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Spatiotemporal carrier dynamics in quantum wells under surface acoustic waves
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We present a theoretical study of transport and recombination of electrons and holes in quantum wells under
the piezoelectric field induced by a surface acoustic w&&W). Our model calculations, which include free
carriers and excitons in the framework of the drift-diffusion equations, describe the spatial and time depen-
dences of the photoluminescence intensity on excitation density and SAW amplitude, and show overall agree-
ment with recent microphotoluminescence experiments performed on @a&&)As quantum wells and
quantum wires.
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. INTRODUCTION electric effect.1*1° Nevertheless, the prospects of transport-
ing electronic or spin excitations for long distances in QW
The various effects of a homogenedagher stationary or  structures are somewhat hindered by carrier diffusion paral-
alternating electric field on the transport properties of semi- lel to the SAW wave front? In an attempt to counteract this
conductors and semiconductor heterostructures have beemdesired effect, it has been proposed to restrict the lateral
widely investigated. The influence of such a field on the motion of the carriers by performing the SAW-induced trans-
optical properties is also well documented in the literatureport along a quantum wiré€QWR). Preliminary investiga-
and has even provided the operating principle of optoelections show indeed an increase in the transport efficiency over
tronic devices such as optical modulators based on ththat in QW system$®’A more recent proposal takes advan-
quantum-confined Stark effettln contrast, only marginal tage of the interference of two orthogonal SAW beams to
attention has been paid so far to the interaction of an inhogenerate dynamic potential dots, where the lateral diffusion
mogeneous and nonstationary electric field with photogenemf the photogenerated carriers is largely suppres$ed.
ated carriers and the subsequent effects on the optical prop- Despite the increasing activity in the experimental inves-
erties. One of the easiest realizations for such a situation isgation of the various aspects of the SAW-induced transport,
provided by a surface acoustic wai®AW) propagating in a the theoretical understanding of the interplay between the
piezoelectric semiconductor. The strain and piezoelectriSAW and the photogenerated carriers is at present very el-
fields accompanying the SAW produce a modulation of theementary. It is the purpose of this paper to introduce a theo-
band-edge profile of the semiconductor that moves with theetical model to investigate the spatiotemporal dynamics of
SAW propagation velocity. photogenerated electron-hole paasd excitonsconfined in
To our knowledge, the first observation of the influence ofa QW under a SAW propagating in the well plane. The ulti-
a SAW on the optical properties was the quenching of thenate goal will be to infer from this nontrivial dynamics the
excitonic photoluminescencél) intensity>~> This effect, associated recombination kinetics, and the space and time
which has been further reported for various types of quantundependences of the PL intensity under various experimental
wells (QW’s),®~® has been generally ascribed to the dynamicconditions. The model includes the interaction between free
spatial separation of the photogenerated electron-hole paicarriers, excitons, and the SAW field. In order to reduce the
by the SAW piezoelectric field and the subsequent reductiocomplexity, some simplifications have been made in the
of the radiative recombination rate and PL intensity, muchmodel. We have not included the SAW strain field, since its
the same as happens under applied statioridey fields. influence on the carrier transport is negligible. Its effect re-
Nevertheless, the traveling character of the piezoelectric fielduces to a weak modulation of the PL emission energy,
associated with the SAW provides many more possibilities asvhich has been detected in energy-resolved experiniéfits.
compared to the dc field case, since the moving modulatiofrurthermore, for the sake of computational simplicity we
can carry with it the separated electrons and holes, leading teave considered a one-dimensiofialong the SAW propa-
an acoustically driven carrier transport. This has been indeegdation directiofn model for the transport. The results will
confirmed by performing spatially resolved PL measurethus be qualitatively valid for SAW-induced transport in
ments, which show an appreciable PL intensity at remot&®W'’s, but will apply directly to the case of transport in
points along the SAW path®*2 More refined experiments QWR systems.
have even shown the possibility of achieving spin transport The paper is organized as follows. In Sec. Il, the theoret-
and spin lifetime enhancement by the traveling S®Whe ical model is described in detail. The numerical simulations
acoustically induced separation and transport of the carrierare presented in Sec. lll. In Sec. lll A, we study a simplified
has also been demonstrated to lead to strong nonlinear efersion of the model in order to clarify the factors which
fects in the SAW attenuation coefficiefrtonlinear acousto- govern the possible types of acoustically induced transport.
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z [001] A. Electron and hole dynamics
light : y [110] The simplest framework to treat the stated problem is to
rf assume that the dynamics of electrons and holes is governed
~ IDT : x [110] by the drift-diffusion equations coupled with the Poisson

equation, which gives the internal field induced by the space
charge?! Moreover, we will assume that the carriers are con-
strained to move in the plane of the QWke Fig. 1L The
propagation direction of the acoustic wave will be taken as
\ the x axis. Only the longitudinal componertalong thex
axig) of the associated piezoelectric field will be considered
FIG. 1. Schematic illustration of the system investigated. Thein the present analys?s.In order to further simplify the
SAW is excited in a piezoelectric materigd.g., a(Al,Ga)As lay- problem, we will assume that the generation rate is uniform
ered structure on GaAdby applying a radio-frequencyf) voltage  in they direction so that the problem will effectively become
to a set of interdigital transducer$DT's). Beneath the surface, one-dimensional. The inclusion of a more realistic laterally
there is a quantum wefe.g., GaAg/Al, Ga)As] where carriers are  jnhomogeneous generation rate would require the consider-
generated by the absorption of light focused on a micrometric spolation of the spatial dynamics in the direction transverse to
It is _assumed that the PL ind_gced by carrier recombination can bgya gaw propagatiofithey direction, thus complicating the
spatially resolved at any position along the SAW path. numerical simulations. Nevertheless, since this transverse
dynamics is determined only by diffusion processes, we have
In Sec. Il B, we show numerical simulations of the Spatlally preferred to neg|ect it and focus on the |Ongitudina| dynam-
resolved(local or remot¢ PL, paying special attention to the jcs directly governed by the SAW piezoelectric field. There-
influence of the SAW amplitude and the illumination inten- forE, the electron and hole Concentrati(m(x’t) andp(X,t),

sity. The impact of potential fluctuations on the SAW- respectively, obey the following one-dimensional drift-
induced transport is examined in Sec. IIl C. Finally, Sec. IV diffusion equations!

summarizes the main conclusions of the work.

