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Transient four-wave mixing in T-shaped GaAs quantum wires

W. Langbein,* H. Gislason,† and J. M. Hvam‡

Mikroelektronik Centret, The Technical University of Denmark, Building 345 east, DK-2800 Lyngby, Denmark
~Received 5 May 1999!

The binding energy of excitons and biexcitons and the exciton dephasing in T-shaped GaAs quantum wires
is investigated by transient four-wave mixing. The T-shaped structure is fabricated by cleaved-edge over-
growth, and its geometry is engineered to optimize the one-dimensional confinement. In this wire of 6.6
324 nm2 size, we find a one-dimensional confinement of more than 20 meV, an inhomogeneous broadening
of 3.4 meV, an exciton binding energy of 12 meV, and a biexciton binding energy of 2.0 meV. A dispersion
of the homogeneous linewidth within the inhomogeneous broadening due to phonon-assisted relaxation is
observed. The exciton acoustic-phonon-scattering coefficient of 6.160.5 meV/K is larger than in comparable
quantum-well structures.@S0163-1829~99!04147-8#
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I. INTRODUCTION

The realization of one-dimensional~1D! semiconductor
nanostructures with large confinement energies and an
hanced spatial overlap of the electron and hole wave fu
tions is of importance for their optoelectronic device app
cations. A variety of different fabrication techniques such
e-beam lithography,1 growth on misoriented substrates~Ser-
pentine superlattices2!, or prepatterned substrates~V-groove
quantum wires3! have been demonstrated. Another possib
ity is the fabrication of a T-shaped intersection of two qua
tum wells ~QWs!, as was proposed by Chang, Chang, a
Esaki.4 At the intersection, a bound quantum wire state~T-
QWR state! forms due to the reduction of the quantizatio
energy. Such structures can be realized in the AlxGa12xAs
material system by the cleaved-edge overgrow
technique,5–9 where both confinement dimensions are co
trolled by the high accuracy of the molecular-beam epita
~MBE!. The photoluminescence of these structures, att
uted to the T-QWR state transition, was demonstrated
originate from the T intersections by optical near-fie
spectroscopy.10 Optically and electrically pumped lasing o
the T-QWR transition was observed and attributed to ex
tonic processes.11,12Large exciton binding energies13 and op-
tical anisotropy14 of the T-QWR state were found. A con
finement energy in T-shaped structures above 2kBT at room
temperature has been realized by optimizing the struc
parameters.15,16 Usage of InxGa12xAs layers at the T inter-
section was also shown to increase the confinement.17

In this paper, we investigate confinement-optimiz
asymmetric T-shaped quantum wires by transient four-w
mixing ~FWM!. The large confinement of the T-QWR exc
ton ground state, with respect to the exciton ground state
the intersecting QW’s of more than 20 meV in combinati
with a narrow inhomogeneous linewidth of 3.4 meV, mak
it possible to determine the exciton and biexciton bind
energies accurately. The exciton-exciton and exciton-pho
scattering are revealed in intensity and temperature de
dences of the homogeneous linewidth determined by FW
PRB 600163-1829/99/60~24!/16667~8!/$15.00
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II. INVESTIGATED SAMPLE AND EXPERIMENTAL
DETAILS

The investigated sample contains asymmetric T-QW
grown by MBE using the cleaved-edge overgrow
technique,6,9 as described in Refs. 15 and 18. It has
confinement-optimized asymmetry15 and consists of a 50
period 24-nm@001# Al0.03Ga0.97As/26-nm Al0.3Ga0.7As mul-
tiple QW structure overgrown by a 6.6-nm@110# GaAs
double QW, with 20-nm Al0.3Ga0.7As barriers and a 15-nm
GaAs cap layer~see left inset in Fig. 1!. The second over-
grown QW is introduced as reference, since PL from the fi
overgrown QW is not observed due to the fast capture i
the wire regions. The nonresonantly excited photolumin

