Metal-Dimer Atomic Reconstruction Leading to Deep Donor States of the Anion Vacancy
in 11-VI and Chalcopyrite Semiconductors
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First-principles total-energy calculations reveal a novel local atomic reconstruction mode around
anion vacancies in 11-VI and chalcopyrite compounds resulting from the formation of metal dimers. As a



ZnSe and CuGaSe, [20]. The LDA band gap error is
corrected first by acknowledging that the cation d states



ering the single-particle energy of the a;(a) orbital in
ZnSe (CuGaSe,) from E, + 1.1 eV (E, + 0.2 eV), before
relaxationto E, + 0.2 eV (E, — 2.5 eV), after relaxation.
Thus, as illustrated in the upper panel of Fig. 1, after
relaxation, the doubly occupied a? level is located in
ZnSe just above the VBM, whereas in CuGaSe, it is
deep inside the valence band. When V2, is ionized twice,
we form the a2 configuration of V3! (Fig. 1), showing a
breakup of the metal-metal dimers (Table I), and a return
to the original Ty lattice symmetry (Fig. 1, bottom). The
single-particle energy level of the a, state in ZnSe moves
up from E, + 0.2 eV (V) to E,, + 2.5 eV (V4!), whereas
in CuGaSe; it moves up from E, — 2.5 eV (V) to E, +
1.5 eV (V3)) [20]. That atomic relaxation is the driving
force for this level shift can be judged from the fact that
electrostatic effects, i.e., the relief of interelectronic
Coulomb repulsion due to the a? (V2,) — af (V&!) tran-
sition, would have displaced the a; level towards lower
energies. Because of the charge state dependent shift of
the defect level from below VBM to above the VBM, the
Se vacancy in chalcopyrites can assume a metastable
configuration, in which electrons are transferred from
the VBM to the deep defect level, releasing free holes.
Thus, the Se vacancy can explain the persistent photo-






