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electron (Ec), heavy-hole, and light-hole (Ehh ,Elh) potential
offsets in the$010% plane through the center of the dots. F
both the spherical and pyramidal geometries, the InAs d
act as wells for both electrons and holes. In the spherical
the confining wells are flat bottomed and adopt the spher
symmetry of the dot. In the lower symmetry, pyramidal ca
the wells are no longer flat-bottomed. The pyramidal elect
well has two peaks, one near the tip and one near the ba
the pyramid@see also below in Fig. 3~c!#. The pyramidal
heavy- and light-hole wells have peaks at the base and

FIG. 3. Strain modified potential offsets for the CBM and VB
along a@001# line through the center of each dot. These are
tained by calculating the pseudopotential bulk band structure
InAs and GaAs in a supercell geometry, using the local strain of
dot ~Fig. 1!. The InAs/vacuum and InAs/GaAs offsets are shad
gray. The horizontal lines mark the energies of the confined e
tron and hole levels in the dots. These levels are calculated by u
the folded spectrum method to find the band-edge eigenstates o
empirical pseudopotential Hamiltonian@Eq. ~1!#. All states are sin-
gly degenerate except where marked in brackets.
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respectively@indicated by arrows in Fig. 2~b!#. The location
of these peaks is implied by Fig. 1~b!, which shows that
@ezz2exx#, and hence the crystal field splittingDCF changes
sign from positive at the base of the pyramid (ezz.exx) to
negative at the tip (ezz,exx). This change in sign results in
the observed heavy-hole peak at the base of the pyra
(DCF.0) and light-hole peak at the tip of the pyram
(DCF,0). Thus we expect that in the embedded spher
dot, electrons and holes will be attracted to the center of
dot, while in the pyramidal dot, electrons will also be a
tracted to the center of the dot but heavy holes will be
tracted to the base of the pyramid and light holes attracte
the tip.

A more accurate picture of the strain-modified band ed
can be obtained by calculating the energies of the b
valence-band maximum~VBM ! and conduction-band maxi
mum ~CBM! using our full pseudopotential subjected to t
local strain produced by the dot. Figure 3 shows as th
lines the strain modified bulk band edges~on an absolute
scale with respect to vacuum! of the lowest energy conduc
tion and highest energy valence states along a@001# line
through the center of each of the three dot systems. Th
band edge energies are obtained by performing a serie
bulk calculations using the local strain in the dot,e(R), at a
series of points along the lineR. Within the small strain
regime where deformation potential theory is applicable,
energy of the CBM’s in Fig. 3 correspond to the electr
band edges in Fig. 2, while the energy of the highest h
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FIG. 4. Contour plots of the electron and hole wave functions
the $010% plane through the center of all three dots.






