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A systematic study of exciton dynamics is presented in quantum boxes formed naturally along the axis of a
V-shaped quantum wire, by means tohe and spatially resolved resonaphotoluminescence. The depen-
dence of radiative lifetimes and relaxation mechanisms of excitons is determined versus the size of the boxes.
The radiative recombination rate varies linearly with the length of the box, showing that the exciton has a
coherence volume equal to the volume of the box. In a low excitation regime, emission from excited states has
not been observed, which would be a consequence of relaxation bottleneck, but there is clear evidence that
relaxation via emission of LA phonons depends strongly on the energy separation between the different
guantum box leveld.S0163-18208)07839-4

[. INTRODUCTION tween levels does not exactly match the energy of a LO
phonon, or exceeds a few meV for emission via LA
Following the success of semiconductor quantum wellphonons’>??In that case, a strong decrease of photolumines-
(QW’s), which permitted one to study two-dimensional op- cence(PL) signal should occur. In fact, this predicted relax-
tical and electronic effects due to confinement, many invesation bottleneck remains controversial, and the experimental
tigations have been carried out in similar quasi-one dimenfacts are to our knowledge not completely conclusive. In-
sional quantum wires(QWR’s) and zero-dimensional deed, in the case of low excitation regime several groups
guantum boxes(QB’'s). Recent improvements in growth reported on rapid carrier relaxation in different QB
technigues allowed the fabrication of high-quality semicon-systems?~?°and only under high pump power has excitation
ductor nanostructures with good optical properties like QWemission from excited states been observed because of state-
heterostructures grown on nonplanar substratésy V- and  filling effects%2°=%°In order to explain efficient relaxation,
T-shaped QWR'$® or different IlI-V quantum dot§~*>  mechanisms like multiphonon-assisted emis&dh or
However, fluctuations of size and/or composition still exist,Auger-like scattering inside one electron-hole pair have been
leading to inhomogeneous broadening in the optical spectra@roposed?
which hides the intrinsic properties of a single quantum Another interesting aspect of quantum confinement in
structure. Spatially resolved photoluminescence or micronanostructures is whether the correlated electron-hole pair
photoluminescenceuPL) spectroscopy in the domain of dif- keeps or loses its excitonic nature. Obviously the answer to
fraction limited optics has recently been developed, and althe question is related to the size of confinement compared to
lowed one to study, for example, optical properties ofthe exciton Bohr radius, i.e., to the comparison between the
“natural” QB’s formed by well-width fluctuations in narrow kinetic energy and the Coulomb interaction. The density of
GaAs QW's'® 16 single quantum dot3!'7 or single carriers present in the structure should also change the nature
QWR's18-20 of electron-hole pairs. Nevertheless, this problem is beyond
An important problem that has been investigated theoretithe scope of this work, and hereafter we will call an exciton
cally and experimentally is the relaxation of carriers in sucha correlated electron-hole pair in a general manner.
semiconductor nanostructures and especially in QB’s. The In this paper we propose to investigate radiative lifetimes
impact is of course important concerning the efficiency ofand relaxation mechanisms of excitons present in a single
optoelectronic devices. It has been predicted that electroniQWR by means ofesonant time-resolvegPL. Recently,
relaxation is quenched whenever the energy separation bgsPL experiments have shown that, in QWR’s, excitons are
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localized at low temperature in local potential minitfia?®  In order to enhance the PL signal of the QWR, (B81) flat
These potential minima can be viewed as naturally formedegion and part of th€111) A sidewall ALGa _,As barrier
QB’s with a weak confining potential along the wire axis, layers have been removed by selective wet chemical
since they are formed by one-monolay@rML) thickness etching® The lateral size where the electronic wave functions
