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Invited Talk MA 36.1 Wed 15:00 HSZ 101
2D Magnetic Materials — e ALBERTO MORPURGO — University of
Geneva, Geneva, Switzerland

The first 2D magnetic material in which ferromagnetism has been
shown experimentally to persist down to individual monolayers has
been reported less than two years ago. Since then a number of dif-
ferent experiments have been performed on atomically thin magnets
of different types, and led to interesting observations (giant tunneling
magneto resistance, gate-tuning of the magnetic state, strong exchange
bias at van der Waals interfaces, etc.). In my talk I will give a short
introduction to this rapidly evolving domain of research, and discuss re-
sults obtained in my group on atomically thin multilayers of materials
such as CrI3, CrCl3 (layered antiferromagnets) and MnPS3 (antifer-
romagnetic within individual layers). Most of our experiments focus
on investigations of the magnetic properties of atomically thin crys-
tals of these materials by using them to form tunnel barriers and by
measuring their tunneling magnetoresistance. As I will show, tunnel-
ing magnetoresistance allows tracing the boundaries between different
magnetic phases, and it can therefore be used to establish magnetic
phase diagrams. Specific phenomena that I will discuss include the ob-
servation of a giant tunneling magnetoresistance in Crl3, a complete
analysis of the magnetic phases of multilayers of CrCl3 as a function
of thickness, magnetic field and temperature, and the observation of a
spin-flop transition in MnPS3 persisting to the ultimate thickness of
an individual monolayer.

MA 36.2 Wed 15:30 HSZ 101
Strain-induced phase transition in Crl; bilayers — e ANDREA
LeoN — Max Planck Institute for Chemical Physics of Solids, Dresden,
Germany

Recent reports on ferromagnetic and antiferromagnetic order in dif-
ferent 2D crystal Van der Waals heterostructures, have opened a vast
field of possibilities for new physical phenomena and generation of elec-
tronic devices which already started to be explored experimentally. In
particular layered Crls systems are of great interest due to the staking
dependent magnetism, mechanical/magnetic response under pressure,
magnetoelectric and optical properties, between others. Motivated by
this, the main goal of this work is to search for new electronic proper-
ties of antiferromagnetically coupled Crls bilayer with C2/m symmetry
under strain, using DFT calculations and analytic models. We found
that strain may be an efficient tool to tune the magnetic phase of
the structure. A tensile strain stabilizes the antiferromagnetic phase,
while a compressive strain turns the system ferromagnetic. We under-
stood that behavior by looking at the relative displacement between
layers due to the strain. We also study the evolution of the magnetic
anisotropy, the magnetic exchange coupling between Cr atoms, and
how the Curie temperature is affected by the strain.

MA 36.3 Wed 15:45 HSZ 101
Effect of hydrostatic pressure on the magneto-elastic cou-
pling in 2D ferromagnet CryGezTeg — eLAURA T. CORREDOR-
Bouoérquez!, BasTiaN RuBrecHT!, GAEL BastTien!, Anja U.
B. Worrer!, SEBASTIAN SELTER!, SAICHARAN AswarrHAM!, and
BernD BticaneEr!2 — llnstitute for Solid State and Materials Re-
search, Leibniz IFW Dresden, 01069 Dresden — 2Faculty of Physics,
Technische Universitat Dresden, Dresden

Low—dimensional magnetism is currently a rapidly developing area of
research: the existing challenges in this area are mainly associated with
the search and improvement of compounds whose characteristics meet
the needs of innovative technologies. For exciting new applications
such as ultra-compact spintronics or magnonic devices, 2D magnetic
order is crucial. Following the recent re-visit of 2D ferromagnetic semi-
conductor Cra2GeaTeg, a full understanding of the mechanism behind
its magnetism is compelling. Two main magnetic nearest-neighbor in-
teractions are theoretically predicted: an AFM direct exchange inter-
action, and a FM superexchange interaction, being the ground state a
result from the competition between them. In order to investigate how
the magneto elastic coupling influences the physical properties of this
material, we have performed hydrostatic pressure experiments. The
magnetic field was applied in the c¢ axis, i.e. the easy-magnetization
axis. AFM interaction is enhanced, at the same time that there is a
reduction of the FM properties, as predicted earlier from first prin-

Location: HSZ 101

ciple calculations. The roles of competing magnetic interactions and
anisotropy with the increase of pressure are discussed.