_ SAW

7% —»@ /-—Qw

an  d(vyn) 4°n
Il. DESCRIPTION OF THE MODEL T T nﬁﬁLG—R, (1a

In this section, we describe the theoretical model pro-
posed for the spatiotemporal dynamics of the photocreated ap  I(vpp) a%p
carrier concentrations and the luminescence intensity in a =Dp— +G-R, (1b)
QW under the piezoelectric potential of a SAW traveling IX
parallel to the wellsee Fig. 1 for a schematic description of

the system geometry : Lo i o
Whereas impurities can substantially affect the recombi:[Ion and anr_nhllatlon ratego be spemﬂed_belo)NV\(l'Fhln the
usual classical transport theory, the drift velocitiegx,t)

nation kinetics, in the good-quality, intrinsic materials of in- o
terest here their role can be disregarded in a first approxima&dvp(x,t) depend on the electric fiel(x,t) through the

tion. In order to further simplify the problem, we will restrict SIMPle relationshipsv,=—u,E and v,=+pu, E, where
ourselves to sufficiently low temperatures 20 K) so that #n @nd u, are the electron and hole mobilities, which are
the thermally induced generation rates can be neglected. Uf€/ated to the corresponding diffusiviti&, andD,, by the
der the above conditions, the only carriers present in th&NStein relatiorf. . o ,
system will be those generated by the absorption of light. In 1here are two contributions to the electric fig#dwhich
addition, we will assume that the energy relaxation of carri-'S €xpressed a&=Esay+Eing. Esaw IS the longitudinal
ers is more rapid than any of the other time scales relevant tga't of the SAW piezoelectric field,

the problem, and, therefore, that the carriers are thermalized
on the extrema of the lowest QW subbands. This assumption
allows us to focus only on the spatial distribution of the
carriers.

Under the conditions assumed above, not only electronghereE, denotes the amplitude of the oscillating field, and
and holes, but also excitons formed out of them, must be.saw and Tsay the SAW wavelength and period, respec-
considered. On account of this, two radiative recombinatioriively. The frequency and velocity of the SAW afe,y
channels are possible: band-to-band and excitonic 1/Tsay andv saw=Asaw/ Tsaw. respectively. The phasg
recombinatiorf® In the following, we will first present the is introduced to control the synchronization of the SAW with
equations that govern the photogenerated electron and holee switching on of the light beam responsible for carrier
dynamics and the corresponding band-to-band recombinaeneration. The piezoelectric potential associated with the
tion. Afterwards, we will examine how those results coupleSAW is given by® ga(X,t) = — fdX Esan(X,t) and its am-
with the exciton population and excitonic recombination ki- plitude by ® = (A san/27)Eq. The second contributioB;,q
netics. At the end of this section, some hints concerning thés the field induced by the spatial unbalance of the electron
numerical solution of the system of equations will be given.and hole concentrations through the Poisson’s equation:

gt ox

whereG(x,t) andR(x,t) are the electron-hole pair genera-

t

N )

X
ESAw(X,t) = EOCOE{ 2’77'(
Asaw  Tsaw
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JEpq e(p—n) ELECTRONS HOLES
— = (3) n(z,t)| (drift+diffusion) | p(z,t)

wheree (>0) is the magnitude of the electron charge and
the background dielectric constant.

The rate of electron-hole pair generation in the QW mim-
ics the nominal characteristics of the laser light impinging on
the surface of the sample, and can be expressdd(ag)
=Gy gs(x) f(t), whereGy is the maximum generation rate, 5
g<(X) is the spatial profile of the illumination spot, am¢k) G(a,t Potx
is a normalized temporal pulse shape. For definiteness, we rn(z, t)p(e,t) E'::>fPL(“)
will take for g4(x) a normalized Gaussian profile centered at H > tpL(#,1)

Xs With full width at half maximumAg. In the case of con- v v

tinuous wave(cw) excitation that will be considered in this

paper,f(t) is to be understood as a step function equal to O FIG. 2. Schematic representation of the theoretical model show-
for t<0 and 1 fort=0. ing the various coupling mechanisms considered. All quantities are

The rate of electron-hole pair annihilation r&éx,t) has  defined in the text.
two contributions: one is due to the radiative recombination
accompanied with the emission of a band-gap photon and thiée field-induced exciton ionization to form free electron-
other is associated with the capture of an electron by a holbole pairs. This process can be incorporated in our model by
to form an exciton in the ground state. Both processes can batroducing a new term—N/7,(E) into Eq. (4). Here,
modeled as a bimolecular annihilation rate, so that we cam,,(E) is the tunneling ionization lifetime, which for the
write R(x,t)=(r +c) n(x,t) p(x,t), wherer andc are the two-dimensional exciton model is given #y
free-carrier radiative recombination and exciton formation
coefficients, respectively. Usually, exciton formation is an 1 Ep 8 /Eion F{ 4 Eion
extremely fast process as compared to band-to-band recom- — = 7 =Nk 375
bination, and, thereforeg>r. Typical values in a GaAs/ Torn(E) A2 VBl 3 [El

(ALGa)As QW are c~0.1-10cmfls and T \here B =&, /eap. Here, &5 and a,p are the two-
3 4 20,23 . . ion™ ¢2D 2D - » ©€2D 2D
~10 °~10 * cn?/s *>** Associated with the band-to-band gimensional exciton binding energy and lateral extension,

recombination, there will be emission of band-gap phomn%espectively. Although Eq5) was obtained assuming a uni-

»

cn(z, t)p(z, 1)

EXCITONS
N (z,t)] ( diffusion )

, ®

with a rate given byp (x,t) =1 n(x,t) p(x.t). form field, it is also meaningful for spatially dependent elec-
tric fields, as long as this variation is smooth on the scale of
B. Exciton dynamics a,p. The ionization of an exciton leads to the formation of
The spatiotemporal dynamics of the exciton concentratior ele(_:tron-hole pair, so we must supplement the generation
N(x,t) can now be written as rate G in Eq. (1) with the term+N/7io,(E).
N 9°N N C. Numerical details
— = -+ —_ . . .
at Dx Ix2 cnp T “ In order to fully describe the spatiotemporal carrier dy-

namics, we have to solve the system of coupled nonlinear
where Dy is the exciton diffusion constant angd, is the differential equations given by Eq$l), (3), and (4). The
exciton lifetime for radiative recombination. The comple- interrelationship between these equations is sketched in Fig.
mentary process to exciton formation, namely the thermally2. The solution is given in terms of the concentrations
induced dissociation of an exciton into free electrons anch(x,t), p(x,t), andN(x,t). As a by product, one can obtain
holes, will be neglected in the present study, since we aréhe photon emission ratdg, (x,t) and Ip (x,t) (hereafter
assuming sufficiently low temperatures. Since the excitonseferred to as PL intensitigsSince there is no possibility to
are neutral particles, the drift term does not appear inN#q. obtain an analytical solution to the problem, one must resort
As they are polarizable entities, they could drift in an inho-to numerical procedures. We have chosen to discretize the
mogeneous electric field, but this second-order effect is outequations by taking finite differences in space and time and
side the scope of our model. Associated with the excitonido solve them time step after time step by using the semi-
recombination, there will be emission of photons at the ex{agrangian approach described in detail in Ref. 25. The
citon energy with a rate given by (X,t) =N(x,t)/ 7. whole procedure is designed to preserve the charge conser-

