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The existence of enormous strain fields in self-assembled quantum dots has led to the expectation of
dramatic effects of piezoelectricity. However, only linear piezoelectric tensors were used in all previous
calculations. We calculate the piezoelectric properties of self-assembled quantum dots using the linear and
quadratic piezoelectric tensors derived from first-principles density functional theory. We find that the previ-
ously ignored quadratic term has similar magnitude as the linear term and the two terms tend to cancel each
other. We show the effect of piezoelectricity on electron and hole energy levels and wave functions as well as
on correlated absorption spectra.
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The engineering of stain-induced self-assembled semicon-
ductor quantum dots relies on a mismatch �a=a−a0 be-
tween the lattice constant of the dot material a and the lattice
constant of the substrate a0 on which the dots are grown.1

The ensuing strain inside the quantum dots can be signifi-
cantly larger than in ordinary �i.e., flat, parallel interfaces�
semiconductor heterostructures because in the latter case
large strains must be avoided to prevent dislocations ��a /a
�2% �
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method10�. The many-body properties are obtained from a
configuration-interaction treatment11 based on such single-
particle states. This approach �but without Vpiezo� has been
used successfully in many occasions in the past.12,13

Figure 1 shows the piezoelectric density �Eq. �2
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