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A b s t r a c t .  This paper summarizes recent results of an ongoing project 
in which first principles band structure theory is used to systematically 
predict the basic materials properties of photovoltaic chalcopyrite semi- 
conductors. Here we discuss the (i) chalcopyrite alloy band gap bow- 
ing coefficients, (ii) chalcopyrite alloy mixing enthalpies, (iii) interfa- 
cial valence and conduction band offsets between mixed-anion (CuInX2, 
X =S,Se,Te) and between mixed-cation (CuMSe2, M =A1,Ga,In) chal- 
copyrite interfaces, and (iv) electronic structures of the "ordered vacancy 
compounds". Results are provided as predictions to be tested experi- 
mentally. We find that the strong C u d  - anion p coupling controls much 
of 
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requirement also indicates that in the OVC 



can be combined with our earlier studies [6] of the band offsets between CuInSe2 
and II-VI (CdS and ZnSe) to predict other band offsets between a chalcopyrite 
compound and a II-VI compound. For example, our calculated [6,8] AEv between 
CuInSe2 and CdS is 1.07 eV, and A E ,  between CuInSe2 and CuGaSe2 is 0.04 eV 
(Fig. 2b), thus we expect that  AEv between CuGaSe2 and CdS should be 1.03 eV. 
Similarly, since AEv(CuInS2/CuInSe2) = 0.28 eV, then AEv between CuInS2 and 
CdS should be around 0.79 eV. In some cases (e.g., CuIn~Gal_~Se2) one may also 
assume that  the VBM of the alloy is a linear function of composition x, hence one 

Fig.  1. Calculated bowing coefficients 
b, unstrained valence band offsets AEv, 
and bulk alloy mixing energies A H  at 
x = 1/2 (in meV/atom) of (a) mixed- 
anion chalcopyrite alloys and (b) mixed- 
cation chalcopyrite alloys. 

Fig.  2. Calculated unstrained va- 
lence band and conduction band off- 
sets for interfaces between (a) common- 
cation chalcopyrite compounds and (b) 
common-anion chalcopyrite compounds. 
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can roughly estimate the band offset between a chalcopyrite alloy and a II-VI com- 
pound. 

(c) Optical bowing of chalcopyrite alloys: The optical bowing parameter b of 
the chalcopyrite alloy is given by b = -4[Eg(ABX2/A'B'X~) - 1/2Eo(ABX2 ) - 
1/2Eg (A~BtX~)]. Figure 1 gives the calculated bowing parameter for stoichiometric 
mixed-anion (Fig. la) and 
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the CBM of CuInsSe8 is 0.08 eV lower than for CuInSe2. 


