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Overview of Invited Talks and Sessions
(lecture rooms: H 0105, EB 107, EB 407; Posters: C)

Invited talks of the joint symposium SYDW (DF, DS, KR, MA, MI, TT)
See SYDW for the full program of the symposium.

SYDW 1.1 Mon  9:30-10:00 H 0105 Domain walls: from conductive paths to technology roadmaps —
eGUSTAU CATALAN

SYDW 1.2 Mon 10:00-10:30 H 0105 Domain walls and oxygen vacancies - towards reversible control of
domain wall conductance — ePATRYCJA PARUCH

SYDW 1.3 Mon 10:30-11:00 H 0105 Novel mechanisms of domain-wall formation — e ANDRES CANO

SYDW 1.4 Mon 11:30-12:00 H 0105 Novel materials at domain walls — eBEATRIZ NOHEDA

SYDW 1.5 Mon 12:00-12:30 H 0105 Controlling and mapping domain wall behaviour in ferroelectrics
— JOHN MARTIN GREGG, JONATHAN WHYTE, RAYMOND MCQUAID,
MiCHAEL CAMPBELL, AMIT KUMAR, ROGER WHATMORE

Invited talks of the joint sessions “Multiferroics II" and “Ceramics and Applications”
See DF for the full program.

DF 141 Wed 15:00-15:30 EB 107 Low energy consumption spintronics using multiferroic heterostruc-
tures — eMORGAN TRASSIN

DF 13.1 Wed 11:20-11:50 EB 407 Twisting the anionic-electronic transport kinetics to trigger memris-
tance for resistive switching non-volatile memories: new materials,
structering and methods — eJENNIFER RUPP, FELIX MESSERSCHMITT,
SEBASTIAN SCHWEIGER, RAFAEL SCHMITT, MARKUS KUBICEK

DF 134 Wed 12:30-13:00 EB 407 Investigation of dielectrics under electron irradiation — eHANs-
JoACHIM FITTING

Sessions

KR 1.1-1.5 Mon  9:30-12:30 H 0105 Symposium on Ferroic Domain walls (SYDW)

KR 2.1-26  Mon 19:00-21:00 Poster C Poster Crystallography

KR 3.1-3.30 Mon 19:00-21:00 Poster C Poster Session on Ferroic Domain Walls - Multiferroics (DF
jointly with KR, MA, TT)

KR 4.1-4.13 Wed  9:30-13:00 EB 107 Multiferroics I (DF jointly with DS, KR, MA, TT)

KR 5.1-5.13 Wed 15:00-18:50 EB 107 Multiferroics IT (DF jointly with DS, KR, MA,TT)

KR 6.1-6.4 Wed 11:20-13:00 EB 407 Ceramics and Applications (DF jointly with KR)

KR 7.1-7.8  Wed 15:00-17:40 EB 407 Optical and Nonlinear Optical Properties II (DF jointly with
KR)

Annual General Meeting of the Crystallography (KR) and the Dielectric Solids (DF) Divisions

Mittwoch 19:00-20:00 EB 107
e Bericht

e Verschiedenes
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KR 1: Symposium on Ferroic Domain walls (SYDW)

Time: Monday 9:30-12:30

Invited Talk KR 1.1 Mon 9:30 H 0105
Domain walls: from conductive paths to technology
roadmaps — eGusTAU CataLaN — [CREA-Institucio Catalana de
Recerca i Estudis Avangats, Barcelona — ICN2-Institut Catala de
Nanociencia i Nanotecnologia, Campus UAB, Bellaterra, Barcelona

In this talk, I would like to give a bird’s eye view of the field of do-
main wall nanoelectronics, starting from some basic physics, through
a summary of the state of the art, and finishing with a brief and non-
exhaustive discussion of unresolved problems. Topics will include the
origin(s) of conductivity in perovskite domain walls, the internal phase
diagram of domain walls, the interaction of domain walls with other
interfaces, how much do we (not) know about the structure, energy
cost and dynamics of domain walls, and some strategies for controlling
their nucleation and motion.

Disclaimer: The talk will cover much ground in a short time, and
will include many results and ideas that are not mine; important works
may be misrepresented or underrepresented. I apologize in advance.

Invited Talk KR 1.2 Mon 10:00 H 0105
Domain walls and oxygen vacancies - towards reversible con-
trol of domain wall conductance — ePaTrRycsa PArRucH — De-
partment of Quantum Matter Physics, University of Geneva, Switzer-
land

In ferroelectric materials, domain walls separate regions with different
polarisation orientation, and can present novel functional properties
quite different from those of the parent phase. The extreme localisa-
tion of such properties at these intrinsically nanoscale features makes
them potentially useful as active components in future miniaturized
electronic devices.

Particularly exciting has been the discovery of domain-wall-specific
electrical conductivity, shown first in multiferroic BiFeO3. 1 will
present our observation of conductance at 180° domain walls in the
simpler ferroelectric Pb(Zr,Ti)O3, using a range of scanned probe mi-
croscopy techniques at different time scales.

Our measurements highlight the key role of surface adsorbates and
oxygen vacancies, and show how their density and distribution can be
modulated to reversibly control domain wall transport. Exploring the
conductance of the domain walls under both direct and alternating cur-
rent regimes, we also address the question of maximum packing density
of individual current channels in epitaxial ferroelectric thin films.

Invited Talk KR 1.3 Mon 10:30 H 0105
Novel mechanisms of domain-wall formation — e ANDRES CANO
— CNRS, Univ. Bordeaux, ICMCB, F-33600 Pessac, France

Domain walls in ferroic materials are inherent interfaces separating
different ordered regions. They can exhibit specific properties radi-
cally different from those of the corresponding domains. I will discuss
two novel (and, achtung!, unrelated) mechanisms for the formation of
domain walls in (multi-)ferroics:

- In conventional ferroelectrics like BaTiO3, the desirable enhance-
ment of ferroelectricity at metal-oxide interfaces can in fact pro-
mote the appearance of ferroelectric domain walls in nanoscale ca-
pacitors. I will discuss the various factors that control the physics
behind this surprising phenomenon (e.g. interfacial energy vs. fer-
roelectric stiffness).

- In improper ferroelectrics like the hexagonal RMnO3 manganites,

Location: H 0105

I will show that the emergence of multiferroic domain walls (and
more complex topological defects) can be rationalized in terms of
different residual-symmetry-breaking mechanisms associated to the
primary order parameter.

Coffee break
Invited Talk KR 1.4 Mon 11:30 H 0105

Novel materials at domain walls — eBEATRIZ NOHEDA — Zernike
Institute for Advanced Materials, Groningen, The Netherlands

There is a growing need to control and improve the physical responses
of useful electronic materials, as well as to induce additional function-
alities of significance for applications. Domain wall nanoelectronics has
been proposed as a suitable route to achieve such control at the smallest
scales. Addressing the domain wall functionalities, in particular those
of ferroelastic domain walls, we take advantage not only the intrinsic
symmetry breaking that takes place at the wall but also of the strain
gradients that are associated to these walls. The possibility to gener-
ate periodic arrays of domain walls by self-assembly during epitaxial
growth is an added benefit. I will show that, depending of the cho-
sen thin film material, the local stresses that develop locally around
ferroelastic domain walls can either trigger local electrochemistry or
give rise to atomic arrangements that cannot be obtained by other
existing routes, generating novel 2D materials with distinct nanoscale
functionalities.

The works presented here are in collaboration with S. Farokhipoor,
C.J.M. Daumont, D. Rubi, C. Magén, E. Snoeck, S. Venkatesan,
A. Miiller, M. Déblinger, C. Scheu, J. Iiiguez, M. Mostovoy and C. de
Graaf.

Invited Talk KR 1.5 Mon 12:00 H 0105
Controlling and mapping domain wall behaviour in ferro-
electrics — eJoHN MAaRTIN GREGG!, JoNnaTHAN WHYTE!, Ray-
MOND McQuaip!, MicuaeL CampBELL!, AmiT Kumar!, and RoGEr
WHATMOREZ — 1Queens University Belfast, Belfast, Northern Ireland,

UK — 2Imperial College London, London, England

Over the last decade there has been an explosion of interest in sheet
conductors, such as surface states in topological insulators [1], LaAlO3-
SrTiO3 interfaces [2] and graphene. Recent research has shown that
ferroic domain walls constitute another exciting group of 2D conduc-
tors, with probably even greater potential than those already known:
after all, domain walls have special properties in that they are mobile,
can be controllably shunted from point to point, and can be sponta-
neously created, or made to disappear. Luckily for the research com-
munity, the field of domain wall nanoelectronics [3] is still young and
there is consequently a great deal left to discover.

In this talk, the extent to which ideas developed in the nanomag-
netics community can be adapted to allow domain wall injection [4]
and motion control in ferroelectrics, as needed for domain wall-based
devices, will be discussed. In addition, results from experiments to
determine the fundamental nature of conduction in both boracite and
manganite domain walls will be presented.

[1] H. Zhang et al. Nature Physics 5, 438 (2009)

[2] A. Ohtomo and H. Y. Hwang, Nature 427, 423 (2004)

[3] G. Catalan et al. Rev. Mod. Phys. 84 119 (2012)

[4] J. R. Whyte et al. 26, 293 (2014)
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KR 2: Poster
Time: Monday 19:00-21:00

KR 2.1 Mon 19:00 Poster C
Magnetic properties of high quality single crystals of the elec-
tron underdoped cuprate superconductor Nds_,Ce; CuOyq4 —
eALMA DoRANTES, CAr Q1, MARK KARTSOVNIK, and ANDREAS ERB
— Walther-Meifiner Institut, Walther-Meifsnerstrafe 8 D-85748 Garch-
ing
We present investigations of the magnetic properties of the electron-
doped cuprate superconductor Nda_ ;Ce, CuO4 (NCCO) with particu-
lar attention to the underdoped regime of the phase diagram. Special
attention is given to the region between the antiferromagnetic (AF)
and superconducting (SC) state of the electron-doped cuprate super-
conductors. We tried to investigate whether the AF and SC regions
are separated by an intrinsic phase separation or if a microscopic coex-
istence exists between these two states. Experiments on high quality
single crystals were performed to probe the relation between the tran-
sition temperature (Tc) and dopant concentration x, and to estimate
the superconducting volume fraction. The results indicated that a
SC transition can be observed after an appropriate annealing process,
even for highly underdoped samples and that bulk superconductivity is
present. In addition we find indications of a deviation in the monotonic
doping dependence of the transition temperature T between samples
with 12% and 13% Ce doping, which could signify a first evidence of the
so-called 1/8 anomaly in the electron-doped cuprate superconductors.