MA 36.4 Wed 16:00 HSZ 101
Magnetic Anisotropy and Low Field Magnetic Phase Dia-
gram of the Quasi Two-Dimensional Ferromagnet Cr2GexTeg
— oSEBASTIAN SELTERD2, GakL BasTien!, Anja U. B. WorrERr!,
SAICHARAN AswarRTHAM!, and BERND BUEcHNER!2 — lInstitute for
Solid State Research, Leibniz IFW Dresden, Helmholtzstr. 20, 01069
Dresden, Germany — 2Institute of Solid State and Materials Physics,
Technische Universitdt Dresden, 01062 Dresden, Germany

All known quasi two-dimensional ferromagnets, such as CrXsz (X =
Br, I) and Cr2(Ge,Si)2Teg, exhibit a peculiar temperature dependence
of the magnetization under small external fields in the hard plane. In-
vestigating the van der Waals layered compound CraGegTeg by mag-
netization and specific heat measurements under magnetic fields, we
find the temperature dependence of the effective magnetic anisotropy
as plausible explanation for this unusual behavior.

Based on magnetic temperature-field phase diagrams measured with
magnetic fields applied along the magnetic easy axis and in the hard
plane, the temperature dependence of the effective magnetic anisotropy
constant was extracted and its thermal evolution was compared to the
corresponding theory. A qualitative scheme is developed explaining
the changes of magnetization direction due to the influence of temper-
ature, as well as strength and direction of external magnetic fields in
CraGegTeg.

15 min. break.

MA 36.5 Wed 16:30 HSZ 101
Enhancement of Curie temperature in Mn5Ge3 films
— eYurancg Xiel2, YE Yuan!, Hannes Sivon Funk3, Cur
Xul, Manrrep HeLm!:2, SHENGQIANG ZHoOU', and SLawoMIR
PrucNnaL! — llnstitute of Ion Beam Physics and Materials Re-
search, Helmholtz-Zentrum Dresden Rossendorf, Dresden 01328, Ger-
many — 2Technische Universitiat Dresden, Dresden 01062, Germany
— SInstitut fiir Halbleitertechnik , Universitit Stuttgart, Stuttgart
70569, Germany

We report the effects of strain on the structural and magnetic prop-
erties of epitaxial Mn5Ge3 on Ge/Si (111) substrate by applying
ms-range flash lamp annealing (FLA). The X-ray diffraction results
demonstrate that during the FLA process the formation of nonmag-
netic secondary phases of Mnx*5Gey*3 is fully suppressed but the layer
becomes strained. The temperature-dependent magnetization results
indicate that the Curie temperature of Mn5Ge3 increases from 280 K
up to 400 K with increasing annealing temperature. The biaxial strain
generated in Mn5Ge3 during ms-range FLA modifies the distance be-
tween adjacent Mn atoms, which provokes the different ferromagnetic
interaction between them. Consequently, the significant increase of
Curie temperature is observed.

MA 36.6 Wed 16:45 HSZ 101
Defective Two-Dimensional Ferromagnetic Semiconductors:
Magnetic Tailoring and Improved Stability — eLianc Hub2:3,
Yusia Zeng2, LEr Cao3, Zicuao L1, CuaNGaN WaNG3, JUANMEI
Duan3, SLawoMirR PrucnaL?, and SHENGQIANG ZHOU® — College
of Materials and Environmental Engineering, Hangzhou Dianzi Univer-
sity, Hangzhou, P. R. China — 2College of Physics and Optoelectronic
Engineering, Shenzhen University, Shenzhen, P. R. China — 3Institute
of Ion Beam Physics and Materials Research, HZDR, Dresden, Ger-
many

2D ferromagnets with high Curie temperature are desirable for spin-
tronic applications. For nonmagnetic van der Waals crystals with
atomic thickness, the extrinsic tailoring such as doping or defect-
engineering can render them to be ferromagnetic 2D semiconductors.
Herein, we introduce three emerging 2D ferromagnetic candidates in-
cluding mono-element (phosphorene and antimonene) and binary com-
pound (MnSe2). By applying nonmetal/metal ions doping and defect
engineering, robust ferromagnetic behaviors (Tc far beyond 300 K)
have been accessed by the combination of SQUID, MOKE and MFM
characterization tools. Density functional theory calculations show
that these defects can be stabilized in 2D systems and contribute to
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net moment. Furthermore, the well-known issues of stability in thin
2D structures are also addressed, which are highly dependent on the
selection of preparation and processing routes. The above merits can
excite more intensive research and open a promising way to explore
2D magnets-based device applications.

MA 36.7 Wed 17:00 HSZ 101
Transitional metal doped Bis_, X, O2Se - novel 2D magnetic

semiconductor — eDowmiNnik Lecut!, X1aorenc Liu2, RUIFENG
ZHANG?, ZHONGHENG Fu?, Tinsuuar WaNG?, YANCHEN FaNn?, and
QIANFAN ZHANG2 — lT4Innovations, VSB-TU Ostrava, Ostrava,

Czech Republic — 2School of Mat. Sci. and Eng., Beihang University,
Beijing, China

