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By making use of epitaxial lift-off, ZnCdSe quantum wells are transferred onto a LiNbO; substrate
in order to employ its enhanced piezoelectric properties. The photoluminescence emission of this
hybrid structure is characterized and the influence of a surface acoustic wave on the free exciton and
bound exciton emission is investigated. Finally, two counterpropagating surface acoustic waves are
launched leading to a decrease in the acoustic wave mediated exciton dissociation. © 2009
American Institute of Physics. [DOIL: 10.1063/1.3136862]

In GaAs/AlGaAs quantum wells (QWs), excitons have a
binding energy of approximately 5 meV causing the photo-
luminescence (PL) spectrum to be dominated by excitonic
recombinations at low temperatures. The binding energy of
an exciton is related to the oscillator strength and depends on
how well the electron and hole wave functions are matched.
The exciton binding energy in II/VI-semiconductors is, for
example, in ZnCdSe QWs, up to 35 meV due to an increased
oscillator strength and excitonic recombinations can be de-
tected almost up to room temperature. This increased exciton
binding energy is one main difference and also one advan-
tage in comparison to the GaAs/AlGaAs-heterostructures
and has opened up single quantum dot emission at elevated
temperatures.1 Additionally, ZnSe is piezoelectric for certain
crystal directions but as for GaAs the coupling coefficients
are small compared to materials such as LiNbO;. A decade
ago, it was discovered that the piezoelectric field accompa-
nying a propagating surface acoustic wave (SAW) can ex-
ceed the exciton binding strength in GaAs/AlGaAs QWs and
can lead to a SAW mediated exciton dissociation.”™* These
electrons and holes can be transported by the SAW and by
incorporating single quantum emitters first experimental re-
sults toward a SAW mediated single photon source were
reported.5

In this paper, acousto-optic effects in ZnCdSe QWs will
be presented and due to the increased exciton binding energy
an improved sample layout was necessary in order to in-
crease the piezoelectric fields for the SAW mediated exciton
dissociation. Therefore, ZnCdSe QWs were removed from
the host substrate and transferred to a LiNbO; substrate us-
ing an epitaxial lift-off technique which was originally de-
veloped for GaAs/AlGaAs-heterostructures.® A schematic
sketch of the sample layout and liftoff technique is presented
in Fig. 1.

Initially, a 73 nm buffer layer of ZnSe:Mn was deposited
on a n*-doped GaAs substrate followed by a sacrificial layer
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(60 nm) of MgS.” This was followed by 63 nm of ZnSe and
five QWs (ZnyoCd;;Se 4 nm/ZnSe 8 nm) which were
capped with a 53 nm thick ZnSe layer. For the epitaxial
liftoff, small pieces of this heterostructure were covered with
apiezon wax. Dilute HCI was used to selectively remove the
sacrificial MgS layer8 and the QWs were transferred to the
LiNbO; substrate where interdigital transducers (IDTs) had
been processed (see Fig. 1). Finally, the wax was removed in
a solvent and the samples were cleaned in de-ionized water.
The IDTs on the LiNbO; substrate were used to launch
SAWSs with large amplitude. In order to investigate acousto-
optic effects in this hybrid ZnCdSe/LiNbOj; system a circu-
lar spot of laser excitation is focused by a lens to approxi-
mately 5 um in diameter. The same lens was used to collect
the radiation of recombination. A schematic sketch of the
detection setup is shown in Fig. 1 (not to scale).

Due to the increased exciton binding energy in this II/VI
material the excitonic emission can be detected at higher
temperatures than in GaAs. Examples of these spectra are
presented in Fig. 2(a). The main peak is the free exciton (FX)
recombination and by temperature and laser power depen-
dence studies the low energy shoulder was identified to be
the bound exciton (BX) emission. From the distance between
the main peak and the BX peaks a binding energy to the
impurity of ~7 meV can be estimated but at present it is not
possible to determine if the excitons are bound to donors or
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FIG. 1. (Color online) Schematic sketch of the epitaxial liftoff technique
and the measurement setup: ZnCdSe QWs were grown on a GaAs substrate
on top of a sacrificial MgS layer. Using a selective etchant solution the MgS
layer can be removed and the top layers were transferred onto a LiNbO;
substrate with prestructured IDTs.

© 2009 American Institute of Physics
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FIG. 2. (Color online) (a) Temperature dependence of the PL intensity: In
(b) the peak position of the FX emission and the associated PL intensity are
presented.

acceptors. Besides the decrease in the PL intensity of the
BXs also a shift in the emission wavelength is visible. This
shift is analyzed in Fig. 2(b) at temperatures between 5 and
140 K. The emission wavelength is altered by the tempera-
ture change from approximately 470 nm at 5 K to 476 nm at
130 K and is caused by the energetic bandgap decrease due
to the thermal expansion of the material. Additionally, the
thermal energy of the excited electron-hole-pairs is increased
leading to a decrease in the detected PL intensity by in-
creased thermal dissociation. Also the interaction with opti-
cal phonons decreases the PL intensity at elevated tempera-
tures causing the disappearance of the PL signal at
temperatures above 7= 145 K.

