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Spin relaxation of free excitons in narrow GaN/Al Ga;_,N quantum wells
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By performing pump-probe experiments, we study the relaxation dynamics of spin-polarized excitons in a
wurtzite GaN/AlGaN quantum well (QW) grown by metal organic vapor phase epitaxy. The circular degree of
polarization of the differential reflectivity signal reaches 55-60 % for the heavy-hole exciton when it is
resonantly excited before decaying in a few picoseconds. This is an indication that, even if excitons are
confined in the growth direction, their propagation in the well plane makes them very sensitive to scattering
processes which are responsible for exciton dephasing and, therefore, for efficient spin relaxation. Above 80 K
the thermal escape of excitons toward the AlGaN barrier increases the spin-relaxation rate. However, when
compared to bulk GaN epilayers, where no spin polarization could be detected above 50 K, the optical
orientation is preserved in those QWs up to about 100 K.
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I. INTRODUCTION

GaN and related materials have emerged as one of the
most successful systems for optoelectronic applications in
the UV-visible spectral range. Their weak spin-orbit coupling
and large exciton binding energy (~26 meV in bulk GaN)
also make them promising candidates for spintronic applica-
tions that require to control and manipulate the exciton spin
at room temperature. This is partly due to the reduced spin-
orbit splitting Agq at the I" point of the Brillouin zone which
is as small as ~17 meV.!?

Spin physics has been mostly investigated in bulk III-
nitride materials. Previous work has shown that the spin life-
time of free excitons in undoped GaN epilayers lies in the
picosecond range*® and our group has demonstrated that a
high dislocation density could enhance the exciton spin-
relaxation rate in GaN through the Elliott-Yafet
mechanism.”

On the other hand, spin-dynamics measurements per-
formed on n-doped GaN epilayers led to spin lifetime and
spin-coherence time significantly longer than in undoped
samples.'®!! In these works, the spin polarization of the elec-
tron gas lasts after the photocreated excitons have recom-
bined.

Concerning nanostructures, ensembles of self-organized
zinc-blende GaN/AIN quantum dots were studied by time-
resolved photoluminescence'? and the optical orientation of
the exciton spin was measured. Under quasiresonant excita-
tion conditions by polarized light, the linear polarization of
the luminescence was preserved over the experimental nano-
second range even at room temperature. However, the linear
degree of polarization was very low (10-20 %).

A recent work by Brown et al.'’> was devoted to spin
dynamics in InGaN/GaN quantum wells (QWs) and InGaN
epilayers. The spin lifetime was shown to lie in the picosec-
ond time scale. However, InGaN-based semiconductor struc-
tures present very specific physical properties related to car-
rier localization in the ternary alloy, which makes the
comparison with other systems difficult (see for instance Ref.
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14 and references therein). To our knowledge, to date there
are no experimental data concerning the spin dynamics in
high-quality GaN/AIGaN QWs.

II. SAMPLE CHARACTERISTICS AND EXPERIMENTAL
PUMP-PROBE SETUP

The sample we studied is a high quality, low Al content,
GaN/AlGaN QW grown by metal organic vapor phase epi-
taxy (MOVPE) on c-plane sapphire substrate. The template
is composed of a standard 3 wm GaN buffer layer and a
200-nm-thick Al,Ga;_N layer. A single GaN QW with a
nominal thickness of 2.6 nm was then deposited and capped
with a 50-nm-thick Al,Ga,_,N layer with x=5%. The thick-
ness gradient of the well region across the sample leads to
accessible thicknesses which vary from 1.5 to 2.9 nm. As a
result, the energy of the exciton recombination can be effi-
ciently tuned by moving the spot of the optical beams over
the sample. The dislocation density, determined by means of
atomic force microscopy, is ~7 X 10% cm™. Details on the
growth and on the interface structure can be found in Ref.
15. The sample was characterized by low-temperature linear
spectroscopy. Photoluminescence (PL) was excited by the
second harmonic of an optical parametric amplifier (OPA)
that was tuned at 640 nm (see below for more details on the
pulsed laser source). A tungsten lamp was used for reflectiv-
ity measurements. In photoluminescence excitation spectros-
copy (PLE) measurements, the emission of a xenon lamp
was spectrally filtered by a monochromator to obtain a tun-
able photon energy with a 4 meV bandwidth (more detail on
the PLE experiment can be found in Ref. 16). In all linear
spectroscopy experiments, the light collected was dispersed
in a spectrometer and detected by a cooled charge-coupled
device camera. We used an Oxford MG11 cryostat in which
the sample was surrounded by cold gaseous helium. Low-
temperature (7=7 K) linear optical spectra are shown in
Fig. 1. In the reflectivity spectrum, two spectral structures,
characteristic of QW excitons, are centered about 3.540 eV,
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FIG. 1. (Color online) Photoluminescence, reflectivity and PLE
spectra measured at 7=7 K.

