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Self-consistent electronic structure calculations together with a structural model are used to study 
the effect of short-range atomic order on the optical properties of otherwise random A.l,,Ga&s, 
Ga,,sInusP, and Al,,,In,,As alloys. We find that clustering can reduce the direct band gap of these 
alloys by as much as 100 meV. Furthermore, sufficiently strong clustering is predicted to transform 

whereas anticlustering seems to be less frequently 
observed.l,g Despite these extensive studies, little is known 
about the effects of SRO on band gaps.‘“” In this letter we 
report results of first-principles pseudopotential calculations 
on the band gaps of perfectly random ((Y=O) as well as clus- 
tered (a!>O) models of Alo~5Gaa5As, GaosIne5P, and 
Alo51no~5As alloys. We find that local clustering can (i) re- 
duce the band gap of III-V alloys to a similar extent as LRO 
does, (ii) transform the indirect-gap material Als5Gao,sAs 
into a direct-gap one, and (iii) localizes the band edge wave 
functions preferentially on a particular type of cluster, which 
thus acts as a “local quantum-well.” We will discuss the 
crr>O and all 

subsequent shells are random. We use 16-atom SQSs with 
the same computational parameters as described in Ref. 15. 
The atomic positions of Gae51no~5P and Al&r~~~~As in the 
SQSs were relaxed using a Keating-type valence force 
field,*s while maintaining cubic symmetry for the cell- 
external degrees of freedom. We are interested in calculating 
alloy band gaps of a particular zinoblende representation, 
e.g., rlc or X,,. We therefore average the eigenvalues Ej(K) 
of a few SQS states jjK), weighted with the spectral density 
of a zinc-blende-type state Ink) of a given representation (n 
and j are band indices): 

@I 

where the sum runs over a few SQS states around a peak in 
the 
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