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The ambipolar transport of photogenerated electron-hole pairs by surface acoustic waves 共SAW’s兲 in
coupled GaAs quantum wells 共QW’s兲 and quantum wires 共QWR’s兲 is investigated by spatially and timeresolved photoluminescence. Experimental configurations for SAW propagation direction parallel or perpendicular to the QWR’s have been studied. In the first configuration, the QWR confinement potential inhibits
lateral carrier diffusion. The carriers are then efficiently transported along the wire as well-defined charge
packages with a repetition rate corresponding to the SAW frequency. In the second configuration, we demonstrate that the SAW can be used to transfer electron-hole pairs generated in the QW into the QWR. We also
provide clear evidence for the extraction of carriers from the QWR into the QW, when the SAW piezoelectric
field is sufficiently strong to overcome the QWR confinement potential.
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I. INTRODUCTION

Present semiconductor technologies allow for the combination of different low-dimensional semiconductor structures
like quantum wells 共QW’s兲, wires 共QWR’s兲, and dots 共QD’s兲
on the surface of a single semiconductor crystal. The functionality of these structures depends, in most cases, on the
ability to transfer charge carriers between them. A typical
example is the quantum dot laser.1 Here charge carriers injected into the continuum of states of a QW have to be efficiently transferred to the localized states of the QD’s embedded in the QW. In this framework, the study of the transport
dynamics of photogenerated carriers using spectroscopic
techniques has become of special interest for both device
operation and fundamental physics. As an example, spatially
and time-resolved near-field spectroscopy of sidewall
QWR’s on patterned GaAs (311)A substrates2 has led to a
detailed comprehension of the carrier transfer between the
QWR and the neighboring QW in these nanostructures.3,4
The lateral transfer of electron and hole pairs has until
now mainly relied on diffusive transport. Surface acoustic
waves 共SAW’s兲 provide an additional degree of freedom to
control lateral carrier transfer. The type-II potential modulation induced by the piezoelectric field of a SAW in III-V
semiconductors is sufficiently strong to ionize photogenerated excitons and to spatially separate and transport the free
electrons 共e兲 and holes 共h兲 with the SAW velocity v SAW . 5
Recently, Bödefeld et al.6 demonstrated the controlled transfer of photogenerated electron-hole pairs by a SAW between
a QW and the QD’s embedded in it.
In this paper, we investigate the SAW-induced ambipolar
transport of photogenerated carriers between a QW and a
QWR by using spatially and time-resolved photoluminescence spectroscopy 共PL兲. The system chosen for investigation consists of sidewall QWR’s embedded in a QW, both
grown on the (311)A GaAs surface. A particular feature of
this coupled system of QW’s and QWR’s is that the transport
depends on whether the SAW propagates parallel or perpen0163-1829/2002/66共16兲/165330共8兲/$20.00

dicular to the QWR. In the former case, we demonstrate that
carrier diffusion parallel to the wavefront, which characterizes the SAW-induced transport in QW’s,7 is inhibited by the
QWR confinement potential. As a result, the QWR acts as a
channel for the ambipolar transport of carriers over distances
several orders of magnitudes larger than the QWR width.
Time-resolved measurements show that the transport takes
place synchronously with the SAW frequency  SAW . In the
perpendicular configuration, the SAW field can be used to
transfer carriers from the QW into the QWR. In addition, we
give experimental evidence for the extraction of carriers
from the QWR into the QW, when the SAW potential ⌽ SAW
is sufficiently large to overcome the QWR confinement potential.
This paper is organized as follows. We start in Sec. II with
a description of the sample structures and the experiments.
The obtained results are presented in Sec. III, where in the
first and second subsections we provide the necessary background about SAW propagation on a 共311兲 GaAs surface and
the characteristics of the PL spectra, respectively. The next
two subsections are devoted to the SAW-induced transport of
photogenerated carriers along the QWR and to QW-QWR
coupling, in that order. Spatially and time-resolved PL measurements are discussed in each subsection. Section IV summarizes the main conclusions of this work.
II. EXPERIMENTAL DETAILS

