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In III-V and II-VI semiconductors, certain nominally electron-donating impurities do not release
electrons but instead form deep electron-traps known as ‘‘DX centers.’’ While in these compounds,
such traps occur only after the introduction of foreign impurity atoms, we find from first-principles
calculations that in ternary I-III-VI2 chalcopyrites like CuInSe2 and CuGaSe2, DX-like centers can
develop without the presence of any extrinsic impurities. These intrinsic DX centers are suggested as a
cause of the difficulties to maintain high efficiencies in CuInSe2-based thin-film solar-cells when the band
gap is increased by addition of Ga.
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formed as a Frenkel pair (Fig. 1), i.e., Ga�Zn � 2e!
Ga�DX � �Ga�i -V2�

Zn � in ZnSe, and Ga2�
Cu � 2e! Ga0

DX �
�Ga�i -V�Cu� in CuGaSe2.

In the case of the singly charged Ga-interstitial Ga�i in
ZnSe [Figs. 1(a) and 1(d)], having Td



DX center single-particle energies "DX are well aligned
(Fig. 2). Considering, however, the Frenkel-pair character
of the DX



"DX � EV in Fig. 2). Because of the small energy EPL, the
DX center will appear essentially as a nonradiative recom-
bination center in most experiments. (ii) Through the
optical absorption In0

DX ! In�DX � e, and subsequent re-
laxation (Eabs � 0:81 eV). (iii) Through the activation of a