FIG. 1. PL spectra from the investigated T-QWR at 30 K latti
temperature and excitation at 1.96 eV with 0.1 W/cm2. The dotted
line is the PL from the@110# reference QW, taken when exciting th
GaAs substrate region. The left inset shows the sample struc
with the excitation positions indicated as arrows. The right in
shows the optical density calculated from the PL. The differ
lines are labeled.
16 667 ©1999 The American Physical Society
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16 668 PRB 60W. LANGBEIN, H. GISLASON, AND J. M. HVAM
cence~PL! spectrum of the sample at 30 K~Fig. 1! shows in
addition to the T-QWR 1s exciton also the emission from th
@001# MQW and the reference@110# QW. The reference QW
emission is identified by the PL of the sample when exci
in the region of the GaAs substrate~dotted line in Fig. 1!.
Even the 2s state of the T-QWR exciton, which is identifie
by FWM, is visible in the PL as shoulder. Assuming a Bo
zmann distribution of the carriers, we have calculated
optical density from the PL, shown in the right inset. Thes
exciton shows a peak at 1.5606 eV with a linewidth of 3
meV. The 2s resonance is covered by the tail of the@001#
MQW signal and an impurity transition of the@001# MQW at
1.567 eV, which is identified in the PL of the nonovergrow
structure. The data reveals an excellent ratio between m
than 20 meV confinement energy of the T-QWR excit
resonance and its inhomogeneous width.

We used transient FWM in reflection geometry with 100
300-fs-long excitation pulses of 76 MHz repetition rate ge
erated by a self-mode-locked Ti:sapphire laser and spect
shaped in a pulse shaper. The two excitation pulses of di
tionsk1 andk2 and mutual delay timet were focused on the
sample by cylindrical optics to account for the small width
the T-wire array of only 2.5mm. The resulting spot size
was about 10370 mm2. The FWM signal in the reflected
2k22k1 direction was selected spatially by pinholes and
tected time-integrated and spectrally resolved by a comb
tion of a spectrometer and an optical multichannel analy
The excitation polarizations were adjusted by Babinet-So
compensators. In the following, linear polarization along
wires will be denoted by a vertical arrow.

III. RESULTS AND DISCUSSION

In this section we discuss separately the FWM results
the exciton localization, the exciton binding energy, the bi
citon binding energy, the exciton-exciton scattering, and
exciton-phonon scattering.

A. Exciton localization

In semiconductor nanostructures, the disorder on
atomic scale, often classified as interface roughness and
fluctuations, creates a spatially varying potential for the c
fined excitons. This gives rise to exciton localization19

which increases the exciton radiative lifetime,20 and leads to
phonon-assisted relaxation into deeper localized exc
states~phonon-assisted hopping!.21 Accordingly, the homo-
geneous exciton linewidth varies within the distribution
localized states, leading to increasing polarization de
times with decreasing energy.22–25The phonon-assisted hop
ping has been observed in a T-wire structure similar to
one investigated here by time-resolved PL.26 Using FWM,
we determine the zero-density extrapolated homogene
linewidths G0 for various detection positions within the in
homogeneous line. In Fig. 2 the PL at 7 K, the optical de
sity, and the FWM spectrum at 1 ps delay time are display
The PL is Stokes shifted by 0.8 meV relative to the opti
density, 23% of the inhomogeneous broadening, which
significantly less than the 60% observed in QW structure27

The reduced Stokes shift is a consequence of the restric
of the hopping to the one-dimensional movement along th
wire, which reduces the possible final states compared to
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QW case.28 The FWM linewidth of the 1s exciton is 2.4
meV, a factor ofA2 smaller than its inhomogeneous broa
ening, as expected for a photon echo.29 G0 is decreasing with
decreasing energy down to below 50meV. The radiative
recombination time of about 350 ps~Ref. 26! gives a lower
limit of 2 meV for the zero-temperature extrapolatedG0.
From the analysis of the acoustic phonon scattering~see Sec.
III E ! we find that the stimulated acoustic phonon scatter
at 7 K isexpected to be 4265 meV. The increase ofG0 for
higher energies is thus attributed to increasing spontane
phonon-assisted relaxation to lower exciton states.

B. Exciton binding energy

The exciton binding energy in quantum wire structures
larger than in the bulk due to the two-dimensional confin
ment, as has been shown theoretically30 and
experimentally.31,32 The complicated but well-controlled ge
ometry of T-shaped quantum wires has stimulated wide
terest in their exciton binding energy. The bound T-w
states are formed due to a decreased quantization ener
the intersecting region, which implies that the exciton bin
ing energy in the T wire is nota priori larger than in the
constituting QW’s. Magneto-photoluminescence reveale
decreased exciton diameter in the@110# direction,13 and ex-
citon binding energies of 25~18! meV were deduced for
symmetric 5-nm GaAs/AlAs(Al0.3Ga0.7As) T-shaped
structure.33 Subsequent theoretical work found smaller bin
ing energies.34–38 It was noticed that for structures with
large Al content in the barrier, the dielectric mismatch b
tween well and barrier39,40 and the conduction-band
nonparabolicity39 are important. Magnetophotoluminescen
on confinement-optimized structures41 revealed moderate ex
citon binding energies of 11–13 meV, comparable to th
retical results.15,37