above the GaN band gap. This is an experimental evidence
that in this narrow QW the quasi-two-dimensional quantum
confinement is stronger than the quantum-confined Stark ef-
fect (QCSE). The excitons are built from the first heavy- and
light-hole confined states (HH; and LH,), respectively, but
they share the same first confined electronic state E,. Their
energies are split by 10 meV. Note that, in wurtzite bulk
material, Acg and Agq lift the valence-band degeneracy at
the I" point. From the three valence subbands, possessing the
Iy, I';, and I'; symmetry, and the I'; conduction band, one
can build three exciton series labeled A, B, and C. The A
exciton is the equivalent of the heavy-hole exciton in zinc-
blende structures, while the B and C excitons are mixed,
even at k=0. In QWs, several confined states can be built
from a valence band. With this in mind, we have chosen to
identify the A and B excitons with HH and LH excitons,
respectively, by analogy with zinc-blende QWs. The AlGaN
barrier also presents a signature at 3.59 eV in the reflectivity
spectrum. All these features come along with a PL counter-
part. The barrier PL exhibits a low-energy tail that could be
due either to exciton localization by alloy disorder or to biex-
citon recombination.!” To clarify this point, we have studied
how the intensity of the low energy component of the barrier
PL behaves when the power density varies. At low-excitation
power, the PL intensity increases linearly with the excitation
power indicating that exciton recombination tends to domi-
nate. Also, we attribute to exciton localization the fact that
this luminescence band is shifted to lower energies compared
to the AlGaN band gap. However, a quadratic dependence of
the PL intensity appears with increasing power density show-
ing that biexciton recombination dominates the low-energy
side of the barrier PL for high excitation powers. The PL line
shape also becomes more structured enabling us to extract a
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biexciton binding energy equal to 10 meV, in good agree-
ment with values determined in Ref. 17. In the case of the
QW, one intense PL line corresponding to the HH,-exciton
recombination is observed. The line that is located 7 meV
below the HH, exciton displays a super linear dependence
with the excitation power. It was interpreted in a previous
work as the recombination of biexcitons.'® A small PL signal
is also issued from the LH; exciton. The PLE spectrum ob-
tained for a detection energy set to the emission energy of the
HH, exciton exhibits the signatures of the HH; and LH;
excitons as well as that of the barrier and reveals that no
additional confined excitonic states are present in the QW.
No Stokes shift is observed for the above-mentioned transi-
tions when comparing PL and PLE spectra. Note that previ-
ous work by Stokker-Cheregi et al.'® on the same sample
revealed a 3 meV Stokes shift for the HH; exciton deduced
from a comparison between PL and PLE spectra but the
spectral resolution of our PLE setup (~4 meV) does not
enable us to measure it. This slight Stokes shift (<QW PL
linewidth ~5 meV) is caused by the localization of the ex-
citon center of mass in the QW plane. However, in the fol-
lowing pump-probe experiments, the density of excitons that
are photocreated by the pump pulse is large enough to satu-
rate the density of localized states and to populate free exci-
tonic states.'” Consequently, the changes in the probe reflec-
tivity that we measure in nonlinear experiments, are
essentially due to variations in the free exciton oscillator
strength.