KR 2.2 Mon 19:00 Poster C
Towards neutron scattering experiments with microsec-

ond time resolution — eFraNz Arois ApLMANN!, PHILIPP

GUTFREUNDZ, JOHN ANKNER®, JIM BROWNING®, ANDRE PARIzzI3,
BoapaN Vacariuc3, Canbpice HaLserr?, JasoN Ricu3, ANDREwW
DEennNison2, and Max WoLrr! — 1Uppsala University, Box 516, 751
20, Uppsala, Sweden — Z2Institut Laue Langevin, BP 156, 38042,
Grenoble, France — 3Spallation Neutron Source, Oak Ridge National

Laboratory, Oak Ridge, Tennessee, USA

Due to the interaction with the nucleus, neutrons offer unique op-
portunities for the study of condensed matter. However, the neutron
flux on nowadays source is relatively low. To overcome this limitation
we have developed a new technique for periodic excitations. Our ap-
proach takes full advantage of data storage in list mode combined with
the time dependent information on the excitation as meta-data in the
event-stream of the neutron data. Re-binning of the neutron data with
respect to the periodic excitation is done in the post processing. This
has the advantage that the time slices and resolution can be defined
after the experiment is completed. We applied our approach in a com-
bined neutron reflectivity and rheology study to probe the solid-liquid
interface of a micellar system. LAOS (Large Amplitude Oscillatory
Shear) was applied to highlight the complex rheological behavior. We
extract the intensity of a Bragg reflection with a time resolution of less
than one millisecond and show that it follows the oscillatory shear.

KR 2.3 Mon 19:00 Poster C
Application of polychromatic X-ray Laue diffraction for
the analysis of dislocation structures using a PNCCD —
eALl ABBoup!, SEBASTIAN SEND', ULLRIcH PieTscu!, CHRIsSTOPH
KIRCHLECHNER2, LOTHAR STRUDER?, JEAN SEBASTIAN MICHA®,
and JozeF Kgrckes® — IDepartment of Physics, University
of Siegen, Siegen, 57072, Germany — 2Max Planck Institut
fiir Eisenforschung GmbH, Max-Planck-Str.1, 40237 Diisseldorf,
Germany — SMontanuniversitdt Leoben, Leoben, 8700, Aus-
tria — “*PNSensor GmbH, Munich, 80803, Germany — S5CEA-
Grenoble/DRFMC/SprAM, 17 rue des Martyrs, Grenoble Cedex 9,
F-38054, France

uLaue diffraction with a polychromatic X-ray beam can be used to
measure strain fields and crystal orientations of micro crystals. In the
vicinity of a Bragg reflection the intensity distribution of the recipro-
cal space is sensitive to the distribution and type of dislocations. By
using a pnCCD, the energy and the 2D intensity distribution of the
Bragg reflections can be measure simultaneously. This allows to obtain
the hydrostatic strain and the deviatoric strain tensors. We present
an application of white beam uLaue X-ray diffraction on a bent Cop-
per crystal to measure local strain along the bending beam by using a
PNCCD detector.

Crystallography

Location: Poster C

KR 2.4 Mon 19:00 Poster C
Structural Information Beyond the Ensemble Average From
Colloidal Crystals Using X-Ray Cross-Correlation Analysis
— eMarTHIAS KAMPMANND2, MicHAEL SPrUNG!, BiLL PEDRINIS,
TusHAR SaNT?, FALKO ZIEGERT?, and CHrisTiaN GuTrT? — 'DESY,
Hamburg, Germany — 2Universitéit Siegen, Germany — 3Paul Scher-

rer Institut, Villigen, Switzerland — 4Universitéit Rostock, Germany

Fluctuations in X-ray scattering intensity from particle ensembles
carry structural information beyond the pure ensemble average, which
can be mined using X-ray cross correlation analysis (XCCA). Kam
was the first to propose applying higher order intensity correlation
functions to solution scattering data of macromolecules for obtaining
structural information [Kaml]. His ideas were far beyond the power
of X-ray sources and detectors in the 1970s. But they gained new
interest with the ultrafast snapshot capabilities of X-ray free-electron
laser sources, not only for solving particle structures but also in a more
statistical context for densely packed systems [Wochner]|.

Here we present an XCCA analysis of diluted suspensions of small
micrometer sized colloidal crystals. In a coherent X-ray scattering
experiment we have measured several thousand diffraction patterns
of colloidal sample systems and calculated the corresponding higher
order correlation functions. The data reveal strong angular modula-
tions of the XCCA signal, which are a fingerprint of the single particle
diffraction properties.

Kaml: Z. Kam, Macromolecules 10, 927-934 (1977)

Wochner: P. Wochner et al., PNAS 106, 11511-11514 (2009)

KR 2.5 Mon 19:00 Poster C
Kinetics of the hydrogen defect in lithium niobate and lithium
tantalate — eTHoMAs KOHLER, ERIK MEHNER, JULIANE HANZIG,
GUNTER GARTNER, HARTMUT STOCKER, and Dirk C. MEYER — In-
stitut fiir Experimentelle Physik, Technische Universitdt Bergakademie
Freiberg, 09596 Freiberg, Germany

LiNbO3 and LiTaOg3 crystals are used in many optical devices, there-
fore, understanding the structural defects is helpful to control opti-
cal and electrical properties. The incorporation of hydrogen in the
two materials is investigated by FT-IR and UV /VIS spectroscopy us-
ing different crystallographic orientations and excitation polarisations.
The aim of the study is the development of a structural model for the
kinetic and the diffusion of the OH defect. The examined congruent
crystals are cube shaped, cut and polished along the [2110], [0110]
and [0001] directions. The used stoichiometric crystals are plates, pol-
ished and cut in [0001]. Depending on the stoichiometry the hydrogen
defect causes an OH band with several sub-bands, at different spec-
tral positions. In congruent material two sub-bands are detectable,
whereas near stoichiometric material exhibits four. The composition
of the OH band with respect to formation or decline of sub-bands un-
der oxidizing and reducing conditions shows the transport mechanisms
within the crystals. The protonation in hot water shows a formation
of new sub-bands at higher energies. We have found three and six
sub-bands in congruent and near stoichiometric crystals, respectively.
The results show that the hydrogen is disordered and can migrate to
different binding sites within the crystal.

KR 2.6 Mon 19:00 Poster C

Impact of temperature and barometric pressure fluctua-

tions on X-ray beam intensities — eTiNA WEIGEL!, MATTHIAS
ZscHORNAK!, MAaRco HERRMANN?, MANUEL ROTHENBERGER!,
TiLMANN Leisecanc?, and Dirk C. MeYER! — lInstitut fiir Ex-

perimentelle Physik, Technische Universitidt Bergakademie Freiberg,
Leipziger Str. 23, 09596 Freiberg, Germany — 2Saxray GmbH, Maria-
Reiche-Str. 1, 01109 Dresden, Germany

Essential to X-ray analysis in crystallography, such as diffractometry
and spectrometry, is a stable and reproducible X-ray beam intensity.
Particularly, changes in environmental conditions, such as tempera-
ture, humidity and barometric pressure, and cooling water fluctuations
can affect the beam intensity significantly. In this comprehensive qual-
itative as well as quantitative study, the impact of the environmental
conditions and cooling water fluctuations on the primary beam inten-
sity of a sealed tube with Cu anode are determined. This should be of
wide interest for all who are dealing with X-ray analyzes, in particular
in the field of crystallography, where accurate experimental data are
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a prerequisite for deriving high-quality structure parameters. With a
common set-up, the X-ray intensities are detected by a scintillation
counter. Laboratory as well as external conditions are monitored si-
multaneously. Their individual influence on the X-ray intensity and

their correlations are evaluated by statistical analysis including time
lag. The study shows significant correlations in respect to ambient
conditions and in particular with daily and weekly cycles, which affect
the intensity nearly instantaneous.

KR 3: Poster Session on Ferroic Domain Walls - Multiferroics (DF jointly with KR, MA, TT)
Sponsored by NT-MDT

Part of the 3-days focus on ferroic domain walls:

Tutorial, Symposium (SYDW), and three Focused Sessions.

The goal of the poster session is to present the state of the art of the research on magnetic, ferroelectric,
and multiferroic domain walls bringing interested scientist together in a stimulating environment in

order to stimulate vivid topical discussions.

Time: Monday 19:00-21:00

KR 3.1 Mon 19:00 Poster C
Superdomains in Kg.9gNag.1NbOg3g thin films on NdScOg
substrates — oJUTTA SCHWARZKOPF!, MARTIN SCHMIDBAUER!,
DoroTHEE BRaun', ALBERT KwasNiewski!, JAN SELLMANN!, and
MicHAEL HANKE? — lLeibniz Institute for Crystal Growth, Berlin,
Germany — 2Paul- Drude-Institut fiir Festkorperelektronik, Berlin,

Germany

Incorporation of lattice strain in thin films gives rise to the creation
of controlled arrays of domains and can lead to very complex do-
main structures. Understanding of strain induced domain forma-
tion will open the possibility to selectively influence film properties.
Due to its orthorhombic symmetry (K,Na)NbOs films offer a large
variety of ferroelectric and ferroelastic domain types. In this study
Ko.9Nagp.1 NbO3 thin films were grown under slight compressive lattice
strain on NdScO3 substrates by MOCVD. Lateral PFM images of the
(100) oriented films reveal bundles of ferroelectric domains along the
[001] substrate direction and a width of 100-200 nm which are superim-
posed by ferroelastic domains forming regularly arranged herringbone
patterns with a periodicity of 30nm. The domain walls within the do-
main bundles are tilted alternatingly by +15° and -15° with respect to
the [110] orientation of the substrate. Grazing incidence x-ray diffrac-
tion experiments have shown that adjacent superdomain bands exhibit
an in-plane monoclinic lattice distortion of 0.12°. We conclude that
the hierarchical structure leads to a domain formation on two scales,
which effectively release the misfit strain in the film induced by the
substrate.

KR 3.2 Mon 19:00 Poster C
Advanced characterization of functional ferroelectric domain
walls by X-ray photoelectron emission microscopy — eJAakoB
Scuaas!, Inco P. Kruc?3, ZEwu Yan?, Epita BourreT?, CLAUS
M. ScHNEIDER®, RAMAMOORTHY RamEsH®®, MANFRED FiEBIG!, and
DenNis MEIER! — Department of Materials, ETH Ziirich — 2Institut
fiir Optik und Atomare Physik, TU Berlin — 3Forschungszentrum
Jillich, PGI-6 — “*Materials Science Division, LBNL Berkeley —
5Department of Materials Science and Engineering, UC Berkeley

The observation of anomalous electronic transport at ferroelectric do-
main walls and its significance for nano-electronics triggered tremen-
dous scientific interest. To date, the transport behavior and potential
barriers at domain walls have been predominantly scrutinized by scan-
ning probes. This, however, convolutes the intrinsic electronic prop-
erties with contact resistance and inhomogeneous probe fields, so that
the detailed origin of the behavior remains obscured.

