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We present a time-resolved magneto-photoluminescence study,eBdysAs self-organized
nanostructures grown ofl00 and (311A-oriented substrates by molecular beam epitaxy. The
(311)A-oriented samples have a corrugated surface realizing a sort of quantum wire array, whereas
the (100 samples exhibit Stranski—Krastanow islands. The different morphology of the
nanostructures is reflected in the different electron/hole wave-function confinement along the three
directions (perpendicular and parallel to the growth direcjiolVe discuss the effects of the
magnetic fieldup to 8 T) on the recombination mechanism in these InGaAs nanostructures and on
the transient dynamics of photoluminescence. We observe a clear decrease of the
photoluminescence decay time with magnetic field flux indicating the exciton nature of the radiative
low-temperature recombination processes. 1899 American Institute of Physics.
[S0003-695199)04004-9

The application of an external perturbation such as aate, and analyzed by a synchroscan streak camera equipped
magnetic field, introduces strong modifications of the densitywith a two dimensional cooled charge coupled device. The
of states of nanostructuré®y increasing the magnetic field overall time resolution is about 15 ps. The samples were
strength, it is possible to investigate different exciton con-mounted in a superconducting magnet in which the magnetic
finement regimes, from the low field limit in which the mag- field orientation could be changed from parallel to perpen-
netic field is a minor perturbation with respect the Coulombdicular to the growth direction.
interaction (diamagnetic shift to the high field limit in The different morphology of the nanostructures affects
which the magnetic field influences the electron and holghe electron/hole wave-function confinement along the three
motion (cyclotron motion stronger than the Coulomb inter- different directions(perpendicular versus parallel to growth
action (Landau shift.>® This condition is particularly inter- direction. If the magnetic length= \%/eB s larger than the
esting in three dimensionally confined nanostructures irfransverse extension of the exciton wave-functign
which the discrete density of states imposes severe corm \(¥[Xx?+y?[¥) (which is related to the quasi-two-
straints to the thermalization processes of excitons and caflimensional Bohr radiysthe interaction of the exciton with
riers. the magnetic fieldB) manifests itself by a diamagnetic shift

In this letter, we discuss the effects of the magnetic fielgduadratic inB:®
on the recombination dynamics of excitons in highly strained e?B2
wire-like and dot-like 18 <Ga, sAs nanostructures. AEexc=W<‘I’|X2+y2|‘I’>v

Two different nanostructure systems were grown by mo- . .
lecular beam epitaxyMBE) on semi-insulating (318 and where . is the reduced mass addf}_th_e exciton wave-

. C function. If the strength of the magnetic field is large enough
(100-GaAs oriented substrates, both consisting of 6 mono- YT
layers of I sGay sAs. The (311A-oriented samples have a o make_ & tr_]an a more pronounced energy shit, e@her
. . .~ quadratic or linear inB depending on the potential
corrugated surface realizing a quantum wire array of per'Odéymmetryﬁ occurs(free carrier case
icity 35 nm and height 2 nm. The 6 monolay@iL) (100 '

) Due to the morphology of our samples, when the mag-
sample presents the usual Stranski—Krastanow growth modneetic field is perpendicular to the growth direction, we probe
with islands of diameter 25 nm and height of 3 nm. The full Perp g ' b

. - the lateral extension of the wave-function along the less con-
optical and structural characterization of the samples h

b ted in Refs. 4 and 5. Conti hotol 3fned direction. In this case, a small parabolic-like diamag-
een reported In Rets. 4 and 5. LONtNUoUs wave photoiiMigetic shift of about 3 meV of the PL is observagp to 8 )
nescencgPL) was excited by the 514.5 nm line of a Ar

: ) . in both the OD and 1D nanostructures, as reported in Fig. 1.
Ia;er and dispersed/ta 1 msingle moan(_:hromator equpegl n Fig. 2, we show the energy of the PL peaksB/gopen
with a cooled Ge detector. The excitation power was Var'e‘{:ircles refer to(100)-oriented samples, full circles refer to
from a few mW to hundreds mW in order to saturate local'(Sll)A—oriented samplés

ization. Transient pho.toluminescer(d'e.PL) was excited byg_ By using a linear interpolation of the GaAs and InAs
2 ps pulsed Ti:Sapphire laser operating at 82 MHz repetition, o sses and dielectric constahfsye fit the expression of
the diamagnetic shift to the experimental data, by using the
dElectronic mail: lomascolo@axpmat.unile.it transverse extent of the wave-function as the only adjustable
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FIG. 3. Time evolution of the PL resonance for the (3Alyire-like
samples at different magnetic fie{dotted lineg. Continuous lines through

o ) the experimental traces have been obtained by fitting the traces to a three-
FIG. 1. Low temperature PL for the (31A)wire-like sample, recorded with  |aye| model.

increasing magnetic field.

