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Strong spin polarization has been observed for localized excitons in GaAs/AlGaAs sym-
metrical double quantum-wells as a function of excitation energy and temperature. The

spin relaxation time has been obtained from time-resolved luminescence spectroscopy and
turns out to be surprisingly long at low temperatures. A localized nature of the exciton
undergoing recombination is invoked in order to explain the observed polarization effects.

I. Introduction

The spin dynamics in semiconductor heterostruc-
tures has been matter of interest in the last years as
one of the basic processes involved in the complex relax-
ation and recombination dynamics of excitons and free
carriers. Even though some important aspects of the
spin-relaxation in quantum wells have been elucidated,
in particular the role of the valence band mixing for
the holes!!] and the exchange interaction for excitons(?!,
nevertheless the large spread in the experimental results
still makes the spin-dynamics a topic deserving further
investigation. In high quality samples it was shown[?]
that the exciton spin-relaxation is mainly driven by the
exchange interaction. Only recently! spin-relaxation
started to be investigated when excitons are strongly
localized, in samples where Stokes-shifts of the order
of few meV are observed between photoluminescence
(PL) and photoluminescence excitation spectra (PLE).
In fact it seems that exciton localization could explain
the large spread in the experimental results concerning

the exciton spin dynamics.

In this paper we present results on the optical spin-

polarization dynamics in GaAs/AlGaAs symmetrical
double quantum-well structure as a function of the ex-
citation energy and temperature. We observe strong
spin-polarization both in continuous wave (CW) and
time-resolved experiments even for excitation energies
as high as 110 meV above the fundamental heavy-hole
exciton transition and we deduce a long spin- relaxation
time from fits to time-resolved data. Our results will
be analyzed in the framework of a simple model, taking

into account the localized nature of the exciton.
II. Experimental results

Our sample consists of a coupled double quantum-
well (CDQW) structure with two 40 A-thick GaAs wells
separated by a 20 A-thick Al 29Ga 71 As barrier, grown
on a vicinal GaAs surface. Because of such a thin bar-
rier, there is a very strong coupling between the elec-
tronic states of the two wells, which produces a splitting
of the electronic levels of the conduction and valence
bands, originating symmetrical (S) and antisymmetri-
cal (A) states. The energy separation between the S
and A excitonic levels is 50 meV for the heavy-hole ex-

citon and 90 meV for the light-hole exciton.
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We performed continuous wave, picosecond time-
resolved photoluminescence and photoluminescence ex-
citation measurements at low excitation density (<1
W/em~=2). A Ti:Saphire laser was used for the CW
experiment, while a Styryl 9 dye laser synchronously
pumped by the second harmonic of a Nd:YAG laser was
used for the time- resolved experiment. The photolu-
minescence was time-resolved by a synchroscan streak
camera with an overall time resolution of 20 ps. CW
and time-resolved experiments were performed exciting
the samples with circularly-polarized light (¢ or ¢7),
detecting the circularly polarized component ot of the
luminescence. I and I~ are the PL intensities under
ot and o~ polarization excitations, respectively. The
temperature of the sample was changed in the range
10-70 K. Hereafter we indicate with S (sum) the total
PL signal (S = It + I7) and with D the difference
(D = I'" — I7); therefore the polarization P is given by
the ratio D/S.
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Figure 1. Comparison between PL (dashed line) and polar-

ized PLE (solid lines) at 10 K.

Typical CW PL and PLE spectra are shown in Fig.
1; The PL linewidth is about 4 meV at 10 K and, at
the same temperature, a Stokes-shift of 10 meV indi-
cates the localized nature of the exciton. In the figure,
(¢F ¢T) and (¢F o7) symbolize the detection of po-
larized luminescence ot after excitation with ¢t and
o~ polarized light. Strong excitonic resonances are de-
tected at the first symmetric heavy- and light-hole ex-
citons (eS-hhS and eS-1hS, respectively) and the first
antisymmetric heavy-hole exciton (eA- hhA); the first
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antisymmetric light-hole exciton resonance was also de-
tected, although not shown in the figure.