Here, we report on the capability of high-resolution X-ray photoe-
mission electron microscopy (X-PEEM) to image and characterize fer-
roelectric domain walls contact-free and with nanometer resolution.
In the ferroelectric semiconductor ErMnO3, we visualize ferroelectric
domain walls by exploiting photo-induced charging effects and gener-
ate an electronic conduction map by analyzing the kinetic energy of
photoelectrons. With this we open a pathway for non-destructive and
element-specific studies of electronic and chemical domain-wall struc-
tures bypassing previous experimental limitations and significantly ex-
panding the accessible parameter space.

KR 3.3 Mon 19:00 Poster C

Location: Poster C

Strain-induced defect-polarization coupling in SrMnOg films
— oCARSTEN BEcHER!, LAURA MAUREL?, ULRICH ASCHAUER!,
MARTIN LiLiENBLUM!, CEsaR Macen?, Dennis MEeier!, Eric
LANGENBERGZ, MoRGAN TRrassIN', Javier Brasco3, INco Krua?,

PEDRO ALGARABEL3, NicoLa SPALDIN!, JosE Parpo?, and MaN-

FrRED FiEBIG! — 'ETH Ziirich, Ziirich, Switzerland — 2Instituto de
Nanoscienciencia de Aragon, Zaragoza, Spain — 3Departemento der
Fisica de la Materia Condensada, Zaragoza, Spain — *Institut fiir

Optik und Atomare Physik, Berlin, Germany

Epitaxial strain can stabilize new matter phases in thin films and is
thus a degree of freedom to increase functionality. Here we demon-
strate a novel polar phase in 20 nm SrMnO3 films that are epitaxially
grown under tensile strains by pulsed laser deposition. High resolu-
tion X-Ray diffraction and transmission electron microscopy confirm
the crystalline quality of the tetragonal films. We use nonlinear optics
to proof that strain induces polarity, and density functional theory to
show that it simultaneously increases the concentration of oxygen va-
cancies. These vacancies accumulate at the polar domain walls where
they establish an electrostatic barrier to electron migration. As a con-
sequence, scanning probe microscopy shows that the electrical con-
ductance is structured into isolated "nanocapacitors" which can be
charged individually.

KR 3.4 Mon 19:00 Poster C
Raman spectroscopy for the characterization of ferroelec-
tric materials: An Overview — eMicHAEL Rusing!, PE-
TER MackwiTz!, GERHARD BERTH!2, and ARTUR ZRENNERD2
— 1Department Physik, Universitit Paderborn, 33098 Paderborn,
Germany — 2Center of Optoelectronics and Photonics Paderborn
(CeOPP), 33098 Paderborn, Germany

Nonlinear ferroelectrics are a key material class for application in in-
tegrated optics from the high power to the single photon level. The
exploitable properties range from the electro-optic effect, to large non-
linear susceptibilities and the possibility to achieve quasi-phase match-
ing by periodic poling. But design and fabrication of devices requires
an extensive knowledge on the limiting factors, such as intrinsic and
extrinsic defects. Here Raman spectroscopy offers a versatile tool for
characterization of material properties due to its sensitivity to a wide
range of effects. This work provides an overview on performed Raman
studies in various ferroelectrics, including Lithium-Niobate-Tantalate
mixed crystals and KTP. Determined properties include the relative
scattering tensor strengths, material composition in mixed crystals and
dielectric properties. Of particular interest is the study of ferroelec-
tric domain structures, whose behavior influenced by the presence of
defects.

KR 3.5 Mon 19:00 Poster C

Laser induced poling inhibition of LiNbOg using an amor-

phous Si absorber — GRricoris Zisis!, GREGORIO MARTINEZ-

Jivenez!, Yowmann Franz!, NorrL Heray!, Davib GREcHZ,
HaroLD CHoNG2, ELISABETH SoERGEL3, ANNA PEracock!, and
eSAKELLARIS MaiLis! — Optoelectronics Research Centre, Univer-
sity of Southampton, Highfield, Southampton, SO17 1BJ, UK. —
28chool of Electronic and Computer Science, University of Southamp-

ton, Highfield, Southampton SO17 1BJ, U.K. — 3Institute of Physics,
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University of Bonn, Wegelerstrasse 8, 53115 Bonn, Germany

Here we demonstrate laser-induced inhibition of poling in lithium nio-
bate by irradiating a thin absorbing layer of amorphous Si, deposited
on the surface of the crystal. The absorption of a-Si in the visible range
is sufficiently high to produce significant temperature gradients in the
substrate causing a local change in the stoichiometry of the crystal,
which in turn modifies the coercive field locally.

This arrangement enables domain engineering using readily avail-
able visible laser sources instead of costly and power limiting UV lasers
which were previously used to obtain inhibition of poling in this ma-
terial.

Examination of the topography and piezoresponse of the PI domains,
which are formed using this laser assisted method shown a "soft" do-
main boundary where the domain wall is not sharp but rather consists
of isolated nano-domains whose density and size is a function of the
distance from the centre of the laser irradiated track.

KR 3.6 Mon 19:00 Poster C
Raman Spectroscopy and Spin-Phonon-Coupling of Multifer-
roic Eu;_,Ho,MnO3 — eSEBASTIAN ELsisser!, JEaN GEURTs!,
ViapiMiR V. Grusukov?, and ANaTory M. BaLsasuov? — 1Exp.
Phys. III, University of Wiirzburg, Germany — 2Prokhorov GPI, Rus-

sian Academy of Sciences, Moscow, Russia

The revival of studies on magneto-electric (ME) effects has led to rich
insights in the physics of charge and spin degrees of freedom and
their mutual interaction via ME coupling [1]. One of the most ex-
tensively studied effects is the inverse Dzyaloshinskii-Moriya interac-
tion. Hereby, the ordering of the magnetic moments leads to a lattice
distortion which, in turn, can induce in a permanent electric polariza-
tion. This manifests itself in the perovskite-like rare-earth manganites
RMnOg3. Here, the average size of the rare-earth ions R3t directly
influences the octahedron tilting angle. This can be used to tune the
coupling between the magnetic Mn sites yielding model system for the
interplay of crystalline distortion, magnetic frustration and electric
polarization. In this study, R= Eu3T ions are partially replaced with
Ho3*t (<30%) to achieve the multiferroic phase. Spin-phonon-coupling
(SPC) is probed by temperature-dependent Raman spectroscopy. We
identify the elusive peak at 650cm~! to be the Bzy(1) mode. Upon
cooling renormalisation of phonon energies due to SPC-effects starts
already well above Ty. We observe that the SPC-shift is mode-specific,
being strongest (up to 1%) for the Bagy(1) and B3g(1), which are both
octahedron breathing modes.
[1] M. Fiebig, Journal of Physics D-Applied Physics 38, 8 (2005)

KR 3.7 Mon 19:00 Poster C
Domain walls in lithium niobate investigated by Raman spec-

troscopy and density functional theory — eSERGEJ NEUFELD!,

MicHAEL RUsiNGZ, GERHARD BERTH?, ARTUR ZRENNERZ, WOLF
GERO ScuMmIDT!, and SiMONE SANNAL — Lehrstuhl fiir Theoretische
Physik, Universitit Paderborn — 2Department Physik, Universitit

Paderborn

The intensity of the Raman signal associated to different phonon modes
of LiNbOs3 is strongly modified by the presence of ferroelectric domain
boundaries [1]. The intensity modulation can be exploited to map do-
main structures, thus using Raman spectroscopy as a non-destructive
imaging tool for the investigation of polarization-domains and domain
walls [2]. Unfortunately, the origin of the modifications in the Ra-
man signal is currently unknown. In an attempt to understand the
mechanisms leading to the modification of the measured intensity,
we have modeled Raman scattering efficiencies from first-principles.
Thereby the Raman susceptibility tensor is calculated within the den-
sity functional theory following the approach proposed by Ghosez and
co-workers [3]. The approach is validated with the TO bulk phonon
modes of A1 and F symmetry and then applied to domain boundaries.
The bulk Raman intensities calculated for all possible combinations of
the polarization of incoming and scattered photons are in good agree-
ment with the measured spectra. Results for simplified domain wall
models are presented and discussed. [1|P. S. Zelenovskiy et. al., Appl.
Phys. A 99, 741 (2010). [2]G. Berth et al., Ferroelectrics 420, 44
(2011). [3]M. Veithen et al., Phys. Rev. B 71, 125107 (2005).

KR 3.8 Mon 19:00 Poster C
Evolution of ferroelectric domain patterns in BaTiOg3 at the
orthorhombic < tetragonal phase transition — eTHORSTEN
LimBOck and ELISABETH SOERGEL — Institute of Physics, Univer-
sity of Bonn, Nussallée 12, 53115 Bonn, Germany

Domain patterns in barium titanate (BTO) were investigated by
piezoresponse force microscopy (PFM) using a variable-temperature
scanning force microscope. By analyzing the vertical and the lateral
PFM images, the directions of polarization of the individual domains,
i.e. 6 directions for the tetragonal and 12 for the orthorhombic phase,
could be identified. The change of a domain pattern when submitting
the crystal to a temperature ramp between +20° and —20° synchro-
nized to the PFM scanning process, was directly monitored. Finally,
the possible conversions between specific domain orientations upon
heating/cooling the crystal across the phase transition were experi-
mentally confirmed.

KR 3.9 Mon 19:00 Poster C
Domain wall conductivity in gold-patterned single-crystal
bulk samples using c-AFM — eTHORSTEN ApDOLPHS and ELis-
ABETH SOERGEL — Physikalisches Institut, Universitdt Bonn, Wegel-
erstrasse 8, 53115 Bonn

Domain wall conductivity is generally measured by c-AFM, thereby
applying moderate voltages between the tip and a large-area back elec-
trode. This technique being very attractive because of its ease of use
it has, however, a couple of drawbacks: (i) the voltage applied to the
tip leads to electric fields at the tip apex locally exceeding F.. Since
the displacement of a domain wall is energetically favorable (when
compared to the creation of new domains), local poling predominantly
takes place at the domain walls, leading to a local poling current which
is also seen by c-AFM]; (ii) the electrical connection between the tip
and the domain wall is not reliable; and (iii) different materials of the
tip and the back electrode might lead to Schottky-barrier behavior of
the domain-wall current. In order to overcome these drawbacks, we
propose the use of small, some pm?-sized gold-patterns evaporated on
top of the sample surface, partially connecting to the domain walls.
We will present first experimental results obtained with bulk, single
crystalline samples prepared for c-AFM in such a way.

