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"special-quasirandom-structures" description
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The spectral properties of an sp's tight-binding Hamiltonian for a random, unrelaxed
A10.5Ga0.5As alloy are calculated using three diferent techniques: the coherent-potential approxi-
mation, the recursion method (as applied to a &2000 atom supercell), and the recently intro-
duced "special-quasirandom-structures" (SQS) approach. Over a broad range of scattering
strengths, the dominant spectral features predicted by the first two techniques are well reproduced
by calculations for an SQS with 16 atoms/unit-cell ("SQS-8"). This suggests that the SQS ap-
proach might also be useful in cases where the other methods are diScult to apply, e.g., in first-
principles calculations for structurally relaxed alloys.

A great deal of progress has been made in the last few
decades in understanding the effects of disorder in random
alloys. Much insight into this problem has been obtained
by applying effective medium techniques —e.g. , the co-
herent-potential approximation ' (CPA)—to model Ham-
iltonians with varying degrees of realism. While some
success has also been achieved in implementing the CPA
in first-principles band-structure formalisms, this ap-
proach is extremely costly and has not yet addressed the
problem of structural relaxation. Deviations from an
ideal lattice structure are particularly important in semi-
conductor alloys where individual atoms are often dis-
placed locally (due to strong bond-stretching forces) even
though Vegard's law may be obeyed on average.

An alternative approach to calculating the electronic
structure of a random A~ „8„substitutional alloy is to
consider a large supercell with N lattice sites occupied
randomly by A and 8 atoms. Unlike the CPA, which is a
single-site theory, the supercell approach also includes the
effects of the local chemical (and, in a structurally relaxed
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parameter that allows us to vary the differences between
Al and Ga diagonal parameters from zero (VCA) to that
of the crystalline parametrizations (X=1) and beyond.
Since we are primarily interested in a comparison of
different theoretical predictions, we will not concern our-
selves with the question of how accurately the present
model describes Aln 5Gan sAs. It is sufficient for our pur-
poses that Eq. (1) provides reasonable valence and lower
conduction bands and a range of scattering strengths. "
(For l 1, the Ga s, p, and s levels differ from those of
Al by —1.02, +0.55, and +0.48 eV, respectively. ) For
reference, we list in the first two columns in Table I the
I ~, X~, and Xi conduction-band eigenvalues obtained by
replacing the cation diagonal parameters in
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TABLE I. Top: Location of spectral features (in eV) associated with the zinc-blende I ~, X~, and X3
states. The first two columns are obtained by replacing the cation diagonal parameters in the VCA