fluctuations of the wire. Therefore we expect that excitonare confined is about 15 nm. The full width at half maximum
relaxation is mainly governed by the dynamical properties obf the PL line for this sample is 8 meV, and the Stokes shift
carriers in a zero-dimensional QB. Moreover, microphotolu-between the PL and PLE is 4 mé¥ showing the good
minescence excitatiofuPLE) spectroscopy has revealed optical properties of the sample.
that one QWR is segmented into extended sections of hun- Continuous and time-resolvedPL and uPLE experi-
dreds of nm with slightly different confining potentials, and ments have been performeti@aK using a mode-locked ar-
inside these sections the QB’s are present. In this way, twgon laser pumping synchronously a dye lafebS 722.
systems can be studied in such a structure: the already memhe pulse width is 5 ps, and the repetition rate is 82 MHz.
tioned QB’s and the long sections which can be considere@he excitation beam is focused with a microscope objective,
as quasi-one-dimensional QWR’s. Th®LE spectra allow and the laser spot diameter isydn. The time-resolved PL
us to pump resonantly excited levels of a given & Bhen  signal is analyzed through a double monochromator operat-
the resonant time-resolvedPL give the possibility to mea- ing in the subtractive mode, and detected by a time-
sure(i) the relaxation times between levels by studying thecorrelated single-photon-counting system with a time resolu-
rise time of the temporal spectrum, afid) the radiative tion of 40 ps. It can be improved if a deconvolution
lifetime of an exciton in a QB. The measured radiative life- procedure is used. Then the best time resolution achieved is
times of localized excitons are long compared to the valueabout 10 ps. The spectral resolution is 208V but in uPLE
in a two-dimensional QW, ranging between 300 and 500 pgxperiments the resolution is given by the width of the laser
depending on the QB length along the wire axis. This is, tdine, which is 50ueV. This explains why usually thePLE
our knowledge, the first time that the dependence of excitopeaks are narrower than thé’L ones.
radiative recombination in a single QB is studied experimen- The excitation power in all the presented experiments is
tally as a function of the QB size. In some experimentslow enough that at most one exciton is created in a QB. The
where theuPL of one QWR section is observed, the relatednumber of created excitons can be estimated from the fol-
QWR exciton radiative lifetime is shorter, about 150 ps. Thelowing relation:N=(«lP 7/hv) 8, whereal represents the
measured rise times vary from a few (pghich is the experi- absorption probability in the material. A typical value which
mental time resolutionto 100 ps, and this dispersion of val- is usually taken in the literature ial=0.6% in a GaAs
ues gives us information about the relaxation mechanismguantum welf® P is the excitation powers is either the
between the QB levels. Since the confinement energy in theadiative lifetime of excitons in a continuous excitation or
QB's is only a few meV, relaxation is made possible bythe repetition rate in a pulsed excitation, gfids the ratio
emission of LA phonons. Emission with LO phonons is notbetween the illuminated wire surface and the laser spot sur-
discussed here because the GaAs LO-phonon energy is 3&ce. From this relation, it appears that when the pump
meV. A clear dependence of relaxation times with the energyower is lower than 10@W (continuous excitation there is
separation between the levels is observed as predicteslways less than one electron-hole pair per QB. For pulsed
theoretically****and the emission rate with a single LA pho- excitation the pump power must be lower than 2\. This
non decreases as soon as the energy separation of levels estimation is made assuming that the mean radiative lifetime
ceeds a few meV¥ For higher excitation energy, mul- is about 300 ps, which is consistent with our experimental
tiphonon emission remains a very efficient relaxationresults and that about ten QB’s are present inml, which
process. All the presented results are performed at low exceorresponds to the number of peaks observed inuRé&
tation power where there is only orter lesg electron-hole  spectrum. The factog is taken equal to 0.05.
pair created in one QB. The dependence of the resonant
time-resolveduPL with excitation power will be the subject