The pump-probe experimental procedure is identical to
the one employed in our previous investigations.”?*2! The
laser source includes a homemade titanium: sapphire oscilla-
tor. It generates 80 fs pulses at 82 MHz which pass a regen-
erative amplifier, working at 200 kHz, before being sent into
two OPAs, tuned close to 700 nm (1.770 eV), that generate
pump and probe pulses, respectively. Both of them are fre-
quency doubled with two B-baryum borate (BBO) crystals to
reach the GaN exciton spectral region. The pulse duration is
estimated to be ~200 fs. The spectrum of the probe pulses is
broad (17 meV of full width at half maximum) and spans the
entire spectral region that is related to active excitonic
transitions in the QW. To measure the spin dynamics, the
pump pulses are circularly polarized and thus excite the
HH;-excitonic transition with total angular momentum
|+1)HH1. The energy per pulse is ~3 nJ, and, after
focusing onto the sample, it corresponds to
~1.8X 10" photons cm™ at an energy of 3.535 eV. The two
circular components of the reflected probe pulses are re-
corded simultaneously as a function of the pump-probe delay
time. For each time delay, the two reflected probe spectra are
recorded in the presence and then in the absence of the pump
pulse excitation and two differential reflectivity (DR/R)
spectra are calculated, one for each circular probe polariza-
tion (o and ¢7). In all measurements, the sample was held
in a cold-finger cryostat at low temperatures.

II1. EXCITON LIFETIME

Before studying the spin dynamics of QW excitons, we
first determined their lifetime by using the same pump-probe
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FIG. 2. (Color online) DR/R time evolutions of HH;, LH;, and
barrier excitons (a) for excitation above the barrier and (b) for reso-
nant excitation in the QW.

experimental setup with linearly polarized beams. The time
evolutions of the DR/R signals associated with HH;, LH;,
and barrier excitons are plotted in Fig. 2. Figure 2(a) corre-
sponds to an excitation energy larger than the barrier band
gap while Fig. 2(b) corresponds to resonant excitation of the
QW excitons. When excitons are created in the barrier, the
DR/R signals of HH; and LH; excitons exhibit a risetime
that is characteristic of the population relaxation from the
barrier toward the QW. It takes ~30 ps before the pump-
probe signal begins to decay. When resonantly exciting QW
excitons, the risetime is nothing more than the duration of
the pump pulse. Whatever the excitation conditions (resonant
or nonresonant), the signal decay for both HH; and LH,
excitons is monoexponential with a time constant equal to
230 ps in good agreement with time-resolved photolumines-
cence experiments.”? This short lifetime is an indication that
the exciton oscillator strength remains substantial for a ni-
tride based QW. It means that, in spite of the QCSE, the well
width is sufficiently narrow to ensure a strong overlap of the
electron and hole envelope wave functions along the growth
axis of the QW.

IV. OPTICAL ORIENTATION

Figure 3(a) displays the DR/R spectra at a positive pump-
probe time delay of 0.5 ps for the two different probe helici-
ties, when the sample is excited with circularly polarized
pulses. We assume that phase space filling is the nonlinear
process responsible for the signal, the amplitude of which
depends on the probe polarization, as expected from the QW
optical selection rules. This indicates that a spin-polarized
population of excitons is indeed photocreated. For longer
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FIG. 3. (Color online) (a) DR/R spectra measured at a positive
time delay of 0.5 ps for the two different probe helicities. (b) Dif-
ference between the DR/R spectra related to the two probe helicities
(DR/R)(0*0")—(DR/R)(c% ™) at different pump-probe delays.

time delays, the optical orientation disappears and the two
spectra become identical.

We have also plotted in Fig. 3(b) the difference
(DR/R)(c*c*)—(DR/R)(c*0”) for different pump-probe
delays. Using this representation, even slight differences be-
tween the two spectra become noticeable. In the present case,
it makes possible to observe three different transitions: the
signals at 3.541 and 3.552 eV originate from the saturation of
the HH; and LH; excitons, respectively. One also notices a
signal, ~10 meV below the HH, resonance, which is stron-
ger in counter polarized configuration of the pulses. This is
characteristic of an induced exciton-biexciton transition as
seen in previous work.”®?3 As expected, the amplitude of the
nonlinear signal related to the HH, exciton is larger when the
probe is o* polarized, (i.e., when it is copolarized with the
pump) while it is the opposite for the LH; exciton (see below
for a brief description of the spin structure of excitons). At
short delay times (0.5 ps), the HH, signal is broad, showing
that the photocreated exciton distribution that contributes to
the polarization of the DR/R signal extends over a wide
spectral region (~10 meV). For longer time delays, a nar-
row distribution persists at lower energy on a time scale
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>10 ps. This suggests that the most important part of the
DR/R signal originates from free excitons that relax their
pseudospin within a few picoseconds while a small portion
of excitons keeps its optical orientation on a longer time
scale. It could also be due to the polarization of electrons:
indeed, a recent work by BuB et al.!! suggests that, in GaN,
the spin polarization of the electron gas due to the uninten-
tional n-type doping can persist for hundreds of picoseconds,
even for very low doping levels. Unfortunately, we do not
have any additional data to explain this persistence of the
spin orientation. Therefore, this minor feature is not investi-
gated in this paper. Priority is thus given to the study of the
fast component of the spin relaxation.

