EFRE 2022: 20th International Conference on Radiation Physics and Chemistry of Condensed Matter
Radiation defects: structure, formation, properties
––––––––––––––––––––––––––––––––––––––––––––––– R4-O-009904 –––––––––––––––––––––––––––––––––––––––––––––––

AB-INITIO CALCULATIONS OF ELECTRONIC PROPERTIES OF β-Ga2O3 OWN DEFECTS
ZH. KOISHYBAYEVA1, A. AKILBEKOV1, A. USSEINOV1
1 Faculty

of Physics and Technical Sciences, L.N. Gumilyov Eurasian National University,
Nur-Sultan, Kazakhstan

Gallium oxide is known in the scientific community for its unique electrical and optical properties. Due
to its wide bandgap (~5.0 eV), it is of interest to scientists as a promising material in various fields of power
electronics, optoelectronics, and photonics. [1, 2, 3].
The reflection spectrum [4] was calculated in the work for the direction of the electric vector E parallel
to the b axis (E||b) (Fig. 1). It can be seen in the figure that the calculated IR reflections of the wave vector
q⊥(100) and E||b are comparable with the experimental data [5], and the IR reflections of the wave vector of
the other direction q⊥ (-201) and E||b are comparable with work [6]. In the work [6], pure TO phonons with
Au symmetry are also observed.

Figure 1. Estimated IR reflectance for the wave vector q⊥(100) and a specific direction of the electric vector E||b. Experimental
data are presented for comparison. [5, 6]

Oxygen vacancies of gallium oxide are deep donors, since its transition levels are 1 eV below the
minimum of the conduction band, and gallium vacancies are deep acceptors with empty levels that are
located more than 0.7 eV above the valence band and rather lower than the donor level. [7]
Due to the fact that oxygen vacancies can easily donate their electrons to gallium vacancies, the energy
of formation of oxygen vacancies decreases as the number of donors in the crystal decreases. In parallel with
this process, an increase in the energy of formation of acceptors occurs, which leads to a decrease in the
energy of formations of donors. Ultimately, this leads to an energy balance between the two processes and
results in a constant concentration of native donors and acceptors. [7]
We assume that the observed n-type conductivity in β-Ga2O3 crystals can be caused by light doping of a
donor impurity during crystal growth, such as hydrogen. Our calculations also show that gallium vacancies
cannot be involved in p-type conductivity in β-Ga2O3. Because all types of gallium vacancies with different
charge states are located above the valence band by more than 0.7 eV.
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