






see, for example, that forming the N-Ga4 cluster in ZnO
involves creation of 4 Ga-N and 12 Ga-O bonds and
destroying 16 Zn-O bonds. On the other hand, creating
the Ga-N4 cluster inside ZnO involves making 4 Ga-N
and 12 Zn-N bonds, destroying 16 Zn-O bonds. Since we
have three unknown excess bond energies (EGa-O, EZn-N,
andEGa-N) and many more calculated �Eb values
(Table I), it is straightforward to determine the excess
bond energies for any doping configuration � from a
simple cluster expansion [20]

�Eb��; �F� � N���
Ga-NEGa-N � N���

Ga-OEGa-O � N���
Zn-NEZn-N;

(9)

where N���
�-� are the number of �-�


