




ering the single-particle energy of the a1�a� orbital in
ZnSe (CuGaSe2) from Ev � 1:1 eV (Ev � 0:2 eV), before
relaxation to Ev � 0:2 eV (Ev � 2:5 eV), after relaxation.
Thus, as illustrated in the upper panel of Fig. 1, after
relaxation, the doubly occupied a2

1 level is located in
ZnSe just above the VBM, whereas in CuGaSe2 it is
deep inside the valence band. When V0

Se is ionized twice,
we form the a0

1 configuration of V2�
Se (Fig. 1), showing a

breakup of the metal-metal dimers (Table I), and a return
to the original Td lattice symmetry (Fig. 1, bottom). The
single-particle energy level of the a1 state in ZnSe moves
up from Ev � 0:2 eV (V0

Se) to Ev � 2:5 eV (V2�
Se ), whereas

in CuGaSe2 it moves up from Ev � 2:5 eV (V0
Se) to Ev �

1:5 eV (V2�
Se ) [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 a2

1 �V0
Se� ! a0

1 �V2�
Se � tran-

sition, would have displaced the a1 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-




