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Coupled low dimensional structures have potential applications in quantum computing and spintronics. Using
molecular beam epitaxy we fabricated three kinds of systems of coupled quantum wells and quantum dots with
different energy order: wells at higher energy than dots, resonant structures, and dots at higher energy than wells.
By analysis of photoluminescence and reflectivity spectra, we conclude that there is a possibility of effective carrier
tunneling between structures, which opens possibility of subsequent testing of spin transfer efficiency.
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1. Introduction

Coupled quantum systems are desirable structures due
to potential application in spintronics and quantum com-
puting [1, 2]. Particularly interesting are coupled ob-
jects with different dimensionality [3], like quantum wells
(QWs) — 2D structures, and quantum dots (QDs) —
0D structures [4, 5]. Thanks to combining such diffe-
rent objects in one structure, one can think about unu-
sual combination of physical properties. For example,
spin relaxation in QWs, and in particular semimagnetic
QWs [6-8], is very fast, but it is rather slow in QDs [9] or
QDs containing single magnetic ions [10, 11|. Therefore
structure with coupled QWs and QDs could be used for
efficient spin orientation of carriers in QWs and further
injection of such polarized carriers to QD, where spin will
be preserved long time. Polarization of carriers in QDs
can be subsequently transferred to magnetic ions, and in
particular to single magnetic ion in a QD [12-17].

However, there are important problems in designing
coupled quantum structures with different dimensiona-
lity. For resonant tunneling QW energy should be si-
milar to QDs energy, but due to quantum confinement,
larger objects like QWs exhibit typically lower energy
than smaller object like QDs, if they are made of the
same semiconductor. Moreover, QWs should not be
strained too much, while QDs typically require strain
for the formation process. Therefore, it is difficult to
find good material combination for realization of coupled
QWs and QDs. In particular, in telluride systems, good
optical properties can be obtained for CdTe QWs em-
bedded in (Cd,Mg)Te barriers, and CdTe QDs in ZnTe
barriers. However emission energy of such QWs is about
1.6 €V [18], and about 2 €V for QDs [19]. Moreover ZnTe
barrier exhibit much smaller lattice parameter than CdTe
or (Cd,Mg)Te.
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Here we propose three Te-based systems of coupled
QWs and QDs. In the first, QW has slightly higher
energy than QDs, in the second, both are close to re-
sonance, and in the third system, QDs are at slightly
higher energy than QWs.

2. Results

Samples were grown using molecular beam epitaxy
(MBE) on quarters of 3 inch GaAs:Si (100)-oriented sub-
strates. We present two samples for each system to show
the difference between spectra of QWs and QDs. We me-
asured microphotoluminescence and reflectivity spectra
obtained at low temperature (7' = 8 K).

In the first system QW is made of (Cd,Mn,Mg)Te ma-
terial with low Mg content, barrier is made of (Cd,Mg)Te
with higher Mg content, and QDs are made of CdTe:Mn
(see scheme in Fig. la). Adding Mg to QW is not a
typical procedure, but opens possibility to increase QW
energy. We made two comparable samples. The first
contains three QWs. One of them contains QDs layer in
the middle. The second sample contains only one QW
with QDs inside. The photoluminescence (PL) spectra
(Fig. 1b) shows two peaks for the first sample. They are
related to QWs and QDs, respectively. The second sam-
ple exhibits no peak of QW. Moreover, QDs peak has hig-
her intensity than the same signal from the sample with
more QWs. This means that all of the carriers from QW
are efficiently relaxing to QDs, as it was predicted. QW
peak is spectrally wide, its full width at half maximum
(FWHM) is 18.1 meV which is probably due to composi-
tion fluctuation in quaternary compound (Cd,Mn,Mg)Te
material. PL peak of QDs consist of many quite sharp
emission lines, as expected for QDs. However, they are
not very well resolved which makes them rather similar to
wide QW peak at higher energy than to QD peak obser-
ved for similar CdTe/(Cd,Mg)Te QDs grown in samples
without QWs [20], where resolving individual QDs was
not difficult. Most probably, coupling of QDs and QW
is responsible by increased broadening of individual QD
lines.
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The second system is proposed for fabrication of reso-
nant structures, and implies the same energy of QW and
QDs. In this systems we use binary ZnTe QW, barrier
made of (Zn,Mg)Te and QDs made of CdTe (see Fig. 2a).
Both PL and reflectivity spectra (Fig. 2b,c) show that
(Zn,Mg)Te barrier is not very high — only 0.1 €V above
energy of QW. This corresponds to about 10% of Mg in
the barrier. Comparing to previous system, PL peak of
QDs is much broader and resolving of individual QD lines
is easier. On the other hand, binary ZnTe QW has re-
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latively narrow PL peak with FWHM equal to 7.9 meV.
Both properties: wide QD peak and narrow QW peak
should be consider as an advantage for future optical
spectroscopy investigations. Moreover, it is possible to
find QDs exactly in resonance with a QW peak. One of
the samples contains no QW which provides additional
piece of information — the peak related to QW is visible
only in one sample, while luminescence of QDs is visible
in both samples.
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(a) Scheme of structures with (Cd,Mn,Mg)Te QWs containing Mg both in QW and in barrier material. In one

of QWs there are CdTe QDs. Below, scheme of conduction band is shown. (b) PL spectra showing emission from QDs
and QWs, but if there is only a QW containing QDs inside, it is not emitting, because carriers are effectively transferred

to QDs. Measurement at 7' = 8 K. PL is excited by 405 nm
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Fig. 2. Two systems based on (Zn,Mg)Te barriers. (a) and (
band. In (a) structures with CdTe QDs and ZnTe QWs, in
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d) — scheme of structures and below scheme of conduction
(d) structures with ZnTe QDs and ZnTe QWs. (b,e) PL

and (c,f) reflectivity spectra of samples containing only QDs is compared with PL and reflectivity spectra of samples
containing QW and QDs. This indicates identification of observed peaks. Measurement at 7' = 8 K. PL is excited by

405 nm laser.

In the third system, we tested QDs and QW made
of the same binary material (ZnTe) in the same barrier,
(Zn,Mg)Te (Fig. 2d). As expected, in such a case most
of carriers recombine in QW which is at lower energy due
to smaller confinement (Fig. 2¢). FWHM of PL peak for
ZnTe QW is 8.6 meV. Sharp lines of QDs are observed

very close to the barrier. It is possible that the peak at
the energy close to energy of barrier band-gap is related
to QDs, because the similar thin barrier (Fig. 2b) does
not exhibit any PL peak. There is also visible a broad
feature close to 2.3 eV, but it is not composed of sharp
individual lines, and energy of this peak is too small for
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ZnTe QDs. Therefore we expect that such peak at 2.3 eV
is related to some kind of defects — probably located in
the buffer, as similar broad PL is observed below QD lines
of system 2. Intensity of this broad photoluminescence
peak is modulated by interferences, which are well visible
also in low energy part of reflectivity spectra.

3. Conclusions

Using molecular beam epitaxy we fabricated and inves-
tigated using low temperature optical spectroscopy three
kinds of systems of coupled quantum wells and quan-
tum dots: (i) (Cd,Mg,Mn)Te QWs at higher energy than
CdTe:Mn QDs, (ii) resonant structures with ZnTe QWs
and CdTe QDs, and (iii) ZnTe QDs at higher energy than
ZnTe QWs. By analysis of photoluminescence and re-
flectivity spectra, we conclude that there is a possibility
of effective carrier tunneling between structures, which
opens possibility of subsequent testing of spin transfer
efficiency.
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