. . . Furthermore, in the case of the (3Atpriented samples,
parameter(Fig. 2, continuous and dotted linesin both u ! S (S3BEpri samples

) X . we performed an additional experiment with the magnetic
cases, the best fit value of the exciton extension results to tﬁaeld perpendicular to the growth direction and to the wire
around 6 nm indicating the strong exciton confinement ind

both structures. A much larger shift is indeed obtained if we irection. Under this condition, the carriers motion probes
) : . the more confined direction, which is geometrically delim-
assume the bulk Bohr radius of 18.3 risee Fig. 2 g y

ited by the height of the wire@bout 2 nm. In this case, no
For the corrugated surface sample (3Alxhe lateral g L : o
extension of the wire is estimated to be less than 10*&m. PL energy shift is observed with increasing magnetic filed up

. . to 8 T (full diamond in Fig. 2, consistent with the very
The (100)_-or|ent_ed sample with 6 ML of InGaAs presen_ts strong confinement of the exciton wave-function expected in
islands with a diameter of 25 nm. In both cases, the excito

. o . "his direction.
lateral (_jlmensmn in the nanostructures is well pelow the The exciton dynamics of these nanostructures displays
magnetic Iength(abogt .10 nm at 8 X ;uggestmg an important changes in magnetic field. This is investigated by
electron-hole recombination mechanisms in such nanostrucfi—me resolved photoluminescence at low temperature, setting
tures. the field direction parallel to the growth axis, and the exci-

) tation power density above about 20 kW/chto get rid of
— — . —— localization. Normalized low temperature TPL traces for the

e 311 a™* =183 A T=4K (311)A-oriented sample as a function of the magnetic field
4l o 100 . are shown by the dotted lines in Fig.[8imilar results are
--------- 311 a. =62 A obtained for thg(100) sample$ All the traces exhibit a lu-
—— 100 u::= 0.041m, » ] minescence rise time of about 200 ps and a mono exponen-
tial decay.

4 The time constants were obtained by fitting the traces to
a three-level modelgiven by

Energy shift (meV)
[\M]

r
|(t)oc r (eft/Td_eft/Tr).
ol ) Ty Td
. . . . . The time constant, (PL rise timg¢ and 74 (PL decay timg
0 2 4 P are plotted in Figs. @) and 4b) as a function of the mag-
Magnetic field (T) netic field strength[full circles refgr to (311A-oriented
- samples, open circles refer (©00)-oriented samplds
FIG. 2. Experimentalsymbolg and calculatedlines) diamagnetic shift for The rise time for the two different nanostructures is al-

the (100-empty symbolsand (311-full symbol$ samples. The circles refer MOSt constant over the whole range of magnetic strength and
to the experiments with the magnetic field aligned parallel to the growthit js equal to about 150—200 ps. This suggests that in the

direction, whereas the diamonds refer to the experiments performed on tl _ - : : :
(311)A samples with the magnetic field aligned perpendicular to the growtr?eange 0-8 T, the carrier relaxation and diffusion from the

direction and to the wire direction. The errcr bar represents the energ@rrier into the nanostructure are not drastically affected by
resolution of the experimental set-up. the magnetic fiela. On the other hand, the decay time slightly
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30— T T T 7 macroscopically manifest themselves by the reduction of the
F 250 1 ] exciton decay-time in Fig. 4 for the wire-like (31A)sample.
& On the other hand, in the OD systems, if the magnetic
g 200r i length is larger than the Bohr radius, as in our experiments,
"; 150 - . the integral of the exciton wave-function is not expected to
£ 100 [ ] vary appreciably. The dependence on magnetic field is in-
i deed contained in the oscillator strendtimearly related to
900 the dipole matrix elementThis is clearly seen in the little
850 - —e— (311)A 4 change of decay time occurring in the dot-lik€®0) samples
0 (001) 1 in Fig. 4.
g 800 i ] In all cases, the overall result is a decrease of the exciton
o 750 F radiative life-time with increasing magnetic field, as ob-
£ served in our experiments.
'; 700r i Furthermore the (318 wires-like samples present a
S 650} - shorter exciton life-time compared to tfiE00) dots-like one.
a ] Despite the larger oscillator strength expected in 0D confined
600 [ . : )
samples, the relaxation processes in the dots could be
550 F : slower®~*®Moreover the (311) wire-like sample has been

o 1 2 3 4 5 6 found to be more affected by localization at interface mono-
g layer fluctuation, as revealed by the constant decay time up
Magnetic field (T) to 100 K in the experiments reported in Ref. 4.
FIG. 4. Rise and decay time constants, obtained by fitting the traces to a N conclusion, we have discussed the effects of the mag-
three-level model, as a function of magnetic field. Lines trough the data argetic field (up to 8 T) on the recombination mechanism in
a guide for the eyes. IngGay sAs nanostructures. The reduction of the PL decay
time with increasing the magnetic field has been observed by
decreases from about 800 to 760 ps, with increasing magime resolved magneto photoluminescence up to 6 T. This is
netic strength in the (10@)-oriented samples and in a more related to the squeezing of the exciton wave-function around
pronounced way in the quantum wire-liK811) samples, the direction of the magnetic field.
from 700 to 530 ps. This is consistent with the enhanced ] ]
overlap of the electron/hole wave-function induced by the  This work has been supported by the “Project 40%
magnetic field which squeezes the exciton wave-function ifMURST-Physics of nanostructures,” and by EL-TMR Net-
the nanostructure. work “Ultrafast Quantum Optoelectronics.” The technical
It is known that the exciton radiative life-time reflects N€lP of D. Cannoletta and A. Melcarne is gratefully acknowl-
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