In FWM experiments, the exciton binding energyEX can
be deduced from the 1s-2s energy splittingE1s-2s , showing
up as delay-time beats.42 This method was recently applie
to etched InxGa12xAs quantum wires.43 We use here both the
spectral and the delay-time information of the FWM data
simultaneous excitation of 1s and 2s resonances~Fig. 3!. In

FIG. 2. Variation of the zero-density extrapolated homogene
linewidth G0 within the inhomogeneously broadened exciton tra
sition at 7 K. The FWM spectrum at 1 ps delay time for colline
(↑↑) excitation polarization, the PL~dotted line! and optical density
~dashed line! spectra are given for comparison. The optical dens
~see Fig. 1! has been corrected for the temperature-induced ba
gap shift at 30 K of about 0.5 meV.



th

-
2
e

o
iv
.
o

n

for

e

s-

e
ed
he
nm

us

er-
ved
a

the

ial
nd
ent.

on

n

R
in

cite
i-

x-
nic

on-
ear
and
es,
the
he
eak
M
lar

hile
of

o-

und
-
e-

.0

ay
lin
la

tr

PRB 60 16 669TRANSIENT FOUR-WAVE MIXING IN T-SHAPED GaAs . . .
the FWM spectrum, a dominant response at the 1s exciton
transition and a spectral signature of the 2s exciton 10.6
60.4 meV above are visible. The delay-time trace of
FWM intensity shows beats with a period of 400620 fs,
corresponding to an energy splitting of 10.460.5 meV.
These beats identify the 2s resonance,42 since they show a
quantum-mechanical coupling to the 1s state, and calcula
tions show that the first excited state in the T-QWR is thes
state of the exciton. The longer beat period present is du
biexcitons as discussed in Sec. III C.E1s-2s is thus deter-
mined to 10.560.4 meV. To deduceEX from this splitting,
we have to consider the exciton series in the T wire. F
ideal three-, two-, or one-dimensional electron-hole relat
motion, the ratioE1s-2s /EX is 3/4, 8/9, and 1, respectively
To describe a realistic quantum confined structure, the c
cept of a fractional dimensionalitya for the relative motion
has been introduced,44 for which the exciton series is give
by

En52Ry* S n1
a23

2 D 22

~1!

with the bulk exciton binding energyRy* . This determinesa
andEX to

E1s-2s5
16aRy*

~a221!2
, EX5

E1s-2s~a11!2

4a
. ~2!

FIG. 3. FWM at 7 K, an excitation density of about 7mm21,
and collinear (↑↑) excitation polarization. Top: Spectra at a del
of 0.7 ps. The two excitonic peaks are indicated. The dotted
shows the laser spectrum. Bottom: FWM intensity versus de
time detected at a photon energy of 1.561 eV. The 1s-2s quantum
beats are indicated by arrows. The inset shows the power spec
of the Fourier-transformed intensity.
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We apply this model to the investigated T-wire sample,
which we useRy* 54.2 meV from bulk GaAs. The effective
dimensionality of the electron-hole relative motion in th
T-wire exciton is calculated toa52.17560.025. The exci-
ton binding energy is then deduced toEX511.9
60.4 meV, in agreement with calculations for similar sy
tems in the single subband approximation.15 More sophisti-
cated calculations36,38,37could not be directly compared du
to the specific wire geometry, but similar values are obtain
for comparable geometries. In the constituting QW’s, t
exciton binding energies are about 11 meV for the 6.6
@110# and 7 meV for the 24 nm@001# QW. The T-wire ex-
citon binding energy in this asymmetric structure is th
slightly enhanced even compared to the narrow QW.

