
Vol. 124 (2013) ACTA PHYSICA POLONICA A No. 5

Proceedings of the 42th �Jaszowiec� International School and Conference on the Physics of Semiconductors, Wisªa 2013

Time Resolved Photoluminescence Study of the Wide

(Cd,Mn)Te/(Cd,Mg)Te Quantum Well
J. Kutrowskaa, P. Bugajnya, M. Baranowskia, L. Bryjaa, M. Sypereka,∗, A. Wójsa,

J. Misiewicza, M. Wiaterb, G. Karczewskib and T. Wojtowiczc

aInstitute of Physics, Wrocªaw University of Technology, Wybrze»e Wyspia«skiego 27, 50-370 Wrocªaw, Poland
bInstitute of Physics, Polish Academy of Sciences, al. Lotników 32/46, 02-668 Warsaw, Poland

The static and dynamic properties of excitons and trions in a 80 nm wide Cd 1−xMnxTe/Cd0.7Mg0.3Te quantum
well with extremely small Mn content ( x = 0.00027) have been studied by means of time-integrated and time-
-resolved photoluminescence experiment at low and elevated temperatures. The trion binding energy has been
estimated to be 2.6± 0.8 meV. The exciton and trion lifetimes have been measured to be ≈ 150 ps, and ≈ 200 ps,
respectively. The temperature dependence of both lifetimes together with the multicomponent character of the PL
decay process suggest a spatial localization of excitons and trions in the investigated quantum well.
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1. Introduction

Magnetic semiconductors and their low-dimensional
structures are very interesting for application in future
optically-controlled spintronic devices. A special place
is dedicated to the II�VI semiconductor compounds, for
which the introduction of a magnetic component such as
Mn ions is relatively easy. In the so-called diluted mag-
netic or semimagnetic semiconductors, e.g. (Cd,Mn)Te,
a strong sp�d exchange interaction between the elec-
trons or holes and the magnetic ions is responsible for
exceptional spin-related phenomena like the giant Zee-
man splitting of the band states and/or formation of
magnetic polaron state [1�3]. The wide energy band-
-gap, strong electron con�nement, high exciton binding
energy (higher than in III�V counterparts), and high op-
tical quality make the spin dependent phenomena easily
controlled and tested by means of existing optical meth-
ods, even at elevated temperatures.
Since the control and manipulation of the spin depen-

dent processes in such quantum systems are governed by
the electron and hole or exciton (the Coulomb bound
electron and hole) dynamics, therefore it is of great im-
portance to provide information about the particle or
quasiparticle state evolution.
In this work, we report on the investigation of exci-

ton recombination dynamics in a wide Cd1−xMnxTe/
Cd0.7Mg0.3Te quantum well grown by molecular beam
epitaxy on a GaAs substrate. Such a quantum well sys-
tem is characterized by a relatively deep con�ning poten-
tial, weak two-dimensional quantization along the growth
direction, and an extremely small Mn mole fraction. All
of these key parameters distinguish the quantum well sys-
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tem from those studied so far. The structure has been in-
vestigated by photoluminescence and time-resolved pho-
toluminescence experiments.

2. Investigated structures

and experimental details

The Cd1−xMnxTe quantum well sample was grown in
a molecular beam epitaxy process on a GaAs substrate.
The quantum well width is equal to 80 nm and man-
ganese atoms concentration within the well is extremely
low: x = 0.00027. The manganese molar fraction was
determined from low temperature (T = 1.4 K) re�ectiv-
ity experiments [4]. The quantum well barrier is made
of Cd0.7Mg0.3Te, which in consequence leads to a high
con�nement potential for electrons and holes in the well.
The quantum well system is nominally undoped, how-
ever, quantum wells with (Cd,Mg)Te barrier are often
p-type because of surface states which act as acceptor
centers [5].
For photoluminescence and time-resolved photolumi-

nescence experiments the sample was held in a closed-
-cycle helium refrigerator which allows changing the sam-
ple temperature in the range of 10�300 K. In the case of
photoluminescence and time resolved photoluminescence
experiments with the streak camera detection, the quan-
tum well structure was excited by the train of pulses from
a mode-locked Ti:sapphire laser after frequency doubling
of its output. The laser pulse duration was ≈ 160 fs, at
a repetition frequency of ≈ 76 MHz, with a photon en-
ergy of 3.1 eV (400 nm). The photoluminescence signal
was detected by a liquid nitrogen cooled Si charge cou-
pled device camera combined with a 0.3 m focal length
single grating monochromator. The streak camera sys-
tem based on an S20 photocathode was attached to a
monochromator, allowing spectral and temporal analy-
sis of the photoluminescence signal. The e�ective time
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resolution of the setup was ≈ 20 ps, whereas spectral
resolution was around 0.8 meV.