The first remarkable feature is the high CW spin-
polarization: strong polarization is found both at
the symmetric (eS-hhS) and antisymmetric (eA-hhA)
heavy-hole exciton transition energies while it goes to
zero at the light-hole (eS-1hS) energy. At 10 K a 10%
polarization 1is still detected when exciting at the eA-
lhA exciton transition energy, 110 meV above the fun-
damental heavy-hole exciton transition. In Fig. 2 the
polarization P is reported as a function of the excitation
energy for different temperatures. It turns out that a
significant polarization is still detectable at 50 K when
the excitation energy is tuned at the eA-hhA transition

energy.
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Figure 2. CW polarization as a function of the excitation
energy for different temperatures.

Therefore it is clearly shown that the initial relax-
ation and the subsequent localization do not produce an
important loss of polarization at least at low temper-
atures for the heavy-hole exciton states. These results
are confirmed by the time-resolved experiments; initial
polarization of the order of 90% is measured when the
excitation energy is tuned at the eS-hhS exciton tran-
sition, dropping to 60% when exciting at the eA-hhA
exciton energy (60 meV above the PL peak).

In Fig. 3 a typical PL decay at 10 K is shown for
the sum S and the difference D for the excitation at the
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energy of the symmetric heavy-hole exciton transition.
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Figure 3. Typical PL decays for the sum S and the dif-
ference D at 10 K. Solid lines are fits to the experimental
data.

Time resolved data were analyzed in the frame-
work of a simple three-level model where the excitons,
pumped into the optically active spin states | + 1 >,
are quickly captured by the localized states | & 1 >0c
where the spin-flip of the exciton (as a whole) takes
place. This model allows for the independent extraction
of the PL decay time 7 from the temporal behavior of
S and the spin-relaxation time 27x from the decay of D.
A typical fit is shown, as a solid line, in Fig. 3. From
fits to the experimental data we deduce a PL decay
time 7 of 270 ps at low temperatures which increases
with temperature as commonly found in quantum-well
structures(®

obtained at 10 K decreasing to 170 ps at 40 K.

. A long spin-relaxation time of 600 ps is

As previously shown, it is quite surprising such a
freezing of the spin-relaxation as demonstrated by time-
resolved and CW data in a sample with a definitely lo-
calized exciton. We have therefore to conclude that,
on one hand, the localization of the exciton does not
produce an important loss of polarization as observed
when exciting at the eS- hhS exciton transition en-
ergy. Nevertheless the exciton localization seems to
strongly modify the spin-relaxation if we compare the

spin-relaxation time of 600 ps obtained in this case
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with the value of few tens of picoseconds measured in
quantum-well of similar thicknessl®/. The observation
of a polarization strongly dependent on the excitation
energy, i.e. high correspondent to the heavy-hole exci-
ton states and zero at the light-hole exciton energies,
seems to suggest that the exciton mainly flips the spin
as a whole and to indicate the exchange interaction as a
possible spin-relaxation mechanism, even though mod-
ified by the localization.

On the other hand it is remarkable that also the
energy relaxation does not modify the spin of the exci-
ton whenever it is formed after resonant excitation at
the fundamental heavy-hole transition energies. This
result suggest that the interaction with phonons, both
acoustic and optical, involved in the relaxation process
is strictly spin-conserving.

It seems that a systematic study on samples with
different degrees of localization would help in clarifying
the role of localization in the spin-relaxation dynamics.

Experiments are in progress.

References

1. T. Uenoyama, L. J. Sham, Phys. Rev. Lett. 64,
3070 (1990); R. Ferreira, G. Bastard, Phys. Rev.
B43, 9687 (1991).

2. M. Z. Maialle, E. A. Andrada e Silva, L. J. Sham,
Phys. Rev. B47, 15776 (1993).

3. A. Vinattieri, J. Shah, T. C. Damen, D. S. Kim,
L. N. Pfeiffer, M. Z. Maialle, L. J. Sham, Phys.
Rev. B51, 10868 (1994).

4. A. Frommer, E. Cohen, A. Ron, L. N. Pfeiffer,
Phys. Rev. B48, 2803 (1993); L. Mufioz, E. Pérez,
L. Vina, K. Ploog, Phys. Rev. B51, 4247 (1995).

5. J. Feldmann, G. Peter, E. O. Gobel, P. Dawson,
K. Moore, G. Foxon, R. J. Elliot, Phys. Rev. Lett.
50, 2337 (1987).

6. Ph. Roussignol, P. Rolland, R. Ferreira, C. Dela-
lande, G. Bastard, A. Vinattieri, L. Carraresi, M.
Colocci, Sur. Sci. 276, 360 (1992).