The semiconductor structures used in the present investigations consist of three nominally undoped GaAs QW’s
separated by 10-nm-thick Al0.3Ga0.7As barriers grown by
molecular beam epitaxy 共MBE兲 on patterned GaAs (311)A
substrates. Each GaAs QW is 6 nm thick and the first one is
located 120 nm below the surface. Prior to the MBE growth,
mesa stripes with a height of approximately 20 nm and oriented along the 关 01̄1 兴 direction were etched on the surface
of the substrate. The formation of a fast-growing sidewall at
the edge of the mesa with a convex unfaceted surface profile
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TABLE I. Propagation properties of SAW’s along the x
⫽ 关 01̄1 兴 and y⫽ 关 2̄33兴 directions of the (311) GaAs surface obtained from rf-transmission and reflection measurements. v SAW is
the measured SAW propagation velocity. r a and r f denote the measured acoustic power and the calculated peak value of the longitudinal piezoelectric field, respectively, normalized to those for a Rayleigh SAW propagating along the 关 011兴 direction of the (100)
surface 共last row兲. r a was determined from the S 11 rf-reflection
coefficient.
FIG. 1. Structure of sidewall QWR sample on patterned (311)A
GaAs substrates with interdigital transducers 共IDT’s兲 for the generation of SAW’s.

results in a vertical stack of quasiplanar lateral QWR’s,
which are twice as thick as the QW’s and with lateral extension of approximately 50 nm. Further details about the fabrication and electronic properties can be found in Ref. 2. The
separation between adjacent wires, which is determined by
the original mesa patterning, is 20  m.
SAW’s propagating either parallel or perpendicular to the
QWR’s on the 共311兲 surface were generated by aluminum
split-finger interdigital transducers 共IDT’s兲 deposited on the
sample surface, as illustrated in Fig. 1. The IDT’s were designed for operation at a wavelength  SAW of 5.6  m. This
corresponds to a frequency  SAW /(2  ) at 12 K of 533 and
434 MHz for the 关 01̄1 兴 and 关 2̄33兴 directions, respectively,
of the (311) surface. Each split-finger IDT consists of 700
aluminum electrode pairs with an aperture of 120  m. In the
following, we will specify the acoustic power in terms of the
nominal radio-frequency 共rf兲 power P rf applied to the IDT’s,
which does not take into account the coupling losses due to
electrical mismatch.
The investigations were conducted by performing spatially and time-resolved PL to dynamically probe the spatial
distribution of carriers during transport by a SAW. PL measurements were carried out at 12 K using a microscope with
adjustable illumination and detection areas, each with a diameter of about 2  m. The adjustable separation between
the illumination and detection spots allows us to investigate
the ambipolar carrier transport within a length scale of a few
 m’s.7,8 Excitation below the Al0.3Ga0.7As barriers was provided by the continuous radiation from a Ti:sapphire laser
( L ⫽750 nm) or by a pulsed semiconductor laser ( L
⫽687 nm) with a pulse width of 75 ps. The time-averaged
PL was detected using a cooled charge-coupled-device detector. For time-resolved measurements, an avalanche photodiode 共APD兲 with time resolution of approximately 0.35 ns
was used as detector. In this case, the APD was synchronized
with the rf generator employed to drive the IDT’s.
III. RESULTS
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propagation properties, identical SAW delay lines were also
deposited on plain 共311兲 GaAs as well as on 共100兲 GaAs
substrates. The SAW velocities for the different configurations are listed in Table I. These velocities were obtained
from measurements of the rf-transmission across the delay
lines using a network analyzer. While comparable propagation velocities along 具 110典 directions are observed for the
(100) „denoted as the 关 011兴 /(100) mode… and (311)
„关 01̄1 兴 /(311) mode… surfaces, the velocity along the 关 2̄33兴
axis of the (311) surface „关 2̄33兴 /(311) mode… is considerably lower. The third column of the table shows the effective
coupling coefficient r a relative to that of the 关 011兴 /(100)
mode. r a specifies the fraction of the applied r f power that is
coupled into the acoustic mode 共equal IDT’s were employed
for the different SAW propagation directions兲. r a was determined from the dip in the S 11 rf-reflection coefficient of the
IDT’s at the SAW resonance frequency. As for the propagation velocity, r a is also considerably smaller for the
关 2̄33兴 /(311) mode.
Further information about the SAW properties were obtained from numerical calculations of the SAW fields. The
latter show that while the 关 2̄33兴 /(311) and 关 011兴 /(100)
modes are strongly localized on the sample surface, the
关 01̄1 兴 /(311) one is a leaky mode 共or pseudosurface wave兲
with a low attenuation coefficient.10 The ratio between the r a
for the 关 2̄33兴 /(311) and 关 01̄0 兴 /(311) of 0.42 compares reasonably well with the calculated value of 0.53 reported in
Ref. 10. The last column in Table I shows the amplitude of
the SAW piezoelectric field r f calculated for a constant SAW
acoustic power density. r f is also lower for SAW’s along the
y direction of the 共311兲 surface. The longitudinal piezoelectric field F y for the 关 2̄33兴 /(311) mode is by a factor r f 冑r a
⬃0.51 smaller than in the other cases.