In Fig. 3 the SAW mediated PL quenching in the
ZnCdSe QWs at a temperatures of 6.5 K is presented. If the
piezoelectric SAW field becomes larger than the exciton os-
cillator field strength then electron-hole-pairs are dissociated.
Additionally, the SAW spatially modulates the conduction
and valence bands of the semiconducting material which
leads to a spatial separation of electrons and holes, as
sketched in Fig. 3(a). The wave function overlap is strongly
reduced resulting in a decrease in the PL signal; this is the
SAW mediated PL quenching. The electric field necessary
for the dissociation depends on the exciton oscillator strength
and therefore this hybrid system ZnCdSe/LiNbO; was de-
veloped. On LiNbO;, SAWs with much larger amplitude can
be launched due to the increased electromechanical coupling
factor K2. In Fig. 3(b) measurements at 7=6.5 K and a SAW
wavelength of A=v/f=3940 m/s/112.5 MHz=35 um are
presented and show that the SAW can quench the PL signal
for large rf power levels P=10 dBm. Due to the large ex-
citon binding energy such large rf power levels are necessary
even on the piezoelectric material LiNbOs. In order to ex-
clude thermal effects a pulsed measurement setup is used.
Figure 3(c) presents the integrated PL intensity of the FX
main peak and the BX shoulder as a function of rf power
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FIG. 3. (Color online) (a) Schematic sketch of the QW band edges modu-
lated by a propagating SAW. Laser excited electrons and holes relax to the
band extrema and are therefore spatially separated. (b) Decrease in the ex-
citonic emission at 7=6.5 K. In (c) the integrated PL intensity of the FXs
and bound excitonic contributions are shown as a function of RF power
employing the data of (b).

using the data of Fig. 3(b) and for a dissociation of the BX a
lower SAW power is required than for the FXs in accordance
with the estimated binding energies.

In Fig. 3 it was shown that a SAW can dissociate exci-
tons in the ZnCdSe QWs. Furthermore, the SAW propagates
out of the focus of the lens and drags the charge carriers
away in its potential minima.>™ This bipolar charge transport
was first published in Ref. 2. There, an additional metal
stripe at the sample surface was used to screen the piezoelec-
tric fields of the SAW. The band edges became flat and a PL
signal at the metal stripe was detected caused by the result-
ing wave function overlap of the transported electrons and
holes. Effectively, light was transported by the SAW and the
point of release was determined by the position of the metal
stripe.

An alternative method of delocalized recombination can
be employed which is based on the additional launching of a
second SAW. Two counterpropagating SAWs with identical
frequency and amplitude create a standing wave with nodes
and antinodes formed with a spacing of A/2 caused by the
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FIG. 4. (Color online) Schematic sketch of the QW band edges for a stand-
ing SAW in the case of destructive surface wave interference (adapted from
Ref: 9). For a short time period the band edges are flat and the charge
carriers form excitons and recombined. (b) Experimental verification that in
the case of a standing SAW the exciton dissociation is decreased and there-
fore the integrated PL intensity increases. Note the narrow frequency inter-
val of standing wave condition.

fact that the two SAWs interfere constructively and destruc-
tively in a temporally alternating way. For the short time
period of destructive interference the energy bands are com-
pletely flat [see sketch in Fig. 4(a) in comparison to Fig.
3(a)] and there is a finite probability of electron and hole
recombination if the exciton lifetime is in the order of this
time interval. This situation is sketched in Fig. 4(a) and was
adapted from Refs. 2 and 9 who were able to show a de-
creased PL quenching by the use of two counterpropagating
SAWs in GaAs QWs.

In Fig. 4(b) the integrated PL intensity evolution is pre-
sented for such a standing wave measurement in ZnCdSe
QWs. The intensity was measured as a function of frequency
difference between counterpropagating SAWs of frequency
f1 and f,. There was an increase in the PL intensity detected
for a frequency interval of only a few tenths of Hertz, more
than six orders of magnitude smaller than the SAW fre-
quency. In this narrow frequency region a standing wave is
formed. Therefore, a decrease in PL intensity quenching was
detected mediated by a standing SAW.

Appl. Phys. Lett. 94, 193505 (2009)

The measurement of the decreased SAW mediated exci-
ton dissociation of Fig. 4(b) can be employed to estimate the
FX lifetime. The integrated PL intensity without applying a
standing SAW was 650 a.u. in comparison to approximately
310 a.u. with applying a SAW [see Fig. 4(b)] which means
that the signal increases by 8% to its original value when
applying a standing SAW. This increase can be used to cal-
culate the exciton lifetime: 0.92=exp(—At¢/7) with 7 as the
FX lifetime and At as the time interval where the flatband
condition is fulfilled. By using the approximation that a SAW
can be described by a trigonometric function the flatband
condition is fulfilled twice for 2% of each wave cycle. The
period of a SAW with frequency of 112.5 MHz is 8.9 ns
which leads to a time period of Az=50 ps. This results in an
estimation of the FX lifetime of 7=600 ps which is roughly
in the same order of magnitude as previously measured life-
times of 100 ps in ZdCdSe QWs.'*!!

In summary, we have investigated the influence of a
SAW on the characteristic PL of a ZnCdSe QW. For these
experiments, the QWs were transferred onto a LiNbOj; sub-
strate by epitaxial lift-off in order to make use of the en-
hanced piezoelectric properties of this hybrid structure. The
experiments presented with the ZnCdSe/LiNbO; hybrid sys-
tem are encouraging and further detailed investigations of
acoustodynamic effects have been initiated.
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