We briefly recall the spin structure of HH and LH exci-
tons. Their electrons have a S,= * 1/2 spin and they involve
heavy holes with pseudospin J,= £3/2 and light holes with
J,==*1/2, respectively. The resulting exciton pseudospin
states [=1)yy, = 1)1y, are optically active while the
|i2>HHl states and the twofold degenerate |0>LH| state are
dark states when exciting the sample with the electric field
polarization perpendicular to ¢. Because HH; and LH; exci-
tons share the same conduction band, a population of
|+1>HHl excitons also modifies the oscillator strength of the
|=1)Ly, excitons. Qualitatively, a simple model** based on
fermionic phase space filling by electrons and holes gives the
amplitudes of the DR/R signals, as a function of the electron
and hole occupation numbers f, and f),

DR . B 3
(?>HH1(0) o Fg?&{fe(+5) +fh<i 5)}

DR . 1 !
<?)LH1(0—) o Flé}sl'c[fe<+5> +fh<+5):|,

where Fgc denotes the excitonic oscillator strength. Next,
we introduce nHHl(il) and nLHl(il), the number of opti-
cally active heavy- and light-hole excitons, respectively. The
parameter *1 refers to the total angular momentum of the
exciton. nyy (£2) and nyy (0) correspond to the number of
dark excitons. The signals thus become

DR _
(?) (U+)“Fg?&‘[anHl(i1)+nLHl(i1)+nHHl(+ 2)
HH,

+ nHHl(_ 2) + nLHl(i 0)],
DR _
(?) (07) = F(L)I;IC["HHI(i 1)+ nHHl(I 2)+ anHl(I 1)
LH,
+ nLH1(+ 0) + nLHl(_ 0)].

LH, and HH, excitons are populated by the pump pulse and,
at zero delay time, before any spin flip occurs, no dark exci-
tons are present. Therefore, the signals read

DR _
(?) (U*)“Fg?éx[%ﬁﬁ,ﬁ 1)+”Lﬁl(i1)],
HH,
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DR _

<?>LH (07) o Fiygh X [2n14, (F 1) + ngy (£ 1D)].
1

Using these expressions, it is easy to see that, even in the
absence of LH; excitons, a signal is expected at the
LH;-exciton energy for a o~-polarized probe. The amplitude
is equal to the amplitude of the HH, signal multiplied by the
factor Fblglc/ ZFB?é. For a o* pump excitation, at zero
delay time, the population of |-1) excitons is zero:
nLHl(—l):nHHl(—l) =0. It is straightforward to show that, for
a given type of exciton (HH, or LH,), the ratio
(DR/R)(6*)/(DR/R)(0™) simply depends on nHH1(+1) and
niy,(+1) as follows:

(DR)"+ (DR)"‘ npy, (+1)
i - o Q——
R HH, R HH, ”LH1(+ 1)
(DR)"+ (DR)"‘ ey, (+1)
i e cp—L1
R /in, R /i, g (+1)
From the experimental data, we deduce that

nHH1(+1)~3.5><nLH1(+1). Thus we conclude that the ratio
Fhsl/Fpil is close to 1, which would correspond to nearly
equal radiative lifetimes for HH; and LH, excitons.

V. SPIN RELAXATION

The spectrally integrated DR/R decays for the three QW
transitions (HH;, LH;, and biexciton ones) are displayed in
Fig. 4. The circular degree of polarization (CDP) defined as

DR, , DR _
S0 - )
D)+ ()

is also plotted. It directly reflects the spin polarization of the
exciton population.