A. SAW propagation

The experimental configuration in Fig. 1 presupposes that
SAW’s with longitudinal piezoelectric fields can be generated along the x⫽ 关 01̄1 兴 and y⫽ 关 2̄33兴 directions of the
(311) surface. These directions are not equivalent with respect to the SAW modes.9,10 In order to investigate the SAW

B. Photoluminescence spectra

Figures 2共a兲 and 2共b兲 display typical PL spectra recorded
from the QWR and from the adjacent QW, respectively. The
precise location of the QWR was found by adjusting the
exciting laser spot laterally across the mesa edge in order to
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below the mean value of the QWR lateral confinement potential of about 40 meV, as determined from the energy separation between the PL emission bands in Figs. 2共a兲 and 2共b兲.
Under the influence of a SAW, the PL intensity from both
the QWR 关Fig. 2共a兲兴 and QW 关Fig. 2共b兲兴 becomes strongly
suppressed as a consequence of 共i兲 the ionization of the photoexcited excitons5,13,14 and of 共ii兲 the sweep of the electronhole pairs out of the microscopic PL detection spot by the
longitudinal component of the piezoelectric field, which
moves with the SAW propagation velocity v SAW . 14,15 The
latter will be investigated in detail in the remainder of this
section. We note that the degree of PL quenching also depends on the excitation intensity due to the partial screening
of the piezoelectric field by photogenerated carriers.14
FIG. 2. Photoluminescence spectra recorded in the 共a兲 QWR and
共b兲 QW regions in the absence and in the presence of a SAW.

maximize the QWR PL signal. The emission intensity from
the QW has a minimum at this position.
The QWR emission band consists of several sharp peaks
separated by a few meV and superimposed on a smooth
background. With increasing light intensity, these sharp
peaks evolve into a broadened single emission band. The
average energy of the emission band changes by as much as
10–15 meV when the laser spot is moved along the QWR
axis. These features are attributed to inhomogeneities in the
QWR, which lead to potential fluctuations.11,12 Emission
from localized excitons in wirelike boxes with different
lengths in addition to thickness fluctuations account for most
of the characteristics of the PL spectrum. The energy variation given by those potential fluctuations is, however, well