3. Experimental results and discussion

Figure 1a shows temperature evolution of photo-
luminescence spectra registered for the investigated
(Cd,Mn)Te/Cd0.7Mg0.3Te quantum well after non-
-resonant excitation by the train of laser pulses. At
temperature T = 10 K, two photoluminescence fea-
tures are clearly resolved, and are spectrally located at
1.6106 eV and 1.6080 eV. With increasing temperature,
both photoluminescence lines shift parallel toward low
energy (Fig. 1b), which is accompanied by a drop of the
peak intensity (Fig. 1c). One can see in Fig. 1c that
the lower energy transition diminishes in intensity with
the temperature growth much faster than the high en-
ergy one, and �nally disappears in temperatures above
T = 30 K (kBT ≈ 2.6 meV). This temperature cor-
responds to the energy distance ∆E = 2.6 ± 0.8 meV
between observed photoluminescence peaks. These data
suggest the existence of some correlation between both
optical transitions.

Fig. 1. (a) Photoluminescence spectra as a function of
temperature for 80 nm wide (Cd,Mn)Te/Cd 0.7Mg0.3Te
quantum well. X (full circle) and T (open circle) denote
the exciton and trion transition in the well. (b) Temper-
ature dependence of the exciton (full circles) and trion
(open circles) photoluminescence peak positions, and
(c) intensities. The photoluminescence spectra mea-
sured under non-resonant excitation E = 3.1 eV by the
pulse laser source.

Tentatively, we can assume that the high energy tran-
sition corresponds to the radiative recombination of neu-
tral exciton (X), whereas the low energy transition is re-
lated to the charged exciton recombination � trion (T),
both con�ned to the quantum well. The energy distance
between both transitions cannot be straightforwardly as-
signed to the binding energy of an additional electron (or
hole) to the neutral exciton (to form the trion state) [6];
∆E is rather dissociation energy [7]. In the literature,
there is no available experimental data concerning the
trion binding energy for CdTe quantum wells wider than

60 nm [8]. However, by simple extrapolation of existing
experimental and theoretical data to the studied struc-
ture we obtained binding energy of ≈ 1.5 meV [7, 9],
much lower than measured one. The apparent discrep-
ancy between both values can be explained by taking into
account the above barrier illumination process, which
would possibly create excess carrier concentration in the
well and thus increase the trion binding energy. This ef-
fect can be very pronounced in CdTe quantum wells [9].
Another possible explanation is related to exciton local-
ization in the quantum well which can increase the trion
binding energy as well.
Figure 2a and c presents time-resolved photolumines-

cence traces obtained for the exciton and the trion emis-
sion at various temperatures up to 30 K. All the traces
reveal a setup-resolution limited rise time and a com-
plex decay process which is assumed to be bi-exponential,
with a slow and fast decay component. The character-
istic decay times of the fast components are ≈ 150 ps
and ≈ 200 ps for the X and T emission, respectively.
Both values vary a little with temperature. The decay
time of the slow component is ≈ 600 ps for X and 650 ps
for T emission processes and both decrease with increas-
ing temperature.

Fig. 2. (a) and (c) the time-resolved photolumines-
cence traces for the exciton and the trion emission, re-
spectively. Temperature dependence of the long (open
circles) and short (full circles) photoluminescence decay
time constants obtained for the exciton (b) and the trion
(d) emissions. Time resolved photoluminescence traces
measured under non-resonant excitation at ≈ 3.1 eV by
the pulse laser source.

The short decay time constants are close to the ex-
pected free exciton and trion lifetimes in a quantum well
which are in the range of tens up to one hundred pi-
coseconds [9�13]. The existing discrepancy between the
measured values and the literature data can be related
to the excitation conditions. Under non-resonant exci-
tation the incomplete exciton/trion thermalization pro-
cess can lead to the observation of a slightly longer life-
times [9�13]. However, the lack of typical linear increase



Time Resolved Photoluminescence Study . . . 897

in the free exciton and trion lifetimes with temperature
(see decay time values related to the fast component of
TRPL signal in Fig. 2b and d) suggests the presence of an
additional interwell localization for both species. When
the spatial con�nement of exciton/trion is reduced in the
QW, it is expected that the exciton/trion lifetime will in-
crease according to theory presented in Ref. [12]. For the
weak localization scenario the exciton/trion can be con-
�ned to mean well-width �uctuations spatially extended
over distance larger than the exciton diameter. In this
case we would only expect a small increase of the lo-
calized exciton/trion lifetime in respect of the free one.
However, when the spatial extent of some localized cen-
ters decreases, it can lead to observation of much longer
decay time constant related to an exciton and trion ra-
diative decay process. Possibly, this e�ect is responsible
for presence of long decay time components of measured
TRPL signal.

4. Conclusions

The static and dynamic optical properties of an 80 nm
wide Cd1−xMnxTe/Cd0.7Mg0.3Te quantum well of ex-
tremely small Mn content in the well have been stud-
ied by means of time-integrated and time-resolved pho-
toluminescence techniques. The photoluminescence ex-
periment at T = 10 K reveals two distinctive emission
lines attributed to the exciton and trion emission located
in the well. Based on the energy di�erence between
both photoluminescence lines the trion binding energy
has been determined to be equal to 2.6 ± 0.8 meV. The
photoluminescence experiment allowed evaluation of the
exciton and trion lifetimes to be ≈ 150 ps and ≈ 200 ps,
respectively. The temperature dependence of both life-
times together with the multicomponent character of the
photoluminescence decay process suggest a spatial local-
ization of excitons and trions in the investigated quantum
well.
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