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We have observed lateral exciton confinement at the GaAs/AlxGal-xAs
interface. The confinement is achieved in both the growth and lateral
directions by the strain potential under an amorphous carbon stresser. The
potential well varies from 15 meV o 40 meV for different stressor sizes, We
have also made transient measurements on this structure, which show
efficient exciton transfer from the bulk GaAs to the confined region.

1. Introduction

The pasl decade has witnessed tremendous progress 1n
low dimensional semiconductor systems such as quantum
wires and quantum dots, thanks Lo our ability to control the
growth of such mesoscopic structures with atomic
accuracy, However, up to now, one-dimensional and
zero-dimensional exciton conlinement has usually been
achteved by patterning quantum wells{1] . A shortcoming
of this approach is that well width fluctuations, and the
relatively poor quality of "inverted" interfaces in which
GaAs is grown on AlGaAs, limit the uniformily of the
quantem wire or quantum dot. Recently, in the course of
a study of strain conlined uzntum wires and quantum dots
in quantum wellsf2], we (ound an cXtra peak in the
photoluminescence (PL), which appears to be associated
with cxcitons conflined by strain i the interface between
the GuAs bulfer and AlGaAs layer. More details on these
results are given in Rel[3]. We have confirmed this
assignment by observing excitons confined by strain in a
sample that contains a heterojunction but no quantum well,
This raises the inleresting possibilily of using strain
confinement 1o [abricale onc-dimensional and zero-
dimensional structures al high quality single interfaces.

This paper reports the observalion of strain-induced
carrier conlinement at the GaAs/AlGaAs interlace. tn
scetion 2, we brielly describe the samples and 1he
experiment. Steady-stale and ransient results are presented
and discussed in section 3. A summary is given in scetion
4.
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2. Sample Preparation and Experimental Set-up
p P p I

The samples were grown by molccular-beam epitaxy as
follows. Sample 1: 300 nm GaAs bulfer layer, a 200 nin
barrier layer consisting ol 160 nm of  Alg3Gag 7As
followed by a 20-layer superlatlice of 1.4 nm of GaAs
and 0.6 nm AlAs to smooth and cican up the interface, u 12
nm GaAs guantum well, a 20 nn barvier of Alp 3Gap 7As,
and a 30 nin GaAs cap layer. Sample 2: 500 nm GaAs

bulfer, 3um Alg2Gag gAs, a 25-layer superlattice of 2 am
of GaAs and 2 nm ol  Alp 4Gap gAs, 20 om
Alp2Gag gAs, 500 nm GaAs, 20 nm Alg 2Gap gAs. The
malerial was nol intentionally doped and was p-type,
probably compensated, ut the 104 em3 (net) lovel. A
uniformly strained amorphous carbon layer was deposited
on cach sample, which was then patterned by electron-

beam lithography and ctched o form 50-pm square arrays
ol stressor wires and dots of difterent sizes[4]. Upon

elching the stressors relax, deforming the semiconductor
beneath, thus producing a dilated center and a compressed
cdge.  The dilation reduces the bandgap and forms a
potential well for excitons in the lateral direction. In a
quantum well, vertical continement is provided by the band
offsets, but at a GaAs/AlGaAs interface it is the variation of
strain in the growth dircction which confines excitons 1o the
interface region.  The strain decay length along the growth
direction is of the order of hatl the stressor widih [5], so the
inter{face should be as close to the stressor as paossible to
achieve strong confinement. In these samples, we are
interested in the interface nearest the stressors. The details
of the strain tensor and its bandgap modulatien in both
directions can be found clsewhere 1316
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Fig.1 Photoluminescence (PL) spectra of 400 nm wire in sample 1, at 4.2K, al various excilation intensities.
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Fig.2 PL spectra of 200 nm wire in sample 2, at 4.2K, al various excitation infensities. "IW": interface
wire exciton. "X": bulk GaAs exciton.
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Steady-slate photoluminescence (PL)Ywas excited with a
HeNe laser (632.8 mn), while for transient measurements
we used a mode-locked ArT laser {514.5nm) with a (ime-
resolved single photon counting system, resolution
44psichannel.

3, Experimental Results and Discussion

A, CW Measuremenis

The laser beam was focused to a spot ~15 pm diameler
within a square array of stressor wires. Fig.l shows
emission from a 400-nm-wire (800 nm spacing) array on
sample | at 4.2K, for three different excitation intensities.
Geomelrically, 60% of the excitation is created in the
interwire region , where the strain has little elfect.
However, because cxciton diffusion and trapping into the
strained regions occur, the PL is dominated by two peaks:
"HHW®", from excitons in the strain confined region of the
quantum well, and "[W" , which we assign to excitons
under the stressor at the interface. We will refer to this as
the "[nterface Wire" line. Analogous lines, with similar
saturation behavior, are cbserved for atl the wires and dots
in sample 1 containing the quantum well. While the
excitation spectrum of the "HHW" peak shows peaks at the
exciton energies of the unpatterned quantum well, that of
the interface wire line shows no such peaks and is

dominated by the bulk GaAs exciton . In sample 2 "HHW"
is, of course, absent, and the interface wire line is the only
strong PL line at low excitation intensity (< 1Wem-2).