First, we investigate the induced transition at the biexci-
tonic resonance. It reaches a maximum in o*o™ configuration
after a risetime of 0.8 ps. For a oo™ polarization sequence,
it progressively increases while the 0"~ DR/R signal de-
creases. The two signals are equal after 4 ps. According to
the optical selection rules, there are two possible scenarios to
create a biexciton starting from a |+1)HHl exciton. It can
follow the absorption of a o~ probe photon or come about by
a spin-flip process followed by the absorption of a o* pho-
ton. Consequently, the DR/R signal for a ¢* (07) probe is
proportional to the [~Dyy, ([+1)uy,) population. The tran-
sient signals evidence that the loss of the |+1>HHl excitonic
population directly feeds the |—1)HHl pseudospin state via a
simultaneous spin flip of electrons and holes. In other words,
the time needed to equalize the two signals, corresponding to
the two different probe helicities, gives precisely the relax-
ation time 7y of the exciton spin.2*

The decays related to the HH; exciton exhibit a very simi-
lar trend. Here again, when pump and probe are copolarized,
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FIG. 4. (Color online) Spectrally integrated DR/R decays for the
three transitions: (a) HH;, (b) LH;, and (c) biexciton. The circular
degree of polarization (CDP) is also plotted.

the signal reaches its highest value after a risetime in the
picosecond range. When the maximum is reached the coun-
terpolarized signal is three times smaller than the copolarized
one. Then, the difference between DR/R(otc?) and
DR/R(o*0¢™) tends to zero as fast as the two exciton popu-
lations with opposite pseudospin (|+1)uy, and |~1)yy,) tend
to balance. As a consequence of the spin relaxation, the CDP
decays exponentially with a time constant close to 2 ps
which is quite comparable to the spin lifetime of excitons in
GaN epilayers. The optical orientation decay can be due to
the spin flip of the exciton as a whole, with a time constant
Tx, Or to the spin relaxation of the individual carriers, with
time constants 7, and 7,. In previous papers devoted to spin
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FIG. 5. (Color online) Temporal evolution of the circular degree
of polarization, at the HH; exciton energy, for different pump in-
tensities ranging from P, to P/ 16.

dynamics in GaN epilayers,”® we drew the conclusion that
the spin relaxation of the individual carriers was more effi-
cient than the exciton spin flip in these systems. In the
present case, the similarities between the CDP dynamics at
the HH; energy and at the biexciton energy suggest that the
spin relaxation mainly occurs because of the spin relaxation
of the exciton as a whole.? Thus, even if the spin lifetimes in
both systems (GaN epilayers and single GaN/AlIGaN QW)
are of the same order of magnitude, the physics of spin re-
laxation is not necessarily identical. Another difference is the
initial value of the circular degree of polarization, that can be
close to 60%,?° which is higher than that in bulk material
(~50% in the case of the best sample in Ref. 8) while being,
to our knowledge, the highest value measured in IIl-nitride
compounds. At the LH; exciton energy, the time evolution of
the pump-probe signals is comparable to the one of HH,
excitons. However, the maximum amplitudes are smaller as
already discussed above.

VI. POWER AND TEMPERATURE DEPENDENCES

In order to gain additional information about the relax-
ation processes, we have performed experiments for different
excitation powers and for different sample temperatures.
These complementary studies are limited to the HH;-exciton
case, the signal to noise ratio of the other transitions being
severely reduced when decreasing the incident power or in-
creasing the sample temperature. Figure 5 displays the time
evolution of the CDP for different pump intensities, ranging
from Py to Py/16. P, corresponds to an average power equal
to 600 uW. No change in the dynamics is observed but the
initial value of the CDP is affected. In contrast, the CDP
decay times present a strong temperature dependence as
shown in Fig. 6. Experiments were carried out from 10 to
120 K. Above the latter temperature, the signal to noise ratio
becomes too small to extract reliable quantities. The spin
lifetime remains almost constant up to ~80 K and then de-
creases. Above 100 K the relaxation time was shorter than
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FIG. 6. (Color online) Temporal decay of the circular degree of
polarization, at the HH; exciton energy, as a function of
temperature.

the experimental time resolution. However, the maximum
value of the CDP, reached at zero time delay before any spin
flip occurs, remains constant up to 120 K.

