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Aharonov-Bohm effect in an electron -hole graphene system
— eDmiITRI SMIRNOV, HENNRIK ScHMIDT, and RoLr J. Haug — In-
stitut fiir Festkorperphysik, Leibniz Universitdt Hannover, Appelstr.
2 30167 Hannover, Germany

We analyze the electronic properties of a monolayer graphene ring.
The sample and structured by standard procedures: micro-mechanical
cleavage for preparation on a Si-wafer with a 285 nm thick layer of
Si02, electron beam lithography, active oxygen etching for structuring
and contacting the ring shaped sample. The sample is measured in a
He3-cryostat system with a base temperature of 500 mK and is iden-
tified as monolayer first via optical microscopy and later based on the
magnetotransport measurements. In addition to the Si-backgate we
place a topgate on top of one arm of the ring to manipulate the charge
carrier concentration and to be able to create a pnp- (npn-) junction in-
side the ring. We observe Aharonov-Bohm oscillations by variation of
the magnetic field around 0 T. The period of the oscillation is approx.
16.5 mT and fits the size of the ring well. The maximum visibility of
the oscillations in all measurements is about 1%. We are also able to
observe the oscillations when a pnp-junction is created inside the ring.
The period is independent of the existence of a pnp-junction and stays
constant in all situations. We analyze the amplitude in dependence of
the charge carrier type and concentration. The absolute amplitude is
constant in the bipolar and unipolar region. The relative amplitude
has a dependence that is based on the changing background resistance.

HL 81.2 Thu 15:15 ER 270
Magnetotransport through graphene nanoribbons at high
magnetic fields — eSiLvia ScumipMEIER!, SuNc Ho Juanc!, JUR-
GEN WURM2, IUurRll SKOURSKI®, JoACHIM WosNITzA%, CHRISTOPH
Strunk!, DieTeER WEIss!, KLaus RicuTER?, and JoNaTHAN EROMS!
— lnstitute of Experimental and Applied Physics, University of Re-
gensburg, Germany — 2Institute of Theoretical Physics, University of
Regensburg, Germany — 3Dresden High Magnetic Field Laboratory,
Helmholtz-Zentrum Dresden-Rossendorf, Germany

For the application of graphene in nanoelectronics one has to under-
stand the behavior of graphene nanostructures, in particular graphene
nanoribbons. They were theoretically predicted to show either metal-
lic or insulating behavior around the charge neutrality point, depend-
ing on their crystallographic orientation. In experiment, however,
graphene nanoribbons always exhibit an insulating state close to the
charge neutrality point, which is dominated by disorder rather than a
confinement-induced gap in the spectrum. At present, the behavior of
GNRs is mainly governed by extrinsic defects rather than their intrin-
sic properties, and information on the nature of those defects is highly
desired.

We have investigated the magnetoresistance of lithographically pre-
pared single-layer graphene nanoribbons as narrow as 70 nm in pulsed,
perpendicular magnetic fields up to 60 T and performed corresponding
transport simulations using a tight-binding model and several types of
realistic bulk and edge disorder. Thus we can disentangle their contri-
butions to transport in graphene nanoribbons.

HL 81.3 Thu 15:30 ER 270
Terahertz radiation driven chiral edge currents in graphene
— oC. DrexrLer!, J. KarcH!, P. OLBRICH!, M. FEHRENBACHER!,
M. HirmER!, M. M. GrAzov?, S. A. TarasENKO?, B. BIRKNER!,
J. Eroms!, D. Wrss!, R. Yaxkimova3, S. Lara-AviLa%, S.
Kusarkin?, M. OstLER®, T. SEYLLER®, E. L. IvcHENKO?, and S.
D. GanicHEV! — 1Terahertz Center, Regensburg, Germany — 2Ioffe
Institute, St. Petersburg, Russia — 3Linkdping University, Linképing,
Sweden — 4Chalmers University of Technology, Géteborg, Sweden —
5University of Erlangen-Niirnberg, Erlangen, Germany

Here we report on photocurrents induced in single layer graphene sam-
ples by illumination of the graphene edges with circularly polarized
terahertz radiation at normal incidence. The photocurrent flows along
the sample edges and forms a vortex. Its winding direction reverses
by switching the light helicity from left- to right-handed. We demon-
strate that the effect is directly coupled to electron scattering at the
graphene edge which reduces the spatial symmetry and vanishes in
bulk graphene. The developed theory based on Boltzmann’s kinetic
equation is in good agreement with the experimental findings. Our
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results suggest that the circular photocurrents can be effectively used
to study edge transport in graphene even at room temperature.
[1] J. Karch et al, Phys. Rev. Lett. (in print); arXiv:1107.3747v1

HL 81.4 Thu 15:45 ER 270
Spin transport and relaxation in single and bilayer graphene
— eBasTiAN BIRKNER, DANIEL Pacuniowski, DIETER WEIss, and
JonaTHAN ErROMS — Institute for Experimental and Applied Physics,
University of Regensburg, 93040 Regensburg, Germany

We achieved electrical spin injection with a DC current from a
ferromagnetic material (Co) into both single layer graphene (SLG)
and bilayer graphene (BLG). In order to circumvent the conductiv-
ity mismatch problem a thin AlOx tunnel barrier is placed in between
graphene and the ferromagnetic contacts. This AlOx layer is produced
by depositing Al atoms over the entire sample at 180 K and subsequent
oxidation at room temperature. For both SLG and BLG, we obtain
a clear switching of the non-local magnetoresistance whose sign de-
pends on the magnetization orientation (parallel/antiparallel) of the
ferromagnetic electrodes. By applying a perpendicular magnetic field
we also detect spin precession (Hanle effect). Fitting of these Hanle
curves yields the spin relaxation time and the spin injection efficiency
as well as the spin diffusion constant. The latter is nearly identical
with the charge diffusion constant in SLG. For BLG this is also valid if
one considers a realistic band structure with a bandgap. Furthermore
we find by analyzing the relationship between spin and momentum
scattering that the Elliot-Yafet spin relaxation mechanism dominates
in SLG at low temperature. In contrast to this result, we find a op-
posite behavior of the temperature dependence of the spin relaxation
time and the diffusion constant which suggests the importance of the
Dyakonov-Perel mechanism in BLG.

HL 81.5 Thu 16:00 ER 270

Temperature Dependent Magnetotransport Studies of
Graphene on GaAs — eNiLs GAYER, KAREN PETERs, and WoOLF-
GANG HansenN — Institut fiir Angewandte Physik und Zentrum fiir

Mikrostrukturforschung, Universitat Hamburg, Germany

We utilize temperature dependent magnetotransport measurements to
investigate the electronic properties of graphene on (001)-GaAs. Our
substrates contain a Si-doped GaAs backgate grown by means of molec-
ular beam epitaxy. The investigated graphene flakes were prepared by
mechanical cleavage of natural graphite. We were able to determine the
number of layers of the graphene flakes by using Raman spectroscopy.

Shubnikov-de Haas oscillations in the longitudinal resistance allow
for determination of the charge carrier densities and subsequently the
carrier mobilities. The gate-voltage dependency of the resistance sug-
gests that the samples are p-doped. The observed weak localization
enables the extraction of the temperature dependent dephasing time
T¢- The temperature dependency reveals diffusive electron-electron
scattering to be the phase breaking process.

HL 81.6 Thu 16:15 ER 270
Polarization resolved magneto-Raman scattering of graphene
on natural graphite — eMarTHiAs KUHNED2, CLEMENT
Fauceras?, Prorr Kossacki?3, AurgLiEN L. L. NicoLer?, MiI-
AN Oruita?4, Yu. 1. LarysueEv®, and MAREK POTEMSKIZ —
IKarlsruher Institut fiir Technologie, Physikalisches Institut, 76131
Karlsruhe — 2LNCMI-CNRS (UJF, UPS, INSA), 38042 Grenoble,
France — 3Institute of Experimental Physics, University of Warsaw,
00-681 Warsaw, Poland — “Institute of Physics, Charles University,
121 16 Praha 2, Czech Republic — SInstitute of Radio Engineering
and Electronics, RAS, 125009, Moscow, Russia

It was recently demonstrated that purely electronic Raman scattering
can be measured in graphene flakes on bulk natural graphite subject to
a quantizing magnetic field [1]. We investigate a similar graphene flake
by micro-Raman scattering at 4.2K and in magnetic fields up to 29T.
Different types of electronic excitations are observed and identified in
circular polarization resolved experiments. The magnetic field evolu-
tion of these excitations reveals details of the graphene band structure,
such as the electron-hole asymmetry, as well as possible signs of an in-
teraction with the underlying substrate. The latter is further suggested
by an unusually rich coupling between the zone-center E24-phonon and
the electronic excitations.
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[1] C. Faugeras et al., Phys. Rev. Lett. 107, 036807 (2011)

HL 81.7 Thu 16:30 ER 270
Relaxation dynamics in Landau-quantized graphene probed
in the mid-infrared range — eMARTIN MITTENDORFF!, STEPHAN
WINNERL!, HARALD ScHNEIDER!, MAaNFRED Herm!, MiLaN
ORLITA2, MAREK PoOTEMSKI?, MIKE SPRINKLE?, CLAIRE BERGER?,
and WALTER A. DE HEER3 IHelmholtz-Zentrum Dresden-
Rossendorf, Institute of Ionebeamphysics and material research, Ger-
many — 2Grenoble High Magnetic Field Laboratory, France —
3Georgia Institute of Technology, Atlanta, USA

In contrast to conventional semiconductors the Landau levels (LLs)
in graphene are not equidistant. This feature allows us to investi-

gate a single LL transition selectively. By applying magnetic fields
of up to 7T we could investigate three different transitions at a fixed
wavelength of 16.5 um via pump-probe measurements. By varying the
magnetic field the photon energies were brought into resonance with
the different transitions. For the transition LLg_1)— > LLyg) we
could not only observe an increase of the pump-probe signal by a fac-
tor of 2.5 but also a decrease of the relaxation time from 20 ps to 5 ps.
Interestingly, the reduced relaxation time is observed in a wider range
of magnetic fields than the increase of the signal amplitude. Addi-
tionally the minimum of the relaxation time is shifted in respect to
the maximum signal. For the transitions LL_;(_9)— > LLy(1) and
LL_5(_3y— > LL3(2) we could only observe an slight increase of the
pump-probe signal.



