





Since the electronic states are confined mostly inside the

dots, a smaller supercell is adequate for a description of th}g/here 9a is a fitting parameter. The zero strain potential

eq . f ; ;
wave functions. Indeed, the dot-dot interaction due to Waveya“(r,O) is expressed in reciprocal spag@s

function overlap is much smaller than the long-range dot-dot
interaction due to elastic strain. Consequently, for the pur- v~q!5ao~q22a1!/@a2ea3q22 14, -3l
pose of calculating the wave functions, we have removed a
few GaAs layers from the original &B40a350a SUEr- 14 |oca| hydrostatic strain TEj for a given atom aR is

cell, reducing it to a 28328a330a supercell. The atomiC  yafined ad/,/V 21, whereVy, is the volume of the tetra-
positions of the atoms inside and near the pyramid are kept

the same as in the original d840a350a supercell. The
atoms in the periphery layers of the &B28a330a box
have been relaxed again, so that a smooth, periodic boundary
condition can be formed. The single-particle electronic levels
calculated-by the method to be described belousing this
reduced supercell differ by less than 0.1 meV from those
obtained using the original 4B40a350a supercell, al-
though the saving in computational effort is substantial. We
emphasize that the shapes of the dot and wetting layer are
“inputs” to the calculation, and any choice can be enter-
tained.

B. Electronic structure calculations

Having formulated the atomic structures of the dot, wet-
ting layer, and barrier, the electronic structure is obtained
next using a direct-diagonalization approach to the single-
particle Schrdinger equation in a pseudopotential represen-
tation,
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Due to the spin-orbit coupling, the wave functian(r) is
complex and has both spin-up and spin-down components.
R, denotes the positions of the nth atom of typedeter-
mined from the strain minimization described in Sec. Il A

abovev ,(r2R,,) is the screened pseudopoterffiaif atom
type a. It contains a local part and a nonlocal spin-orbit
interaction part.

Since our calculation is non-self-consistent, we have to
construct screened potentials that emulate as much as pos-
sible the effects of self-consistency. This is done in two
ways. First, the potential for the common anigks! is al-
lowed to differ slightly, depending on if its nearest-neighbors
are Ga or In-Table I. Second, we introduce in the potential

Qgc(rana) a dependence on thecal atomic environment,
e.g., the hydrostatic strain Ta) of the atoms aR,,,,
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Conduction and valence band states for b=20a dot
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FIG. 3. ~Colorl Isosurface
plots of the charge densities of the
conduction- and valence-band
states for theb520a pyramids.
The charge density equals the
wave-function square, including
the spin-up and -down compo-

nents. The level values of the
green and blue isosurfaces equal
0.25 and 0.75 of the maximum
charge density, respectively.
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FIG. 4. ~Color Isosurface
plots of the charge densities of
conduction- and valence-band
states for theb512a pyramids.

See the caption of Fig. 3 for more
details.



















