HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERS VOLUME 85, NUMBER 19 8 NOVEMBER 2004

Ultrahigh-frequency surface acoustic waves for finite wave-vector
spectroscopy of two-dimensional electrons
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Ultrahigh-frequency(up to 24 GHz surface acoustic waves were excited with short-period
interdigital transducers and detected in GaAs/AlGaAs quantum wells with an optical scheme. We
demonstrate that the transducers can be driven in a contactless fashion. Sets of two transducers
permitted the coherent emission of surface acoustic waves and the creation of standing waves due
to interference. The methods described offer bright prospects for finite wave-vector spectroscopy of
two-dimensional electrons in a noninvasive way up to wave numbers ®trmd. © 2004
American Institute of Physic$DOI: 10.1063/1.1815068

The properties of both ground and excited states of ametallic grating-based experiments. In this letter, we propose
two-dimensional electron syste(@DES exposed to a per- a technique based on the generation of ultrahigh-frequency
pendicular magnetic field are often governed by Coulomiup to 24 GH3z surface acoustic wavg$SAWS), which en-
interactions. Fractional quantum Hall stategomposite ables finite wave-vector spectroscopy up t8 &6 ™.
fermions? and the Wigner cryst%\lare well known examples SAWSs propagating on a piezoelectric GaAs substrate are
of strongly correlated ground states. Electron—electron interaccompanied by an electric field penetrating down to the
actions also manifest in the dispersion of excitations, such a8DES. It may serve as a slowly travellifgt the speed of
magnetoplasmoﬁsand spin excitongor spin wave);5'6 Ac-  sound weak periodical potential superimposed on the elec-
cording to Kohn’$ theorem, homogenous electromagnetictronic system. If two coherent sources of SAWs are simulta-
radiation incident on any translationally invariant system carmeously excited, a standing SAW potential can be obtained.
only couple to the center-of-mass coordinate and is unable tbhis approach to break translational invariance has many ad-
excite internal degrees of freedom associated with the Colantages over metallic grating&) It is noninvasive, since
lomb interaction. Hence, phenomena originating from suchhe transducers generating the SAWs are patterned far away
interactions remain hidden for optical transitions with zero-from the active area. A metallic layer does not mask part of
transferred momentum. An elegant way to overcome thighe 2D electrons underneath, which enhances the signal in
limitation for optical studies consists in the creation of aoptical experiments. Moreover, metal in the active device
periodic density modulation or some other means to modu@rea screens the Coulomb interaction and curtails its range to
late the dielectric constant, so that incident radiation is perthe distance separating the 2D electrons from the surface.
ceived as inhomogeneous by the two-dimensig@B) elec- Surface metal thereby potentially modifies the physics under
trons. Optical transitions at the nonzero wave vector define§tudy. (b) The modulation amplitude is tunable by applying
by the modulation period become observable and may corflifferent power levels to the transducefs). The modulation
tain information on Coulomb correlations. period is defined by the SAW wavelength and can in prin-

With metallic gratings deposited on top of the 2DES, cipIc_a be very small. SAWs ha\llle been exploited previously
electron—electron interaction contributions to the cyclotronfor investigating 2D electron$;™ however, only for trans-
resonance have been established and the magnetoplasnfit studies of electrons and composite ferm|b2n_§h_ere,
dispersion has been measufetowever, these gratings mterdlglta_l transducers were applled b(_)th for excitation and
cover the area exposed to optical radiation and restrict théor detection of SAWs. The spatial period of the transducer
minimum modulation period as the incident radiation shoulgdetermines the frequency and wavelength of the SAW. Typi-

be allowed to penetrate. As a result, this technique is onl;ﬁal frequencies were 1-3 GHz and frgque%():ries up to 8 GHz
applicable for moment& < 10° cmi™. Interactions govern- Nave been reported on GaAs in the literaturén order to

ing the dispersion of many collective excitations in the 2DESAchieve our goal, SAWs with frequencies above 20 GHz are
start to dominate at wavelengths comparable to the meapeeded. Apart from the nontrivial fabrication of small period
interparticle distance. Hence, the most interesting range dpterdigital transducers, there is the even more difficult task

momenta corresponds k> 10° cm™%, but is inaccessible in to detect such waves. The conventional electronic approach
' using a second transducer as a detecting element fails rapidly

with increasing frequency. Here, we report on an optical de-
dAlso at: Institute of Solid State Physics, RAS, Chernogolovka, 142432tection approach which provides much Iarger sensitivities at
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bElectronic mail: j.smet@kf.mpg.de frequencies exceeding 10 GHz as it avoids the inefficient
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Regensburg, 93040, Regensburg, Germany. losses associated with propagating this signal on coaxial
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and 160 nm(c).
FIG. 1. Top: Luminescence spectrum measured at a density of 3
X 10° cm? and 0.4 K. Bottom: Differential luminescence spectr(riL0) .
measured at the resonance frequency 11.97 GHz of the transducer with 8@ demonstrate the resonant character, Fig) Dlots the
period of 240 nm. The excitation power for the transducer was 0.1 mW. Thedependence of the absorption amplityde., the integral of
inset shows a schematic of the device mesa with the transducers. the absolute value of the differential spectyuom the fre-

quency applied to the transducer. A response occurs only in a

lines before amplification at room temperature. Our metho ery narrow frequency range from 11.9 to 12.1 GHz with a

o . Y : ; ell-defined maximum at,..=11.97 GHz. At this frequency,
relies instead on SAW-induced m50d|f|cat|ons in the Iummes-the wavelengthvsay of the excited SAW coincides exactly
cence spectrum of 2D electrots