C. SAW-induced transport along the QWR’s
1. Spatial profiles

The SAW-induced ambipolar transport of photogenerated
carriers in 共311兲 QW’s was investigated by measuring the
spatial distribution of the PL excited by a microscopic laser
spot.7,8 In these measurements, the generation spot G was
placed in the SAW propagation path some micrometers away
from a semitransparent metal stripe deposited on the sample
surface, as illustrated in Fig. 3共a兲. The metal stripe shortcircuits the SAW piezoelectric field and thus forces the carries transported by the SAW to recombine.5
The contour plots in Figs. 3共b兲 and 3共c兲 show the spatial
dependence of the integrated PL intensity in the absence and
in the presence of a SAW, respectively, obtained when G is
placed in the QW region and away from the QWR. In the

FIG. 3. Setup for spatially resolved PL measurements on 共a兲
QW’s and 共d兲 QWR’s. Spatial dependence of the QW PL generated
by a microscopic laser spot 共b兲 in
the absence and 共c兲 in the presence of a SAW. Under the influence of a SAW, the photogenerated carriers are transported along
the SAW propagation direction
until they recombine close to a
metal stripe used to short circuit
the piezoelectric field. 共e兲 Ambipolar transport along a GaAs
QWR for different SAW intensities specified in terms of the rf
power P rf applied to the acoustic
transducer. The dashed arrows in
共e兲 indicate recombination sites.
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FIG. 4. Integrated PL intensity at the generation position (r G ,
squares兲 and near the metal stripe (r m , circles兲 as a function of the
rf power applied to the IDT. r G and r m are normalized to the total
PL intensity in the absence of a SAW. The lines are a guide to the
eyes.

absence of a SAW, the PL intensity decays exponentially
from G with a decay length corresponding to the characteristic exciton diffusion length in the QW.8 Under a SAW, the
carriers are transported along the SAW propagation direction
and recombine near the metal stripe. The increased recombination lifetime and, thus, diffusion length in the direction
parallel to the wave fronts expands the recombination region
along the y-direction.
The recombination area is markedly inhomogeneous in
the presence of a SAW. The inhomogeneity is probably due
to a distribution of defects in the QW, such as those reported
in Ref. 7. In addition, the transport distances in the 共311兲
QW’s are much shorter than those reported in Ref. 7. This is
at least in part associated with the smaller width of the QW
used in the present studies, which increases the influence of
the interfaces on the transport properties.
Similar results for carrier transport along QWR’s 关cf. Fig.
3共d兲兴 are illustrated in Fig. 3共e兲, which shows PL (x,y) spatial profiles for different values of P rf . The extent of the PL
profiles along the y direction is determined by the experimental spatial resolution. As the SAW amplitude increases,
carriers are transported along the QWR from the generation
spot to the metal stripe. In contrast to the QW results, diffusion along the y direction is inhibited by the lateral barriers
of the QWR. As a result, the carriers are transported as welldefined charge packages over large distances along the
x-direction.
The squares and circles in Fig. 4 show the dependence of
the integrated PL intensity at the generation position (r G )
and close to the metal stripe (r m ), as a function of P rf . r G
and r m are normalized to the integrated PL intensity in the
absence of a SAW. They are associated with the PL quenching ratio and with the carrier transport efficiency from G to
the metal edge, respectively. While r G decreases monotonically with SAW amplitude, r m first increases up to a maximum value of about 20% for P rf⫽2 dBm, and reduces
thereafter. For high P rf levels, the piezoelectric field in the
QWR under the metal region overcomes the value necessary

FIG. 5. Time-resolved PL for 共a兲 and 共b兲 coincident and 共c兲
spatially separated excitation and detection areas, measured in the
configuration of Fig. 3共d兲. SAW intensities were 共a兲 P rf⫽21 dBm
and 共b兲 and 共c兲 P rf⫽23 dBm. Continuous carrier generation was
provided by cw illumination.

