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TT 90.1 Thu 10:00 POT 151
Magnetotransport in nanostructured InAs-based Het-
erostructures — eOLIvio CuiarTi', SVEN S. Bucunorz!, WoLF-
GANG HANSENZ, MEHDI PAKMEHR?3, BRUCE D. MCCOMBE?, and SASKIA
F. FiscuEr! — !Neue Materialien, Institut fiir Physik, Humboldt-
Universitdt zu Berlin, D-10099 Berlin — 2FG Wachstum, Institut
fir Angewandte Physik, Universitdt Hamburg, D-20148 Hamburg —
3Dept. of Physics, University at Buffalo, the State University of New
York, Buffalo, NY 14260-1500 USA

The control of spin-polarized currents entirely by electrical fields is of
great interest in the field of spintronics. The spin-orbit coupling in
narrow-gap semiconductors has been identified as a possible tool to
this end, because it couples the momentum of an electron to its spin.
Nanostructures can be used to filter specific momentum modes and
offer the possibility to create and detect spin-polarized currents. [1]
Quantum point contacts (QPCs) in nominally symmetric InAs quan-
tum well structures have been reported to generate spin-polarized cur-
rents, when asymmetric gate voltages are applied. [2]

We have fabricated Hall-bars and QPCs with in-plane gates in InAs
quantum well structures, and performed transport measurements at
low temperatures and in high magnetic fields. We investigate the ef-
fects of symmetric and asymmetric gate voltages. Here, we present the
results of our measurements and discuss their implications for investi-
gations of the spin-orbit coupling in InAs.

[1] Silsbee, J. Phys.: Condens. Matter 16, R179 (2004)

[2] Debray et al., Nature Nanotech. 4, 759 (2009)

TT 90.2 Thu 10:15 POT 151
Acoustic charge and spin transport in GaAs (111)B quan-
tum wells — eALBERTO HERNANDEZ-MINGUEzZ, KLAUS BIERMANN,
and PAULO SANTOS — Paul-Drude-Institut fiir Festkorperelektronik,
Berlin, Germany

The special properties of electron spin dynamics in GaAs (111) quan-
tum wells (QWSs) have been subject of study during the last years.
Recently, it has been experimentally shown that, to first order in the
electron wavevector, the in-plane component of the spin-orbit interac-
tion can be suppressed simultaneously for all electrons in the QW just
by applying an electric field of a certain amplitude perpendicularly
to the QW plane. As a consequence, by tuning the amplitude of the
electric field, the spin polarization lifetime of an electron ensemble is
varied from a few hundred picoseconds to tens of nanoseconds.

In addition, surface acoustic waves (SAWs) have proved to be an
useful tool for the controlled transport and manipulation of electron
spins in GaAs QWs: the piezoelectric field accompanying the SAW
allows the spatial confinement of electrons and their transport, with
the well defined SAW velocity, over distances of several tens of mi-
crometers. In this contribution, we explore the generation of SAWs in
GaAs (111) QWs, as well as their combination with vertical electric
fields for the acoustic transport of long living electron spins. In this
way, we observe acoustic charge transport along 40pum distance, and
spin transport around 15 pm.

TT 90.3 Thu 10:30 POT 151
Indirect Excitons Spin manipulation in GaAs/Al,Gaj_,As
double quantum wells — ®ADRIANO VIOLANTE!, SNEZANA LAzIC?,
Kraus BIERMANN!, RupoLpH HEY!, PAuLO SaNTOs!, KoBI KOHEN3,
and RONEN RAPAPORT® — lPaul-Drude-Institut fiir Festkorperelek-
tronik, Berlin, Germany — 2Departamento de Fisica de Materiales,
Universidad Auténoma de Madrid, Madrid, Spain — 3Racah Institute
of Physics, Hebrew University of Jerusalem, Jerusalem, Israel

A spatially indirect exciton (IX) is a bound state of an electron and a
hole localized in different quantum wells (QWs) of a double quantum
well structure (DQW). In an IX, the spatial separation of electrons
and holes reduces the exchange interaction, thus significantly enhanc-
ing the spin lifetime with respect to the direct QW excitons. [1] In
this contribution, we show that spin-polarized IXs created using a cir-
cularly polarized laser beam diffuse up to distances 15 pm away from
the generation point, revealing spatial oscillations of the polarization
degree p,. The latter are attributed to the precession of the spin vec-
tor in the spin-orbit effective magnetic field Bgo as they move away
from the excitation spot, which can be modulated both with electric
and magnetic fields. The IXs spin transport using acoustic fields is
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also discussed.