C. Biexciton binding energy

The formation of biexcitons with enhanced binding en
gies in low-dimensional semiconductors was first obser
in quantum wells.45 Also in quantum wires, theory predicts
large enhancement of the biexciton binding.46,47 This was
experimentally verified in etched ZnSe structures in
weak-confinement regime.48 Results on etched InxGa12xAs
quantum wires49 showed that a repulsive Hartree potent
between excitons due to differently confined electron a
holes can counteract the confinement-induced enhancem
Additionally, the inhomogeneous broadening of the excit
transition can enhance the biexciton binding energy.50,51

FWM is suitable to observe and to identify the formatio
of biexcitons52 by polarization selection rules.25,53,54 FWM
spectra and delay-time traces obtained from the T-QW
sample for different excitation polarizations are displayed
Fig. 4. The excitation pulse was spectrally shaped to ex
only the 1s exciton resonance. A biexcitonic FWM contr
bution is expected to be suppressed~but not forbidden due to
the broken circular symmetry! for cocircular excitation, al-
lowed but weaker than the excitonic FWM for collinear e
citation, and significant due to the suppressed excito
FWM for cross-linear excitation.53,55 The measured FWM
spectra show such a behavior. The cocircular spectrum c
sists of a single peak at the exciton energy. For collin
polarization, a shoulder develops on the low-energy side,
for cross-linear polarization a low-energy peak dominat
while the exciton is suppressed. We accordingly attribute
low-energy peak to the exciton-biexciton polarization. T
energy shift between the exciton peak and the biexciton p
of 2.060.2 meV is the biexciton binding energy. The FW
delay-time traces support this interpretation. For cocircu
polarization, we observe a single-exponential decay, w
for collinear polarization a prominent beat with a period
2.160.1 ps appears, with a minimum att50, as expected
for the exciton-biexciton polarization interference in inh
mogeneously broadened systems.53,56 For cross-linear polar-
ization, the beats show ap phase shift as expected53 and are
largely suppressed. This indicates that the exciton-unbo
biexciton transition53,55 is of little importance. The faster sig
nal decay for this polarization is attributed to an inhomog
neous broadening of the biexciton binding energy.56,55 The
biexciton binding energy found from the beat period is 2
60.1 meV.
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16 670 PRB 60W. LANGBEIN, H. GISLASON, AND J. M. HVAM
The binding energy is significantly less than in 6 n
GaAs QW’s of similar exciton binding energy and inhom
geneous width, for which about 3 meV are found.54,51

Theory47 predicts 7 meV binding energy for a rectangu
GaAs quantum wire with dimensions 7325 nm2 and 11

FIG. 4. FWM at 7 K and an exciton density of about 7mm21

for the excitation polarizations cocircular (s1s1) ~solid lines!, col-
linear (↑↑) ~dashed lines!, and cross linear (↑→) ~dotted lines!.
Top: Normalized spectra at a delay timet51 ps ~arrow in lower
plot!. The dash-dotted line is the laser spectrum. Bottom: Trace
a photon energy of 1.5595 eV~arrow in upper plot!. The data are
vertically offset for clarity. The inset shows the power spectrum
the Fourier-transformed (↑↑) intensity corrected by the overa
dephasing.
meV exciton binding energy, comparable to the investiga
structure. In etched InxGa12xAs quantum wires of 29 nm
width and 12 meV exciton binding energy,43 a biexciton
binding energy of 2.1 meV was found.49 The predicted
strong enhancement of the biexciton binding energy is ob
ously not realized in the T-QWR and in the etch
InxGa12xAs structure. Even more, the biexciton binding
less than in a QW of comparable exciton confinement. T
indicates that the biexciton binding is reduced by thee-h
charge separation in the exciton due to their different c
finements in the T wire,15,38 which introduces a repulsive
exciton-exciton Hartree potential. Such a potential is n
present for the confinement geometries considered in the
oretical descriptions. In the etched InxGa12xAs structures49

the same effect is present due to the penetration of the e
trons into the GaAs barrier.57

D. Exciton-exciton scattering

With increasing exciton density, exciton-exciton scatt
ing processes increase the homogeneous broadening o
exciton transition. An exciton-exciton scattering proportion
to the exciton density was found in theory58 and in experi-
ments on bulk GaAs~Ref. 59! and GaAs QW’s.60. The cor-
responding homogeneous linewidthG52\/T2, with T2 be-
ing the polarization decay time, can be expressed as

G5G0~T!1GXX~T!NX ~3!

with the temperature-dependent zero-density depha
G0(T), the exciton-exciton scattering parameterGXX(T),
and the exciton densityNX . To compare with theory,58,61

GXX(T) can be normalized to the dimensionless scatter
parametergXX(T)5GXX(T)/(EXaB

n) using the exciton bind-
ing energyEX , the Bohr radiusaB , and dimensionalityn.
Experimental values from literature on systems of differe
dimensionality are reported in Table I.

