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A wetting layer is a narrow, highly strained quantum well, which accom-
panies quantum dots grown in Stranski—-Krastanow mode. Its importance for
a full description of the quantum dots properties has recently been pointed
out. It has been shown for example that excitons can be localized by poten-
tial fluctuations in the wetting layer. This is equivalent to the formation of
“natural” quantum dots in the WL. Excitonic emission from the single dots
formed in the wetting layer accompanying the InAs/GaAs self-assembled
quantum dots has been investigated in a high magnetic field (up to 23 T).
Quadruplet splitting of the investigated emission line has been observed. The
attribution of the emission line to the recombination of negatively charged
exciton is discussed.

PACS numbers: 71.35.Pq, 71.35.J1, 71.70.E;

1. Introduction

Semiconductor quantum dots (QDs) have attracted considerable attention
among researchers [1], this interest being driven by both the fundamental physics
and potential for applications. The QDs are sometimes called “artificial atoms” [2],
which suggests that the confined states in QDs do not interact with surrounding
media. Such a picture, however, has recently been questioned, as experimental evi-
dence for interaction between the self-assembled QDs and the surrounding wetting

(547)



H48 A. Babinski et al.

layer (WL) has been presented. The WL is a narrow, highly strained quantum well
(QW), which accompanies the QDs grown in Stranski-Krastanow mode [3]. Tt has
been shown that the lateral coupling between the neighboring QDs is mediated
by potential fluctuations in the WL [4]. The existence of several resonances in
the photoluminescence (PL) excitation of a single QD has also been attributed
to “mixed” optical transitions involving carriers from the WL and the QD [5].
Hybridization of the triply-charged excitons in the QDs with Landau-like levels
associated with the two-dimensional density of states in the WL has also been
observed in magnetic field [6]. These observations point out the importance of the
WL for the full description of the QDs physics.

In this communication we report on magnetoluminescence study of the ex-
citon localization in the WL, accompanying the self-assembled InAs/GaAs QDs.
We discuss the field-induced splitting of sharp emission lines and we explain the
behavior in terms of recombination of negatively charged exciton.

2. Experimental technique

A sample with a single layer of InAs QDs was grown on n-doped GaAs
substrate by molecular beam epitaxy. The indium flush technique [7] has been
applied to limit the height of the dots to 5 nm. Investigated size of the sample was
limited using mesa-patterning. The PL measurements were performed at liquid
helium temperature in magnetic field up to 23 T (Faraday configuration) supplied
by a resistive magnet at the Grenoble High Magnetic Field Laboratory. Laser
excitation (Art laser, A = 514.5 nm) was delivered using a single-mode fiber and
focused onto the sample with two microlenses. An estimated laser spot size was
20 pm and its position over the sample was controlled by Attocube piezo-stages.
The PL was collected using a 600 pm core diameter multimode fiber placed above
the mesa. The PL spectra were dispersed by a 1 m double grating monochromator
and focused onto a CCD.

3. Results

It has been found that the lineshape of a WL-related PL strongly depends
on the size of investigated mesa. A featureless PL. peak due to recombination of
carriers in the WL can be seen from mesas larger than 10 pm, whereas sharp
emission lines can be observed from the sub-micron size mesas (see Fig. 1). In this
communication we focus our attention on the spectrum shown in the lowermost
panel of Fig. 1, however our conclusions can also be applied to other observed
features. It has been found that the emission line marked in Fig. 1 with an arrow
splits in perpendicular magnetic field into four components (see Fig. 2). Moreover
an additional pair of emission lines emerges at higher energy with increasing mag-
netic field. The energy of observed emission lines relative to their center of gravity
is shown in Fig. 3. It has been found that the excitonic effective g*-factor of those
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Fig. 1. Photoluminescence spectra from the wetting layer accompanying InAs/GaAs
self-assembled quantum dots measured on submicron-size mesas at 7' = 4.2 K in zero
magnetic field. The emission line marked with an arrow in the lowermost panel has been

investigated in magnetic field.

three lines is within experimental error the same and equals 1.39 (see the inset to
Fig. 3).
4. Discussion

The localization of excitons in thin QWs has been studied in several systems
i.e. GaAs/AlGaAs [8] or CdTe/CdMgTe [9]. It has also been observed in the WL
accompanying the InAlAs/AlGaAs QDs [4]. Tt is believed that the localization of
excitons can be due to monoatomic interface fluctuations. Charged excitons may
also be localized by potential fluctuations due to residual charged impurities in the
barriers [10]. Finally the 2-3 ML thick bi-dimensional platelets, which form on top
of the WL at the early stage of the Stranski-Krastanow transformation may also



550 A. Babinski et al.

Photoluminescence [arb. u.]