Since our system is subjected to an electric field, most ofation inherent to the drift-diffusion equations.

the parameters introduced so fae., u, r, C, 7, ...) de-
pend in principle on the fiel&. Nevertheless, for the sake of
simplicity, we consider this dependence to be weak in the
field regime studied here and neglect it in our simulations. In this section, we will present the results of numerical
However, in the presence of an electric field, there is arsimulations to illustrate the dependence of the carrier dynam-
additional process that must be taken into account, namelics on the various parameters of the model. Since not all the

IIl. NUMERICAL RESULTS

205301-3



GARC]A-CRISTdBAL, CANTARERO, ALSINA, AND SANTOS PHYSICAL REVIEW B69, 205301 (2004

TABLE I. Parameters used in the simulatiofsee the text for we will restrict these parameters to the range of values at-

the exact meaning of the symbpls tainable in a typical experiment and investigate the possible
transport regimes that can take place.
SAW wavelength Asaw 5.6 um For the calculations, we will assume a value for the mo-
SAW frequency fsaw 533 MHz bility of u,=1000 cn?/V's. The parametes can be inde-
Dielectric constant & 11.1%, pendently controlled by the amplitude of the SAW field. As it
Spot width As 2 pm will become clear below, the interesting rangevotoncern-
Recombination coefficient r 10 2 cné/s ) . ' ~ i
Capture coefficient c 10 end/s ing the ~SAW-lnduced transport is~1. Regarding the pa-
Exciton radiative lifetime ™ 0.5 ns rameterd, the assumed mobility results in a diffusivigy,
Exciton binding energy p 10 meV =1.2 cnf/s at a temperature of 14 K, which, for the SAW
Exciton lateral extension a0 10 nm parameters reported in Table I, leadsdts 0.0072. Sincel

<1, we expect that the effects of drift under the SAW will
be dominant over those of diffusion. In particular, we will
parameters are equally relevant or can be varied at will in gestigate the following three situations:=0.5 (corre-

given experiment, for definiteness we will fix some of them : _ ~_ _
to their typical values in the experiments performed so farSpondlng 0B, =0.149 kVem), v =1 (Eo=0.298 kvicm),

(see Table)L In particular, the SAW parameters chosen cor-2ndv =1.5 (Eg=0.447 kv/cm). In Fig. 3, we show the time
respond to the experimental results from Refs. 8—10, iffvolution of a Gaussian concentration of widig=2 um
which a SAW propagates along tti#10] direction on the initially centered ak=1, for these three cases. The phase of
(001 surface of aAl,Ga)As layered structurésee Fig. 1 the velocity field is chosen to b¢=— %, so that the maxi-
We will assume a SAW wavelengthsay=5.6 wm (corre-  mum concentration at=1 andt=0 coincides with a point
sponding to a frequency of typically 510-540 MHz at 14 K of zero velocity and negative spatial derivative. For this
in samples containing QW'sThe spot widthA ¢ will be kept  choice, there is a narrowing of the initial Gaussian distribu-
to a value of 2um, which is smaller than spn/2. The exact tion at early times, since the negative gradient of the velocity
values of the material parameters, andry were not found  pushes the carriers toward the node of the velocity field.
to be critical for the phenomena investigated, and, thereford\evertheless, as time passes by and the wave moves on, a
we take typical values for 1lI-V QW's of moderate quality. clear difference is observed in the transport regime depend-
For the calculation of the tunneling ionization Iifetime, we |ng on the value o'{)_ In the fo”owing' we examine sepa-

employed values forf,p and a,p typical of a GaAs/  rately the results obtained for the three aforementioned val-
(Al,Ga)As QW?2°

ues ofv.
o . _ For low fields[see Fig. 8), v=0.5], the carriers initially
A. Simplified conditions for the SAW-induced transport tend to follow the SAW but, since their velocity

Before showing results for the general model presented impEsan(X,t) is always lower thaw gy, they experience a
Sec. ll, it is instructive to study a simplified form of the progressive delay with respect to it. When the phase lag of
equations in order to clarify under which conditions the SAWthe carriers reaches the half period of negative veld¢itis
can induce the transport of charge and what are the essenti@atcurs when the carriers cross the dashed line in the upper
characteristics of this transport. We will disregard for thepanel of Fig. 8a)], their distribution widens and they are
moment the generation-recombination and the exciton forforced to fall back to the velocity node of the preceding
mation processes as well as the space-charge-induced fiefoeriod[solid straight line in Fig. @&)]. This process repeats
Under these conditions, both drift-diffusion equatig¢hsfor  indefinitely. The global effect is that the carriers, unable to
electrons and holes are decoupled and adopt the same forfa)low the wave, oscillate back and forth with the period of
so that we need to investigate only one of them. For exthe SAW. Except for a slight shift of the average concentra-
ample, the transport equation for holes can be written as tion toward the direction of propagation of the wave, there is

no net SAW-induced transport.
XY ~d e e dPp(XT) In Fig. 3(b) we illustrate the case=1. Since within most
5T +UE[U(X=t)p(X’t)]:d77 6)  of the region initially occupied by the carriers their velocity
is smaller than that of the SAW, they are again delayed till

where u(x,1) = cog§2m(x—t+#)] and the normalized posi- the point where both velocities match. For1 this point
tion and time are defined as=x/\ andi=t/T re corresponds to the maximum of the velocity field. The carri-
SAW - SAW » - H H
. o . . _ers concentrated on that point propagate with the SAW ve-
s!oectlvely. This simplified nlodel IS governeq by two dlmen locity. However, due to the finite width of the distribution
sionless parameters, namely= u,Eq/vsaw, i.€., the ratio

) ’ 'Us , and the finite value of the diffusivity, some of the carriers
between the maximum carrier velocity in the SAW field and 4y 0idably fall behind the maximum into the region where

the SAW velo_city, _anabl= Dp/(Aspwv saw) » yvhich is a mea- 1pEsan(X,t) <vgay (U<1 andau/ax>0). As in Fig. 3a),

sure of the diffusion length/DTsay relative to the SAW  these carriers flow back to the velocity node of the preceding
wavelength\say - It is not our intent here to systematically period, where the process repeats again. In the overall pic-
investigate Eq(6) for all possible values af andd. Instead, ture, though the carriers move with the SAW velocity, there

