
  

XPS study on composition and band structure of aluminum alloyed β-gallium 

oxide bulk crystals and thin films 

Lukas Schewe a, Jana Rehm b, Ming Chao Kao c, Vedran Vonk c, Zbigniew Galazka b, Andreas Popp ,b 

Jan Ingo Flege a 

aFachgebiet Angewandte Physik und Halbleiterspektroskopie, Brandenburgische Technische Universität 

Cottbus Senftenberg, Konrad-Zuse-Str. 1, 03046 Cottbus, Germany, bLeibnitz-Institut für Kristallzüch-

tung, Max-Born-Straße 2, 12489 Berlin, Germany, cCXNS-Center for X-ray and Nano Science, Deutsches 

Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany 

Author Email: LukasPaul.Schewe@b-tu.de 

 

Beta-phase gallium oxide is a transparent, wide-gap semiconductor with a band gap of 4.85eV [1] 

and promising prospects for applications in high-power devices and UV photodetectors. Consid-

ering its higher calculated breakdown field [2], β-gallium oxide is predicted to outperform well 

established materials such as silicon carbide and gallium nitride for high-power switching. There-

fore β-gallium oxide has become a hot research topic due to its potential use to improve future 

power grids and reduce the global CO2 footprint.  

To further increase the high-power capabilities of a material with dielectric constant 𝜀, as sug-

gested by the Baliga figure of merit (BFOM)  

𝐵𝐹𝑂𝑀 =  𝜀𝜇𝐸𝑏
3 [3], 

it is required to fine-tune the electron mobility 𝜇 and electric breakdown field 𝐸𝑏  of β-gallium 

oxide. The electron mobility is highly dependent on the material's crystallinity and lack of defects, 

thus highly dependent on the growth technique. Additionally, it is possible to dope gallium oxide 

to further increase electron mobility, although high doping concentrations may result in additional 

crystal defects, thus lowering the mobility [4]. Moreover, the electric breakdown field can be sig-

nificantly increased to further improve the β-gallium oxide properties: Similarly to the mobility, 

the breakdown field is also related to the crystal quality; however, it is additionally possible to 

improve it by alloying the oxide with aluminum, resulting in further challenges for the crystal 

growth. 

The present work discusses the ideal content and distribution of Al in epitaxial gallium oxide 

thin films and bulk crystal samples, combining multiple characterization techniques with a par-

ticular emphasis on depth-profiling X-ray photoelectron spectroscopy (XPS) measurements.  

These measurements revealed a potential surface segregation of gallium for the thin films grown 

by metal-organic vapor phase epitaxy (MOVPE). In particular, the influence of possible experi-

mental artifacts originating from the destructive ion bombardment, as well as the surface sensi-

tive nature of XPS on the estimation of sample composition is discussed. Additionally, the band 

gap has also been determined by energy loss measurements in XPS combined with UPS, reveal-

ing a dependency on the aluminium content.  

 

 
 

References 

[1] H.H. Tippins, Phys. Rev., 140 (1965) A316. 

[2] M. Higashiwaki, et al., Appl. Phys. Lett., 100 (2012) 013504. 

[3] B.J. Baliga, J. Appl. Phys., 53 (1982) 1759-1764. 

[4] Z. Galazka, et al., J. Cryst. Growth, 2020 529 125297 