KR 3.10 Mon 19:00 Poster C
Local poling at domain walls in LiNbOg3 crystals in connection
with c-AFM measurements — eJAakoB FrRouHNHAUS and ELisa-
BETH SOERGEL — Physikalisches Institut, Universitat Bonn, Wegeler-
strasse 8, 53115 Bonn

An electrical current localized at ferroelectric domain walls recorded by
means of conductive atomic force microscopy (c-AFM) can basically
have two origins: electrical conductivity of the domain wall or local
poling. We show that also local poling leads to c-AFM images which
cannot straightforwardly be distinguished from those c-AFM images
displaying the electrical conductivity of the domain wall.

KR 3.11 Mon 19:00 Poster C
Signature of domain walls in PFM measurements — eT1M
FraTTEN and ELISABETH SOERGEL — Physikalisches Institut, Uni-
versitdt Bonn, Nussallee 12, 53115 Bonn

Piezoresponse force microscopy (PFM) is at present the technique the
most used for mapping ferroelectric domain patterns. However, the
unambiguous determination of the direction of polarization of the indi-
vidual domains based on PFM-images is generally not straightforward.
Not only the careful analysis of a set of vertical- and lateral-PFM im-
ages are required, but possibly also a set of images after the rotation
of the sample by 90° are necessary for fully determining the domain
pattern. In addition to the PFM-signal obtained on top of the domain
faces, on might, however, also make use of the signature of the domain
walls (DW) in the PFM-signal. For 1] domain walls the PFM-signal
shows a symmetric, tangent-like transition between the two domains.
This transition, however, should exhibit different features depending
on the direction of polarization of the domains adjacent to the DW and
the inclination angle of the DW relative to the sample surface. Using
this additional information, the full determination of the domain pat-
tern should be facilitated.

KR 3.12 Mon 19:00 Poster C
Measurement system for the magnetoelectric effect —
eULRICH STRAUBE and KATHRIN DOERR — Martin-Luther-University
Halle, Institute of Physics, FoG, Von-Danckelmann-Platz 3, 06120
Halle, Germany

Magnetoelectric materials have different and frequency-dependent
magnetoelectric effects. The correct determination of these effects is
difficult because of various problems including electric and magnetic
shielding, sample preparation and pretreatment. A simple measure-



Berlin 2015 — KR

Monday

ment arrangement containing a Helmholtz coil, a pair of NdFeB per-
manent magnets and a special preamplifier is presented. Some results
obtained from magnetoelectric ceramic materials are shown.

KR 3.13 Mon 19:00 Poster C

The magnetoelectric effect across scales — eDoru C. Lupascul,
Heiko WENDE2, JORG SCHRODER?, MATTHIAS LABUSCH?, MORAD

ETiEr!, AuMADSHAH Nazrabi!, IRINA Anuscal, HarsH TRrIvEDI!,

YaNLING GAo', MARIANELA EscoBar!, VLADIMIR V. SHVARTSMAN?,

Joacnim LaNDERs?, Soma SarLamon?, and CAROLIN SCHMITZ-
AnToNIAK? — !Materials Science & Center for Nanointegration
Duisburg-Essen (CENIDE) — 2Faculty of Physics & CENIDE —
3Institute of Mechanics, all at University of Duisburg-Essen — 4Peter-

Griinberg-Institut (PGI-6), Forschungszentrum Jiilich

Magnetoelectric coupling can arise in intrinsic multiferroics as well
as composites. We will outline how for intrinsic BiFeO3 nanoparti-
cles yield different magnetoelectric properties at room temperature
than larger grains or bulk material. Magnetoelectric nanoscale com-
posites of BaTiO3 and CoFe2O4 display rather poor magnetoelectric
coupling macroscopically. Their micron scale counterparts on the other
hand yield nice macroscopic response. The mechanical, electrical, and
magnetic effects are analyzed using techniques including Mossbauer
spectroscopy, magnetic force microscopy, piezoforce microscopy, and
macroscopic techniques. It will be shown that microscopic coupling is
strong also for (partly) conducting magnetic inclusions and nanosys-
tems while macroscopic properties are highly dependent on good insu-
lation of the samples. Experimental asymmetries in determining the
magnetoelectric coupling coefficient are discussed.

Support via FP7 Marie Curie Initial Training Network *Nanomo-
tion* (grant n° 290158) & Forschergruppe 1509 are acknowledged.

KR 3.14 Mon 19:00 Poster C
Insitu X-ray studies of mechanical coupling at piezo-
electric/magnetostrictive interfaces — ePuiLipp  JorDT!,
StiEpAN Hrkac!, Orar M. MacNussEn'2, and BRIDGET M.
Murpny!?2 — lInstitut fiir Experimentelle und Angewandte Physik,
ChristianAlbrechts-Universitit zu Kiel, Germany — 2Ruprecht

Haensel Laboratory, Christian-Albrechts-Universitat zu Kiel, Germany

To optimize magnetoelectric composites for magnetic sensor applica-
tions it is necessary to understand the coupling at the interface between
a piezoelectric and a magnetostrictive material. To study the coupling
at the interface, we measure the lattice deformation of the piezoelec-
tric substrate insitu by grazing incidence X-ray diffraction in an exter-
nal magnetic field and for different thicknesses of the magnetostrictive
layer grown by magnetron sputtering, using the high resolution and
high intensity X-ray beam provided by Petra III (P08). We investi-
gate the magnetic field induced strain of (FegpCo1¢)78Si12B1o on ZnO
and InP substrates. From the Bragg peak positions we determined the
interplanar spacings in the substrates and the corresponding strain as
a function of the applied magnetic field. We measure the strain for dif-
ferent thicknesses and get a critical thickness for the magnetostrictive
layer. We thanks the DPG for funding through PAK 902.

KR 3.15 Mon 19:00 Poster C
Influence of piezoelectric induced strain on the Raman

spectra of BiFeOj3 films — eCaMeLIU HiMcCINSCHI', ANDREAS

TALKENBERGER!, JENs Korrus!, ALEXANDER ScHMID?, ER-Jia
Guo®?, and KaturiN Dorr®? — 1TU Bergakademie Freiberg,
Institute of Theoretical Physics, D-09596 Freiberg, Germany —
2TU Bergakademie Freiberg, Institute of Applied Physics, D-09596
Freiberg, Germany — SInstitute for Physics, Martin-Luther-University
Halle-Wittenberg, 06099 Halle, Germany — *Institute for Metallic Ma-
terials, IFW Dresden, 01069 Dresden, Germany

BiFeOs epitaxial thin films were deposited on piezoelectric
0.72Pb(Mg; /3Nby 3)03-0.28PbTiO3 (PMN-PT) substrates with a
conductive buffer layer (Lag.7Srg.3MnOgz, or SrRuO3) using pulsed
laser deposition. The calibration of the strain values induced by the
applied voltage on the piezoelectric PMN-PT substrates was realised
using X-Ray Diffraction measurements. Raman spectra monitoring as
a function of the applied voltage (and hence strain) was performed
in resonant conditions, using the 442 nm line of a HeCd laser. The
piezoelectric induced strain in the BiFeOs films causes shifts in the
phonon position. The method of piezoelectrically induced strain al-
lows to obtain a quantitative correlation between strain and the shift
of the Raman-active phonons, ruling out the influence of extrinsic fac-
tors, as growth conditions, crystalline quality of substrates, or film
thickness.

This work is supported by the German Research Foundation DFG HI
1534/1-2.

KR 3.16 Mon 19:00 Poster C
Control of the magnetic properties of magnetostrictive thin
films by crossing the phase transition on a Mott insulator
— 8. Finizio!, A. Fantini®:2, oT. Lenz!, M.V. Kuanjant!, S.
AvLTENDORFZ3, D. PassaRELLOZ2, S.S.P. ParkiN?, and M. KLAur! —
Hnstitut fiir Physik, Universitdt Mainz, Mainz, Germany — 2IBM Al-
maden Research Center, San Jose, CA, USA — 3Max-Planck-Institut
fir Mikrostrukturphysik, Halle, Germany

The study of strongly correlated materials such as the Mott insulator
VO3 has recently attracted interest, due to the possibility of manipu-
lating materials properties on ultrafast timescales. VOg, in particular,
has been object of attention as a metal-insulator-transition (MIT) from
an insulating monoclinic phase to a conducting rutile phase occurs at
accessible temperatures just above RT. These changes in crystalline
order within the MIT induce strain at the interface. Combined with
magnetostrictive materials such as Ni, the MIT of VO3 is exploited to
study the dynamics of the magneto-elastic coupling. Here, we present
MOKE and SQUID magnetometry studies of the influence of the MIT
of VO2 on the magnetic properties of a Ni thin film. VOg thin films
were heteroepitaxially deposited by pulsed-laser-deposition on (100)
TiO2 substrates, onto which Ni film were deposited by thermal evap-
oration. The magnetic properties of the Ni thin films were then deter-
mined upon thermally crossing the MIT. Our results show that strong
changes in the magnetic anisotropy of the Ni films occur upon crossing
the MIT leading to changes in the switching fields and characteristics
as needed for ultra-fast strain-induced switching.

KR 3.17 Mon 19:00 Poster C
Structural investigation of erythrosiderites by single crystal
X-ray diffraction — eToBias FrROHLICH!, LADISLIV BoHATY?, PE-
TRA BECKERZ, and MaRkUs BRADEN! — II. Physikalisches Institut,
Universitét zu Koln — 2Institut fiir Kristallographie, Universitit zu
Koln

Erythrosiderites As[FeX5(H20)], where A stands for an alkali metal or
ammonium ion and X for a halide ion, are antiferromagnets with Néel-
temperatures ranging from 6 to 23K [1]. This family of compounds
allows to investigate the impact of structural parameters on the mag-
netoelectric properties by comparing their closely related structures.
The compound (NHy)2 [FeCls (H20)] was found to be multiferroic with
strong magnetoelectric coupling [2]. While most structures of ery-
throsiderites crystallize in the space group Pnma, Csg[FeCls(H20)]
structurally deviates from the other erythrosiderides and crystallizes
in space group Cmcm [3]. The structures of (NHy4)2[FeCls(H20)]
and Csz[FeCls (H20)] are investigated by single-crystal X-ray diffrac-
tion. Additionally, the non-magnetic compound (NH4)2[InCls(H20)]
is structurally investigated. Irrespective the absence of magnetism, its
crystal structure is very similar to that of (NHy4)2[FeCls(H20)], there-
fore it can be used as a reference material to separate magnetoelectric
effects.