The paper is organized as follows: in Sec. Il, we give
some details concerning the growth and structure of samplegtr

and the experimental seFup. Section Il is divided in_tWOsingIe QB. All spectra have been recorded at the same posi-
parts: after the presentation of the’L and uPLE experi- " o0 one wire under similar conditions. In the bottom of

ments, we discuss the results obtained on the radiative Iife[he figure is represented @PL spectrum of the QWR. The
times Of localized ex.C|tons as a fur]ct|on’of the Size of theusual PL line is split into several sharp peaks, separated by 1
QB’s. Finally, relaxation processes in QB'’s are discussed.

or 2 meV and distributed over 10—15 meV. The line is cen-
tered around 1.644 eV. This fine structure of el spec-
Il. EXPERIMENTAL DETAILS trum ;trongly depends on the observed QWR, anq is also
modified when moving the laser spot along one wire. We
The studied GaAs/AlGa, _,As QWR’s are grown on a have attributed these peaks to fundamental exciton states lo-
4.8-um pitch V-grooved GaAs substrate by flow rate modu-calized in minima of the QWR confining potenti&* They
lation epitaxy, a modified metal-organic vapor-phase-epitaxyare due to size inhomogeneities created by 1-ML thickness
growth technique which can be controlled on atomic lével. fluctuations on the tog001) interface. The confinement en-
The QWR thickness at the center of the V is about 5 nm, ane@rgies of the localized states are distributed over 10 meV,
the Al content in the barriers is 33% for tli@01) top facet. and this reflects the size distribution of the QB’s, which is

A typical uPL experiment is shown in Fig. 1. It demon-
ates the ability to separate properties of a single QWR or a
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FIG. 1. MicroPL, uPLE andRuPL. The excitation power is ErrTTrr T T T T T
equal to 3uW. PositionA (1.6436 eV is the detection energy of F Excitation a
the uPLE spectrum, an® (1.6464 eV is the excitation energy of + 5.3 meV
the RuPL spectrum. Positio is equal to 1.6474 eV.

—_ iy

the origin of the inhomogeneous broadening of the PL line.
In the central part of Fig. 1 is presentedtBLE spectrum
detected at 1.6436 eV on a sharp peak of gt spectrum
labeledA. At the energy position of the first; —h; QWR
exciton transition, several peaks as narrow as 0.2 meV areg
observed. TheuPLE peaks are attributed to excited states of
the emitting QB and to QWR states corresponding to wire
sections with slightly different confining potentials, due to
size inhomogeneities along the wire aXisThe first peak
labeledB, and the peak labeled, at 2.8 and 3.8 meV above <€
the detection, are attributed to the first and second excited o
states of the same QB, respectively. The higher-energy peaksn'O
correspond to wire states. From the energy difference be- o~

units)

Excitation b
+ 9.3 meV

ntensity (arb

tween the fundamentalpeak A) and the first and second 3
excited stategpeak B and C), we can estimate the QB
length. Assuming that its potential is 1-ML dedporre-
sponding to 9 meYthen the length of the QB is about 55
nm. It is worth noting that thetPLE peaks appear at differ-
ent energy positions when changing the detection energy,
because each emitting QB is associated with a different wire
section or with several wire sections.

On top of Fig. 1 is presented the resonafL (RwPL)
spectrum excited at the energy position of p&akl.6467

Excitation ¢
+ 18.4 meV
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eV). Only one peak is observed at 1.6436 eV, which is the _
energy of peald. This result nicely proves that pealsand FIG. 2. (8 uPL and uPLE detected on the lowest-energy side

. ak(1.6408 eV of the uPL. The detection is labeled by an arrow.
B are related to the same QB and can be assigned to the @%ak positions, b, andc correspond to the three resonant excita-

fundamental and the first excited state, respectively. Itis NOVK energies of the time-resolvaePL experiments represented in

possible to perform resonant t_ime-resolv,eEL in order to fb)' The pump power for all experiments @ and(b) is a few u\W.
analyze the relaxation mechanisms between levels of a single