for ambipolar carrier transport under the metal, thus leading
to a reduced carrier recombination probability close to the
metal stripe. This effect becomes also evident in the distortion of the PL recombination profiles near the metal in Fig.
3共e兲 for P rf⭓5 dBm, where a spreading of the profiles along
the SAW propagation direction is observed.
The transport efficiency is further affected by potential
fluctuations in the QWR, which may act as carrier traps and
induce recombination. In the PL profiles of Fig. 3共e兲, these
potential inhomogeneities appear as bright recombination
sites along the SAW propagation 共see dashed arrows兲. The
trapping and recombination probabilities reduce with the intensity of the SAW, as the piezoelectric potential becomes
strong enough to overcome the barriers imposed by the fluctuations.
2. Carrier dynamics

In Sec. III C 1, the ambipolar transport of carriers by a
SAW was investigated in the static limit. Further information
about the transport dynamics is obtained from time-resolved
experiments. Figures 5共a兲 and 5共b兲 show time-resolved PL
traces measured for two different SAW amplitudes in the
experimental configuration of Fig. 3共d兲. The measurements
were performed using cw-laser excitation at a position G and
by collecting the PL at the same position 共confocal detection兲
using an APD. The PL detection energy was set at the maximum of the PL intensity. The SAW field modulates the PL
signal at the fundamental frequency  SAW yielding pulses
separated by the SAW period T SAW⫽1.9 ns. The modulation
is superimposed on a background, which becomes to a large
extent suppressed as the SAW amplitude is increased 关cf.
Fig. 5共b兲兴. The suppression is related to an increase of the
exciton ionization and the carrier transport efficiency
with the magnitude of the piezoelectric field. The larger
intensity of the trace in Fig. 5共c兲, which is recorded near
the edge of the metal stripe 共situated 8  m away from
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FIG. 6. Time-resolved PL recorded after pulsed illumination for
共a兲 and 共b兲 coincident and 共c兲 spatially separated excitation and
detection areas, measured in the configuration of Fig. 3共d兲.

the generation spot along the SAW propagation direction兲
supports this assertion. The relative phase between the
traces for confocal and remote detection differs by 180°. The
phase shift is associated with the distance between the generation and detection position of approximately 3 SAW/2,
which induces a delay of 3T SAW/2 for the SAW propagation
time.
The time dependence of the PL emission is similar to that
observed in QW structures.16 As in the QW case, it is attributed here to the dynamic distribution of the electron 共n兲 and
hole 共p兲 densities in the SAW potential, which are controlled
by the piezoelectric field and by the transport properties of
the carriers. Due to the high mobility of the electrons, n is
expected to peak at the maximum of the piezoelectric potential. In contrast, the lower mobility of the holes leads to a
much wider distribution of p in the SAW potential. As a
consequence, the recombination probability 共proportional to
the product np) peaks at the same position as the electron
concentration n, i.e., the PL traces reflect the electron distribution in the piezoelectric potential.
Further evidence for the mechanism described in the previous paragraph is obtained from time-resolved measurements with pulsed illumination. Figures 6共a兲 and 6共b兲 display
time-resolved PL traces measured in the confocal configuration after pulsed excitation in the absence and presence of a
SAW, respectively. The rising time of the PL signal is determined by the finite resolution of the time-resolved setup. The
reference time t⫽0 was calibrated by measuring the reflectance of the laser pulse used to excite the PL. Both PL traces
in Figs. 6共a兲 and 6共b兲 show exponential decays with
comparable decay times of 0.70 ns and 0.55 ns, respectively.
As a consequence of the PL quenching, the trace
in the presence of a SAW is narrower and has a lower peak
amplitude.
In contrast to the PL detected at the generation spot, a PL
trace recorded remotely at the edge of the metal stripe 关Fig.
6共c兲兴 shows a series of pulses with a repetition rate corresponding to the SAW period T SAW . The delay of the arrival
of the first pulse is related to the transport time of the carriers
from the generation to the detection spot close to the metal.