VII. DISCUSSION

We have shown above that the DR/R signals mainly origi-
nate from free HH; and LH, excitons, and that the spin re-
laxation implies a simultaneous flip of both electron and hole
spins that connects the two optically active states |+1) and
|-1) (we will recall in the following how the electron-hole
exchange interaction is responsible for the spin flip of an
exciton that propagates in a QW). This process was evoked
by several groups of authors to interpret spin-dynamics ex-
periments on excitons in GaAs-based QWs.?” However, as
this mechanism appears to be negligible in GaN epilayers,”*
we deduce that exchange interaction is considerably larger in
the present QWs when compared to the bulk case. From
polarization dependent reflectance spectroscopy measure-
ments, Julier et al.?® deduced a value for the spin-exchange
energy in wurtzite GaN of y=~0.6 meV. Theoretical work
has demonstrated that quantum confinement?®-3! can actually
enhance exchange interaction provided that the wave vector
of the exciton center of mass K fulfills the condition
KL> 1, where L is the well width.?® Taking into account that
the initial, out of equilibrium, population of excitons presents
a momentum distribution centered on K=0, we assume that
elastic exciton-exciton scattering is responsible for the ther-
malization of excitons to finite K states. The thermalization
process takes place during the risetime of the nonlinear sig-
nal and conserves both energy and total momentum of the
two quasiparticles. The energy excess that is equally distrib-
uted between excitons is precisely the energy difference be-
tween HH; and LH,; bands multiplied by the total number of
excitons. The final K distribution and, therefore, the ex-
change term in the exciton Hamiltonian that is responsible
for the coupling between excitons with opposite pseudospins
(see next paragraph) are independent of the exciton density.
This is why the experimental dynamics of the DR/R circular
degree of polarization is independent of the excitation
intensity.3?

Theoretically, the exchange spin-flip mechanism in QWs
was worked out by Maialle et al.3® At finite K, the spin-
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exchange interaction couples the optically active |+1)HHI and
|—1)HH] excitons. The coupling terms in the Hamiltonian can
be looked upon as an effective magnetic field about which
the exciton pseudospin precesses with a frequency Q. If K is
kept fixed, the direction of the effective magnetic-field re-
mains constant and the precession leads to spin relaxation
when a scattering event occurs that modifies the direction of
the K vector. Considering the dephasing time 75, if the con-
dition Q7,<1 is fulfilled, the spin relaxation is hindered by
motional narrowing as in the D’yakonov-Perel mechanism.
Then, 7 can be much larger than 7, and amounts to: 7x
~(Q?T,)"". On the contrary when Q7T,> 1, the spin relax-
ation rate is proportional to the momentum relaxation rate
and 7« ~2T,. We assume the 7, time in GaN/AlGaN QWs to
be close to the bulk value. Thus, a comparison between the
measured value of the spin lifetime 7y in the present QW and
the experimental dephasing times in GaN epilayers>*—>° sug-
gests that 7y behaves as 27,.4° Moreover, when increasing
the temperature, a dramatic enhancement of the dephasing
process is expected through interaction with acoustic and
optical phonons.*' It would lead to an increase in 7y if the
relaxation took place in the motional narrowing regime. This
is not what is observed in temperature-dependent experi-
ments. We therefore conclude that the spin relaxation of ex-
citons occurs in a regime where (7, >1 as discussed above
and that 7 is proportional to 7,. Understanding spin relax-
ation implies determining which mechanisms are responsible
for the momentum relaxation. This is the purpose of the next
paragraphs.

At low temperature, typically between 10 and 50 K, ex-
citons are free to propagate in the QW plane. Even if fluc-
tuations of the confinement potential in the x-y plane are
small, they can scatter the exciton center of mass and conse-
quently, dephase excitons. These fluctuations could be due
either to interface roughness or to fluctuations in the barrier
alloy concentration. In particular, it has been shown that the
former is around 1 nm on a 5X5 um? area (rms roughness
value) whereas the latter only amounts to 0.2%.'> Threading
dislocations can also play a role in the exciton scattering
process because of the Coulomb potential and the strain field
that they produce.*?> The experimental manifestation of these
scattering processes is the broadening of the main optical
transition which is ~5 meV for the HH,; exciton at 7 K.

