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Intrasubband magnetoplasmon LO-phonon coupling in an InAs antidot array
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We present far-infrared photoconductivity measurements for InAs antidot arrays grown on a GaAs substrate.
By applying a magnetic field, we have tuned the intraband-magnetoplasmon mode across the reststrahlen band
of InAs. We have observed an anticrossing in the vicinity of the LO phonon of InAs arising from the
intraband-magnetoplasmon-LO-phonon coupling. This coupling was so far only theoretically predicted. The
experimentally observed splitting can be directly reproduced by the theory without any fitting parameters.
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[. INTRODUCTION magnetoplasma oscillations with FIR radiation. This collec-

0t,}ve excitation differs from the corresponding mode in an

unpatterned 2DEG. In the antidot array the collective modes
can be described by a model of Mikhailet al,'®

There are many theoretical and experimental studies
the interaction of optical phonons and electrons in low-
dimensional electron gas&slin those works the interaction
of the longitudinal opticalLO) phonons, in particular the (1-f)wg fwg
polaron coupling, on the cyclotron resonance of a two- - w0+ o) - (- ) =0, 1)
dimensional electron gg2DEG) and theintersubband tran- ¢ ¢
sition in 2DEG and quantum dots are studied. The impact oWwherewy is the excitation frequency of the magnetoplasmon
the optical phonons on thatrasubband magnetoplasmon is, mode forB=0 T andf the geometrical filling factor which
to the best of our knowledge, only studied theoretically bydefines the portion of the 2DEG area that is depleted by the
Tseliset al,? and more deeply by Peetees al* and Wu®  geometrical holesw,=eB/m* is the cyclotron resonance.
The experimental study of the electron-phonon interaction byrhe fundamental collective excitations of an antidot atay
transmission experiments is complicated due to the reducechn be observed in our samples. One of these modes, the
transmission inside the reststrahlen band arising from thenagnetoplasmon as* mode, approaches the optical phonon
influence of the phonons on the dielectric properties. regime by increasing the magnetic field.

In this paper, we present experimental results of the There are several processes that affect the interaction of
magnetoplasmon-LO-phonon coupling in an antidot arrayphonons with low-dimensional electron systems. The
which exhibits an anticrossing behavior. We show that thismagnetoplasmon-LO-phonon coupling is one example.
anticrossing can be perfectly described by the model of TseFhese modes can be described for example by the equation
lis et al. without any fitting parameter. given by Tseliset al.?

We have performed far-infraredIR) photoconductivity
(PC) measurements where the electron gas of an antidot arg?2 = 1
ray serves directly as the detector. This technique allows us =~ 2
to perform very sensitive measurements directly in the rest- 2)
strahlen regime which is not accessible to transmission ex- .
periments. Therefore, the PC is an extremely sensitive tech- Here, w, and wp,=Vw)+w’ are the frequencies of the
nique to investigate the electron-phonon interaction. plasmon and magnetoplasmon, respectively. In this theory, a

We find that the bolometric effect is the origin of the PC continuous 2DEG is assumed with a constant electron den-
in our sampled?'5This effect arises from the heating of the Sity. For our antidot arrays, we have adopted this theory by
electron gas due to the absorption of the FIR radiation anéhe following replacements:

the temperature dependence of the longitudinal resistance of I
the sample. Omp— 0", wp— V(") - 0l (3)

1 |
2 2 lr 2 2 2 2 2 2
(wmp+ o) = E\s(a)mp+ wLO)Z - Mo pwg + wprO).

The frequencie®* andw, can be directly extracted from the

experimental data.
Il. THEORETICAL OVERVIEW

In the following, we would like to give a brief overview IIl. SAMPLE STRUCTURE AND MEASUREMENT
of the model we have used to calculate the magnetoplasmon- TECHNIQUE

LO-phonon coupling in an antidot array.

