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Strong localization effects present in quantum well structures of CdTe/
CdMnTe noticeably affect exciton dynamics and strength and character of
exciton-phonon interaction. We show that the temperature dependences of
the PL linewidth, PL peak wavelength and PL decay time strongly devi-
ate from those expected for Wannier-excitons in structures with atomically
smooth interfaces.

PACS numbers: 71.35.~y, 71.55.Jv, 73.20.Mf

Free excitons (FEs) in bulk crystals and in quantum well (QW) structures
of III-V and II-VI semiconductors are treated as Wannier-Mott excitons and po-
tential fluctuations present in a QW plane are assumed to introduce only a weak
perturbation to their properties. Such approach correctly describes exciton prop-
erties in high quality QW structures of GaAs/AlGaAs [1]. The applicability of this
model to QW structures of II-VI semiconductors is less obvious. Recently, we have
shown that density of interface defects in QW structures of ZnCdSe/ZnSe is at
least two orders in magnitude larger than in the case of GaAs/AlGaAs system [2].
Such increased density of interface defects (mostly due to composition and QW
width fluctuations) must result in increased localization effects and deviation from
the model of Wannier-Mott-like FEs. In this work we analyse such possibility for
QW structures of CdTe/CdMnTe.

For Wannier—-Mott excitons their emission energy should follow temperature
(T) changes of the band gap energy (Eg). This dependence for CdTe bulk sample
is described by the following empirical law:

AT?
with A = 4.87 x 10-% eV/K and B = 139 K [3]. In this work we test valid-
ity of such approach for a series of CdTe/CdMnTe QW structures described in
Table. The experiments discussed here were performed for excitons in 10 nm QW,
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TABLE
Description of CdTe/CdMnTe QW structures.
Mn fraction in
Sample | Substrate | Growth direction | QWs [nm] ~ 50 nm wide
CdMnTe barriers
Sample #1 | GaAs (001) 10, 6, 4 and 2 30% Mn
- Sample #2 | GaAs (001) 10, 6, 4 and 2 68% Mn
Sample #3 | CdTe (001) 10, 6, 4 and 2 65% Mn
Sample #4 InSb (111) 10, 4, 2.5, 1.2 30% Mn
Sample #5 | CdTe (111) 10, 6, 4 and 2 20% Mn

where potential fluctuations are smaller than in narrower QWs and the effects due
to the magnetic polaron formation are rather minor. Temperature dependences
of emission energy E(T'), photoluminescence (PL) linewidth and PL kinetics in
picoseconds time range were studied. The observed temperature dependences of
excitonic PL energy, shown in Fig. 1, deviate from that in bulk CdTe sample
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Fig. 1. Temperature dependence of PL emission energy of free excitonic emissions from
10 nm wide quantum wells in CdTe/CdMnTe structures described in Table.

Magnetic fluctuations were proposed to affect energy of magnetic CdMnTe
system [4, 5]. This contribution is negative and depends on temperature and mag-
netic susceptibility (Mn fraction). The effect should be small at low temperatures.
A significant correction to the energy of the system is expected for relatively large
Mn fractions in the CdMnTe barriers, for temperatures of 100 K and above and for
relatively narrow QWs, where the wave function of FE penetrates barrier regions.
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For all these reasons the magnetic fluctuations cannot account for the observed
E(T') dependences shown in Fig. 1. The present investigations indicate that strong
localization effects (excitons properties deviate from those of Wannier-Mott free
excitons) are important. FE energy follows the band gap changes of bulk CdTe
only for the sample #5, which is a homoepitaxial sample (CdTe substrate) with
the lowest Mn fraction in the CdMnTe barriers. The largest deviation in exciton
E(T) dependence is observed for the sample #4 grown on (111)InSb substrate.
For this sample we observed the longest 2 K PL decay time and the largest Stokes
shifts, which indicates the very pronounced localization effects [6]. For the samples
grown on either CdTe or GaAs substrate the deviation from E(T') dependence of
bulk CdTe increases with increasing Mn fraction in the CdMnTe barriers (struc-
tures #2 and #3). Time-resolved PL and PL excitation investigations indicate an
increased roughness of CdTe/CdMnTe interfaces in these samples. The strong lo-
calization effects are thus proposed to account for the observed E(T) dependences
of excitons in the samples #2 and #3.

Width and decay time of PL lines of Wannier-excitons should increase and
PL coherence time should decrease [7-9]. This, at low temperatures, is due to
scattering with acoustic phonons. Their occupation number can be approximated
by a term linear with temperature. Thus the width of the PL lines and PL decay
time should increase linearly with increasing temperature. Instead, we have ob-
served temperature dependences, which strongly deviate from those expected for
Wannier-excitons. This is observed even in the sample #1, with relatively sharp
PL lines and with the weak localization effects (Stokes shift of 0.5-1 meV). Width
of the PL lines either weakly depends on temperature up to about 25-30 K or is
practically temperature independent. In some cases (sample #2) it slightly nar-
rows before starting to increase. We explain the observed narrowing of the PL
lines by a motional narrowing of the PL lines, which we expect for strongly lo-
calised excitons tunnelling between various localised sites by a phonon-assisted
process. The process can be enhanced by interaction with hot carriers excited by
microwave radiation. In the latter experiment carriers were heated at cyclotron
resonance conditions, as proposed in Ref. [10].

To verify the pronounced role of localization effects, we performed PL ki-
netics measurements. In the case of large potential fluctuations in a QW plane,
resulting in localization of excitons, the PL lines are inhomogeneously broadened
and PL decay time is energy dependent. A drift of the exciton energy towards a
lower energy is then observed during PL decay time [11]. For GaAs/AlGaAs QW
structures such drift was observed only for the narrowest QWs and PL decay time
was energy dependent only at the high-energy wing of the FE PL [11]. In con-
trast, for CdTe/CdMnTe structures with the largest Mn fractions in the CdMnTe
barriers, exciton migration/tunnelling among localised states is observed even at
the lowest temperatures and also for the widest QWs. In Fig. 2 we show a strong
energy dependence of the PL kinetics observed for the 10 nm wide QW in the
sample #2. Due to the large density of localised states in this structure excitons
do not thermalise within their decay time and energy dependent PL decay is ob-
served. PL decay time is the shortest at the high-energy wing of the PL emission
and varies within the whole PL line, i.e., the mobility edge is not observed.
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Fig. 2. Energy dependence of PL decay time within free excitonic emission from the
10 nm quantum well in CdTe/CdMnTe structure with 68% Mn fraction in CdMnTe
barriers. PL intensities at different energies within PL line were normalised to 1.

Concluding, in the CdTe/CdMnTe structures with large Mn fractions in the
CdMnTe barriers, localization effects cannot be included as a weak perturbation of
free exciton properties. Excitons are strongly localised and their properties differ
from those of Wannier-Mott free excitons.
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