[1] J. Luzon et al., Physical Review B, 78, 054414 (2008). [2] M.
Ackermann, D. Briining, T. Lorenz, P. Becker, L. Bohaty, New Journal
of Physics 15, 123001 (2013). [3] M. Ackermann, T. Lorenz, P. Becker,
L. Bohaty, J. Phys.: Condens. Matter 26, 206002 (2014).

KR 3.18 Mon 19:00 Poster C
Multiferroic magnonics: quantum interference, dissipation-
less energy transport, and Majorana fermions — eWgr CHEN!,
MANFRED SIGRIST?, ANDREAS P. ScuNYDER!, PETER Horscu!, and
Dirk Manske! — 'Max Planck Institute for Solid State Research,

Stuttgart — 2ETH-Zurich, Zurich, Switzerland

‘We demonstrate the broad applications of multiferroic materials based
on their noncollinear magnetic order and magnetoelectric effect. Upon
mapping the noncollinear magnetic order into a spin superfluid, the
magnetoelectric effect enables the electrically controlled quantum in-
terference of spin superfluid, indicating the possibility of a room tem-
perature SQUID-like quantum interferometer that manifests the flux
quantization of electric field. Because the magnetoelectric effect en-
ables changing the noncollinear magnetic order by electric field, we
propose that applying an oscillating electric field with frequency as low
as household frequency can generate a fast, coherent rotation of the
magnetic order that is free from energy loss due to Gilbert damping,
and can be used to deliver electricity up to the distance of long range
order. At a superconductor/multiferroic interface, the noncollinear
magnetic order imprints into the superconductor via s — d coupling,
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which can produce Majorana fermions at the edge of the superconduc-
tor without the need to adjust chemical potential.

KR 3.19 Mon 19:00 Poster C
Optical properties of Sm-doped BiFeOgs close to the mor-
photropic phase boundary — eFLORIAN BURKERT!, MICHAELA
Janowski!, X1aoHANG ZHANGZ, IcHIRO TAKEUCHI?, and CHRISTINE
KunrtscHER! — Experimentalphysik II, Universitat Augsburg, 86159
Augsburg, Germany — 2Department of Materials Science and Engi-
neering, University of Maryland, College Park, Maryland 20742, USA

The perovskite BiFeOs is a rare example for a magnetoelectric mul-
tiferroic above room temperature. It has been demonstrated on
Bi;_;Sm;FeOs thin films that Sm-doping drives BiFeO3 towards a
morphotropic phase boundary with enhanced piezoelectric properties,
concomitant with a rhombohedral to pseudo-orthorhombic structural
phase transition [1]. We studied the reflectance of a similar, Sm-doped
BiFeOs3 thin film in the far-infrared range at room temperature and
ambient pressure by means of FTIR spectroscopy. With increasing
Sm doping, we observe changes in the phonon spectrum, especially at
Sm content around xz = 0.14, indicating the occurrence of a structural
phase transition in agreement with earlier studies.
[1] I. Takeuchi et al., Appl. Phys. Lett. 92, 202904 (2008).

KR 3.20 Mon 19:00 Poster C
Inelastic neutron scattering studies on LuFe2O4 — eHAILEY
WiLLiamson!, PETR CERMAK3, Jora Voiar!, Ryoicar Kasimoro?,
GEETHA BALAKRISHNANZ, and MANUEL ANasT! — 1Jiilich Centre
for Neutron Science JCNS and Peter Griinberg Institut PGI, JARA-
FIT, Forschungszentrum Jiilich GmbH, Germany. — 2Department of
Physics, The University of Warwick, UK. — 3Jiilich Centre for Neu-
tron Science JCNS, Forschungszentrum Jiillich GmbH, Outstation at
MLZ, Germany. — *Neutron Science Section, MLF Division, J-PARC
Centre, Japan

Multiferroic oxides, which exhibit a coupling between magnetism and
charge order (CO), constitute a strong and competitive avenue of re-
search. The well-known LuFe2QOy4, the first proclaimed multiferroic
through CO due to mixed valence Fe2t+/3+ bilayers separated by Lu
monolayers, was initially thought to produce ferroelectricity through
polarization, from the specific CO configuration within the bilayers.
This fuelled intense investigation, leading to the conclusion through
XMCD, bond valence sum analysis of data and macroscopic charac-
terization, that the bilayers are charged and not polar. With much of
the static crystallographic and magnetic properties uncovered, it is now
essential to elucidate the dynamic properties to understand how the
spin and charge are coupled. Here we present quasi-elastic magnetic
scattering with a profound temperature dependence, as well as phonon
dispersions at higher energies. Finally, we show an indication of a spin
gap opening, on cooling through the magnetic ordering temperature.

KR 3.21 Mon 19:00 Poster C
Investigation of low-frequency Raman modes in BiFeOg3
epitaxial thin films with respect to azimuthal orientation
— oANDREAS TALKENBERGER!, CAMELIU HimcinscHi', CHRISTIAN
RoDER!, IoNELA VREJOIUZ3, FLORIAN JoHANNZ, and JENs Korrus!
— ITU Bergakademie Freiberg, Institute of Theoretical Physics,
Leipziger Str. 23, D-09596 Freiberg — 2Max Planck Institute of Mi-
crostructure Physics, Weinberg 2, D-06120 Halle — 3Max Planck In-
stitute for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart

In this work we present results of highly accurate Raman spectroscopic
experiments applied in azimuthal rotation measurements on epitaxial
BiFeOs thin films grown on different scandate substrates. We ob-
serve periodic changes in Raman position, full width at half maximum
and intensity for some phonon modes as a function of the azimuthal
angle ®. Further analysis revealed the possibility of the so far contro-
versial assignment of Raman modes at low frequencies (< 250 cm™1)
through rotational Raman measurements, that show high sensitivity
towards the mentioned parameters. We successfully simulated the az-
imuthal behaviour of Raman intensity and position of selected modes
offering a symmetry assignment for them. In addition our results sup-
port the domain character of the BFO/DSO thin film identified by
piezoresponse-force microscopy measurements.

This work is supported by the German Research Foundation DFG
HI 1534/1-2.

KR 3.22 Mon 19:00 Poster C
X-ray diffraction on stoichiometric YFezO4 single crystals.
— eTHOMAS MULLER and MANUEL ANGgsT — Jiilich Centre for Neu-

tron Science JCNS and Peter Griinberg Institut PGI, JARA-FIT,
Forschungszentrum Jiilich GmbH, 52425 Jiilich, Germany.

LuFesO,4_s5 was long considered to be the primary example for a charge
order multiferroic. YFeaO4_g is isostructural, but the ionic radius of
Y is much larger compared to Lu, leading to completely different order-
ing phenomena. We have grown highly stoichiometric single crystals
of YFe20,4_ s by the optical floating zone method, showing for the first
time 3D charge ordering in x-ray diffraction at low temperature.1 '1T1;e

phase at 200 K can be indexed using a propagation vector of (777)

considering 6 twin components and second order. Likewise the 160 K
phase can be index with ¢ = (% % %) ‘While cooling not only the three-
fold symmetry but in contrast to LuFezO4 also the mirror plane of the
room temperature R3m structure of YFesOy_s are lost according to

symmetry-analysis.

KR 3.23 Mon 19:00 Poster C
Photoemission electron microscopy study of two-phase
Fe/BaTiO3 multiferroic system — eAsHIMA ARORA, MATTEO
CiaLoNE, AKIN UNAL, SERcIO VALENCIA, and FLORIAN KRONAST
— Helmholtz-Zentrum Berlin fiir Materialien und Energie, Albert-
Einstein-Str. 15, 12489 Berlin, Germany

The phenomenon of magneto-electric coupling is of great technologi-
cal importance in devices such as data storage due to possible electric
field control of magnetic properties. However, a single material pos-
sessing different ferroic orders which can be exploited practically is
difficult to find. Therefore we study a two-phase ferroic system made
up of Fe wedge on top of a BaTiOgs single crystal. Here, we study
the magnetization of the ferroelectric film by Photoemission Electron
Microscopy (PEEM). The capability of PEEM to be element selec-
tive and sensitive to magnetic structure of the sample using the tool
of X-Ray Magnetic Circular Dichroism (XMCD) makes it possible to
get laterally resolved images of magnetic state for individual element
in the sample. We have visualized the magnetic domains on the Fe
wedge and observed that they are influenced by the BTO substrate
at the bottom. In addition, the spectroscopic information using X-ray
Absorption Spectroscopy (XAS) provides a deeper insight on the in-
terplay between the ferroelectric and ferromagnetic properties at the
interface of Fe and BaTiOg in the multi-ferroic system.

KR 3.24 Mon 19:00 Poster C
Towards an experimental evidence of the linear magnetoelec-
tric coupling — e ALEXANDER SUKHOV!, LEVAN CHOTORLISHVILI',
Paur P. HorLey?, CHENGLONG Jia%, and JaMAL BERAKDAR! —
Hnstitut fiir Physik, Martin-Luther-Universitit, Halle-Wittenberg,
06099 Halle (Saale), Germany — 2Centro de Investigacion en Ma-
teriales Avanzados (CIMAV S.C.), Chihuahua/Monterrey, 31109 Chi-
huahua, Mexico — 3Key Laboratory for Magnetism and Magnetic Ma-
terials of the MOE, Lanzhou University, Lanzhou 730000, China

‘We present a theoretical study combining simulations of ferromagnetic
resonance (FMR) for interfacesof Co/BaTiO3 and Fe/BaTiO3 [1] and
calculations of the mean first passage times for a system of single-
domain Fe-nanoparticles deposited on a ferroelectric BaTiO3-substrate
[2]. The study is focused on the consequences of the magnetoelectric
coupling - which is considered to be linear in polarization and mag-
netization due to a screening mechanism - on the spectra of absorbed
power [1] and the mean switching times of the Fe-nanoparticles [2]. In
particular, we demonstrate and discuss how to extract an information
on the symmetry and the strength of the magnetoelectric coupling from
FMR-experiments, which was recently evidenced in the experiments of
Ref. [3] or from eventual telegraph-noise-like experiments.