QB or a QWR section, and measure the radiative lifetime o

one exciton confined in such a quantum structure. (Ne have performed resonant excitation of giReL. on peaks

labeleda, b, andc on the curve, at 5.3, 9.3, and 18.4 meV,
respectively. Peah is attributed to the first excited state of
the emitting QB, and peals andc are attributed to the;
Figure 2a) shows theuPL anduPLE spectra correspond- —h; ande;—h, transitions of the QWR, respectively. This
ing to the resonant time-resolvedPL depicted in Fig. &).  latter transition is actually forbidden, but it might become
The uPLE spectrum has been recorded by detecting on thallowed because of the asymmetry of the QWR potential.
lowest-energy side pedkndicated by an arrow in the figure  We estimate the QB length to be about 40 nm.

A. Radiative lifetimes
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o ) FIG. 4. Radiative recombination raterllas a function of the
FIG. 3. Measured radiative lifetimes as a function of the energyoB lengthL. A linear fit of the experimental data is also shown.
position in thexPL line. The open and solid symbols correspond t0The  equation of the fit is #~al+b, with a=3.04

nonresonant and resonant excitation, respectively. The dotted line ig 1075 (ps—l nm—l) andb=1.67x 10"3 (ps—l)_
just a guide to the eye.

the different QB lengths. Although the peak energy position

The time decay of th&kuPL is quasiexponential for all does not correspond in a straightforward manner to a given
the excitation energieldig. 2(b)]. The three curves can be variation of the QB length, it appears that the most elongated
fitted by the same decay time constant of 350 ps. We ca@B’s are related to peaks on the high-energy side of the
quite safely assume that it represents the exciton radiativePL, since the radiative lifetimes are faster in this energy
lifetime, since the decay time depends neither on the excitadomain. Indeed this energy range corresponds to the absorp-
tion energy nor on the excitation power. We have alsation of the first QWR transition, and we expect in this do-
checked that the total PL intensity increases linearly as thenain to find the most elongated QBs or the QWR-like sec-
pump power is increased. This is a good indication that thdéions, with faster radiative lifetimes. Citfif calculated that
exciton decay is dominated by radiative recombination. Rein the case of a GaAs cylindrical QW@vith 10-nm radiug
cent measurements on a single QB but with a different structhe radiative lifetime of a free exciton is about 150 ps, which
ture give the same order of magnitude for the radiative lifeds in agreement with our results. Measurements of the tem-
time of excitons*?° Generally, our experimental results are perature dependence of the radiative lifetimes in similar V-
in agreement with theoretical calculations of exciton radia-shaped QWR'’s are also in accordafit&
tive lifetimes in QB's3*°but not with the assumption that ~ As we have already discussed, we can deduce, from the
the radiative lifetime is proportional to the inverse of the energy positions of thgPL and uPLE peaks, the length of
homogeneous linewidth of the PL line. Indeed, thPL  the emitting QB. We can then plot, for each time-resolved
peaks are 20QueV wide. If we assume that the linewidth experiment, the measured radiative lifetime as a function of
represents the homogeneous broadening, then we deduce ttize QB length. These results are shown in Fig. 4, where the
the phase coherence tifradiative lifetimeg should be equal radiative recombination rate dis plotted versus the length
to 2 ps* This means that the lines are broadened by somef the QB. We observe that, asdecreases, the recombina-
very fast dephasing mechanism within a few ps, probablytion rate decreases linearly. Our results are consistent with
related to the electron-hole exchange interaction in the paitheoretical predictiof§*®made in order to explain the “gi-
like in two-dimensional structuré€.Broadening due to ther- ant oscillator strength” of bulk excitons bound to impurities.
mal energy can be excluded since Kieat 6 K is0.51 meV, Commonly, the radiative recombination rate is related to the

which is larger than the linewidth of thePL peaks. oscillator strength accordingtd