Our antidot arrays are prepared by etching geometrical Our samples were fabricated by molecular beam epitaxy
holes into an area of an InAs 2DEG grown on a GaAs subon a GaAs substrate. To accommodate the lattice mismatch
strate. In such an array there exists a periodically modulateetween GaAs and InAs, a multilayered buffer ofAh _,As
electron gas, which allows us to excite intraband-was grown where the In fraction was increased for each
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FIG. 1. Photoconductivitysolid curvg and absorptioridotted % —~9 3T—J-——"""P" ~
curve) spectrum of an antidot array at a magnetic field of 9.6 T. The o
PC spectrum was taken by applying a dc current i/ at a 0O 96T
sample temperature of 1.5 K. The arrows indicate the lower and
upper branch of the magnetoplasmon-LO-phonon coupling at the 94T ™M >~
InAs LO phonon(dashed ling
Q. 2T
layer. A 7 nm thick Si-doped WyAlg.As layer was fol-
lowed by a 5 nm spacer layer ofgrAl 5 25As. On the top of \9.0T~4 ™
this structure, a step quantum well of a 2.5 nHBa, »5AS
layer, a 4 nm InAs layer and a 13.5 nmy lGa, »sAs layer -~8.8T
were grown. The samples were capped with a 40 nm thick L ! : ! L
layer of Iy 75Al 2AS. A self-consistent Schrédinger-Poisson 180 200 220 240 260

calculation shows that the 2DEG is about 55 nm below the wave numbers (cm")

surface, mainly confined in the narrow InAs chantfel. FIG. 2. Overview of photoconductivity spectra in the regime of

H \Illveb prepaged, bﬁ ﬁhem\'/c_al wet etchcljng, Ian e)étrefmekljy Iothe optical phonons. The reststrahlen bands of InAs and InGaAs are
i‘ ar with a width ofW=50 um and a e”gt ora out indicated by the rectangles. The lower and upper branch of the
L=10 cm. The 2DEG channel runs meandering in a SquarF‘nagnetoplasmon-LO-phonon coupling are shown by the black lines

of 4X4 mnt. The largeL/W ratio enhances the sensitivity 45 gyide to the eyes. The spectra are vertically offset for clarity.
of our measurement.

The antidot arrays had a period of 800 nm. The holes witfensity of the PC depends on the Landau filling factor. One
a geometric diameter of about 200 nm were defined by hocan see several resonances in the spectrum qrising from the
lographical lithography and chemical wet etching. Ohmicinfluence of the optical phonon modes of the different mate-
contacts were prepared by depositing AuGe alloy followedials. We observe two peaks in the vicinity of the LO phonon
by annealing. Further information about these samples caff [NAs (dashed ling These two modes represent, as we
be found in Ref. 13. justify later, the lower and upper branch of the

Our experiment was performed by applying a dc currenf@gnetoplasmon-LO-phonon coupling, which exhibits an
to the Hall bar and measuring the changes of the voltag@hticrossing behavior. By comparison with the absorption
drop caused by the FIR radiation. At fixed magnetic fields SPectrum one can see the advantage of the photoconductivity
the broadband FIR radiation was modulated by the Michel{€chnique. Because of the reduced transmission in the vicin-
son interferometer of a Fourier transform spectrometer. Usly Of the optical phonons, the signal to noise ratio of the
ing the sample itself as the detector, the correspondingPSorption spectrum is very low and the identification of
change in the voltage drop of the sample was ac coupled to&sonances difficult. - _
broadband preamplifier and recorded as an interferogram N Fig. 2 different photoconductivity spectra of the antidot
which was Fourier transformed to extract the photoconduc@Tay are shown. The spectra are taken in a magnetic field
tivity spectrum. The sample was mounted in a He cryostaf€9ime where the magnetoplasmon resonance lies inside the

with a superconducting solenoid. All data reported here weréeststrahlen band of InAs. Because of the filling factor de-
obtained in Faraday geometry. pendence of the PC intensity, each spectrum is divided by a