The appearance of several PL pulses for a single generation pulse in Fig. 6共c兲 indicates that not all photogenerated
carriers are transported within a single cycle of the SAW. A
similar spreading of the detection time was observed recently
by Rotter et al.17 during the unipolar transport of electrons
by SAW’s in two-dimensional electron gases for low SAW
amplitudes. In the case of ambipolar transport investigated
here, the presence of several pulses is attributed to the partial
screening of the piezoelectric field by photogenerated
carriers. The high carrier concentration created by the pulsed
illumination partially screens the piezoelectric field near
the generation spot. As a consequence, only a fraction of
the carriers is transported in the first SAW cycle after the
laser pulse. The remaining carriers are then transported
during the subsequent SAW cycles, when the screening
effect is reduced. The small degree of PL quenching under
a SAW shown in Figs. 6共a兲 and 6共b兲 corroborates this statement. In addition, PL spectra recorded under the same
excitation conditions show, instead of the characteristic
sharp peaks in Fig. 2共a兲, a broad emission line, giving
further evidence that a high-excitation power density is
applied.
D. SAW-induced transfer between QW’s and QWR’s
1. Spatial profiles

The experimental configuration of Fig. 7共a兲, where the
SAW propagates perpendicular to the QWR, allows for the
study of the SAW-induced transfer of carriers from the QW
to the QWR. The carriers, in this case, are generated by the
microscopic spot G located in the QW several  m away
from the QWR. The transfer process is illustrated in Figs.
7共b兲 and 7共c兲, which show the (x,y) dependence of the PL
intensity integrated over the spectral emission regions of the
QW and of the QWR, respectively. The QWR signal, which
is only detected in the presence of a SAW, comes from carriers transported in the QW plane by the SAW potential and
captured by the QWR confinement potential, where they recombine. The appearance of a weak signal at the QW position in Fig. 7共c兲 is related to the unavoidable overlap between the QWR PL spectrum and the low energy tail of the
QW PL spectrum. The apparent spreading of the PL in the
QWR shown in Fig. 7共c兲 is due to the lateral diffusion of the
carriers in the QW 关see Fig. 3共c兲兴 during the transport from
the generation point to the QWR.
Previous PL investigations on sidewall QWR’s 共Refs. 3
and 4兲 have given evidence of the existence of potential barriers for the transfer of excitons generated in the embedding
QW to the QWR. As a consequence, carrier diffusion into the
QWR becomes suppressed at low temperatures 共below 70
K兲. At higher temperatures, however, carriers can be thermally excited across the barrier and captured into the QWR.
The results of the previous paragraphs show that the carriers
can easily overcome these barriers at low temperatures when
excited by the SAW fields.
The contour plots in Figs. 7共b兲 and 7共c兲 were recorded
using a SAW amplitude ( P rf⫽11 dBm) which maximizes
carrier transfer from the QW to the QWR. The dependence
of the PL distribution on the SAW amplitude is illustrated in

165330-5

PHYSICAL REVIEW B 66, 165330 共2002兲

F. ALSINA et al.

FIG. 7. 共a兲 Experimental setup
for carrier transport measurements
from QW’s to QWR’s. The spatial
distribution of the PL emission
from the QW and for the QWR for
a SAW amplitude P r f ⫽11 dBm
are shown in 共b兲 and 共c兲, respectively. The contour plots in 共d兲 and
共e兲 show the PL intensity from the
QW and QWR, respectively, as a
function of the rf power ( P rf , vertical scale兲. The PL was excited at
position G and detected along the
dotted line in 共a兲.