For a givenuPL spectrum, we can study the emission of
several QB’s, record for each one the relajgdLE spec- E_ ne’w’ f 1
trum, and perform the time-resolvedPL with a resonant T 2meuMmC® D

excitation on different excited states of the QB correspond- heref is the total ilator st HOS) of th .
ing to the differentuPLE peaks. Figure 3 shows the mea- Wheref is the total oscillator strengtfDS) of the transition

sured radiative lifetimes as a function of the energy positionoverall the polarization contributions, and the other symbols

in the uPL, from all the resonant time-resolved experiments."Jlre the usual physical constants. For excitonic absorption,

Nonresonant measurements, where the excitation energy Iié@e .optlca_l matrix element is nonzero only fisstates of the
citon with a wave vector almost equal to zero. Then the

in the higher energy QWR transitions, are also represente ) :

with different symbols on the figure. We observe that the S of the free bulk $ exciton state is equal to
values vary inside thgPL line from 150 up to 500 ps gen- 2p2 v v
erally increasing as the peak energy position decreases. The = v +—=fo =,
dispersion of the experimental values is obviously related to Moh o (mag) (mag)

@



PRB 58 QUANTUM-SIZE EFFECTS ON RADIATIVE LIFETIMES . . . 9937

where P2, is the dipole matrix element connecting Bloch 0.07 P T T ' ' '

states in the valence and conduction bardsjs the energy I

of the transitionag the three-dimensiondBD) Bohr radius 0.06 I 7

of the exciton, and/ is the volume of the crystal. It appears I

that the OS is proportional to the ratio of the volume of the _ °:°% i

crystal to the exciton volume. The OS for a bound exciton 7,

can be derived from this last expression by replacing the & %4 [ 7

volume of the whole crystal by the volume within the elec- =

tron and the hole overlap, i.e., corresponding to the number .., 0.03 i

of cells covered by the center-of-mass motion of the bound ™ N

exciton. This volume is often called the “coherence vol- 0.02 |

ume” of the excitore>>° Then the radiative recombination i °

rate scales like 0.01 i

o . ™~ A

1 Vcoherence 0 2 4 6 8 10 12
;“ m- ©) Energy separation (meV)

FIG. 5. Relaxation rate 1/, for different QB’s as a function of

Under these considerations, when the coherence volunige energy separation between the excitativat excited level and
is reduced, the OS is reduced, leading to an increase of tHietection energy positioffundamental staje The fu_II line repre-
radiative lifetime. In this sense, the situation of an excitonsents the calculated electron—LA-phonon scattering rate from the
localized in a QB is similar to the 3D bound exciton. As the irst excited level to the fundamental state.
size of the box is reduced, the coherence volume of the ex- )
citon is reduced leading to a decrease of the OS and to #ted assuming a three-levels model, and deconvoluted by
longer radiative lifetime. This effect has been observed a fey® 40-ps temporal response of the experimental setup.
years ago in CuCl microcrystals This is also confirmed by ~ Due to the weak confinement in the QB's, the main
our experimental observations, that suggest taking as the c§2€chanism responsible for relaxation between quantum lev-
herence volume the volume of the box in which the excitor€!S iS emission of LA phonons. The PL is then efficient only

is confined ¥eoperence 5 15% L niP). It is interesting to when the separation in energy between levels does not ex-
notice that in the limit of long boxes whete>ag, the ex- ceed a few meV. From energy and momentum conservation

