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Using first-principles band-structure theory we have systematically calculated the (i) alloy bowing 
coefficients, (ii) alloy mixing enthalpies, and (iii) interfacial valence- and conduction-band offsets 
for three mixed-anion (CuInX,, X=S, Se, Te) and three mixed-cation (C&Se,, M =Al, parameters for ordered, Zn-based II-VI alloys in the CuAu, 

CuPt, and chalcopyrite structures are presented: we find that ordered Zn,SeTe has bowing 
coefficients of 1.44 and 3.15 eV in the CuAu and CuPt structures, while the random ZnSe,Te, -x 
alloy has a bowing of 1.14 eV. The band alignment between CuInSq and CuInSe,-derived ordered 
vacancy compounds are also presented. 6 1995 American Institute 

of Physics. 

I. INTRODUCTION 

A, -,B, semiconductor alloys constitute a group of tech- 
nologically important materials since their structural, trans- 
port, and optical properties can be tuned continuously by 
varying the composition x, thus broadening the range of ma- 
terial properties available from the pure constituents A and 
B. For example, the band gaps E,(x) of A, -,B, alloys can 
often be described by 

E&)=(1-x)&(A)+.+(B)-bx(l-x), 0) 

where b is an “optical bowing coefficient.” Figure 1 illus- 
trates that alloys between different I-III-VI, chalcopyrites’-4 
offer a new, redshifted range of band gaps relative to the 
alloys of common II-VI compounds.5*6 It has been shown 
recently7’s that alloys of CuInSe2 with either CuGaSe, or 
with CuIn& can increase the band 

in those cases where data are available, the scatter between 
different measurements on the same alloy is significant. In 
some cases, even the sign of the bowing parameter is under 
dispute, e.g., CuIn(S,Sej, and Cu(Ga,In)Sez. Other proper- 
ties, such as the band offsets between the chalcopyrite com- 
pounds (needed for device design),’ are also generally un- 
known. From the point of view of fundamental physics, it is 
interesting to understand not only why the absolute band 
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gaps of individual chalcopyrite compounds are significantly 
lower than those of e 
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FIG. 1. Energy gap vs lattice constant for some chalcopyrite alloys and 
II-VI alloys. Our calculated bowing coefficients are used together with Eq. 
(lj to describe band gaps as a function of composition x, while for the 
lattice constant we use ECq. (5). Experimental values (solid dots) are used for 
the end-point compounds (see Table IV below). 
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0.6%) than 
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