric, catalytic, and 

superconductive properties, leading to the extensive applications to the semiconductor and 

microelectronic field. The typical complex-oxides are multi-metal-oxide compound materials, which 

have the formula of ABO3 and AB2O4. The representative AB2O4 is the spinel material such as 

ZnAl2O4 and ZnGa2O4. The ZnGa2O4 material has wide bandgap and the chemically inert properties, 

which is one of the promising materials for deep-ultraviolet photodetectors (DUV PDs) and gas 

sensor applications. For deep-ultraviolet photodetector applications, the material with the bandgap 

above 4.4 eV can absorb the UV-C radiation and can neglect the visible light, which is suitable for 

employing as the DUV PDs with the high sensitivity [1]. The DUV PDs can be extensive applicated 
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in the military for tracking missiles, the industry for detecting UV light source, the astronomy for 

analysing elements in the stellar atmosphere, and the environment for monitoring ozone and warning 

flame. The ZnGa2O4 thin film having a wide bandgap of 5.1 eV is suitable for DUV PD applications, 

which was deposited by using conventional radio-frequency (RF) magnetron sputtering. Since the 

Zn atoms can diffuse out of the film structure during the annealing, the ZnGa2O4 material is difficult 

to get the single-crystalline structure by using the sputtering method. In this study, the solid-phase 

epitaxy method is used for crystallizing the ZnGa2O4 structure via the rapid thermal annealing 

process. The disordered crystal-grains as incubated seeds are obtained in the as-deposited ZnGa2O4 

film at the substrate temperature of 400 oC. Further annealing under the temperature of 700 oC in 1 

min, the ZnGa2O4 film structure approaches the quasi-single-crystalline ZnGa2O4 structure, which is 

evidenced by checking the transmission electron microscopy. The responsivity of annealed ZnGa2O4 

PDs can reach 2.53 A/W (at 240 nm and 5 V), which shows a relative enhancement of 256% 

compared with the as-deposited ZnGa2O4 PDs [2]. For gas sensor applications, nitric oxide (NO) is 

an extremely toxic oxidizing gas with a pungent odor. The ZnGa2O4 thin film was deposited by 

metalorganic chemical vapor deposition (MOCVD) with various temperatures from 25 °C to 300 °C. 

The gas sensor shows a great sensing property at 300 °C, which resulting in the sensitivity of 22.21 

under the NO explosion of 6.25 ppm and its response time of 57 s. Besides, the sensitivities of 1.18, 

1.27, 1.06, and 1.00 were obtained under the exposure to NO2 (500 ppb), SO2 (125 ppm), CO (125 

ppm), and CO2 (1500 ppm), respectively [3].  These results imply that the ZnGa2O4 gas sensor not 

only has high sensitivity but also has great selectivity for NO gas. The ZnGa2O4 material possessed 

the multi-functional properties, which has a high potential for the internet of things (IoT) 

applications. 
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