[1] J. R. Leonard, Y. Y. Kuznetsova, S. Yang, L. V. Butov, T. Os-
tatnick, A. Kavokin, and A. C. Gossard. Nano Lett. 9, 4204-4208
(2009)

TT 90.4 Thu 10:45 POT 151
Time- and space-resolved measurements of spin diffu-
sion in high-mobility GaAs-based 2D electron systems —
eMARKUS SCHWEMMER!, ROLAND VOELKL!, ToBias KORN!, SERGEY
TARASENKO?, DIETER ScHUH', WERNER WEGSCHEIDER3, and CHRIS-
TIAN SCHULLER! — lInstitute of Experimental and Applied Physics,
Faculty of Physics,University of Regensburg, Germany — 2A. F. Ioffe
Physical-Technical Institute, Russian Academy of Sciences, St. Peters-
burg, Russia — SETH Zurich, Switzerland

Two-dimensional electron systems embedded in (110)-grown, symmet-
rically doped GaAs/AlGaAs QWs are highly interesting for spintron-
ics. They combine high carrier mobility with long spin dephasing
times. Previously, we have studied these systems in different experi-
ments, which either gave temporal or spatial resolution. By using a
two-beam Hanle-MOKE method we could observe diffusion lengths of
more than 125 pym at low temperatures. As a next step, the exper-
imental setup was modified in order to achieve temporal and spatial
resolution with the help of a single pulsed TiSa laser. The main issue
is the spectral separation of the pump and the probe beams, which
are collinearly focused onto the sample. Due to the broad spectrum
of the femtosecond laser pulse, this can be realized using bandpass
filters. Besides the mapping of the temporal propagation of the spins
via diffusion, this experimental setup should also allow to visualize the
evolution of a drifting spin packet. Financial support by the DFG via
SFB 689 and SPP 1285 is gratefully acknowledged.

TT 90.5 Thu 11:00 POT 151
Direct measurement of the spin splitting in GaAs quantum
wells — oCHRISTOPH SCHONHUBER!, MATTHIAS WALSER?, CHRISTIAN
REICHL?, WERNER WEGSCHEIDER®, GIAN SALISZ, ToBias Korn!, and
CHRISTIAN SCHULLER! — ! Universitit Regensburg, 93040 Regensburg,
Germany — 2IBM Research-Zurich, 8803 Riischlikon, Switzerland —
3ETH Zurich, 8093 Zurich, Switzerland

We investigate the spin splitting in the conduction band of GaAs quan-
tum wells employing Raman scattering experiments. The investigated
system consists of a 12-nm-wide (001)-oriented GaAs/AlGaAs QW,
which is asymmetrically Si modulation doped to reach a balanced
Rashba and Dresselhaus SOI contribution.

The performed measurements on intrasubband transitions reveal a
double peak structure for the [11] direction, while in [1-1] direction
there is only a single peak. This anisotropic behavior in the spin split-
ting is probed for a wide range of transfered wavevectors and in good
agreement with the prediction for a system with comparable magni-
tudes of Rashba and Dresselhaus SOI.

TT 90.6 Thu 11:15 POT 151
Hole g-factor anisotropy in coupled GaAs/AlAs quantum
wells — oCHRISTIAN GRADL, MICHAEL KEMPF, DIETER SCHUH, DO-
MINIQUE BOUGEARD, CHRISTIAN SCHULLER, and ToBIAS KORN — Uni-
versitdt Regensburg, D-93040 Regensburg, Germany

We performed time-resolved Kerr rotation measurements on undoped
[110]- and [113]-grown double quantum well (QW) structures to resolve
the spin dynamics of hole ensembles at low temperatures. For these
growth directions, a strong anisotropy of the hole g-factor with respect
to the in-plane magnetic field direction is theoretically predicted.

Our gated system consists of two QWs with different well widths,
which we use for the spatial separation of the optically excited electron-
hole pairs. Thus, we are able to create hole ensembles with spin life-
times of several hundreds of picoseconds in the broader QW without
any doping. This also allowed an observation of a strong hole g-factor
anisotropy by varying the magnetic field direction in the QW plane.
Moreover, our extracted values are in a very good agreement with
theoretical predictions.

