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Fig. 1. 1x2x2 supercell model of Si-doped (3-Ga,O3, where
Ga(l) and Ga(2) represent tetrahedral and octahedral

positions, respectively.
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Fig. 2. (a) Primitive cell and supercell models: (a) GagOo;
(b) Gag 04551 (1x2x2); (¢) GaggOsSi; (1x3%1); (d) Gay30
Sij (1x2x1); (e) Ga;01550;.
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GGA+ U ML G RIBZN Si 842 B-Ga,0, MG SEL

Table 1.  Lattice parameters of undoped and Si-doped (3-Ga,O5 optimized using GGA+ U method.
) E;/eV
Models a/A b/A c/A Jé] V/A3
O-Rich O-Poor
Exp.2 12.220 3.038 5.786 — — — —
0% 12.276 3.065 5.845 104.050 213.329 — —
£.Gay0 1.25% 12.359 3.061 5.844 104.025 214.469 5.479 -3.301
_GanO.
o 1.67% 12.347 3.063 5.847 104.117 214.511 6.121 2.659
2.50% 12.391 3.061 5.843 104.058 214.961 6.471 -2.309
5.00% 12.719 3.031 5.817 103.047 218.442 6.638 —2.142
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GB C VO 10 20 0 5 1015200 5 10 105 GB C VO 10 20950 5 10 150 24 6 94
K-points DOS/(state-eV~1) K-points DOS/(state-eV~1)
Bl 3 B-GayO5 MABH 25 RN NS % E K (a) GGA; (b) GGA+U
Fig. 3. Band structure and corresponding density of states plots of 8-Ga,0O3: (a) GGA; (b) GGA+U.
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Fig. 4. Band structure plots of 3-Ga,O3 with different Si doping concentrations: (a) 1.25% (Gag;O04851;); (b) 1.67% (GaysO36Si;);

(¢) 2.50% (Gay50:8i,); (d) 5.00% (GasO1,Si,).
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Fig. 6. Differential charge density distribution of undoped
(a) and Si-doped [3-GayO3 (010) surface with a doping

atomic concentration of 5.00% (b).
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Investigation of electronic structure and optoelectronic
properties of Si-doped (-Ga,0; using GGA+ U
method based on first-principle”
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Abstract

In this work, the formation energy, band structure, state density, differential charge density and
optoelectronic properties of undoped B-Ga,0O5 and Si doped (-Ga,04 are calculated by using GGA+ U method
based on density functional theory. The results show that the Si-substituted tetrahedron Ga(l) is more easily
synthesized experimentally, and the obtained B-Ga,0O3 band gap and Ga-3d state peak are in good agreement
with the experimental results, and the effective doping is more likely to be obtained under oxygen-poor
conditions. After Si doping, the total energy band moves toward the low-energy end, and Fermi level enters the
conduction band, showing n-type conductive characteristic. The Si-3s orbital electrons occupy the bottom of the
conduction band, the degree of electronic occupancy is strengthened, and the conductivity is improved. The
results from dielectric function e5(w) show that with the increase of Si doping concentration, the ability to
stimulate conductive electrons first increases and then decreases, which is in good agreement with the
quantitative analysis results of conductivity. The optical band gap increases and the absorption band edge rises
slowly with the increase of Si doping concentration. The results of absorption spectra show that Si-doped (-
Gay03 has the ability to realize the strong deep ultraviolet photoelectric detection. The calculated results
provide a theoretical reference for further implementing the experimental investigation and the optimization

innovation of Si-doped (3-Ga,O3 and relative device design.

Keywords: GGA+ U method, Si-doped (-Ga,0s, electronic structure, optoelectronic property
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