We determine the exciton-exciton scattering contribut
to G of the 1s T-QWR exciton transition by intensity
dependent FWM at 7 K. The excitation polarization was c
linear (↑↑) along the wire. The exciton density was es

at

f

TABLE I. Exciton-exciton scattering parameters for structures of different materials and dimensionalities from literature.G inh : inhomo-
geneous broadening.

Structure G inh (meV) T ~K! Excitation method gXX GXX (meV mmn)

190 nm GaAs~3D! ~Ref. 59! ,1 2 nonresonant prepulse 9 0.11
80 nm ZnSe~3D! ~Ref. 80! 4 5 resonant prepulse 1966 0.0360.01

12 nm GaAs~2D! ~Ref. 60! 0.6 2 nonresonant prepulse 1.560.3 1.260.02
8.5 nm CdTe~2D! ~Ref. 81! 5 5 resonant FWM pulses 0.16 0.065
5 nm ZnyCd12ySe ~2D! ~Ref. 24! 6 10 resonant FWM pulses 0.17 0.063
8 nm ZnSe~2D! ~Ref. 80! 5 5 nonresonant prepulse 562 260.8
3 nm InxGa12xAs ~2D! ~Ref. 70! 3 5 resonant prepulse 2 1.8
1 nm InxGa12xAs ~2D! ~Ref. 65! 0.7 5 resonant FWM pulses 0.3 0.25

10360 nm2 GaAs etched~1D! ~Ref. 25! ? 8 resonant FWM pulses 5–11 500–1200
16323 nm2 ZnSe etched~1D! ~Ref. 73! 4 5 resonant FWM pulses 1565 14006400
3329 nm2 InxGa12xAs etched~1D! ~Ref. 70! 4 5 resonant prepulse 19 230
7324 nm2 GaAs T ~1D! ~this work! 3 7 resonant FWM pulses 0.2 26
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PRB 60 16 671TRANSIENT FOUR-WAVE MIXING IN T-SHAPED GaAs . . .
mated from the excitation intensity and the excit
absorption into the wire of 24-nm width. For the integrat
absorption probability, the value of 0.165 meV for qua
two-dimensional excitons in 6-nm GaAs single QW’s62

which have a comparable exciton binding energy, was u
The polarization anisotropy of the T-wire absorption15,14

leads to an enhancement of the oscillator strength of ab
20% for the linear polarization along the wire. The intens
of the k2 pulse has been weighted by a factor of 1/2 sinc
only influences the polarization decay between the arriva
k2 and the emission of the photon echo. The homogene
linewidth is then deduced from the decay timeT2/4 of the
photon-echo intensity with pulse delay, as shown in Fig. 5
linear fit to the data by Eq.~3! givesG0550620 meV and
GXX52365 meVmm. G0 is attributed to acoustic-phono
scattering, as discussed in Secs. III A and III E. A dimensi
less scattering parametergXX50.260.02 is calculated from
GXX using the exciton binding energy of 12 meV determin
in Sec. III B, and the corresponding exciton radius of 11
obtained from the fractional-dimensional model andn51.
Both GXX andgXX are significantly smaller than previous
reported on etched quantum wire structures~see Table I!.
Strongly varying scattering parameters are also reported
QW structures and have been tentatively attributed to exc
localization. However, there is no clear correlation betwe
reported inhomogeneous linewidth and scattering param
The different excitation conditions, which are providing d
ferently thermalized exciton distributions, and the uncert
determination of the exciton density, could be other sour

FIG. 5. FWM at the T-wire exciton at 7 K for collinear (↑↑)
polarization and different excitation densities, as indicated. Exc
tion spectrum as in Fig. 4. Top: Normalized FWM intensity
1.5611 eV versus delay time. Bottom: Deduced homogene
broadeningG versus excitation intensity, and linear fit to the dat
-

d.

ut

it
f

us

-

or
n
n
er.

n
s

of systematic errors. Also, the creation of unpaired free c
riers in the quantum structures, which can be observed by
formation of charged excitons,63,64 can modify65 the ob-
served density dependence.