205301-4



SPATIOTEMPORAL CARRIER DYNAMICS IN QUANTUM . .. PHYSICAL REVIEW B69, 205301 (2004

8.0

{ 6.0-
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saw |
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FIG. 3. Concentratiop(x,t) as calculated from Ed6) with normalized velocitiesta) =05, (b) v=1, and(c) v=1.5. For all three
cases, the normalized diffusivity &=0.0072. The upper panel in each figure shows a gray scale ptoinahe (x,t) plane. The gray scale
is linear between Qwhite areasand(a) Pma=2.8X10° cm™ 2, (b) Pmax=4.9X10° cm 2, and(c) pma=7-3X10° cm™ 2 (black areas The
straight lines indicate the points where the velocitjs zero and its spatial derivativiu/Jx is negative(solid lineg or positive (dashed
lines). The lower panel in each figure showéx,t) at timest=0 (heavy ling andt=4Tg,, (dotted ling, together with the corresponding
value ofu(x,0) (solid line, rescaled to fit in the graph

is at the same time a continuous redistribution among thé¢here is indeed SAW-induced transport, with most of the car-
different periods of the wave, which eventually limits the riers residing next to the nodes of the velocity field. How-
maximum transport distance. ever, the diffusivity is so large that the spatial distribution of
Finally, in the high-field regime[Fig. 3(c), v=1.5], the the transported carriers widens and the carriers spill off to the
carriers concentrate as before in the region of the SAW pel2gging SAW periods. We have a situation qualitatively simi-
riod where their velocity matches that of the wave. Sincear to thatin Fig. 80), but where the SAW-induced transport
nowv>1, this happens at a point where the velocity gradi-IS destroyed by an increase of the temperafuee, the dif-

ent is negative; any carrier left behind moves forward ancIu_SiVi_ty)' The c_onfigura_tion .Of Fig. 4, where_: the carrier dis-
any carrier ahead is delayed, so that a narrow and stabFé'bUt'O_n drifts in the _dlre_ctlon of propagation of the SAW
charge package is formed, which subsequently translat d widens dug to %ﬁ“?'on' resgmbles that of the Haynes-
with the SAW velocity. The package position within the hqckley experime , With the .dlfference that the spatial
SAW period is determined by the mobility and the amplitudepmf'leh(_)f p(x,t_) IS mor?ulated ‘g'th th_e Sﬁwdwavellength.h_ h
of the field, whereas its width is determined by the diffusiv- " thiS section we have made a simplified analysis whic

ity. In this case, we have a genuine SAW-induced chargés useful to understand the complete simulations of the pho-
tre{nsport ' toluminescence dynamics to be presented later, incorporating

The conclusion derived from the previous analysis,the space—chgrge f'eld’ the generaﬂon-recombmaﬂpn terms,
v that th dition for SAW-induced ~ and the coupling with the excitons. Although the excitons are
namely that the condition for -Induced ransporwis - ¢ directly transported by the SAW in the framework of our
>1, holds as long as diffusion effects are not significant.

| . f the diffusivity ind ¢ ; odel, these particles form through the binding of free elec-
arge Increase of the diffusivity induces a type of carmery,, 4n4 holes. Therefore, the transport properties of these

motion independent of the velocity field, which eventually carriers are of paramount importance for the spatial dynam-

compensates the action of the wave and modifies the rangsq of the exciton population and the associated emission.
port picture displayed in Fig.(8). One way to accomplish

this regime in practice is by increasing the temperature. In
order to illustrate this effect, we show in Fig. 4 the spa- B. Photoluminescence as a function of position

tiotemporal dynamics ob(x,t) obtained after increasing the As shown in the preceding section, the SAW modulates

temperature to 300 K, so thdD,=25.85 cni/s and d  the distribution of electrons and holes in space and time, and,
=0.155, whereas is kept to the value of 1.5. Sinae>1, under appropriate conditions, is able to drag the carriers with
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FIG. 5. (Color online Time evolution of the PL intensity re-
corded at the illumination spot for two excitation conditioria}
Go=10%cm 2s ! and(b) Gy=10 cm 2s™ L. In each case, sev-
eral SAW fields are considered,=0, 0.022 ¢(M=0.75, v
=0.075), 0.149 §MW=5, v(P=05), 0.447 (M=15 P
=1.5), and 2.801 kV/cmy(M=94, 7(P=9.4).

X [ )\'SAW ]
FIG. 4. Concentratiop(x,t) calculated from Eq(6) as in Fig.

3(c), but for a normalized diffusivitfi=0.155. The maximum con-
centration ispma=1.9x10° cm™ 2.

diffusivity Dy, we take the value of the electron-hole ambi-
the SAW velocity. It has been experimentally demonstrategolar diffusivity, Dy= 2.2 cnf/s.?’ The other parameters are
that this spatiotemporal dynamics can be easily visualized bjisted in Table I. Sincer<c, we found the band-to-band
monitoring the PL originating from the recombination of recombinatiorip, to be negligible as compared to the exci-
photogenerated electron-hole pais the excitons formed tonic recombinatior p, . Therefore, we will focus only on
out of them.>>8- 11318 However, only few theoretical in-  the analysis oflp, .22 In the following, we investigate two
vestigations have been presented so far to interpret these exifferent situations relevant to the experimeriig:first, we
periments. In this section, we present a series of systematigill consider the case of coincident illumination and detec-
simulations of the effects of a traveling SAW on the PLtjon areas(local PL), and (i) afterwards, we will treat the
dynamics, based on the model introduced in Sec. Il. Notease where the PL is detected far away from the generation
that, in a realistic situation, the progressive broadening of thgosition along the SAW propagation directiéremote PL).
charge packages due to diffusion in the direction perpendicun all the simulations presented hereafter, the generation spot
lar to the propagation can, in practice, hinder the SAW-is |ocated ak.=\ sy and the phase of the SAW is chosen
induced transport. These transversal diffusion effects, whicBuch that att=0 the spot coincides with a maximum of
are not taken into account by our model, would surely quandg,., i.e.,¢=— 1. We point out that the qualitative results
titatively modify the results of the simulations reported be-discussed below are independent of the initial condition

low. In Refs. 16 and 17, it has been proposed and demoryiven by ¢, which only determines the detailed shape of the
strated that the transversal diffusion can be eliminated by transient.

transporting the carriers in a QWR oriented parallel to the
SAW propagation direction. Our one-dimensional model ap-
plies directly to this situation.