Figs. 7共d兲 and 7共e兲. The PL was detected along the y direction for different rf powers 共vertical scale兲, and integrated
over the energy range corresponding either to the QW 关cf.
Fig. 7共d兲兴 or to the QWR signal 关cf. Fig. 7共e兲兴. Up to rf
powers of about 11 dBm, the PL intensity profiles from the
QW show an abrupt reduction at the edge of the QWR (y
⫽7  m). At this rf power level, the PL signal at the QWR
position reaches its maximum intensity. Interestingly, a further increase of P rf results in a decrease of the PL emission
from the QWR.
The decrease and, eventually, the complete quenching of
the QWR PL for high SAW intensities can be attributed to
共i兲 an increase of the carrier diffusion length in the direction
parallel to the wavefront, or 共ii兲 to carrier extraction from
the QWR potential by the SAW field. In order to check
the first possibility, we measured the spatial dependence
of the PL intensity along the QWR, i.e., parallel to the wavefront 共not shown兲. The PL, in this case, was excited
by a microscopic spot placed on the QWR position.
While the carrier diffusion length along the QWR remains
basically the same, the total integrated PL intensity shows a
monotonic decrease with increasing P rf . The lateral carrier
diffusion is thus not the cause of the decay of the recombination rate.
The above results suggest that carriers can be extracted
from the confinement potential of the QWR by the piezoelectric field, with an extraction probability increasing with the
SAW intensity. The investigations mentioned above of Refs.
3 and 4 also demonstrated that at elevated temperatures carriers trapped in the sidewall QWR can be thermally excited
into the the QW. In order to estimate if a similar process can
be induced at low temperatures by a SAW, we determined
the longitudinal electric field necessary to overcome the
QWR confinement potential. For this purpose, we assumed
as in Ref. 18 that the confinement energies for electrons and
holes can be approximated as

U i 共 y 兲 ⫽ i 共 0 兲 ⫹ 关  i 共 ⬁ 兲 ⫺ i 共 0 兲兴 tanh2 共 ay 兲 ,

共1兲

where  i (0) and  i (⬁) denote the energy in the wire (y
⫽0) and in the well (y→⬁) for electrons (i⫽e) and holes
(i⫽h). These energies, which are determined by the corresponding confinement potential, were obtained by assuming
that the total exciton confinement energy of approx. 40 meV
is distributed in a ratio of 6:4 between the conduction and
valence bands. The full width at half maximum of the potential 关given by 2 arctanh(0.5)/a] was taken equal to the QWR
width of approximately 50 nm. The electric field necessary to
completely flatten the confinement potential for electrons is
found by derivating Eq. 共1兲 to be approx. 3.4 kV/cm. This
field corresponds to the longitudinal piezoelectric field of a
关 2̄33兴 /(311) SAW with an acoustic power density of about
30 W/m. By taking into account that the rf coupling losses
are typically on the order of 7 dBm, we need a nominal rf
power on the transducers of 13 dBm to generate such a SAW.
This power level is consistent with the P rf values in Fig. 7共e兲.
The process of carrier capture into and escape from the
QWR is illustrated in Fig. 8. When the SAW potential energy
⫺q⌽ SAW is minimum at the QWR position, electrons are
transferred to the QWR 关cf. Fig. 8共a兲兴. These negatively
charged carriers can escape from the QWR potential when
the SAW potential energy turns to zero and the induced longitudinal electric field reaches its maximal value 关Fig. 8共b兲兴.
Similar arguments can be used to describe the transfer and
escape of holes during the second half of the SAW cycle
关cf. Figs. 8共c兲 and 8共d兲兴. The behavior described above
is expected to occur for large SAW amplitudes, where
no carrier storage in the QWR takes place. For lower
amplitudes, PL pulses are expected when electrons reach
the QWR 关as in Fig. 8共a兲兴 and recombine with trapped
holes.
We have tried to directly detect carriers extracted from
the QWR by placing a metal stripe at the right side of the
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FIG. 8. Potential energy across the QWR as modified by the
piezoelectric potential of a SAW for times corresponding to 共a兲
minimum, 共b兲 and 共d兲 zero, and 共c兲 maximum values of the potential energy of the SAW ⫺q⌽ SAW at the QWR position.