6 .
perimental data seem to deviate from the linear dependen@égu,memgu we can deduce the maximum phonon energy
of the radiative recombination rate with Above a coher- l€ading to significant scattering rates and given by the simple

ence length of about 100 nm, they saturate to the value of thélation
exciton radiative lifetime in the QWR. In the studied range
of lengths, we have not observed any dependence of the E —ic Q% @
exciton volume,Veygion, With L. In the opposite limit of max sHmax L,’
small boxes wheré <ag, the description in terms of coher-
ence volume is no more valid since the center of mass andherecg is the sound velocity in the materiad,,, is the
the relative motion of the exciton are coupfédThe deter- maximum phonon wave vector, ard is the dimension of
minant factor acting on #/is the volume of the exciton, the strongest confinement. In our casg=5nm andc,
which for L<ag should vary rapidly with_. Although there =5150 m s in GaAs, then the maximum phonon energy is
is a lack of experimental data, we could expect that in thisabout 4.3 meV. In Fig. @), the determined rise times in-
limit the radiative recombination rate should increase as therease as the excitation energy is increased: we find 75, 193,
size of the QB becomes smaller thag, due to an enhance- and 222 ps for excitationa, b, andc, respectively. These
ment of the excitonic OS. This would be similar to what wasresults are consistent with the threshold energy obtained in
observed in narrow GaAs/GaAl,As QW's> Recent mea- Eq.(4). Indeed, excitatiom (5.3 me\j is the closest tdE 4y,
surements of exciton binding energies inGa _,As/GaAs and gives the fastest relaxation time; for excitatibrendc,
QB’s show that as the size of the boxes is reduckd ( the relaxation rate with emission of one LA phonon is re-
<50 nm) an important increase of the binding energy isduced, and the relaxation times are longer. Multiphonon as-
observed®* Then the OS should also increase leading to arsisted relaxation is commonly admitted to be a possible
enhancement of the radiative recombination rate. Howevemechanism for efficient relaxatioil:>*
we do not believe that this effect should be so important in In the following, we propose to discuss the dependence of
the present case, since the confinement energy is only the scattering rate with energy separation between levels in a
meV. single QB. Figure 5 shows the relaxation rates, 1 deter-
mined experimentally for QB’s with different lengths, as a
function of the energy separation between the detection and
the excitation energy position. Here, for each QB, the exci-
As we have already mentioned, resonant excitation on th&ation is resonant with the first excited level. We observe that
uPLE peaks permits the determination of the relaxation timehe experimental values present a pronounced maximum for
between two discrete levels from the measurement of the risen energy spacing of about 4 meV, and decrease elsewhere.
time of the temporal spectrum. The time-resolved spectra ar€he curve in full line represents the calculated electron—LA-

B. Relaxation processes
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phonon relaxation rate. The calculation was performed using B L B L
the Fermi golden rule, which gives the transition probability
between two discrete levels:

units)

