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I. ELECTRONIC STRUCTURE OF 3-GA,0; IN PRESENCE OF OXYGEN
VACANCIES
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FIG. S1. Oxygen vacancies and associated in-gap states in 5-GagQOs. (a) Crystal structure where
the three inequivalent oxygen sites considered for vacancy formation are highlighted, VO1, VOr;
and VOry. (b) Projection indicating the plane used for the real-space analysis; inset shows the
local environment around VOi (c) Spin-density distribution on the (010) plane in presence of the
non-magnetic VOi, showing no localized spin polarization. (d-f) Spin-resolved (up-yellow and down-

black) band structures for cells with VOr, VOiy or VOry1 where vacancy-induced in-gap states arise.

We performed spin-polarized calculations for neutral oxygen vacancies at the three in-
equivalent oxygen sites in $-GayOsz. The real-space magnetization m(r) = po(7) — pg(7)
remains negligible, i.e. no exchange splitting develops. Therefore, oxygen vacancies do
not stabilize oxygen-centered self-trapped holes (STHs) under the conditions considered
here, in agreement with the well-established closed-shell and deep-donor character of the
oxygen vacancy (VO) in 3-Gap,O3'™. At the same time, VO introduce occupied, weakly

dispersive in-gap bands [Fig. S1(d-f)]. These account for deep donor states, whose energies
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depend on the oxygen sublattice and therefore imply a particular defect-dependent sub-gap

1,256 Additionally these VO donor levels do not create a non-zero spin-

optical response
density so they don’t support the localized spin fingerprint characteristic of self-trapped
holes or Ga-vacancy STH complexes®”®. Instead, their dominant role is to act as an elec-
tron reservoir that can feed donor-acceptor recombination with hole-like acceptors (including
self-trapped holes and gallium-vacancy STH complexes), which is commonly invoked to ra-
tionalize sample-dependent visible luminescence in 3-GapO3%912. This donor-like picture

is also consistent with electron spin resonance (ESR) observations of electron-like centers

associated with oxygen deficiency in conductive samples!s.

II. ELECTRONIC STRUCTURE OF 3-GA,0; IN PRESENCE OF
GALLIUM VACANCIES: 1 x 2 x 2 CELL

Within periodic boundary conditions, the introduction of one VGa per supercell rep-
resents an ordered vacancy array. By increasing the supercell size the artificial vacancy
concentration and the interactions between periodic images are reduced, thereby approach-
ing the dilute-defect limit relevant for isolated point defects. This is particularly important
in ionic ultrawide-band-gap oxides, where defect-induced lattice polarization and local re-
laxations can extend over several A, making finite-size convergence comparatively slow?4.
To assess finite-size effects, we repeated the VGa calculations in a smaller 1 x 2 x 2 supercell
(80 atoms), shown in Fig. S2. A single VGa in this cell corresponds to a higher nominal
defect concentration (1/32 Ga sites, ~ 3.1%) and a shorter periodic defect—defect separation
than in the 2 x 2 x 2 supercell used in the main text (1/64 Ga sites, ~ 1.6%). At this higher
concentration, defect-derived levels show enhanced splitting and dispersion, and the relative
stability of competing trapping geometries can be affected. This matters especially for STHs
defects where there exists an overlap between the localized O-2p hole (and its accompanying
local distortion) and its periodic images. Thus, the in-gap STH leads to a broader shifted
band. Consistent with this picture, Fig. S2(a,b) shows that system with both VGa; and
VGayy still bind an oxygen-centred STH with a localized spin density, while Fig. S2(c,d)
shows the corresponding spin-polarized in-gap states. For this reason, the 1 x 2 x 2 results

are used as a finite-size/high-concentration robustness check, whereas the 2 x 2 x 2 cell is

taken as our best compromise toward the dilute limit for the main analysis. Importantly, the
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FIG. S2. Gallium-vacancy in-gap states in a 1 x2x2 8-GagOg supercell. (a,b) Spin-density distribu-
tion for systems in presence of VGaj and VGayy, showing strong state localization on neighbouring
O sites. (c,d) Spin-resolved band structures (up-yellow and down-black) with nearly dispersion-
less, spin-polarized mid-gap states inside the apparent bandgap (4.45 eV for VGay and 4.22 eV for
VGay).

qualitative conclusion is unchanged and remains consistent with hybrid-DFT and electron

paramagnetic resonance (EPR) assignments of VGa related centers in 3-GagO3*1%19.
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