[1] A. Sukhov, P.P. Horley, C.-L. Jia, J. Berakdar, J. Appl. Phys.
113, 013908 (2013). [2] A. Sukhov, L. Chotorlishvili, P.P. Horley, C.-
L. Jia, S. Mishra, J. Berakdar, J. Phys. D: Appl. Phys. 47, 155302
(2014). [3] N. Jedrecy at al., Phys. Rev. B 88, 121409(R) (2013).

KR 3.25 Mon 19:00 Poster C
Optical investigation of ferroic domains beyond the resolution
limit — eCurisToPH WETLI, VIKTOR WEGMAYR, THOMAS LoT-
TERMOSER, and MANFRED Fi1EBIG — Department of Materials, ETH
Zurich, Zurich, Switzerland

In recent years optical second harmonic generation (SHG) has been
shown to be a versatile, non-destructive tool to investigate the often
complex domain structures of ferroic and multiferroic materials. Fer-
roic domains vary broadly in structure and size, depending on the
nature of the ferroic ordering. So far, however SHG was restricted
to domains larger than the optical resolution limit of 1 pm. Here
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we present a method by applying a numerical model and simulation
to overcome this limitation and to analyze ferroic domain structures
some orders of magnitude smaller than the optical resolution limit.

The method is based on the relation between the orientation of the
ferroic order parameter and the phase of the nonlinear optical signal.
It gives a relation between domain size and density, optical resolution
and the intensity of the SHG signal. To show the reliability of the
model, we applied it to several simulated domain structures. The sim-
ulation of the domain structures is based on an iterative geometrical
algorithm, which allows us to generate complex domain patterns like
the ferroelectric vortex structures or the irregular bubble like antifer-
romagnetic domains in hexagonal YMnOgs. The numerical calculations
were compared with experimental data and found to be in excellent
agreement.

KR 3.26 Mon 19:00 Poster C
Emergence of ferroelectricity in multiferroic h-YMnOg3
— eMARTIN LILIENBLUM!, THOMAS LOTTERMOSER!, SEBASTIAN
Manz!, SvErRRE M. SeLBacH?, ANDREs CaNno®, and MANFRED
Fiesic! — !Department of Materials, ETH Zurich, Vladimir-Prelog-
Weg 4, 8093 Zurich, Switzerland — 2Department of Material Science
and Engineering, NTNU, N-7491 Trondheim, Norway — 3CNRS, Uni-

versité de Bordeaux, ICMCB, UPR 9048, F-33600 Pessac, France

Universal scaling laws, interfacial nano-electronics, and topological de-
fects are currently studied using hexagonal manganites RMnO3 (R=
Sc, Y, Dy-Lu) as model system. In spite of the remarkably broad
interest in the system, surprisingly little is known about the origin
of the ferroelectric state. Here we solve the controversy about the
emergence of the spontaneous polarization and its coupling to the un-
derlying structural distortion by applying scanning probe microscopy
(SPM) and optical second harmonic generation (SHG). We trace the
spontaneous polarization by SHG from 100 K to 1450 K directly and
contact-free. We find that only a single transition exists in which the
polarization arises slower than expected as by-product of the struc-
tural distortion. By thermal treatments close to the structural transi-
tion and subsequent SPM scans, we show that the exceptionally robust
ferroelectric domain pattern is determined only by the structural dis-
tortion. In summary we reveal that the ferroelectric order results from
an interplay of electric polarization, topological effects, and tempera-
ture.

KR 3.27 Mon 19:00 Poster C

Strain-induced defect-polarization coupling in SrMnO3 films

— @CARSTEN BErCHER!', LAURA MAUREL?, ULRICH ASCHAUER!,

MarriN LiLienBLum!, CesarR Macgen?, Dennis MEeer!, Eric
LANGENBERG?, MoRrRGAN TrassIN!, Javier Brasco3, INco Kruc?,

PEDRO ALGARABEL®, NicoLa SPALDIN!, Jose ParDpo2, and MAN-

FRED FieBic! — 1ETH Ziirich, Ziirich, Switzerland — 2Instituto de
Nanoscienciencia de Aragon, Zaragoza, Spain — 3Departemento der
Fisica de la Materia Condensada, Zaragoza, Spain — *Institut fiir

Optik und Atomare Physik, Berlin, Germany

Epitaxial strain can stabilize new matter phases in thin films and is
thus a degree of freedom to increase functionality. Here we demon-
strate a novel polar phase in 20 nm SrMnO3 films that are epitaxially
grown under tensile strains by pulsed laser deposition. High resolu-
tion X-Ray diffraction and transmission electron microscopy confirm
the crystalline quality of the tetragonal films. We use nonlinear optics
to proof that strain induces polarity, and density functional theory to
show that it simultaneously increases the concentration of oxygen va-
cancies. These vacancies accumulate at the polar domain walls where
they establish an electrostatic barrier to electron migration. As a con-
sequence, scanning probe microscopy shows that the electrical con-
ductance is structured into isolated "nanocapacitors" which can be
charged individually.

KR 3.28 Mon 19:00 Poster C

Magnetoelectric domain control in multiferroic TbMnO3

— @SEBASTIAN Manz!, Masakazu MarsuBarab2, MasaHITO
MocHizuki>4, Teresa KuBackal, Avaro Ivama®, Nabpir
AvtouanNe®, Tsuvosur Kimura®, STeven Jounson!, DEeNNis

MEeIer?!, and MANFRED FieBic! — 'ETH Ziirich — 2Tohoku Univer-
sity — 3 Aoyama Gakuin University — 4Japan Science and Technology
Agency — ®Osaka University — %Paul Scherrer Institute

Spin-spiral multiferroics exhibit a strong coupling between the electric
and magnetic subsystems which is of potential interest for technolog-
ical applications. Although these systems have been investigated for
more than a decade, the magnetoelectric domain evolution under ex-
ternal fields is still largely unknown. Using optical second harmonic
generation we resolve how electric and magnetic fields affect the mul-
tiferroic domains in the archetypal spin-spiral multiferroic TbhMnO3.
In consecutive electric switching cycles, varying multi-domain patterns
emerge before a single-domain state is obtained. This observation re-
flects that the domain walls can easily move without being pinned by,
e.g., structural defects. In striking contrast to the electric-field re-
sponse, multi-domain patterns persist when the polarization direction
is flopped by applied magnetic fields. Here, a uniform polarization
rotation is observed within all domains, which incorporates a transfor-
mation of neutral into nominally charged domain walls. Our results
are explained based on numerical Landau-Lifshitz-Gilbert simulations
and provide first evidence for the scalability of macroscopic magneto-
electric properties onto the level of domains.

KR 3.29 Mon 19:00 Poster C
Ab initio expression of magneto-electric coupling coefficients
in terms of current response function — eRONALD STARKE!
and GruLio ScuoBerR? — !Institut f. Theo. Physik, Bergakademie

Freiberg — 2Institut f. Theo. Physik, Uni Heidelberg

Based on the Functional Approach to electrodynamics of media, we
show that the Maxwell equations imply closed, analytical expressions
of the magneto-electric coupling coefficients in terms of the current
response functions. On the linear level, these expressions include all
effects of inhomogeneity, anisotropy and relativistic retardation. More-
over, we relate the 36 component functions of the constitutive tensor
used in the context of bi-anisotropic media to only 9 causal response
functions which specify the current response to an external vector po-
tential.

KR 3.30 Mon 19:00 Poster C
First-principles study of magnetic properties of BaFeO3_5 —
elcor MAzNICHENKO!, SERGEY OSTANIN?, ARTHUR ERNsT2, and IN-
aripD MEeRrTic!2 — lInstitut fiir Physik, Martin-Luther-Universitét
Halle-Wittenberg, D-06099 Halle, Germany — 2Max-Planck-Institut
fir Mikrostrukturphysik, Weinberg 2, D-06120 Halle, Germany

Oxides with a perovskite atomic structure are ideally suited to grow
two-component multiferroics, in which a ferroelectric oxide barrier is
sandwiched between magnetic electrodes. For example, the perovskites
ATiO3 (A = Ba, Pb) can be used as ferroelectric barrier, while fer-
romagnetic perovskites (La,Sr)MnO3 or SrRuOg3 can serve as ferro-
magnetic electrodes. Oxide materials are preferable in such a tunnel
junction because of their compatibility and growth. Since the num-
ber of ferromagnetic conducting oxides is restricted, a search of new
suitable oxide electrodes is highly desirable. Recently, the perovskite
BaFeO3 was reported to be ferromagnetic in bulk and as thin film [1].
Here, using a first-principles Green function method within the density
functional theory, we present a study on magnetic and electronic prop-
erties of bulk BaFeOs especially focusing on the impact of structural
deformations and intrinsic defects.

[1] S. Chakraverty et al., Applied Physics Letters 103, 142416 (2013).
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KR 4: Multiferroics | (DF jointly with DS, KR, MA, TT)

Time: Wednesday 9:30-13:00

KR 4.1 Wed 9:30 EB 107

Magnetoelectric domain control in multiferroic TbMnOg

— oSEBASTIAN ManNz!, Masakazu MaTsuBarRal:2, MasaHITO
MocHizuki®4, Tgeresa KuBackal, Avaro Ivama®, Nabpir
AriouaNe®, Tsuvosur KiMura®, STeEVEN Jonnson!, DENNIS

MEIER!, and MaNFRED Fiesic! — 'ETH Ziirich — 2Tohoku Univer-
sity — 3 Aoyama Gakuin University — 4Japan Science and Technology
Agency — 5Osaka University — SPaul Scherrer Institute

Spin-spiral multiferroics exhibit a strong coupling between the electric
and magnetic subsystems which is of potential interest for technolog-
ical applications. Although these systems have been investigated for
more than a decade, the magnetoelectric domain evolution under ex-
ternal fields is still largely unknown. Using optical second harmonic
generation we resolve how electric and magnetic fields affect the mul-
tiferroic domains in the archetypal spin-spiral multiferroic TbMnOs.
In consecutive electric switching cycles, varying multi-domain patterns
emerge before a single-domain state is obtained. This observation re-
flects that the domain walls can easily move without being pinned by,
e.g., structural defects. In striking contrast to the electric-field re-
sponse, multi-domain patterns persist when the polarization direction
is flopped by applied magnetic fields. Here, a uniform polarization
rotation is observed within all domains, which incorporates a transfor-
mation of neutral into nominally charged domain walls. Our results
are explained based on numerical Landau-Lifshitz-Gilbert simulations
and provide first evidence for the scalability of macroscopic magneto-
electric properties onto the level of domains.