For the spintronic applications like large data storages (high capacity
HDD) the industry searches for ferromagnetic insulators at nanoscale
size. Recently the discovery of BioO2Se/Te phases that exist as 2D
material and still are semiconducting attract attention. Here we in-
vestigate Biz_,, X, O2Se by transitional metal doping to introduce a
magnetic spin order. We explore the electronic and magnetic proper-
ties of various ferromagnetic (e.g. Fe) or antiferromagnetic (e.g. Mn)
transitional metals doped BipO2Se phases within the framework of
density functional theory based electronic structure calculations. We
start with the magnetic order of the bulk phase in which the magnetic
atoms form interlayer coupling that vary with the type and concen-
tration of doped atoms and go towards the nanoscale dimension, i.e.
2D materials. As a result of the competitions of magnetic interactions
the magnetic anisotropy energy is a crucial quantity. In combinations
with Monte Carlo simulations we are able to solve the exchange inter-
action constants for the Heisenberg model and therefore evaluate the
Curie temperature to see if these types of materials are suitable to be-
come novel dilute magnetic semiconductors for spintronic applications
at room and above temperatures.

MA 36.8 Wed 17:15 HSZ 101
DFT+HIA Description of Rare-Earth Adatoms on Graphene
— eJoHaNnNa P. CarBonel'2, HeNNING  JaNnssEN!, GusTav
BinLMAYER!, ALEXANDER B. Snick?, Maria PEresst®, and STE-
FAN BLUGEL! — 'PGI-1/TAS-1 Forschungszentrum Jiilich and JARA,
52425 Jiilich, Germany — 2Department of Chemical and Pharma-
ceutical Sciences, University of Trieste, [-34127 Trieste, Italy —
3Department of Physics, University of Trieste, 1-34127 Trieste, Italy
— 4Institute of Physics ASCR, CZ-18221 Prague, Czech Republic.

Composite 2D-materials containing rare-earth atoms are interesting
candidates for quantum technology thanks to their large magnetic
moments, rich magnetic interactions and strong spin-orbit coupling
effects. The main problem in describing these systems in density
functional theory (DFT) using the conventional approximations lies
in the strongly localized and correlated 4f-electrons. A promising
path is the combination of DFT with the Hubbard-I approxima-
tion [1] to the Anderson impurity (DFT+HIA) [2]. The DFT-HIA
model has been recently implemented into the FLAPW code FLEUR

(www.juDFT.de). Preliminary tests on systems containing lanthanide
adatoms on graphene have shown promising results. The goal is now to
study complex magnetism and effects such as magnetic anisotropy in
novel 2D-materials containing layers of lathanides intercalated between
sheets of van der Waals heterostructures.

We acknowledge support from NFFA.eu (ID 693).

[1] Shick et al., Phys. Rev. B 80, 085106 (2009)

[2] Kolorené et. al., Phys. Rev. B 92, 085125 (2015)

MA 36.9 Wed 17:30 HSZ 101
Enhanced indirect exchange interactions in the presence of
circular potentials in graphene — ¢OZGUR CAKIR and AH-
MET UTKU CANBOLAT — Izmir Institute of Technology, Physics
Department, 35430, Urla, Izmir, TURKEY

We study indirect exchange interaction between two magnetic impu-
rities in pristine graphene in the presence of a circular potential. In
bulk graphene structures indirect exchange interaction, also known as
RKKY (Ruderman-Kittel-Kasuya-Yosida) interaction, shows a power-
law decay with distance for both doped and undoped cases. Here we
show that under a circular electric potential quasibound states lead to
enhanced RKKY interactions between magnetic moments located in
the vicinity of the potential well. It is shown that the strength of the
potential well and Fermi energy can be tuned to create enhanced long
ranged RKKY interactions. We show that when the Fermi level lies
at the quasibound state energy, the scattering processes between the
states of the same chirality dominate over the other scattering channels
and this leads to a predominantly ferromagnetic, enhanced interaction
between the impurities at long distances. The predicted effect can
enable electrical control of RKKY interactions in graphene or other
two-dimensional materials.

MA 36.10 Wed 17:45 HSZ 101
Ferromagnetism in graphene — eMukuL KABIR — Department
of Physics, Indian Institute of Science Education and Research, Pune
411008, India

Metal-free magnetism in graphene has remained a subject of intense
research, and many research groups have invested in understanding
the roles of doping, structural defects and edge structure in finite-
sized nano-flakes. However, a robust long-range magnetic order has
remained elusive. In this context, recently nitrogen-doped graphene
is experimentally proposed to be a promising candidate, however, the
Curie temperature remains controversial. The corresponding exchange
mechanism endures unclear and is essential to tune further and manip-
ulate magnetism. In this talk, within the first-principles calculations,
we will systematically discuss the local moment formation and the con-
current interaction between various defect complexes. The importance
of adatom diffusion on the differential defect abundance will be elabo-
rated. We will establish that the direct exchange mechanism between
the delocalized magnetic moment originating from the m-electron at
the prevalent triazine complex to be responsible for the observed fer-
romagnetism.



