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While electronic and spectroscopic properties of self-assembled In1−xGaxAs/GaAs dots depend on
their shape, height, and alloy compositions, these characteristics are often not known accurately
from experiment. This creates a difficulty in comparing measured electronic and spectroscopic
properties with calculated ones. Since simplified theoretical models �effective mass, k ·p, parabolic
models� do not fully convey the effects of shape, size, and composition on the electronic and
spectroscopic properties, we offer to bridge the gap by providing accurately calculated results as a
function of the dot height and composition. Prominent features of our results are the following: �i�
Regardless of height and composition, the confined electron energy levels form shells of nearly
degenerate states with a predominant s , p , . . . orbital character. On the contrary, the confined hole
energy levels form shells only in flat dots and near the highest hole level �HOMO�. �ii� In alloy dots,
the electrons s-p splitting depends weakly on height, while the p-p splittingiii� s and

p characters of the wave function of the HOMO becomes mixed, and so does its heavy-hole and
light-hole characters. �iv� In alloy dots, regardless of height, the wave function of low-lying hole
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In this work we have used a high-level atomistic ap-
proach to predict the spectroscopic characteristics of



C11, C12, and C44 of zinc-blende InAs and GaAs, as well as
the correct dependence of the Young modulus with pressure
for both materials. In the In1−x
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pseudopotential method of Wang and Zunger.21 This ap-
proach combines a pseudopotential description of the single-
particle Hamiltonian with the linear combination of bulk
bands �LCBB� method to solve for the energies and wave
functions.21 In this method, the Hamiltonian reads

H = −
�

2
�2 + VSO + �V





−5.620 eV �calculated bulk ionization potential� of bulk
GaAs. For all heights, the confined electron states form
groups �shells� of nondegenerate levels.44 In turn, this shell
structure can only be identified for the first few hole levels
�near HOMO� in shallow dots �up to h=50 Å�. For taller
dots, the holes show no shell structure. The number of con-
fined electron states is significantly smaller than that of
holes. While for the tallest dot there are ten confined electron
states, more than 150 hole states are confined in all the con-
sidered dots. When comparing the results for h=35 Å with
the first 20 electron and hole energy levels �not shown� in a
lens-shaped, nonalloyed InAs/GaAs dot, we find that �i� the
electron levels form shells that have a bigger average sepa-
ration �55 vs 4(vs)-455.7s up to



height in In0.6



in Fig. 9�a� the valence-band offsets of heavy-hole �HH� and

light-hole �LH� characters �inside the dot� along the line OOJ�
�see Figs. 1 and 3� and the energies of HOMO and HOMO-1
�thick dashes



dictated by the scaling of the LUMO and HOMO, whereas in
the CI calculation the electron-hole matrix elements are also
included and the magnitude of these matrix elements de-
creases with height. The discrepancy between the scaling ���
in single-band effective mass and both our SP and CI calcu-
lations can be attributed to nontrivial effects that are natu-
rally accounted for within our atomistic approach, such as

nonparabolicity and multiband effects, and the position-
dependent strain present in the nanostructure. The values of
a at large heights is also expected to be different, and the
difference is attributed to correlation effects that are present
in the many-body, configuration-interaction approach. Thus,
we expect a small difference ��meV� between aSP and aCI.

For comparison, we also present results for the lowest
exciton transition �open �SP� and solid �CI� squares� in a
lens-shaped, nonalloyed InAs/GaAs quantum dot. The val-
ues of the transition energies are smaller than in the alloy
dots.

IV. SUMMARY



height. Further, the s-p splitting is larger while the p-p has
nearly the same magnitude. For hole levels in alloy dots, the
s-p



2. Number of k points

The k-point meshes enclose all the k vectors around the
�
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