In all the simulations presented below, we use the follow-

1. Local photoluminescence

Figure 5 shows calculated time-resolved traces of the PL
ing mobilities: u,=10000 andu,=1000 cnt/Vs. These recorded at the same region where cw photoexcitation is ap-
values are reasonable for a medium-quality GéNsBa)As  plied. The emitted intensityp (X,t) is integrated around the
QW at low temperature. We verified that the same qualitativegeneration spoffrom x;— A¢/2 to xs+A¢/2) to give a quan-
results were obtained for carrier mobilities in a wide rangetity Ip_j,(t) in units of photongtm 9.2 In order to study
around these values, as long ag>u,. For the exciton the influence of the acoustic power op_ iy, we display
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20 . . . . . the appearance of a weak secondary peak separated by
2 I P, | ~Tga/2 from the main peaks. The secondary peaks ex-
5 15 Wm norf | pected for high acoustic powers are not resolved in the ex-
g 2 dBm perimental results of Fig. 6, probably due to the finite time
s I T ] resolution and to the small signal-to-noise ratio.
210 s AxciBii- In order to understand the origin of the modulation of the
2 7 dBm ] PL intensity, we show in Fig. 7 the spatiotemporal dynamics
.‘a§) 0.5} i of excitons, electrons, and holes for the highest field dis-
= Wmdm- played in Fig. 5 E0=2.891 kV/cm). For this field, tkle di-
T L L mensionless parameters(" = Eq/vsay=94 and v
0'010 1 12 13 14 15 16 = ppEq/vsaw=9.4 are much larger than 1. According to the
[T ] f:hscuss!on in Sec. Il A, the SAW in f[hls case is very gfflClent
SAW in trapping the electrons and holes in the piezoelectric poten-

FIG. 6. (Color online Time-resolved PL of a GaAs QW mea- tial maxima and minima adjacent to the spot and transporting

sured for coincident excitation and detection areas in the configuthem with the velocity of the wavesee the plots oh andp
ration of Fig. 1. The photoexcitation intensity-is100 W/cn?. The  in Fig. 7). Since the carriers are continuously generated, as
SAW intensity is specified in terms of the nominal rf powRy the electrons stored in a potential maximum cross the exci-
applied to the IDT. After correcting for coupling lossé€®,=16  tation spot, they meet the newly generated holes spilling off
dBm is estimated to yield a field amplitude Bf=3 kVv/cm. The to the preceding potential minimum. The increased overlap
SAW frequency is 520 MHz. of both distributions(increased value ohp) leads to the
formation of excitongsee the plot olN in Fig. 7) and the
results for various SAW field amplitudés,. An independent  subsequent PL emission. This picture accounts for the main
factor that can influence the PL spatiotemporal dynamics i%)eaks(labelede—m in Fig. 7) in the simulated PL traces of
the photoeXCitation intensity. To illustrate its ef‘feCtS, we F|g 5. The reciproca| process, name|y the increase of the PL
present results for two generation ra@gs=10'° [Fig. 5&)] intensity when the holes residing on a potential minimum
and 16° cm™?s™* [Fig. 5(b)], which roughly correspond to ¢ross the spot region, accounts for the weaker péakeled
an external excitation intensity of 30 and 3000 W#cme-  h_e in Fig. 7) separated by say/2 from the main peaks.
spectively, for an illumination spot with a diameter ofidn.  The repetition of these processes gives a characteristic modu-
We shalll first discuss thiew-excitationcase of Fig. &).  |ation of the PL with the periodicity of the SAW. The differ-
ForEy=0, i.e., in the absence of SAW, we observe the onsegnce in the amplitude of both types of peaks is due to the
of a stationary PL trace after a transient whose characteristigifference in the mobilities of electrons and hofesince
time is governed, within our model, by the paramet®gs ¢, <u,, the concentration of holes in the spot, when it is
and7yx . When a SAW is applied, two interrelated effects arecrossed by a potential maximum, is larger than that of elec-
observed{(i) The lp_ iy traces are no longer stationary, but trons, when it is crossed by a potential minim(see Fig. 7.
show instead a temporal modulation with the SAW periodTherefore, more recombination events are expected when an
Tsaw. and(ii) the average PL intensity decreases as the magelectron package crosses the spot. This asymmetry should be
nitude of the SAW field increases. The last effect has beepeduced for even larger fields, eventually leading to PL peaks
thoroughly observed in time-integrated PL experiments an@f equal intensity for both processes, i.e., to a modulation of
usually attributed to the quenching of the PL as a consethe PL intensity with period sa,/2. Nevertheless, this will
quence of the separation of the electrons and holes by thge accompanied by a strong reduction of the PL intensity,
piezoelectric field accompanying the SAW:*'°Our de-  which can make this regime experimentally undetectable.
tailed simulations confirm this interpretation: the photocre- |f, on the other hand, the SAW power is redudede, for
ated electrons and holes are separated and trapped in tBgample, the case d&,=0.447 kV/cm in Fig. %), which
maxima and minima, respectively, of the moving piezoelec'corresponds toM=15 andﬁ(p)zl.S], the holes are less
tric potential, this process being more effective for high SAWefficientIy transported, and there is always an appreciable
amplitudes. The superimposed modulation has also been €§uantity of them in the spot. As a consequence, the PL back-
perimentally observed in Refs. 9, and 16. For iIIustrativeground increases, and the relative amplitudehefe to e
purposes, we present in Fi§ a typical example of the local  ~ ) heaks is reduced. A further reduction of the field can
PL measured in a GaAgll,Ga)As QW for different SAW 105 14 the situation, where the electrons are transported, but

intensities(specified in terms of the rf powd?,; applied to . . > (n)
the acoustic transducersThe experimental conditions are the holes not. This is the case f&=0.149 kv/cm ¢

described in detail in Ref. 11. The experiments also show & 5 andv®’=0.5) in Fig. §a). Since the hole distribution is
modulation with the SAW period, which initially increases Not transported but, instead, oscillates back and forth as in
with P; (for P4<7 in Fig. 6, but then decreases for higher Fig- 3a), the h—e peaks associated with the transit of the
SAW intensities. The overall behavior is similar to that holes across the spot disappear. We are then left with the PL
shown in the simulations of Fig.(8. The simulations pre- Pulses due to the passage of the electrons. If we further de-
dict that the exact shape of the modulation also depends dff€ase the field to the regime where neither electrons nor
the power of the SAW: as the field increases, the profildoles are transported, as for the céasg=0.022 kv/cm
evolves from a structure with a single peak in each period t§o(™=0.75 and ) =0.075) in Fig. %a), the PL background
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FIG. 7. The left-hand panel reproduces the time evolution of the integrated PL intensity calculated at the generatsituaeot at
Xs=Nsaw) for Eo=2.801 kV/cm[also shown in Fig. &)]. The other three panels show gray scale plots in ¥ (plane of the concen-
tration of excitons K), electrons ), and holes (). For excitons, the gray scale ranges between B, {g=7.3x10" cm 2. For a better
display, in the case of electrons and holes, the gray linear scale goes ffofdat@d contour lingto 5x 10" cm™2. The concentrations
below and above these values are shown as white and black areas, respectively. The vertical straight lines indicate the region where the PL
intensity for the left-hand panel has been integrated.