factor to facilitate a comparison. One can clearly see the
anticrossing in the vicinity of the InAs LO phonon arising
IV. EXPERIMENTAL RESULTS from the magnetoplasmon-LO-phonon coupling. The lower
and upper branches of this coupling are shown by the black
Figure 1 shows the photoconductiviff?C) and absorp- lines. Here and in the following, the rectangles represent the
tion spectrum of an antidot array at a magnetic fieldBof reststrahlen bands of InAs and InGaAs. The energies of the
=9.6 T. The PC spectrum was taken by applying a dc currenfO (LO) phonon modes of InAs are 218.9 thn
of 9 uA at a sample temperature =1.5 K. The total in-  (243.3 cm?).18 In the ternary mixed crystal of jy<Ga, ,5As
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stead of the magnetoplasma oscillation one observes the cy-
20 L P N M// clotron resonance in this sample, which shows no
— uppier brancli o anticrossing behavior around the LO-phonon frequency of
— \ o5 8857 e InAs. This screening of the polaron effect is due to the large
c . : o )
5 250 \ - carrier density in our samplé<. Since the unpatterned and
2 ——r Y Y , l antidot samples have only slightly different densities, we
£ 240 27 " would expect that the polaron coupling in the antidot sample
5230_ M is similarly weak. Therefore, we can rule out the polaron
z gooon? \ nAs-like | InAs coupling to be the origin of the anticrossing around the InAs
= 220 - —— AN LO phonon in our antidot arrays. Because of this and the
%+ N perfect parameter free fit with the theory we conclude that
21047 * lower branch this anticrossing is the manifestation of the intraband-
I T I I T magnetoplasmon-LO-phonon coupling.
9.0 9.5 10.0 10.5 1.0 In the following, we would like to discuss briefly some
magnetic field (T) further splittings that we observe in the experiments. In par-

. . , . . ticular, one can see splittings around both the InAs-like and
FIG. 3. Experimental magnetic field dispersion for the ant'dOIGaAs-like TO phonon frequencies. These splittings arises

array (symboly. The ~calculated -magnetoplasmon-LO-phonon ¢ 2 o copic dielectric effect They reflect the strong
modes are shown as solid lines. The “bare” magnetoplasmon mode

is shown as a dashed line in addition. The rectangles indicate th\éanlatlﬁn of thev\(/jlerLeCtrlc fuPCtlondlré.thle qumtyl Ofl the op-
reststrahlen bands of InAs and InGaAs. tical phonons. We have performe ielectric calculations us-

ing the transfer matrix method for a multilayered structure.
In this model, the absorption of the cyclotron resonance of a
2DEG is taken into account. We find that the additional split-
tings at the TO phonon frequencies can be fully explained by
the dielectric calculations, in particular the damping of the
radiation in the vicinity of the TO phonons.

there exist two reststrahlen baf¥iswith InAs-like and
GaAs-like phonon modes. The energies of the(TLO) pho-
non are 222 cit (238 cm?) for the InAs-like modes and
250 cmt (265 cnt?) for the GaAs-like modes.

V. DISCUSSION VI. SUMMARY

In summary, we have observed an anticrossing behavior
mentally observed resonances for the different branches wit f the intraband magnetoplasmon in the vicinity of the InAs
O phonon. We clearly observed a lower and upper branch,

different symbols and observe a clear anticrossing at th hich b lently d ibed by th tool
InAs LO-phonon frequency. To compare these experimentif:v Ich can be exceliently described by the maghetoplasmon-

In Fig. 3 we have plotted the peak positions of the experi-

results with theory we have used the model described in Se ﬁ—phono;j coupling Wr']th ;he m]:)del ﬁf' e.lg.(,j Tseut al. b

[I. The two branches of the calculated magnetoplasmon-LO- IS coupling was, to the best of our knowledge, never ob-
phonon coupling are shown in the magnetic field dispersior'f\'erve.d expenmentally.b'efore. We can rule. out the polaron
as solid lines. The “bare” magnetoplasmon madfeof the couplmg to be the origin of the anticrossing from corre-

antidot array is depicted as a dashed line in addition. Onépondmg measurements on an unpatterned 2DEG.

finds an excellent agreement of the anticrossing around the
LO phonon mode of InAs without any fitting parameter.

In principle, a polaron-like coupling with the LO phonon  We gratefully acknowledge the support of this work by
would also give rise to an anticrossing at the LO-phonorthe EU through project BMR, the BMBF through Project No.
frequency. To check this we have performed PC measureé31BM905 and the DFG through SFB 508 and the Gra-
ments on an unpatterned sample from the same wafer. Irduiertenkolleg “Physik nanostrukturierter Festkorper.”
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