.. with the period of the transducerAgaw=Vsaw/f
Undoped GaAs/AlGaAs heterostructures containing _,0 HpereVSAW is the propagation sps)gve\zld O?Atvﬁle SAW

e e e el GaAS and equals 2710 e, n Figs. 2 and 20
y y P his experiment was repeated for transducers with 320 nm

the linewidth of the dimensional magnetoplasma . :
6 . : - and 160 nm, respectively. Again, very sharp resonances were
rfi%gi?f?%' -g;]% d?ﬂz'ty rT\:\(I)i)Silitm thZsranagt?oﬂs_—za g established whemgaw=p. The width of these resonances
y K=Y was approximately 0.1-0.2 GHz and follows from the num-

X 10° cn?/V's. Several identical mesas of the shape de.'ber of fingers of which the transducers are composed.

picted in the inset to Fig. 1, were produced. Each mesa is For coherent excitation of two counterpropagating

composed of a narrow active region, 1 mm in length andSAWs a pair of transducers was taken at a distanasi

wider Section, where awo identical metalic ntercigita trans. -0 M @Part. The SAW excitation resonance appears at the
' 9 same frequency, but a rapidly oscillating signal is superim-

ducers with 100 fingers were patterned with periodicipies posed on the envelope of the resonance as seen in Fig. 3. The

varying from 320. to 160 nm. SAW resonances were de'inset of Fig. 3 shows an expanded view. The period of the
tected with an optical detection scheme. Luminescence SPeL< cillations Af is approximately 1.7 MHz. We assert that

tra were recorded with and without SAW excitation and SUb'these oscillations originate from the interference of the

sequently subtracted to build the differential spectrum. Th AW L .
. T . : s generated on opposite sides of the sample as their
amplitude of the SAW absorption is defined as the integral OEeriodicity agrees quite well with the value obtained from

e e e T e et et e o=Vl Hence. ih  pait o ransdcers h 2D aec
P ge. P q —trons in the active region can be subjected to a standing
of a charge coupled device camera and a double-gratin

: ) Irating, iher than a propagating wave.
monochromator with a resolution of 0.03 meV. A stabilized We also explored a contactless approach to drive trans-
semiconductor laser operating at 750 nm provided

continuous-wave excitation at a power level of 0.1 mwW dis_ducers. To this end, samples with unbonded transducers were
; . P N laced in a hollow 16 mm microwave waveguid&R62) in
tributed across the active device area. The excitation o

SAWSs proceeds by applying high-frequency signals to thedrder to irradiate them with microwaves, polarized in the

; s irection perpendicular to the transducer fingers, with the
'Eroaris;dzuocga;vnh coaxial lines and an HP-83711A generatolﬁelp of an Agilent 83650B generator covering frequencies up

In Fia. 1. the lumi ; ¢ the GaA to 50 GHz. The sample is placed in the maximum of the
n Fg. 1, the juminescence spectrum from ihe Smicrowave-electric field of the waveguide, which is short
guantum well is plotted. It exhibits two lines. One line cor-

S , circuited at one end near the sample and contains a fiber in
responds to the recombination of free excitgntarked as

FE in Fig. 1, whereas the other originates from recombina-
tion of free 2D electrons with a density ofs<310° cm2.*° double-sided excitation
Despite the absence of intentional dopants, residual donors in p =240nm
the AlGaAs layers are responsible for the presence of a 2D-
electron channéf*"When applying 11.97 GHz to the trans-
ducer with a 240 nm period, a SAW is resonantly excited and
a strong modification of the luminescence takes place. The
excitonic line drops in intensity. Exciton polarization and
electron—hole separation in the strong electric field of the . . 1
SAWSs" are held responsible for this drop. They favor re- 118 120 12.2
combination from the 2D channel instead. Figure 1 shows Frequency (GHz)

the CorreSpondmg differential spectrum. These mOdIfICatlonns‘—‘lG. 3. Optically detected resonant coherent excitation of SAWs at 0.4 K

under SAW are typical for low-density systems, in Which tor 4 pair of 240 nm transducers. The inset shows the interference pattern on

excitonic recombination normally dominates the spectruman enlarged scale.
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In conclusion, we developed a technique for the excita-
tion and detection of ultrahigh-frequency SAWSs up to at least
24 GHz. It opens up the possibility for finite wave-vector
spectroscopy of 2D-electron systems in GaAs for momenta
as large as Tgcm.

p =320 nm

Intensity (a.u.)
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