increases and only a weak modulation remains due to theous importance in this excitation regime. Despite the
oscillations of the electron distribution in the spot regiite  highly nonuniform profile and nontrivial dynamics of
hole distribution remains virtually unaffected by the field  E;,4(x,t), our detailed simulationéot shown heredemon-
The transport regime in which the electrons are transstrate that its main effect is a considerable screening of the
ported, but the holes not, is a transient one, which requiregaw field, breaking to a great extent the simplified picture
some clarification. In fact, as the electrons are continuouslyf the acoustically driven transport introduced in Sec. Il A.
extracted from the generation region by the SAW, the h0|el'hus, for example, foEy=0.149 kV/icm §™M=5 andp®

concentration builds up in the spot region. This spatial . P
charge unbalance gives rise to an ever increasing attractivéo's)’ the attraction by the holes remaining in the spot re-

electrostatic field that eventually will oppose the extraction3'°N 1S sufficient to overcome the effect of the S.AW field on
of further electrons from the generation spot and block thdhe electrons, and only a~small fraction of them is transported
SAW-induced transport. This behavior is not apparent in ouout of the spot in spite 06" being greater than 1. In addi-
simulations because, for the-low generation rate consideretion, the electrostatic repulsion among charges of the same
the time necessary for the buildup of a charge unbalanceign becomes stronger than the confinement effect due to the
large enough to block the SAW-induced transport is muchSAW field, and the carrier packages turn to be much wider
longer than the time domain used for the simulations. than in the low-generation case. These effects also contribute
We now proceed to examine thrigh-excitationcase of  to the high PL levels and to the reduction of the modulation
Fig. 5(b). Here, it is apparent that the impact of the SAW onamplitude. The SAW-induced transport can be reestablished
the time-resolved PL is strongly reduced as compared witlto an appreciable amount only for sufficiently high fields.
the case shown in Fig.(&: The average PL intensity is For example, the recovery of the transport manifests itself for
practically unaffected, and the amplitude of the modulationEy=2.801 kV/cm as a moderate decrease of the PL intensity,
is extremely weak. There are two reasons for this behaviomhich is accompanied by the emergence of a distinguishable
First, the increased photoexcitation rate results in large cormmodulation profile containing peaks associated with ¢he
centrations of electrons and holes and, by virtue of the term—h andh— e processes explained above.
cnpin Eq. (4), in an efficient and continuous generation of  Finally, we briefly comment on the role of the field-
excitons. The latter are not affected by the SAW,; their re-induced exciton ionization in the simulations presented in
combination provides the large PL background observed irfrig. 5. We have found that it only becomes important for the
Fig. 5b). Second, as a consequence of the large values of highest field considered,=2.801 kV/cm, especially in the
andp, the induced space-charge fidig,y acquires an enor- low-excitation case. In addition, the effect of the field-
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induced ionization is quantitative and does not alter the main 4———————————
features of the time-resolved PL traces. The reason for this L (a)G. =10 cm?s”
behavior is that, within the model adopté¢skee Sec. I B 0

and for the parameters we use, the critical figldfor which
Tion(Ec) = 7x IS quite high,E.~1.2 kV/cm. For fields below

E., most of the excitons recombine before they can be ion-
ized by the SAW field. Our simulations, therefore, cast some
doubt about the picture of the SAW-induced transport as a
two-step process, in which the photogenerated excitons are
first field ionized, and the resulting free electrons and holes - 4
are then spatially separated and transported by the fvave. ) Leses oA
Instead, we have shown that, when the carriers are generated 2 3 4 5 6 7 8
above the band gap and they are sufficiently mobile, they can b——— :
be separated and transported before forming bound excitons. (b)) G, =10° cm?s”
Nevertheless, in order to decide which type of microscopic 0

processes are present or dominant in the SAW-induced trans-
port, more systematic experiments and more refined theoret-
ical modeling are needed. In this respect, it seems desirable
to include in further analyses other exciton dissociation
mechanisms, such as the ionization by impact with the car-
riers accelerated by the field, whose role has been stressed in
Ref. 30.

w
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2. Remote photoluminescence 2 3 4 5

o : . . t[T
Another striking manifestation of the SAW-induced sepa- _ [ SAW_] _ _
ration, storage, and transport of electrons and holes is the F_IG. 8. (Color onling Calcul_ated time evoluthn of the PL in-
possibility of disposing of this long-lived excitation at a po- tensity underneath a metal stripe placed at a distapge4 sy

sition away from the place where it was generﬁ[datd.order away from the generation spot. The metal stripe is used to screen
gwe SAW potential. The calculations are shown for two excitation

to do this, it is necessary to eliminate the agent keeping th " M b
carriers separated Whileymoving them, nam%ly the S&Vg piconditions:(8) Go= 100 cm st and (b) Go=10"cm *s 1. In
ezoelectric potential. This is usually done by placing a metafach case, two SAW fields are considergg=0.447 {"=15,
stripe on the path of the SAW, so that its piezoelectric field i =1.5) and 2.801 kv/cmy("=94,,(")=9.4). The correspond-
screened and, therefore, the transport is inhibited leaving thi8g traces at the generation point are displayed in Fig. 5.
carrier dynamics governed only by diffusion effetts:®16
In order to investigate the recombination dynamics at a remote position. In Fig. 8, we present the calculated time evo-
mote point, we have simulated the screening of the piezolution of the PL intensity detected at the metal stripe region
electric potential by a metal stripe across the SAW propagafor the two highest values of the SAW field presented in Fig.
tion path using the simple expression: 5:Eq=0.447 and 2.801 kV/cm. Hergp_ i,(t) is the integral

of I (x,t) from x,,— a,, to the end of the simulation domain

1 X—Xm (5.5\saw)- The simulations are performed again for the two
Psan(x,t)= 7| tanh a, _1) values of G, representative of low-excitation and high-
excitation conditions listed in Sec. IlIB 1.
D SiF{ZW( x ot ” @ The PL traces shown in Fig. 8 also exhibit a temporal
0 Asaw  Tsaw ' modulation with the periodicity of the SAW and are super-