1.412 1.414 1.416 1.418 1.420
Energy [eV]
Fig. 2.  Evolution of the emission line due to recombination of exciton localized in the
wetting layer in magnetic field (7" = 4.2 K). Quadruplet splitting and the emerging
split-off doublet can be seen.

be responsible for exciton localization [11]. Although no final statement can yet
be made on the origin of the investigated localization, the properties of localized
excitons can be analyzed.

In the following we focus on the emission line marked with an arrow in
Fig. 1. We propose to explain its behavior in magnetic field within the follow-
ing model. Firstly it should be pointed out that all four split-off lines and very
likely the higher-energy doublet appearing at higher magnetic fields have the same
excitonic g*-factor. It has been found that the ¢g*-factors of emission lines from
other mesas fluctuate considerably between 1.1 and 1.6. In our opinion this re-
flects a complicated character of the valence band in the WL, which must be
very sensitive to strain fluctuations. The same values of the g*-factor observed for
emission lines from one submicron-size mesa (see the inset to Fig. 3) strongly sug-
gests their attribution to the same “natural” dot. Our explanation of the observed
quadruplet splitting involves a negatively charged exciton in the dot, in which
the excess carrier density blocks spin relaxation. Such model has been proposed
to explain the quadruplet splitting of emission lines from a single InAs/AlGaAs
QD [12] with a zero-field doublet splitting. If the dot is populated by a hole and
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Fig. 3. Recombination energies for the exciton localized in the wetting layer plotted
against magnetic field. Diamagnetic shift has been removed for more clarity. The Zeeman

splitting of the three pairs of lines is shown in the inset.

two electrons of opposite spin, all carriers can relax to their ground states before
recombination. Therefore the recombination of such negatively charged exciton
leaves an extra electron in its ground state. However, if the two electrons have
the same spins and the spin relaxation is blocked by excess carriers, the exciton
recombination takes place leaving the extra electron in the excited state. Although
in both cases the excitons recombine from the ground state, their energy differs
due to a difference in Coulomb interaction between carriers in those configura-
tions. In the investigated case the spectral width of the emission line (300 peV) at
B = 0 T prevents the observation of its fine structure*. However, the interpola-
tion of the energies of the quadruplet-split lines suggests their zero-field splitting
of 400 peV (see the inset to Fig. 3), which is similar to the value observed for
the self-assembled InAs/AlGaAs QD [12]. Finally the origin of the spilt-off dou-
blet observed at higher energy (see Fig. 3) can be addressed. In our opinion this
must be due to the recombination of a neutral exciton in the same “natural” dot.
Non-resonant excitation and relatively long collection time (usually 2 minutes)
may favor subsequent charging-discharging processes which should be reflected in
the simultaneous observation of both the neutral and the charged exciton. This
has previously been observed in self-assembled QDs [13] and quantum rings [14].

*The effect of the emission-line broadening has been observed in the single-dot spectroscopy
of self-assembled QDs in mesa-patterned samples. It is very likely that charge fluctuations on
lateral surfaces of mesa-structures influence recombination energy of excitons in QDs through the
Stark effect. Therefore an emission band rather than a homogeneously broadened line is observed
during the CCD measurement (see Ref. [12]).
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5. Conclusions

Excitonic emission from the single “natural” dots formed in the WL accom-

panying the InAs/GaAs self-assembled QDs has been investigated in magnetic

field. Quadruplet splitting of the investigated emission line has been observed.

The attribution of the emission line to the recombination of negatively charged

exciton has been discussed.
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