At high temperature, a thermally activated process is re-
sponsible for the shortening of the dephasing time and there-
fore of the spin lifetime. In order to extract some quantitative
parameters, we fit the temperature evolution of 7y by the
expression 7x=2T,=2h [[y+aX T+bXexp(-AE/kgT)]™,
where I is the homogeneous broadening at 0 K, a stands for
the interaction between excitons and acoustic phonons, and
b X exp(—AE/kgT) is the broadening due to a thermally ac-
tivated process with an activation energy AE. Longitudinal
optical phonons are not taken into account because of the
high LO-phonon energy in Ill-nitrides (~92 meV in bulk
GaN). The best agreement between the fit and the experi-
mental data is obtained for I'y=0.34 meV, a=0.32 ueV/K,
b=167.7 meV, and AE=56.5 meV. So, when the tempera-
ture is increased, the main dephasing mechanism is an escape
process of excitons implying energy AE=56.5 meV. It ap-
pears that the situation is very similar to what was obtained
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by Brown et al.'® on InGaN/GaN QWs. These authors
showed that increasing the temperature enhances the exciton
dephasing by interaction through acoustic phonons and by
exciton delocalization from potential fluctuations due to al-
loy disorder. However, even if the intrinsic parameters (ex-
change interaction, phonon energies) responsible for spin re-
laxation are close to each other when comparing GaN and
InGaN, the two systems are fundamentally different. Indeed,
the present GaN quantum well is made of a binary com-
pound and in-plane fluctuations are therefore expected to be
much smaller than in InGaN wells leading to small in-plane
localization energies. They lie within a few meV as con-
firmed by the small Stokes shift measured between PL and
PLE spectra (3 meV).!® Consequently, if the thermally acti-
vated dephasing process in the present GaN/AlGaN QW
sample was also caused by in-plane delocalization of exci-
tons, it would imply a characteristic energy in the millielec-
tron volt range. This is not the case. On the other hand, as
AE=56.5 meV is very close to the energy difference be-
tween the fundamental excitonic transitions in the QW (HH,
and LH,) and that of the AlGaN barrier (as measured in PL
and PLE experiments), we propose the following mechanism
to explain the shortening of the spin lifetime at high tempera-
ture: when the temperature is increased there is a nonzero
probability for QW excitons to escape to the barrier and relax
back into the QW. In the meantime, excitons are scattered in
the AlGaN barrier where they relax their momentum and,
therefore, their spin. The spin relaxation is then driven by
delocalization of exciton from the QW toward the AlGaN
barrier.

VIII. CONCLUSION

By performing pump-probe experiments, we studied the
relaxation dynamics of spin-polarized excitons in a high-
quality wurtzite low Al content GaN/AlGaN quantum well
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grown by MOVPE. This enabled us to study-free excitons
which are responsible for sharp structures in the reflectivity
spectrum and strong radiative recombination.

Contrasting with previous results obtained in GaN epilay-
ers, the spin flip of the exciton as a whole seems to be the
main spin-relaxation channel in this type of QW. This is
thought to originate from the enhancement of the exciton
exchange interaction because of quantum confinement, the
QCSE being negligible in this QW. The circular degree of
polarization of the DR/R signal can reach a value up to 60%
for the HH; exciton and decays over a time scale of a few
picoseconds. This is an indication that, even if excitons are
confined in the growth direction, their propagation in the
well plane makes them very sensitive to scattering events on
potential fluctuations which are responsible for an efficient
spin relaxation.

Power-dependent experiments demonstrated that the spin
relaxation is left unaffected by the number of photocreated
excitons. The spin relaxation process is thermally activated
with a characteristic energy AE=56.5 meV showing that ex-
citons are dephased and loose their optical orientation mainly
through delocalization into the AlGaN barrier. However,
compared to bulk GaN, the optical orientation is preserved
up to ~100 K. Therefore, moving toward higher Al content
GaN/AlGaN QWs with a similar optical quality in terms of
linewidth could allow both decreasing the spin-relaxation
rate and preserving the optical orientation potentially up to
room temperature.
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