] ] ) imposed on a constant background, which is due to the finite
from which we obtain the SAW field a£sa(X,t)= lifetime of the excitons. The results in Fig. 8 confirm the
—(9l9x)Pspn(X,t). The parameters,, anday, give the po-  experimental findings in Refs. 3 and 16 that the remote PL
sition and half-width of the transition region between the freeintensity follows an inverse relationship with the SAW field
surface and the metal stripe. It is easy to see that the modgk compared to the local PL. The partial inhibition of the
formula (7) yields the desired behavior for the field: X  saw-induced transport for the high-generation case already
<Xm, We recover expressio(2), whereasEspy—0 for X commented in Sec. 11l B 1 is also apparent in Figh)8Here,
>Xmy. In the simulations presented below we have takenye see that the maximum ratio of remote to local PL inten-
Xm=4Nsaw and a,=0.18gay. It is to be noted that the sjty is only ~0.2, whereas it reaches 100 in the low-
screening of the SAW potential is in general more compli-generation case.
cated than the idealized form given by Ea).** Regarding the exact shape of the modulation in the low-
In accordance with the discussion in Sec. Il A, we haveexcitation regimgFig. 8a)], each period exhibits a double-
found in our simulations that, as long a§)>1 andv™  peak structure foEy=2.801 kV/cm. Its origin is basically
>1, there is sustained ambipolar transport of electrons anthe same as for the double-peak structure observed in Fig. 7:
holes, and, therefore, appreciable PL is observed at the r&heh—e (e—h) peaks correspond to the PL triggered upon
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the arrival of the holéelectron packages at the metal stripe
and the subsequent recombination with residual carriers
there. The difference in the amplitude of pedks e ande

—h is again related to the fact that the electrons are more
diffusive than the holes. When the latter arrive at the metal
gate in ah—e process, they find a widely spread electron
distribution, so that the productp (and the ensuing PL in-
tensity is smaller than in @—h process, in which the in-
coming electrons meet a narrower distribution of holes. On
the other hand, if the SAW field is low enough, as for the
caseE,=0.447 kV/cm in Fig. 8a), the modulation of the PL
traces shows only a single broad peak. This behavior can be
traced back to the relative position of the transported electron
and hole packages within the SAW. While the electrons,

given the large value of™ (=15), travel on the SAW
potential maxima, the holes, due to the moderate value of the

parametery (P’ (=1.5), travel somewhat delayed with re-
spect to the minima, in a position quite close to that of the
electrons. The PL from h— e process does not have time to
decay before the arrival of the electrons and the onset of the
e—h process. Therefore, the—e processes are not dis-
tinctly resolved as peaks in the PL traces, which are gov-
erned by thee—h ones. The interpretation just described [T ]
also holds for the high-generation case of Fifp)8but the SAW

carrier packages transported by the SAW are so \idde to FIG. 9. (Color onling Calculated time evolution of the PL in-
the screening by the fielH;,q) that most of the structures in tensity at a defect for two choices of the defect sita: A4
the PL traces are washed out. In the experiments performedisy,/8 and(b) Ag=\gan/4. In each case, several values of the
on QW's (Ref. 9 and QWR's(Ref. 16, the PL modulation ~defect potential are consideredy{’=2.5, »?=2), (5(W=2,
reported only exhibits single peaks separatedrgyy,: this ~ 7”=1), and (7 =1, 7P =0.5). The heavy solid line represents
can be partly explained by the difference in mobilities be-the PL intensity at the generation spot.

tween electrons and holes, especially in the case of QW’s

where the lateral diffusiofnot taken into account in our its investigation in.the _framework of our model: F!rst, we
mode) can lead to the virtual disappearance of the e propose the following simple form for the potential induced
peaks PP by the defect:

T ¥ T ¥ T

r ") _ ) —
_ —n =25n"=2
F(a)Aa, =r_,. /8| ___ W=2 n

6
5

L (. ® — I
4_ T ........... =1 ’.,]P_O_5_
3
2

®) = 4

o [ 10" em™ s

14 B
IPL,im[10 cm s ]

CDd(X)=Ud tanh?' (8)

X—Xg )

C. Influence of potential fluctuations 84

on the SAW-induced transport wherex, anday give the position and lateral dimensions of

Another interesting problem related to the SAW-inducedthe defectthe full width at half maximum of the potential is
transport of carriers and the subsequent PL is how it is afA¢=2 a4cosh *y2=1.76a4). The depth of the defect po-
fected by the presence of potential fluctuations along théential is given byU4| whereas the sign dfi4 determines if
SAW path. Hereafter, we shall use the tedefectin a gen- it is a well-type or barrier-type defect. The potential in Eq.
eralized sense as any static modulation of the potential felt8) is then incorporated into the transport equations by add-
by the carriers without paying attention to its physical natureing the associated electric fielfy(x)=—(d9/dx)P4(x) to
In practice, the origin of these defects can be impuritiesthe electric fieldE=Egay+ Ejng, and thereafter the simula-
traps, composition fluctuations, etc. Experimental evidencé&ons are performed in the usual way. With this model, we
for recombination triggered by defects in the path of a SAWcan simulate any combination of defects, including those
transporting electrons and holes has been given in Refs. 2ghich act only on one or on both types of carriers. For defi-
and 17. One can even consider confining potentials such asteness, we will investigate the situation, in which there is a
quantum wires or quantum dots as included within our defidefect of extension 4 at x4= 2.5\ say, Which acts as a well
nition of defects. Thus, for example, Ref. 16 has experimenfor electrons and holes, i.el{"<0 and U{’>0. This
tally investigated the PL induced by a QWR transverse to thehoice of potential will illustrate the trapping dynamics of
SAW propagation direction. Reference 32 has shown thaglectrons and holes, and, moreover, will simulate the specific
self-assembled quantum dots can act as very efficient reconsituation found in Ref. 16, where the SAW is launched trans-
bination centers for carriers transported by SAW'’s. versally to a QWR embedded in the QW.

In order to quantitatively assess the influence of these The relevant parameter controlling the interplay between
defects, we introduce here a simple procedure which allowthe defect and the SAW-induced transport is the rajio
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FIG. 10. The left-hand panel reproduces the time evolution of the PL intensity recorded at the defe®#®#.5 and7P=2, as
already shown in Fig. ®). The other three panels show gray scale plots in #)€ (plane for the concentration of excitonN), electrons
(n), and holes |p). For excitons the gray scale ranges from (Nig,,=2.9x 10° cm™2, whereas for electrons and holes it goes from 0 to
3% 10° cm 2. The concentrations above this value are shown as black areas. The superimposed dashed curves show the profile of the defect
potential for electrons and holes. The vertical straight lines indicate the center and limits of the region where the PL intensity for the left-hand
panel has been integrated.