QWR in Fig. 7共a兲 and by detecting at its edge the PL excited
by a spot located at the QWR position. Unfortunately, the
poor transport efficiency of the QW under study has prevented the detection of the weak PL signal in these experiments.
2. Carrier dynamics

The dynamics of the transfer process between QW’s and
QWR’s is illustrated in Fig. 9共a兲, which shows the QWR PL
in the experimental configuration of Fig. 7共a兲 after pulsed
laser excitation. The remotely detected signal at the QWR
position is characterized again by an oscillatory behavior
with a pulse separation of T SAW , i.e., carriers are periodically
transferred to the QWR. As discussed above, this behavior is
related to the high carrier concentration generated by the

FIG. 9. Time-resolved PL recorded after pulsed illumination for
共a兲 excitation in the QW and detection at the QWR areas and 共b兲
coincident excitation and detection areas on top of the QWR.

pulsed laser. After a fraction of carriers is removed during
the first SAW cycle, the reduction of the screening effect
allows a more efficient transport in the second cycle. As a
result, the intensity of the second pulse in Fig. 9共a兲 is higher
than that of the first one.
For low SAW amplitudes, the time-resolved PL is expected to differ from the behavior of the previous paragraph
because the carriers cannot leave the wire. Since the longitudinal piezoelectric field vanishes twice in a SAW cycle, it
follows that the PL should be modulated at 2  SAW . In order
to check this aspect, time-resolved measurements were performed with the generation spot placed directly on the QWR.
The PL in this case 关cf. Fig. 9共b兲兴 shows a strong signal just
after the pulsed laser excitation together with oscillations
during the decay time. Contrary to the model discussed
above, however, the oscillations have a period of T SAW . The
occurrence of a T SAW period instead of the expected T SAW/2
can be explained by the limited spatial resolution of our
setup. The diameter of the laser spot is larger than the lateral
dimensions of the QWR, so that carriers are also generated in
the neighboring QW region. Therefore, we relate the oscillations in Fig. 9共b兲 to the transfer of these carriers to the QWR,
which masks the observation of the carrier dynamics within
the QWR.
The pulsed behavior described above was obtained in a
regime of low and intermediate rf power P rf , where QWQWR carrier transfer processes dominate and the PL detected from the QWR shows oscillations at  SAW . For high
P rf , however, a suppression of the QWR confinement potential takes place and escape processes set in. In this case, the
PL detected confocally from the QWR is strongly quenched
and the pulsed behavior vanishes.

IV. CONCLUSIONS

We have investigated the ambipolar transport of photogenerated carriers between GaAs QW’s and QWR’s by the piezoelectric field of a SAW. The experiments were performed
for SAW propagation parallel and perpendicular to the wires.
In the first configuration, the confinement potential of the
QWR prevents the lateral diffusion of the carriers, so that
they are transported as well-defined charge packages over
long distances along the wire. The transport mechanism is
otherwise similar to that observed in QW’s, with electrons
and holes being transported at the maximum and minimum
of the SAW potential, respectively. Potential fluctuations
arising from inhomogeneities in the QWR thickness seem to
be a source of carrier trapping, which undermine the transport efficiency. The trapping effect, however, can be overcome by increasing the SAW intensity. These results show
that sidewall QWR’s can be used as carrier transport channels without the deleterious surface recombination effects
expected for etched channels.
The configuration where the SAW propagates perpendicularly to the QWR allows for a controlled transfer of carrier
between the QW and QWR. We have observed two different
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regimes in this configuration, which depend on the SAW
amplitude. For low SAW intensities, transfer of carriers from
the QW to the QWR has been proven to occur at the frequency of the SAW. For high SAW amplitudes, we give experimental evidence for the transfer of carriers trapped in the
QWR into the QW. This occurs when the SAW piezoelectric
field is sufficiently strong to overcome the QWR confinement potential.
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