Fig. 2 shows the excitation intensity dependence of an
interface wire line in sample 2. With increasing intensity,
the low energy confined states saturate and higher states
become populated, extending the interface wire line on the
high energy side. As in sample 1, the integrated PL
intensity is proporlional to excitation intensity in the range
shown, but saturates at ~103 Wem2. Under selective
excitation this hot PL of the wires in sample 2 shows
extensive fine structure, which will be discussed elsewhere.
The PL of the bulk GaAs "X", increases superlinearly and
dominates above 100Wem-2,

The redshift due to confinement increases with stressor
width. In sample 2, it is 14 meV for 200 nm and 40 meV
{or 400 nm wires, measured from the bulk GaAs exciton.
This result demonstrates that the interface wire line comes
from the region right beneath the stressors,

Fig. 3 shows the temperature dependence of the intensity
of the interface wire line. At high temperature the intensity
for different wire widths quenches with an activation energy
roughly equal to the redshift mentioned above. However
there is also a quenching process with an activation energy
~5meV, which is probably related to localization of the
exciton by fluctuations in the wire width: as the temperature
is raised the excilon can migrate along the wire to
nonradiative centers. Transfer from the bulk GaAs is
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Fig.3 Integrated low-excitation PL intensity 1{T) of 300 nm
wire from sample 2 as a function of temperature. The line is a

fitto

I(TYy = [O)[1 + AcElKT 4 BeEakT)

with By = SmeV, Bp =27 meV, A =23, B=1.9x10° .



70

sirong at all temperatures and is not thermally activaied,
unlike the case of wires und dots in guantum wells, where
there is a barrier of a few meV to transler {2,3].

B. Transient Measurements

Transient excitation measurements were made on the 200
nm wires of sample 2, and since the AlGaAs layer and the
strained region of GaAs under the stressor are too thin o
contribute appreciably to the absorption, excitation is
predominantly into the 500 nm GaAs layer. The lascr
pulse crcates excitons in the GaAs both beneath the
stressor and between the wires. The CW data indicate thal
the strain gradient causes most of these excitons to transfer
rapidly to the confined region. This interpretation is
conliirmed by our transient data.

Fig.4 shows the time decay of the bulk exciton at 1.513
eV and of the confined exciton in the 200 nm wire at 1.500
eV at 4.2 K after a 5x10-8J/cm? excitation pulse. The
repetition rate was 80 MHz, giving an average excitation
intensity of 4 Wem-2, The system response  (0.25 ns
FWHM) is alse shown. The wire shows a single
exponenttal decay rate of 1.O£0.1 ns~}, consistent with
the known radiative rates at 1.2K of the donor
and acceplor bound excilons in GaAs of 1.3320.26 ns-!
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and 1.0 = 0.1 ns'b respeeiively 7], and a rise-ime of
about 0.5 ns which is discussed below, The bulk exciton
rise-time is delermined by the system response, and its
decay can be fitled to a biexponential with 74% decay at a
rate of 2.27+0.26 ns'! and 26% at 0.95£0.11 ns-l. We
assign the slower decay o excitons which are 100 far from
the wire to transfer to i1, and the faster decay to the elfect of
transfer of excitons 1o the wirc.

This assignment is confirmed by analysis of the early
part of the interface wire decay curve. We assume a dela
function laser pulse, fast hot carrier relaxation, and rapid
diffusion of the transferring excitons, and divide the
excitons into two groups, those that transfer and those that
do not. We use a simple three-level kinetic model with a
single transfer rate w to describe the former group. The
result for the intensity of the interface wire line is

I(t) = exp(-ub) - exp(-ut-wt)

where ut is the radiative decay rate {(assumed the same for
all the excitons), We have neglected the small contribulion
of direct excitation inta the conflined region. It} is a
maximum at time 1, = w-ln(l+w/u). The Lransferring
excitons have a decay rate (u+w), while the non-
ranslerring ones have a decay rale u, so both u und w can
be obtained from the biexponential fitto the bulk exciton
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Fig.4 Transient PL fromt 200 nm wire in sample 2 at
43K, "IW™": interface wire exciton , measured at 1.500 ¢V,
"X" : bulk GaAs exciton, measured at 1,513 eV.

*Laser pulse": system response,
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decay, Taking the values u =095 ns!, w=13ns!
from that fit, we find t;, = 0.66 ns. This value of 1, agrees
well with the observed delay of 0.62 ns, considering the
over-simplification of our model .

At higher excilation intensity the decay time gets slighily
shorler, and the decay curve of the interface wire line,
measured at the peak of the PL, flatiens out at the top, as the
lower confined exciton stales are repopulated from the
higher ones. The high energy side of the interface wire line
shows a shorter decay time, confirming that the excitons in
the wire are not in thermal equilibrivm under these
conditions.

4. Conclusion

We have observed u stressor-size-dependent redshift of
strain-confined excilons in a strain patterned GaAs/AIGaAs
heterostructure. We lind efficient transfer of excitons [rom
the bulk GaAs 10 the states confined by strain o the
interface under the stressor. This type of structure opens
new possibilities for the tabrication of high quality low
dimensional systems, by eliminating the inverted interlace
of the quantum well,
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