KR 4.2 Wed 9:45 EB 107
Critical behavior at the order-disorder transition in multi-
ferroic DyMnOg3s — eMARKUS SCHIEBL, ALEXEY SHUVAEV, ANNA
PimMENOV, GRAEME EoIN JoHNSTONE, ULADzISLAU DzioMm, and AN-
DREI PIMENOV — Institute for Solid State Physics, Vienna University
of Technology, 1040 Vienna Austria

We present the results of detailed dielectric investigations of the re-
laxation dynamics in DyMnO3 multiferroic manganite. In addition to
known domain wall relaxation a second strong mode is observed at low
frequencies. We provide an experimental evidence that the new relax-
ation mode is coupled to the chirality switching of the spin cycloid.

We demonstrate that the relaxation dynamics in DyMnOs3 is typi-
cal for an order-disorder phase transition. Therefore, DyMnOs3 follows
an order-disorder transition scenario implicating that a short range cy-
cloidal order of Mn-spins exists above T¢. The results suggest that the
paramagnetic sinusoidal phase should be explained as a dynamic equi-
librium between the clockwise and counterclockwise cycloidal magnetic
orders. The short range order in the paraelectric phase is transformed
to a long range cycloid at the ferroelectric transition temperature.

KR 4.3 Wed 10:00 EB 107
Biquadratic and four-spin ring interactions in orthorhom-
bic perovskite manganites — eNataLya FEDOROVA, ANDREA
Scaramuccl, CLAUDE EDERER, and NicoLa A. SpaLpin — ETH
Zurich, Materials Theory, Wolfgang-Pauli-Strasse 27, CH-8093, Zurich,
Switzerland

We use ab initio electronic structure calculations, based on DFT within
the GGA+U approximation, to estimate the microscopic exchange
interactions in the series of orthorhombic perovskite manganites (o-
RMnO3), in order to find a model Hamiltonian which can provide
an accurate description of the magnetism in these materials. At low
temperatures o-RMnO3 with small radii of R cations (therefore, large
octahedral tiltings) demonstrate a spiral or E-type antiferromagnetic
orderings (E-AFM), which drive their multiferroic properties. Usually
the establishment of such magnetic orderings is explained within the
framework of a Heisenberg model with competing nearest-neighboring
(NN) and next-nearest-neighboring exchange interactions. However,
we find that the mapping the results of ab initio calculations onto
the Heisenberg Hamiltonian for o- RMnO3 show a clear deviation from
the Heisenberg-like behavior. We demonstrate that this deviation can
be explained only by the presence of biquadratic and four-spin ring
exchange couplings and show that they have the strongest effect in
compounds where NN exchange interactions are weakened, for exam-
ple, due to large octahedral tiltings.

Location: EB 107

KR 4.4 Wed 10:15 EB 107
Time resolved polarized neutron scattering and dielectric
spectroscopy reveal multiferroic domain dynamics in MnWOg4
and TbMnO3 — eJonas STEIN!, DANIEL NIERMANN!, CHRISTOPH
Grams!, Max Baum!, Tosias CroNErr!, JEANNIS LEIsT?, KARIN
Scumarzi?, A Acung Nucrono?, ALEXANDER C KOMAREK?,
GoTz EckoLp?, PETrRA BrckerS, LapisLav Bouary®, Joacnim
HemBERGER!, and Markus Brapen! — !I. Physikalisches Institut,
Uni K6ln — 2Institut fiir Phys. Chemie, Uni Gottingen — 3JCNS
at ILL, France — “Institut Teknologi Bandung, Indonesia — ®MPI
Dresden — SInstitut fiir Kristallographie, Uni Koln

Multiferroic materials are promising for future memory devices with
low power consumption. The rise time between two states is a crucial
parameter for a possible application and was investigated in the spin
spiral multiferroics TbMnO3z and MnWOQOy. Polarized neutron diffrac-
tion is able to determine the ratio of chiral domains, which can be
controlled by an electric field. Using the stroboscopic technique we
follow the reversion of chiral domains in the timescale of a few hun-
dred microseconds to hours. In TbMnO3 we find a simple logarithmic
relation between the rise time and temperature that is fulfilled over
5 decades. Broadband linear and nonlinear dielectric spectroscopy re-
vealed the domain dynamics in the MF phase of MnWOQO4. The rise
time reaches values in the minute range in the middle of the multifer-
roic temperature regime at T/~10 K but unexpectedly decays again on
approaching the lower, first-order phase boundary at Tn;~7.6 K.

[1] Niermann et al. PRB 89,134412 [2] Baum et al. PRB 89,144406

KR 4.5 Wed 10:30 EB 107
Polarization control at spin-driven ferroelectric domain walls
— eNaiMI LEo!, ANDERS BERGMANNZ, ANDRES CANO3, NARAYAN
Pouper?, BERND Lorenz?, MANFRED FieBic!, and DENNIS MEIER!
— 1ETH Zurich, Switzerland — 2Uppsala University, Sweden —
3University Bordeaux, France — “University of Houston, USA

As was recently demonstrated, domain walls in ferroelectric materi-
als show emergent electronic properties, like enhanced conductivity
tunable by the relative orientation of the polarisation in the adjacent
domains. Here, multiferroic materials with a coexistence of magnetic
and electric order offer a new route for the control of such localised
functionalities at domain boundaries.

Using spatially-resolved optical second harmonic generation we
demonstrate the magneto-electric-field control of the multiferroic do-
mains in Co-doped MnWOQOy4. In particular, the obtained domain distri-
bution remains unchanged upon the magnetic-field-induced continuous
90°-rotation of the ferroelectric polarization.

This stability implies that multiferroic domain walls can accom-
modate for varying local polarisation configurations leading to local
charging and discharging. We discuss the microscopic structure of the
domain walls using micro-magnetic simulations.

KR 4.6 Wed 10:45 EB 107
Tuning order-by-disorder multiferroicity in CuO by doping
— eJoHAN HELLsVIK!2, MARCELLO BALESTIERI', Tomovasu Usur?,
ALESSANDRO STROPPAZ, ANDERs BErRGMAN?, LARs BERGQVIST®,
DHARMALINGAM PRABHAKARANS, OLLE ERIksson?, Sivia Picozzi2,
Tsuvosur KimMura®, and Josg Lorenzanal:?2 — 1ISC-CNR, Rome,
Italy — 2CNR-SPIN, L’Aquila, Italy — 3Osaka University, Osaka,
Japan — 4Uppsala University, Uppsala, Sweden — °KTH, Stockholm,
Sweden — SUniversity of Oxford, Oxford, United Kingdom

The high Curie temperature multiferroic compound CuO has a
quasidegenerate magnetic ground state that makes it prone to ma-
nipulation by the so-called ”order-by-disorder” mechanism. First prin-
ciple computations supplemented with Monte Carlo simulations and
experiments show that isovalent doping allows us to stabilize the mul-
tiferroic phase in nonferroelectric regions of the pristine material phase
diagram with experiments reaching a 250% widening of the ferroelec-
tric temperature window with 5% of Zn doping. Our results allow
us to validate the importance of a quasidegenerate ground state on
promoting multiferroicity on CuO at high temperatures and open a
path to the material engineering of multiferroic materials. In addition
we present a complete explanation of the CuO phase diagram and a
computation on the incommensurability in excellent agreement with
experiment without free parameters.
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[1] J. Hellsvik et al., Phys. Rev. B 90, 014437 (2014) [2] T. Kimura
et al., Nature Mat. 7, 291 (2008) [3] G. Giovannetti et al., Phys. Rev.
Lett. 106, 026401 (2011)

KR 4.7 Wed 11:00 EB 107

Dielectric properties and electrical switching behavior of
the spin-driven multiferroic LiCuVO,4 — eALEXANDER RUFF!,
STEPHAN KroOHNs!, PETER LUNKENHEIMER!, ANDREY PROKOFIEVZ,
and Avrois Loipr! — 1Experimental Physics V, Center for Electronic
Correlations and Magnetism, University of Augsburg, Germany —

2Solid State Physics, Vienna University of Technology, Austria

The spin-1/2 chain cuprate LiCuVOy exhibits both ferroelectric and
magnetic order at low temperatures. This so-called multiferroic behav-
ior is of great scientific interest due to the underlying complex physical
mechanisms, especially in the case of strong magnetoelectric coupling.
Here we thoroughly discuss the multiferroic properties of the proto-
typical spin-driven ferroelectric material LiCuVOy4. At temperatures
below about 2.5 K, it exhibits a three dimensional helical spiral spin
order, with propagation in the b direction and a spin helix in the ab
plane, which induces via an inverse Dzyaloshinskii-Moriya interaction
a ferroelectric polarization in the a direction. In an external magnetic
field, the direction of the spin spiral and thus the direction of the elec-
trical polarization can be switched. This switching behavior of the
polarization was demonstrated via dielectric spectroscopy on a single
crystalline sample oriented in two different directions in magnetic fields
up to 9T. Detailed magnetic-field and temperature-dependent ferro-
electric hysteresis-loop measurements imply the electric control of the
spin helicity [1]. This rarely documented feature indicates the close
coupling of electric and magnetic order of LiCuVOy.

[1] A. Ruff et al., J. Phys.: Condens. Matter, 26:485901 (2014).

15 min coffee break

KR 4.8 Wed 11:30 EB 107
Emergence of ferroelectricity in multiferroic h-YMnO3z —
oMARTIN LiLIENBLUM!, THOMAS LOTTERMOSER!, SEBASTIAN MANz!,
SVERRE M. SeLBAcH?, ANDRES CaNo3 und MANFRED FieBig! —
1Department of Materials, ETH Zurich, Vladimir-Prelog-Weg 4, 8093
Zurich, Switzerland — 2Department of Material Science and Enginee-
ring, NTNU, N-7491 Trondheim, Norway — 3CNRS, Université de
Bordeaux, ICMCB, UPR 9048, F-33600 Pessac, France

Universal scaling laws, interfacial nano-electronics, and topological de-
fects are currently studied using hexagonal manganites RMnOs (R=
Sc, Y, Dy-Lu) as model system. In spite of the remarkably broad inte-
rest in the system, surprisingly little is known about the origin of the
ferroelectric state. Here we solve the controversy about the emergence
of the spontaneous polarization and its coupling to the underlying
structural distortion by applying scanning probe microscopy (SPM)
and optical second harmonic generation (SHG). We trace the sponta-
neous polarization by SHG from 100 K to 1450 K directly and contact-
free. We find that only a single transition exists in which the polari-
zation arises slower than expected as by-product of the structural dis-
tortion. By thermal treatments close to the structural transition and
subsequent SPM scans, we show that the exceptionally robust ferro-
electric domain pattern is determined only by the structural distortion.
In summary we reveal that the ferroelectric order results from an in-
terplay of electric polarization, topological effects, and temperature.