E. Exciton-phonon scattering

The exciton-phonon scattering was investigated widely
bulk and quantum-well structures. The temperature dep
dence of the low-density exciton homogeneous broaden
due to acoustic and optical-phonon scattering can be
pressed by66

G0~T!5G001aT1
b

exp~\vLO /kBT!21
~4!

with the temperature-independent contributionG00, the
acoustic-phonon coefficienta, and the optical-phonon coef
ficient b. The temperature-dependences of the two contri
tions result from the occupation number of the respect
phonons given by the Bose-Einstein distribution. The line
dependence for the acoustic phonons stems from the ass
tion that the energies of the interacting acoustic phono
which are restricted by momentum conservation, are l
than the thermal energykBT. In confined systems, the uppe
limit for the phonon energy is determined by the small
confinement length and is typically below 1 meV in GaA
QW’s. The inhomogeneous broadeningG inh of the excitons
leads to a localization of the excitons, which can change
temperature dependence forkBT,G inh into an activated
behavior.67,68 In spite of this, one can often find a linea
increase ofG0 with temperature even in samples with larg
G inh .69,70 We determine G0(T) by intensity-dependen
FWM, as described in Sec. III D. The experimental data
G0(T) are shown in Fig. 6 as a function of the lattice tem
perature, and are fitted by Eq.~4!, using the GaAs LO-
phonon energy of\vLO536 meV. The resulting optical-
phonon coefficientb52166 meV is comparable to value
found in GaAs QW’s~Ref. 71! and quantum wires.72 A large
effect of the one-dimensional confinement onb is not ex-
pected since the confinement energies are less than the
phonon energy. The determined acoustic-phonon scatte
coefficient isa56.160.5 meV/K. For comparison results
on GaAs and InxGa12xAs, QW’s from literature are shown

-

us

FIG. 6. Zero-density extrapolated homogeneous linewidths
the T-wire exciton at the center of the inhomogeneous distribu
~1.5611 eV at 5 K! as a function of lattice temperature. The line
a fit by Eq.~4!, with the parameters as indicated.
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16 672 PRB 60W. LANGBEIN, H. GISLASON, AND J. M. HVAM
in Fig. 7. The present result is about twice the value obtai
for 10 nm GaAs QW’s or 4 nm InxGa12xAs QW’s, which
have a comparable exciton binding energy. This indica
that the additional confinement direction increases the p
non interaction due to the relaxed momentum conserva
in the phonon scattering. Such a behavior is predicted
quasi-two-dimensional systems, wherea should scale in-
versely to the size of the exciton in the confinement dir
tion, which was reported for InxGa12xAs QW’s.65 For GaAs
QW’s, however, no systematic dependence is found.
etched quantum wires, 6.260.5 meV/K in 60310 nm2

GaAs wires25 and 1260.5 meV/K in etched 23
33 nm2 InxGa12xAs wires43 were found. In the latte
structure 1060.5 meV/K were found for the reference QW
much higher than reported in Ref. 65 for a comparable st
ture.

FIG. 7. Acoustic-phonon scattering coefficientsa for GaAs and
InxGa12xAs layers versus layer thickness from literature. FWM
sults: full symbols@squares~Ref. 74!, circle ~Ref. 43!, diamonds
~Ref. 65!, up triangle~Ref. 75!, down triangle~Ref. 76!, and star
~Ref. 25!#. Line-shape analysis results: open symbols@squares~Ref.
71!, circles~Ref. 77!, up triangle~Ref. 78!, and diamond~Ref. 79!#.
The arrow indicates the value found in the present work.
r
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The zero-temperature and zero-density extrapolated
mogeneous linewidthG00 is 5610 meV, much lower than
reported in etched wires,25,43,73 and shows the absence o
extrinsic effects like surface trapping. A lower limit toG00 of
about 2 meV is given by the radiative decay, as discussed
Sec. III A.

IV. CONCLUSION

We have investigated the properties of excitons in a Ga
T-shaped quantum wire with more than 20 meV confineme
energy and 3.4 meV inhomogeneous broadening. The e
ton binding energy of 12 meV is in agreement with theore
ical predictions. The biexciton binding energy of 2 meV
less than theoretically expected and indicates a repuls
exciton-exciton interaction due to different electron and ho
confinement. The inhomogeneous broadening leads to e
ton localization and phonon-assisted relaxation between
localized states, as shown by time-resolved photolumin
cence, photoluminescence Stokes shift, and decreasing
mogeneous linewidth with deeper localization within the e
citon distribution. A dimensionless exciton-excito
scattering parameter ofgXX50.2 is found, much smaller
than previously reported on etched quantum wires. The
citon acoustic-phonon interaction of 6meV/K is about a
factor of 2 larger than in comparable QW structures, whi
can be due to the relaxed momentum conservation along
second confinement direction.
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