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Beta-phase gallium oxide is a transparent, wide-bandgap semiconductor with a 
band gap of 4.85 eV [1], making it a promising candidate for applications in 
high-power devices and UV photodetectors. With its higher calculated 
breakdown field [2], β-gallium oxide is expected to outperform well-established 
materials such as silicon carbide and gallium nitride for high-power switching. 
To further enhance the high-power capabilities, as represented by the Baliga 
figure of merit, [3], an increase in the electric breakdown field, Eb, is required. A 
proven successful strategy is alloying with aluminum [4], which requires 
incorporating more than 25% to increase the BFOM above its initial value due to 
reduced electron mobility. Following a similar approach, we have grown thin 
films on a β-gallium oxide substrate by metal-organic vapor-phase epitaxy 
(MOVPE). 
 
This work aims to explore the relationship between the chemical composition 
and electronic properties of β-(AlxGa1-x)2O3 (0 < x < 0.4) thin films, focusing on 
how different growth parameters and substrate miscuts influence these 
properties. First, it demonstrates that aluminum incorporation depends on the 
choice of substrate, suggesting a likely threshold at x > 0.4. The Al 
concentration has been measured by X-ray photoelectron spectroscopy (XPS) 
and compared with the Al content determined from changes in the lattice 
parameter as measured by X-ray diffraction (XRD). Additionally, the 
homogeneity of thin films has been investigated through XPS depth profiling 
obtained at different take-off angles, revealing varying aluminum contents at the 
sample surface. The samples were cross-checked against gallium oxide and 
aluminum oxide reference samples to confirm their stoichiometric composition 
and to rule out possible aluminum cluster segregation. Furthermore, carbon 
impurities, likely introduced by carbon-based precursors, were not detected by 
XPS, addressing a common problem in MOVPE growth. Additionally, the Auger 
parameter was studied, highlighting the well-defined binding states within the 
films. Furthermore, the band gap has also been determined by XPS via 
electron-loss analysis for thin films and compared with optical absorbance 
measurements on bulk crystals grown by the Czochralski method [4]. The 
surface was studied by atomic force microscopy (AFM) to assess surface 
morphology and roughness. Overall, our thin films exhibit excellent structural 
and chemical properties, thus bringing this film technology closer to application. 
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