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31valence force field�VFF�functional.32,33The underlying electronic structure hasbeen subsequently calculated using an atomistic pseudopo-tential approach.27Once a relaxed configuration is obtained,we place on each atom�=In, Ga, As, and Sb a screenedatomic pseudopotential that depends on the identity�of theatom and the local strain tensor��,27v��r�,���=v��r�,0��1+��Tr�����,�1�with��as a fitting parameter introducing a further depen-denceontheidentityoftheneighbors.27Weusedfortheunstrained pseudopotentialsv��r�,0�the parameters given byMagri and Zunger,34determined by requiring that the bulkbinaries described byv��r�,0�fit target data, including ex-perimental band energies at high-symmetry points and effec-tive masses, local-density approximation�LDA�hydrostaticand biaxial deformation potentials as well as the unstrainedLDA valence-band offsets between the various binarycompounds.35–37Given the pseudopotential of each atom�and the relaxedpositionsR�n�



IV. SURVEY OF EIGENSTATES IN QD SYSTEMS

A. Prototype states and their wave functions

The different eigenfunctions of the single-particle prob-
lem �Eq. �2�� can be classified according to:17 �a� their degree
of localization









V. CROSSED TRANSITIONS IN INTRABAND
ABSORPTION

We have calculated the intraband absorption spectra for
the two QD systems: the unstrained InAs/GaSb and the
strained InAs/GaAs. For these systems, with confining po-
tentials illustrated in Fig. 3, we consider both situations, with
and without a WL in the structure. Initial state for all of the



These features can be understood in terms of the hybrid-
ization model depicted in Fig. 13. Although one can only
approximately disentangle the QD effects from those of the
superlattice,10 such a model is expected to give a fairly good
prediction on the evolution of states in the full system. Let us
consider an InAs/GaSb quantum well �QW� with the InAs
QW thickness m ML, and having a state Ec

�m��2D� of sym-
metry compatible with the QD state eC. The energetic posi-
tion of Ec

�m��2D� will depend on m in a similar monotonic
manner as shown, for example, by Piquini et al.51 for the
CBM. When forming the whole system �matrix+WL+QD�,
the two states Ec

�m��2D� and eC will hybridize, giving rise to
bonding-antibonding states as those shown in the middle of
Fig. 13.

For this rather unusual case of no-strain InAs/GaSb sys-
tem, the actual calculated intraband absorption spectra basi-
cally follow the expectations of the model and of the simple
diagram depicted in Fig. 2�a�. Similar theoretical results
were obtained in the past using an effective-mass
description12,23,52 for strained systems. Because of neglecting
the strain-induced changes in the confining potential, these
results are not generally valid, as it will be shown in the
following.

B. Strained InAs/GaAs system: e\WLe transitions are
blocked

The intraband absorption spectrum for the InAs/GaAs QD
system is shown in Fig. 14. We see, below the continuum
onset Econt, only S→P-like transitions �e0→e1,2�. Similar to
the case of no-strain InAs/GaSb, these are barely affected by
the inclusion of the WL. In contrast to InAs/GaSb, there are
no WL-related transitions appearing below continuum, for
any of the investigated WL thicknesses �2, 4, and 6 MLs�.
This indicates that, unlike the unstrained system, here, for
InAs/GaAs, there is only a weak hybridization between dot e
and WLe states. Thus, the predictions arising from the hy-
bridization model �discussed above for InAs/GaSb� do not
hold for real, strained systems.

The final state of transitions labeled by Bz �eB� in Fig. 14
is the SILS shown in Fig. 7. As pointed out above, its ener-
getic location and appearance are not affected much by the
presence of the WL. Unlike the eC state of strain-free InAs/
GaSb, the SILS of InAs/GaAs shows practically no hybrid-
ization with the WLe continuum because of the “shield” pro-
vided by the potential wings, despite its position within the
WLe band.

Figure 14 shows that, for the InAs/GaAs system, the num-
ber of peaks �strong transitions� above continuum is much
reduced as compared to InAs/GaSb. The origin of these
peaks, e.g., Cz in top panel of Fig. 14, are, like in InAs/GaSb,
the VBS. We note here the disappearance of the Cz peak for
the system with WL included �bottom panel of Fig. 14�. This
is the direct result of a change in the VBS resonance condi-
tion �a different structure� and not of a QD-WL hybridiza-
tion. We therefore conclude that the potential wings act as
effective shields for both LzLxy



VI. CROSSED TRANSITIONS IN INTERBAND
ABSORPTION

The calculated interband absorption spectra for the InAs/
GaAs QD system, �a� without and �b� with a WL included in
the structure are shown in Figs. 15 and 16, respectively.
Analogously to the intraband absorption, the calculations
were performed using the single-particle approximation, Eq.
�4�, with the delta function replaced by a Lorentzian of

FWHM of 1 meV. In both figures, the continuum threshold,
corresponding to the GaAs band gap Egap=Ec

mat−Ev
mat

=1.521 eV, is marked by a vertical thick-dashed line. We
will therefore find bound-to-bound �LzLxy→LzLxy or h→e�
transitions only left of the Ec

mat−Ev
mat line. The first of those

transitions can be seen as sharp peaks in Figs. 15



electron �hole� solutions of Eq. �2� in the presence of the
WL. We have marked this value in Fig. 16 by a dashed line.
Consequently, direct WLh→WLe transitions �




