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O 86.1 Thu 10:30 WIL A317
Charge Puddles in Graphene near the Dirac Point — ∙Sayanti
Samaddar1,2,3, Indra Yudhistira4, Shaffique Adam4,5, Hervè
Courtois2,3, and Clemens Winkelmann2,3 — 1II. Physikalisches
Institut, RWTH Aachen Otto-Blumenthal-Straße, Turm 28 D-52074
Aachen, Germany — 2Université Grenoble Alpes, Institut NEEL, F-
38042 Grenoble, France — 3CNRS, Institut NEEL, F-38042 Greno-
ble, France — 4Centre for Advanced 2D Materials and Department
of Physics, National University of Singapore, 2 Science Drive 3, Sin-
gapore 117551, Singapore — 5Yale-NUS College, 16 College Avenue
West, Singapore 138527, Singapore
The charge carrier density in graphene on a dielectric substrate such as
SiO2 displays inhomogeneities, the so-called charge puddles. Because
of the linear dispersion relation in monolayer graphene, the puddles
are predicted to grow near charge neutrality, a markedly distinct prop-
erty from conventional two-dimensional electron gases. By performing
scanning tunneling microscopy/spectroscopy on a mesoscopic graphene
device, we directly observe the puddles’ growth, both in spatial extent
and in amplitude, as the Dirac point is approached. Self-consistent
screening theory, together with the consideration of the impact of the
STM tip as an electric gate, provides a unified description of both
the macroscopic transport properties and the microscopically observed
charge disorder.

O 86.2 Thu 10:45 WIL A317
Ab-initio study of the effective Coulomb interactions and
Stoner ferromagnetism in hydrogenated graphene — ∙Ersoy
Sasioglu1, Hanif Hadipour2, Christoph Friedrich3, Stefan
Blügel3, and Ingrid Mertig1 — 1Institut für Physik, Martin-
Luther-Universität Halle-Wittenberg, D-06099 Halle (Saale) Germany
— 2Department of Physics, University of Guilan, 41335 Rasht, Iran
— 3Peter Grünberg Institut and Institute for Advanced Simulation,
Forschungszentrum Jülich and JARA, 52425Jülich, Germany
Hydrogenation provides a novel way to tune the electronic and optical
properties of the graphene. Recent scanning tunneling microscopy ex-
periments have demonstrated that local graphene magnetism can be
selectively switched on and off by hydrogen dimers [1]. Employing ab-
initio calculations in conjunction with the constrained random-phase
approximation [2] we study the strength of the effective Coulomb inter-
action 𝑈 in hydrogenated graphene. It is found that the calculated 𝑈
parameters are smaller than the ones in pristine graphene and depend
on the hydrogen concentration. Moreover, the 𝑈 parameters are very
sensitive to the position of hydrogen atoms adsorbed on the graphene
lattice. We discuss the instability of the paramagnetic state towards
the ferromagnetic one on the basis of calculated 𝑈 parameters within
the Stoner model. Spin-polarized calculations reveal that the experi-
mentally observed itinerant ferromagnetism in hydrogenated graphene
can be well described by the Stoner model.
[1] H. González-Herrero et al., Science 352, 437 (2016).
[2] E. Şaşıoğlu et al., Phys. Rev. B 83, 121101(R) (2011).

O 86.3 Thu 11:00 WIL A317
Characterization of CVD-grown graphene on germanium at
the atomic scale — ∙Andreas P. Becker, Wolfang M. Klesse,
Mindaugas Lukosius, and Thomas Schroeder — IHP microelec-
tronics GmbH, Frankfurt (Oder), Germany
Graphene is a two-dimensional carbon allotrope where the atoms are
arranged in a honeycomb lattice. Especially its extraordinarily high
carrier mobility, plasmonic activity and impermeability make it a
promising candidate for novel applications in microelectronics, such
as high-frequency transistors, sensors and optical modulators.

Direct growth of graphene on silicon is hampered by the formation
of covalent bonds. CVD growth of high-quality graphene on transition
metal substrates and subsequent transfer of the sheets has proved fea-
sible, however, tenacious metallic contamination obstructs its use in
the front-end-of-line of CMOS technology.

As a resort, graphene can be grown on germanium buffer layers,
which is one current research focus of the IHP. Specifically, samples
grown in the cleanroom are already being routinely investigated by e. g.
scanning electron microscopy (SEM) and Raman spectroscopy. But
only scanning probe microscopy (SPM) allows to scrutinize graphene
layers at the atomic scale and can therefore be an essential complement

to such established methods of quality assessment on larger scales.
Accordingly, I will present our latest results on the ex- and in-situ

structural characterization of such gr/Ge structures by means of SPM
depending on the growth parameters and post-growth annealing pro-
cedures.

O 86.4 Thu 11:15 WIL A317
Observation of photoemission ”dark lines” for Ir(111) and
graphene/Ir(111) via high-resolution ToF k-microscopy —
∙Anna Zaporozhchenko-Zymaková1,2, Dmytro Kutnyakhov1,3,
Katerina Medjanik1, Christian Tusche4, Olena Fedchenko1,
Sergey Chernov1, Martin Ellguth1, Sergej A. Nepijko1, Hans-
Joachim Elmers1,2, and Gerd Schönhense1,2 — 1Inst. für Physik,
Univ. Mainz — 2MAINZ graduate school — 3DESY, Hamburg —
4PGI-6, Forschungszentrum Jülich
ToF k-microscopy [1,2] has been used to analyze emergent photoelec-
tron diffraction effects for UHV/Ir(111) and graphene/Ir(111). We ob-
served a regular pattern of dark lines with circular shape and six-fold
symmetry that have been overlooked in previous experiments. Quanti-
tative evaluation along with a model calculation reveals that electrons
initially located within the first Brillouin zone can with finite proba-
bility be scattered by a reciprocal lattice vector into a state that prop-
agates parallel to the surface. Such electrons vanish due to inelastic
scattering events in the vicinity of the surface. This leads to a reduced
intensity observed as dark lines. The relevant reciprocal lattice vec-
tor corresponds to the lattice of the topmost layer (in our case Ir or
graphene). The dark lines appear in a certain photon energy range sat-
isfying the congruence of lattice constant and wavelength. The parallel
momentum of the dark lines decreases with increasing photon energy
in agreement with the model. The effect has been observed with both
p- and s-polarized light at BESSY II (10m NIM). [1] Chernov et al.,
Ultramic. 159, 453 (2015); [2] Tusche et al., APL 108, 261602 (2016).

O 86.5 Thu 11:30 WIL A317
Landau Level Spectroscopy of Twisted Graphene Layers on
Ir(111) — ∙Sabina Simon1, Felix Förschner1, Vivien Enenkel1,
Fabian Geml1, Yuriy Dedkov1, Timo Knispel2, Charlotte
Herbig2, Thomas Michely2, and Mikhail Fonin1 — 1Department
of Physics, University of Konstanz, 78457 Konstanz, Germany —
2Institute of Physics II, University of Köln, 50937 Köln, Germany
Epitaxial growth on metal substrates is known to be one of the most
powerful approaches in producing large-scale, high-quality, monolayer
graphene. Yet it remains a major challenge to realize the growth of
multilayers.

This work is devoted to the investigation of multilayered graphene
systems epitaxially grown on a transition metal, namely Ir(111). We
address the growth and the structure of large scale twisted graphene
bilayers by intercalation of atomic carbon under graphene on Ir(111).
We show that the intercalated graphene buffer layer provides sufficient
decoupling from the metal substrate, giving a possibility to access the
local electronic properties of graphene by means of Landau level spec-
troscopy. We further discuss the influence of the twist angle on the
local electronic properties of the top graphene layer, upon the analysis
of the doping level, Fermi velocity of charge carriers, and quasiparticle
lifetimes.

O 86.6 Thu 11:45 WIL A317
Epitaxial growth of graphene via flash annealing of SiC stud-
ied by STM, AFM and LEED — ∙Ismail Baltaci, Malte
Schulte, Eugenia Wodopian, Patrick Mehring, and Carsten
Westphal — Experimentelle Physik 1, TU Dortmund, Otto-Hahn-
Straße 4, 44227 Dortmund
Due to its unique electronic and structural properties graphene is of
particular interest for the semi-conductor industry, e.g. as a new ma-
terial in transistor applications.

In this study we concentrate on an epitaxial growth based on cyclic
heating of SiC by direct current, known as flash annealing. In order
to yield large and homogeneous graphene layers multiple parameters
have to be taken into account such as heating and cooling rates as well
as the number of heating cycles.

Determining the number of graphen layers on SiC is achieved by
utilizing Scanning Tunneling Microscopy (STM), Atomic Force Mi-
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croscopy (AFM) and Low Energy Electron Diffraction (LEED). Es-
pecially the structural differences between buffer layer and graphen is
visualized by STM and LEED measurements. Furthermore, we report
on the growth mechanism of graphene.

O 86.7 Thu 12:00 WIL A317
Surface-assisted self-assembly of graphene nanorib-
bons — ∙Axel Enders1,2, Paulo Costa2, Jacob Teeter2,
Daniel Miller3, Eva Zurek3, and Alexander Sinitskii2 —
1Experimentalphysik Va, Universität Bayreuth — 2University of Ne-
braska, Lincoln NE 68588, USA — 3State University of New York at
Buffalo, Buffalo 14260, USA
The physical properties of graphene are sensitive to the presence of
structural defects, dopants and edges. This creates opportunities to
design an electronic bandgap in graphene, which is most consequently
exploited in graphene nanoribbons (GNRs), which have edges that are
amenable to structural and chemical modification. It is shown that
surface-assisted self-assembly is a powerful strategy to build GNRs
from the bottom up. As in solution-based self-assembly, also on sur-
faces the edge structure and chemistry of GNRs is determined by
the precursor molecules. But on surfaces the substrate itself can
be a control parameter during growth, as can be the method of de-
position. Specifically here the self-assembly of 6,11-dibromo-1,2,3,4-
tetraphenyltriphenylene and related, appropriately modified precursor
molecules was studied on Au(111) and on Cu(111) surfaces. The pre-
cursors were deposited under ultrahigh vacuum by two different meth-
ods for comparison, which are thermal evaporation and nanoimprint-
ing. Among the significant findings of these studies are the substrate-
dependent epitaxial alignment of the ribbons, considerably lower de-
halogenation temperatures on Cu(111), and entirely different GNR ar-
chitectures that can emerge from the same precursors under different
conditions.

O 86.8 Thu 12:15 WIL A317
Lifting Graphene by Alkali Intercalation — ∙Caio Silva1, Ji-
aqi Cai1, Wouter Jolie2, Daniela Dombrowski1,2, Ferdinand
Farwick zum Hagen2, Antonio Martínez-Galera2, Christoph
Schlueter3, Tien-Lin Lee3, and Carsten Busse1,2 — 1Institut
für Materialphysik, Münster, Germany — 2II. Physikalisches Institut,
Köln, Germany — 3Diamond Light Source Ltd, Didcot, United King-
dom
Intercalation is a versatile tool to tune the properties of graphene grown
epitaxially on metal surfaces. Especially alkali metals are efficient to
decouple graphene from its substrate and, in addition, induce a strong
n-doping on graphene.

In the present work, we used the x-ray standing wave (XSW) te-
chinique to compare the structures resulting from intercalation of a
small (Li) and a rather large (Cs) alkali metal between graphene and
Ir(111). We noted an opposing behavior during deintercalation: In
the case of Cs, different phases [(

√
3 ×

√
3)𝑅30∘𝐼𝑟, (2 × 2)𝑔𝑟] coexist,

each with a characteristic height of graphene with respect to Ir(111),
as revealed by XSW. In the case of Li, however, we find just a single
phase of gr/Li/Ir(111) for a wide range of intercalant coverage (1 -
0.2 ML), with a distance between the graphene sheet and the metal
surface that is independent on the amount of Li intercalated in be-
tween. We explain the contrast between Li and Cs by differences in

the delamination energy that has to be paid in order to intercalate the
different species.

O 86.9 Thu 12:30 WIL A317
Giant magneto-photoelectric effect at a graphene edge —
∙Friedemann Queisser, Ralf Schützhold, Jens Sonntag, An-
nika Kurzmann, Martin Geller, and Axel Lorke — Fakultät
für Physik, Universität Duisburg-Essen, Lotharstraße, Duisburg 47048,
Germany
Graphene is a promising material for optical or infrared absorp-
tion, as its pseudo-relativistic energy-momentum relation allows for
a broad absorption bandwidth. An efficient charge separation can
be achieved at a graphene edge in a magnetic field. By solving
the Dirac equation, it can be shown that particles and holes move
in antipodal directions along the edge [1]. Motivated by the pro-
posed mechanism, an surprisingly high magneto-photocurrent has
been measured in suspended graphene [2]. The observed photo-
responsitivity (100 incident photons create up to 17 particle-hole pairs)
strongly exceeds the predicted value. A possible mechanism to ex-
plain the amplification of the magneto-photoeffect relies on the strong
Coulomb interaction in graphene: Due to the huge effective fine-
structure constant (𝛼graphene ≫ 𝛼QED) and the enlarged phase space
at the graphene edge, inelastic (Auger-type) scattering amplifies the
magneto-photocurrent.

[1] F. Queisser and R. Schützhold Phys. Rev. Lett. 111, 046601
(2013)

[2] J. Sonntag, A. Kurzmann, M. Geller, F. Queisser, A. Lorke,
R. Schützhold, arXiv:1505.01762

O 86.10 Thu 12:45 WIL A317
Magnetism in graphene induced by transition metal and rare
earth atomic layers — ∙Vasile Caciuc, Nicolae Atodiresei, and
Stefan Blügel — Peter Grünberg Institut (PGI-1) and Institute for
Advanced Simulation, Forschungszentrum Jülich and JARA, Germany
On the Ir(111) surface graphene is physisorbed with a local chemical
modulation [1] whose structural and electronic properties can be engi-
neered via atomic intercalation [2,3,4] or molecular adsorption [5,6]. In
particular, our ab initio density functional theory (DFT) simulations
performed for 3𝑑 transition metal (TM) atoms such as Co [3] and Fe
[4] intercalated at the interface between graphene and Ir(111) clearly
demonstrated that the graphene layer exhibits a spin-split electronic
structure. On the other hand, the strong hybridization between the 𝜋
electronic states of graphene and the 𝑑 ones of the TM monolayer sig-
nificantly changes the magnetic properties of the intercalated atoms.
Moreover, we investigated if this physical picture remains valid also
in the case of the rare earth (RE) atoms with spatially localized mag-
netic moments such as 4𝑓 Eu intercalated between graphene and the
Ni(111) surface.
This work is supported by DFG through SFB 1238 (Project C01).

[1] C. Busse et al., Phys. Rev. Lett. 107, 036101 (2011).
[2] W. Jolie et al., Phys. Rev. B 89, 155435 (2014).
[3] R. Decker et al., Phys. Rev. B 87, 041403(R) (2013).
[4] R. Decker et al., J. of Phys.: Cond. Matter. 26, 394004 (2014).
[5] R. Brede et al., Nature Nanotech. 9, 1018 (2014).
[6] F. Huttmann et al., Phys. Rev. Lett. 115, 236101 (2015).
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