1 2
_:%% KWl WIW)PS(E—Ei+hog) (5

Tif

for phonon emission of energyw, at zero temperatur&V is
the electron-phonon interaction potential, which is equal, for
the LA-phonon mode, toW=D \(%q/2pcV)e'd"". V is the
volume of the systeny is the density of the materidl the
deformation potential, ands the sound velocity in the ma-
terial (we took p=5.36 g/cni, c¢,=5150ms?! for GaAs,
andD=6.8¢eV). In Eq. (5), ¥; and ¥; are the electronic
wave functions in the initial and final states of eneEyyand PR SN R BN i
E¢, respectively. In order to calculate the wave functions, a =200 0 200 400 600 800 1000
separable QWR confining potential was used. In the growth
direction we assumed an infinite square well potential of
5-nm width; the thickness variation of the GaAs layer in the  FIG. 6. Time-resolvequPL spectra for resonant excitatiofis
lateral direction can be easily represented by a paraboliand C corresponding to th@PLE peaks shown in Fig. 1. The de-
potential.18 In these two directions the confinement potentialtection energy is the same as positiari1.6436 eV.
was assumed to be the same for all the QB’s. Along the wire
axis, small geometry fluctuations create local potential
minima that localize the excitons. In this last direction themeV, the measured relaxation times remain relatively fast
localization potential is different for each emitting QB, and a(less than 100 psThis means that relaxation is still efficient
parabolic potential with different curvatures was used to repeven for an important energy separation between the levels.
resent these fluctuations. The induced confinement is weals an explanation we could consider the presence of opti-
leading to the small level splittings observed in theLE  cally inactive exciton states between two optically allowed
spectra. The assumption of a completely separable potentiatates, as intermediate levels helping in relaxatfoar the
is necessary for the analytical calculation of expresg®n  Auger-like scattering mechanism inside one electron-hole
Then the total electronic wave function is simply the productpair proposed in Ref. 32 which finally suppresses the phonon
of the separable wave functions. Since the confinement pdsottleneck.
tential along the wire axis is wed® meV), the confinement Another interesting effect observed experimentally and
energy of electrons due to localization is more importantconfirmed by the calculation is that relaxation from higher
than for holes. The relaxation of holes is very efficientexcited states to the fundamental can be more efficient than
through their dense spectrum of states. Therefore, we comelaxation from the first excited to the ground state. This is
sider that electrons are mainly responsible for the slowinghown in Fig. 6, where two time-resolved spectra of the
down of relaxation, and we calculate solely the electron—-LA-same QB excited resonantly on the fitspectrumB) and
phonon relaxation rate. Nevertheless, an accurate descriptiaecond(spectrumC) excited levels are represented. These
of phonon scattering should include excitonic efféétand  levels correspond to the peaks labeRdndC on theuPLE
take into account a more precise representation of the corspectrum in Fig. 1. Both time-resolved spectra have the same
finement potential. This last point is, however, very difficult exponential decay connected to the radiative lifetime of the
to obtain because of the complex geometry of the structurefundamental state. However the rise time is sensitively dif-
The calculation shows that the relaxation rate between théerent in the two experiments. Indeed, values of 50 and 20 ps
first excited and the fundamental state increases as the lewekre found for spectr® and C, respectively. This clearly
spacing E;—E,) increases, reaches a maximum at 4 meVindicates that relaxation from the second excited level to the
and then decreases again. The maximum value corresponfimdamental is more efficient, and the energy separation is
to the threshold phonon energy deduced in &), is well  the determinant factor acting on the transition rates. Al-
confirmed by the experimental results, and demonstrates th#tough the wave functions are different for the first and sec-
efficient relaxation with the LA phonon depends mostly onond excited levels, calculatiotisshow that the correspond-
the strongest confinement potential. The order of magnitudiang relaxation rates have a similar dependence with energy
of the calculated scattering rate is in agreement with the exseparation; that is, they increase until the energy reaches 4
perimental values, showing that the approximate descriptiomeV, and then decrease again. Therefore the relaxation rate
of the potential is finally quite justified, and that electrons arecorresponding t@B will be smaller thanC, since excitation
mainly responsible for the decrease of relaxation. HowevergnergyB is lower thanC, leading to a faster relaxation time
it should be pointed out that an important dispersion of thdn the case of excitatiog.
experimental values appears. This might be due to a disorder
in the shape of the boxes along the wire direction, which is
not well defined and could influence the relaxation rate. Al-
though calculations predict that the relaxation rate should In summary, time and spatially resolved photolumines-
become negligible as the energy spacing is greater than &nce experiments allowed us to determine the radiative life-

Intensity (arb.

PL

Time (ps)

IV. CONCLUSION
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time of excitons in single QB’s with different lengths formed of excitons in the boxes. Resonant relaxation with emission
naturally along the axis of a V-shaped QWR. The confine-of a LA phonon has been studied as a function of the energy
ment potential in this direction is weal® meV) and the separation between the QB discrete levels. The scattering
lengths of the boxes vary from 20 to 100 nm. The radiativerate presents a pronounced maximum at 4 meV, correspond-
lifetimes of the localized excitons are long, ranging from 300ing to the threshold phonon energy taking part in the relax-
to 500 ps, in comparison with the radiative lifetime of an ation, as expected theoretically. Relaxation processes remain
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