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tices of various orientations. (iv) We verified that the
wave function of bulk and superlattices obtained with
our pseudopotentials agree well with those obtained in
first-principles LDA calculations. To illustrate the util-
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Alo 5Gao 5As alloy, treated in the virtual-crystal approx-
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TABLE IV. Comparison of previous EPM's vrith the present one. In the second column, the
potential type is specified, i.e. , "atomic, " if atomic form factors are used [see Eq .(1)], "bulk, "
if the bulk potential of A1As and GaAs is retained aud au infinitesimal interface in A1As/GaAs
is assumed. Columns three to Sve indicate whether deformation potentials aud the A1As/GaAs
band ofFset were fitted, and how V(q) was obtained at those reciprocal vectors that are uot zinc
blende vectors Gza (see text). The symmetry of the CBM of the n = 1 (A1As) /(GaAs) (001)
superlattice is reported in the last column. Quasiparticle calculations (Ref. 44) place the n = 1
CBM at R(I).
Method Potential type

Caruthers and Lin-Chung va, vA~, vA,
(Ref. 12) atomic potentials

Def. pot.
6tted
No

AE
6tted
No

V(q) at

Interpolated

(001) SL
n, =1 CBM

I'(X, )

Andreoni et al.
(Ref. 13)

Av = v~& —vAl

bulk/atomic
No No Interpolated

Gell et aL

(Ref. 15)
AlAs, GaAs
bulk potentials

No Yes
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FIG. 3. Spectral averages of the zinc-blende-like I'q, (di-
amonds), Xq, (pluses), and Lq, (squares) energy gaps, re-
spectively, plotted as a function of g, the degree of CuAu
long-range order. The solid line is a quadratic interpolation
between the rl = 0 and 0 = 1 values of (I'q, ) and the bro-
k
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microscopic potential and at the same time large super-
cells are needed. The experimental feasability of such
small nanostructures has been demonstrated recently,
e.g. , by intentional MBE growth of Ino 5Gao 5As quan-
tum dots embedded in GaAs, and by unintentional for-
mation of GaAs "quantum dots" at the AlAs/GaAs in-
terface of A1As/GaAs quantum wells. s4 We illustrate the
usefulness of our present method for theoretical studies of
embedded quantum dots by considering substitutional n-
atom Ga clusters with idealized geometries in an AlAs
host crystal, denoted AlAs:Ga„, where n connected Al
atoms are substituted by Ga atoms. It is known that
a single Ga isoelectronic impurity (n = 1) in AlAs does
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TABLE V. Same as Table



KURT A. NADER



50 EMPIRICAL ATOMIC PSEUDOPOTENTIALS FOR A1As/GaAs. . . 17 405

Note that because the EPM uses screened atomic poten-
tials, the absolute reference energy of the solid is simply
that of the free atom.
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