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DFT+U correction20 with U−J=6 eV. We used supercells
of 72 atoms and corrected finite-size effects as described in
Ref. 21.

For the following discussion, we now define “deep” ver-
sus “shallow” behavior in terms of the wave function char-
acter of the acceptor state. �This qualitative distinction is
here more useful than drawing the line at an arbitrary value
of the ionization energy.� We described the primary impurity
orbital as resulting from the interaction of the impurity atom
orbital with the dangling bond states of the ligands.22 If the
resulting “defect localized state” �DLS� occurs inside the
band gap, the wave function of the defect state is strongly
localized at the site of the impurity and its ligands. This is
the signature of a deep defect. If, however, the DLS occurs
as a resonance inside the continuum of the host bands, e.g.,
below the VBM, then the holes introduced by acceptor dop-
ing cannot occupy the DLS, and instead occupy a “perturbed
host state” �PHS� that is formed by the valence bands of the
host in the presence of the �screened� Coulomb potential due
to the charged acceptor. This is the signature of a shallow
acceptor that exhibits effective-masslike characteristics.

Figure 1 shows that MgGa in GaN can assume both types
of behavior for two different geometries. In its lowest energy
ground state, MgGa creates a DLS in the gap at EV+0.7 eV
which is localized mostly in one p-orbital of a N neighbor in
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