=Eqmax/Eo, WhereEy may is the maximum value of the field h—e and ?—»h. processes. As a consequence _of the str_ongly
E4(x) [for the potential given in Eq(8), Eq na—=(4y3/9)  reduced diffusion of the trapped carriers, the difference in the
%(|Uqllag)=0.77(U4l/ag)]. As a rule of thumb, the carri- Mobilities of electrons and holes has a smaller |m§)act here.
ers can be indefinitely trapped by the defect potential only if\/\{g)e” the defect potential is reduced to the cagt’-2,
»>1. Otherwise, the carriers are temporarily trapped until” 21)_* the relative intensity of the—h peaks dimin-
tJshes, since part of the holes are now able to escape from the

potential and releases the carriers for subsequent transport (gfect and fewerfrehmam favallable fprl tbe;h Lecomblna—
the wave. | ?n)pr(ices(sp?s.ol 5t ehde r?clt potentia IIS urther redu(cj:ed (tjo
In Fig. 9, we present simulations of the defect-inducedﬁn =1, 7% =0.5), the holes are no longer captured an

o= he e—h peaks disappear.
recombination for two casea:y= \ san/8 (hereafter referred In the Ease of IargpgdefecEEig. 9%b)], the recombination

to assmall defedtand Ay=\su/4 (large defect For each gy namics follows essentially the same pattern as exposed
case, we have adjusted the defect potential depths for eleghoye. The main difference is the appearance of an addi-
trons U{") and holes U{) in order to explore the range of tional structure in the— h peaks, for the largest defect po-
Va|ueS fOI’n(n) and 7](p) al’0und 1. The SAW f|e|d iS taken to tentia' Considered ﬁ(n):25, n(p)zz) In Order to address
be Eq=1.120 kV/cm ¢(M =38, v(P=3.8) so that both the the physical origin of these peaks, we show in Fig. 10 the
electrons and holes can be efficiently transported in the QWspatiotemporal dynamics of excitons, electrons, and holes for
The generation rat€,= 10 cm 25!, which corresponds this case. The additional structure observed during eéhe
to the low-excitation conditions considered before, is used in—h process is due to the fact that the large size of the defect
the calculationslp_i(t) is defined here as the integral of allows the trapped carriers to oscillate inside it as the wave

[pL(X,t) from xq—Ay/2 to Xq+ Ay/2. passes, giving two peaks as the electrons meet twice the
Let us first focus on the small-defect case in Fi@)9For  holes. As we reduce the defect potential to the cag® (
the largest defect potential)f”=2.5, »(P=2), two fami- =2, (P =1), the two-peak structure—h collapses to a

lies of peaks are again observed, each of them with the pesingle one which, moreover, is smaller than the e peak.
riodicity of the SAW. Their origin is the same as for the As in Fig. 9a), only theh— e peaks remain for the smaller
double-peak structure observed in Figa)8The sequence of defect potentials M =1, %P =0.5). Their intensity, how-
peaks labeleth— e (e—h) is due to the recombination that ever, is considerably higher since now the large defect is able
takes place when a package of holekectrong reaches the to retain an important fraction of the electrons. This result
defect, which is already populated by trapped electrongvidences that not only the defect potential depth but also its
(holes. We point out that, contrary to the situation discussedateral extension plays an important role in the recombina-
in Sec. Il B, in this case the PL intensity is the same for thetion dynamics.
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IV. SUMMARY regime. The different regimes lead to distinct spatiotemporal

We have presented a theoretical model for the spatiotemtzehawors of the PL intensity, which can be accessed by time

. . ) ,and spatially resolved PL measurements. We have shown
poral dynamlcs of eIeptrqns, holes,. and excitons in QW hat, as a consequence of the SAW-induced transport, the
Ennoddeerl tr?aes pgize%elgféﬁ: Ifil;iaé%l %ssocé'?fgi?ni\r']wthsi?nj:‘t\i/g'n;—?ﬁaverage(time-integratebjvalue of the PL intensity recorded
situations relevant to exp erimen){csp 9 at the excitation spot decreases with the SAW amplitude,

In a first sten. we hgve exam.ined the various OSSibIwhile it increases at a remote position, where the piezoelec-

SLep, . . P Sric potential is screened, in agreement with the experimental

transport regimes for a single type of carrianipolar trans-

ort) in the framework of a simplified version of the model findings”" In addition, the PL intensity is found to be time
gnd found that long-distance a?:ousticall induced trans ormOdUI"’lted with the periodicity of the SAW and to exhibit
9 y P (Sne or two peaks per SAW period depending on the SAW

of well-defined charge packages can be achieved prOVidegmplitude
thrat El)r ttr;‘e nrrlﬁxwglir\r;v (\:/azrleirt velr(()d;:)ltﬁg 0 ilsnapfpf)re(t:lablry Finally, the influence of extended potential inhomogene-
greater ‘han e cloctty a usion €etiects are - jiies along the SAW path on the PL intensity has also been

gsgggggpt' Otherwise, the transport is only temporary %Studied. The simulations show that, provided they are suffi-

We have shown that in a svstem containing electrons an iently strong, the fluctuations are able to periodically trap
) . ySt -ontaining efe e transported electrons and/or holes and trigger their re-
holes with very different mobilities, it is in principle pos-

sible, by continuously increasing the SAW amplitude, to scal combingtiqn: The PL intensity is agair_1 Fime m_odulated with
acroés the following transport regimes the no-tranéport The periodicity of the SAW and exhibits a fine structure,

EOD : ks . which depends on the spatial extension and depth of the
situation, in which the SAW field is unable to drag neither . :

; : potential fluctuations.

electrons nor holes(b) a transient unipolar transportre-
gime, in which an initial transport of electrons is blocked in
the long term by the attraction of the nontransported holes,
and (c) the sustained ambipolar transporegime, in which We thank H. T. Grahn for comments and for a careful
both electrons and holes are transported as separate chargading of the manuscript. This work was partially supported
packages stored in the maxima and minima of the SAW piby the Spanish Ministerio de Ciencia y Tecnolgunder the
ezoelectric potential, respectively. It is clear that the less moProgram of Acciones Integradé&&rant No. HA2001-0043
bile carriers(in our case, the holesletermine the transport and by the DAAD/Germany.
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