TT 90.7 Thu 11:30 POT 151

Polarization oscillations in spin-polarized vertical-cavity
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surface-emitting lasers controlled by multiple excitation
pulses — eHENNING HOPFNER, MARKUS LINDEMANN, NiLs C. GER-
HARDT, and MARTIN R. HOFMANN — Photonics and Terahertz Tech-
nology, Ruhr-University Bochum, D-44780 Bochum, Germany

Spin-polarized lasers offer many potential advantages over their con-
ventional counterparts, including threshold reduction, polarization
control and ultrafast dynamics for increased modulation bandwidth
[1].

Upon excitation with circularly polarized light that creates spin-
polarized carrier in a vertical-cavity surface-emitting laser (VCSEL),
the VCSEL shows oscillations of the circular polarization degree.
These polarization oscillations can be much faster than the relaxation
oscillations of the carrier-photon system. From calculations based on a
rate-equation model we show that these oscillations can be switched on
and off in a controlled manner using multiple circularly polarized opti-
cal excitation pulses. The results are verified experimentally, showing
spin-induced polarization oscillation in conventional, electrically bi-
ased VCSELSs subject to optical spin injection. We show polarization
oscillation bursts with possible modulation frequencies far beyond the
device’s electrical modulation bandwidth.

[1] Gerhardt et al., Applied Physics Letters 99 (15), 151107 (2011)

TT 90.8 Thu 11:45 POT 151
Spin polarization of electron states in GaAs quantum wells —
ePAVEL STREDA — Institute of Physics ASCR, Praha, Czech Republic

The standard method to establish the spin orientation of electron
states, for zinc-blende semiconductors like GaAs, is based on the effec-
tive medium approach represented by the Luttinger Hamiltonian. For
a two-dimensional electron gas, confined within a potential well, the
real eigenfunctions of bound states across the well has been approxi-
mated by an envelope function. It leads to the conclusion that along
main crystallographic axis, [1,0,0] and [0, 1, 0], the spin orientation is
parallel or antiparallel with velocity directions. This contradicts to
the tendency of the spin to be perpendicular to the velocity direction,
observed in bulk structures.

The question arises if an envelope function approach, which sup-

presses the effect of local environment, is not too crude approach for
real quantum wells, which are usually wider than ten lattice constants.
To answer this question the empirical pseudopotential method has been
used to establish energy dispersions and spin expectation values for
two-dimensional electron gas confined within quantum wells of the dif-
ferent width. In all cases the tendency of the spin to be perpendicular
to the velocity direction has been observed. For wide enough wells
the obtained spin structure approaches that given by the bulk GaAs
crystal with k., = 0.

TT 90.9 Thu 12:00 POT 151
Spin injection efficiency dependence on MgO tunnel bar-
rier thickness — eLENNART-KNUD LIEFEITH, TOMOTSUGU ISHIKURA,
ZHIXIN Cul, and KANJI YOoH — Research Center for Integrated Quan-
tum Electronics, Japan

We study non-local spin valves in inverted InAlAs/InGaAs high-
electron mobility transistors on InP(001). On the ferromagnet (FM)
side, permalloy electrodes are employed. On the semiconductor (SC)
side the electron system resides in a two-dimensional InAs channel. It
has been argued that direct FM/SC contacts provide negligible spin
polarization in the SC if the transport is diffusive, known as the con-
ductivity mismatch problem[1]. In the ballistic transport regime ef-
ficient spin injection is predicted[2]. For devices basing on ballistic
transport, a low contact resistance between FM and SC is essential.
An strategy to tackle the conductivity mismatch problem is the in-
sertion of a tunnel barrier at the FM/SC interface. We thus study
ballistic structures with MgO tunnel barriers of varied thickness. Here
we will compare spin injection efficiencies in non-local spin valve struc-
tures with either no or a 2 nm-thick MgO tunnel barrier at the FM/SC
interface.

(1] G. Schmidt, ,Fundamental obstacle for electrical spin injection from
a ferromagnetic metal into a diffusive semiconductor®, Physical Review
B 62, R4790 (2000)

[2] M. Zwierzycki, ,,Spin-injection through an Fe/InAs interface®,
Physica Status Solidi A: Applications and Materials Science 1, 25-28
(2003)



