Dopability, Intrinsic Conductivity, and Nonstoichiometry of Transparent Conducting Oxides
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Existing defect models for In,O5; and ZnO are inconclusive about the origin of conductivity, non-
stoichiometry, and coloration. We apply systematic corrections to first-principles calculated formation
energies H, and validate our theoretical defect model against measured defect and carrier densities. We
find that (i) intrinsic acceptors (“electron Kkillers”) have a high H explaining high n-dopability,
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GGA equilibrium lattice constant. The GGA band gaps are
0.94 eV in In,03 and 0.73 eV in ZnO, much smaller than
the experimental gaps 3.50 and 3.45 eV. We correct both
GGA errors and finite-supercell errors according to the
scheme described in Ref. [24] (see also below). We calcu-
late the defect formation energy as

Hp(EF, M) Ep Ey Z *(ud N M),
where Ej, and Ey are host  defect and host-only super-
cell energies, respectively, and ¢ is the defect charge state.
The chemical potentials @y, zn, s, Mal, and
o for atoms added to () or removed from ( ) the
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lattice are taken with respect to the GGA energy u° of the
elementary metals and the O, molecule. We apply the
thermodynamic host stability condition, ie., 2
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These absorption energies, along with the large concen-
trations of Vo (Fig. 1), explain the gray and red colora-
tion in reduced In,O; and ZnO, as well as the recent
observation of photoemission from a gap state [33] in
In,0;. Room-temperature electron-densities in the
1017-10% c¢m 2 range [4,5,7] would require the simulta-
neous presence of large quantities of another, donorlike