KR 4.9 Wed 11:45 EB 107

Monte Carlo approach to the ferroelectric phase transition

in hexagonal manganites — eTHOMAS LOTTERMOSER!, MARTIN
LiLienBLUM!, ANDREs CaNo?, and MANFRep Fieeic! — lETH
Zurich, Zurich, Switzerland — 2Université de Bordeaux, Pessac,
France

Despite several experimental and theoretical efforts in recent years
the nature of the structural high temperature phase transition in the
hexagonal manganites and its relation to the occurrence of a ferroelec-
tric polarization in this materials is still not fully understood. Exper-
imental data give two contradicting answers to this problem. Some
experiments indicate a simultaneous appearance of the polarization in
a single structural phase transition while others hint to a second phase
transition several hundred Kelvin below the structural transition. In
order to clarify these contradictions we performed Monte Carlo sim-
ulations based on the so-called clock model. In this model the six
trimerization states of the manganite crystal structure are represented
by six clock vectors in the complex plane. From the simulation data

10

we calculated the temperature dependence of the complex structural
order parameter and the induced ferroelectric polarization. The results
point to a single phase transition with a strongly suppressed polariza-
tion contribution at high temperatures. This is experimentally con-
firmed by direct measurements of the ferroelectric polarization using
optical second harmonic generation. Contradictions with other exper-
imental data can be explained as finite size effects depending on the
length scale of the experimental probe.

KR 4.10 Wed 12:00 EB 107
Magon-phonon interactions in hexagonal multiferroic
YMnO3 — eANDREAS KREISEL', SHANTANU MUKHERJEE!, BRIAN
M. AnDERsSEN!, Turl ScHAFFER!, Sonsa Horm!, Kim LEFMANND,
NieLs C.R. Mowmsen!, JacoB LaRsenN?, AMy FENNELL?, UWwWE
STuHR3, and ZaHrRA Yamani* — INiels Bohr Institute, University
of Copenhagen, Denmark — 2Institute of Physics, Technical Univer-
sity of Denmark — 3Laboratory of Neutron Scattering, Paul Scherrer
Institute, Switzerland — 4Chalk River National Laboratory, Canada

The multiferroic material YMnOs3 is known to show a large spin lattice
coupling such that the spin and lattice degrees of freedom influence var-
ious properties, as for example the thermal conductivity that is found
to have an anomalous contribution. The magnetoelastic modes have
been measured recently in neutron diffraction experiments and linked
to certain spectral features in Raman signals. Starting from a Heisen-
berg model on a triangular lattice with single ion anisotropies, we inves-
tigate the spin-phonon coupling via the magnetostriction mechanism
and derive a coupled magnon-phonon model valid in the entire Bril-
louin zone. Within a spin-wave approach, where the coupling yields
a hybrid magnon-phonon mode, we calculate the dynamic structure
factor and compare to recent experimental neutron results.

KR 4.11 Wed 12:15 EB 107
Stability of magnetic and electric domains against chemi-
cal doping in hexagonal manganites — eEHSAN HASSANPOUR
YEsacHI, VIKTOR WEGMAYR, JAKOB SCHAAB, DENNIS MEIER, and
MANFRED FIEBIG — Department of Materials, ETH Ziirich, Ziirich,
Switzerland

The unique properties of magnetoelectric multiferroics are, to a large
extent, determined by the coexistence and interaction of magnetic and
electric domains. A major challenge towards future applications is
to optimize the properties of these domains, such as their transport,
without weakening or even losing the existing multiferroic order. Here,
we present our study of ferroelectric and antiferromagnetic domains in
chemically doped hexagonal manganites. We show that the electronic
conductance of ErMnO3s can be enhanced or suppressed by introduc-
ing either divalent (Ca2T) or tetravalent (Zr**, Ti*t) ions into the
system. Using piezoresponse force microscopy (PFM) and optical sec-
ond harmonic generation (SHG) we monitor the corresponding changes
on the level of domains. We find that the RMnOgs-characteristic do-
main topography, as well as the multiferroic transition temperature,
are robust against the applied ionic alteration, which demonstrates the
usability of chemical doping for non-perturbative property-engineering
of multiferroic domains.

KR 4.12 Wed 12:30 EB 107
Anisotropy study of multiferroicity in the pyroxene
NaFeGe;0g — oLIONEL ANDERSEN!, THOMAS LORENZ!, MATTHIAS
AcKERMANNZ, LapisLav Bouary?, and PeTRa Brcker? — !IL.
Physikalisches Institut - Universitdt zu Kéln, Germany — 2Institut

fiir Kristallographie - Universitdt zu Koln, Germany

Since the mineral aegirine was found to be the first multiferroic mem-
ber of the pyroxenes an intensive search for further related multiferroics
was initiated [1]. In this contribution, we present a detailed study of
the dielectric, magnetic and magnetoelastic properties of the pyroxene
NaFeGe20Og with special respect to the anisotropy. Unlike other inves-
tigations on NaFeGe2Og [2] large single crystals where synthesized to
examine pyroelectric currents, dielectric constants and magnetic sus-
ceptibilities as well as the thermal expansion and the magnetostriction.
The spontaneous electric polarization detected below T¢~11.6 K in an
antiferromagnetically ordered state (T y~13 K) is mainly lying within
the ac plane with a small component along b, indicating a triclinic
symmetry of the multiferroic phase of NaFeGe2Og. The electric po-
larization can be strongly modified by applying magnetic fields along
different directions. We derive detailed magnetic-field versus temper-
ature phase diagrams and identify three multiferroic low-temperature
phases, which are separated by a non-ferroelectric, antiferromagneti-
cally ordered state from the paramagnetic high-temperature phase [3].
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[1] S. Jodlauk et al. J. Phys.: Condens. Matter 19 (2007)
[2] I. Kim et al. J. Phys.: Condens. Matter 24 (2012)
[3] M. Ackermann et al. New J. Phys. (submitted, arXiv:1408.6772)

KR 4.13 Wed 12:45 EB 107
Ab Initio analysis of ferroelectric and magnetic properties
of potentially multiferroic aurivillius phases — eAXIEL YAEL
BirenBAUM, JAN vaN DEN Brokek, and CLAUDE EDERER — Materi-
als Theory, ETH Ziirich

A promising class of high temperature polar magnetic multiferroic ma-
terials are the Aurivillius family of layered-perovskites related com-
pounds. They combine high temperature ferroelectric properties with
a layered structure that allows for systematic introduction of magnetic
ions. The simplest of such cases to have been studied is BisFeTi3O15.

However, no well-established value exists for its spontaneous electric
polarization, and contradictory reports as to its magnetic states.

We perform Density Functional Theory calculations on
BisFeTizO15, and conclude on a high spontaneous electric polar-
ization. To better understand the mechanism for ferroelectricity, we
examine 9 systems, based on SrBixTasOg as reference. We find a
high spontaneous polarization even in the case of with no nominally
ferroelectrically-active cations. We discuss these results in light of
the tri-linear coupling between soft and hard modes demonstrated for
SrBizTazOg and the general concept of “hybrid improper ferroelectric-
ity”. To clarify the range of temperatures expected for magnetic long
range order despite a low concentration of magnetic ions and the short
range of superexchange interactions, we perform Monte Carlo simu-
lations. We discuss possible strategies to increase magnetic ordering
temperatures.

KR 5: Multiferroics Il (DF jointly with DS, KR, MA,TT)

Time: Wednesday 15:00-18:50

Invited Talk KR 5.1 Wed 15:00 EB 107
Low energy consumption spintronics using multiferroic het-
erostructures — eMoRraAN TrassIN — ETH Zurich, Zurich,
Switzerland

Magnetization reversal in spintronics applications requires either an
externally applied magnetic field or a large current density, which is
accompanied by significant energy dissipation. A reversal of magneti-
zation induced only by the application of an electric field would lead
to low-power devices. Using multiferroics, previous approaches have
seen limited success by only achieving rotations of the magnetization
or a change in anisotropy by applying an electric field. To pave the
way to new low-power devices, the more desirable electric-field driven
magnetization reversal must be achieved and read out with a small
current. In multiferroic heterostructures, ferromagnetic domains can
be moved and switched using different charge states, strain configu-
rations or magnetoelectric coupling. Ferroelectric domain engineering
using epitaxial strain is critical towards the achievement of determin-
istic switchings. A combination of scanning probe microscopy and
optical second harmonic generation were used to characterize multi-
ferroic thin films strain state. Using electron microscopy and trans-
port based techniques, a room temperature magnetization reversal of
a CoFe thin layer solely induced by the application of a few volts to
the heterostructure will be described.

KR 5.2 Wed 15:30 EB 107
Probing ferroic order in thin film heterostructures with opti-
cal second harmonic generation — eGaBRIELE DE Luca, MAN-
FRED FIEBIG, and MORGAN TrassiIN — ETH Zurich, Switzerland

The evidence of the electric field control on the antiferromagnetic or-
dering in multiferroic bismuth ferrite (BiFeO3) [1] increased interest
in low energy consumption logic and memory devices. However, to
exploit such functionality for devices it is essential to attain determin-
istic control of ferromagnetism at the single domain scale. Therefore a
ferromagnet /multiferroic heterostructure has been designed based on
the combination of magnetoelectric coupling in BiFeO3 (BFO) and ex-
change coupling between magnetic materials thus offering a new path-
way for the electrical control of magnetism [2,3]. Here we show that
second harmonic generation (SHG), can detect the distribution of fer-
roelectric domains in BFO thin films non-invasively and unimpeded by
transport properties. We use epitaxial strain for engineering different
types of BFO domain patterns that are characterized by SHG, show-
ing a unique relation between the domain distribution and the film
symmetry. We then manipulate the BFO film by voltage poling and
demonstrate the sensitivity of the SHG process to this manipulation.
The concept applied to BFO is transferable to other multiferroics com-
pounds thus indicating the general feasibility of SHG as a character-
ization technique for heterostructures in which buried ferroelectricity
plays a key role in the emergence of magnetoelectric coupling. 1.Zhao
et al., Nat. Mat. 5, 823 (2006) 2.Heron et al., Phys. Rev. Lett. 107,
217202 (2011) 3.Trassin et al., Phys. Rev. B 87, 134426 (2013)

KR 5.3 Wed 15:45 EB 107
Investigation of the antiferromagnetic coupling at SrRuOg /
Lag.7Sro.3MnO3 interfaces — oeSusit Das!'2, Diana Raral, An-
prREAS HERKLOTZ3, ER Jia Guo?, RoBerT Rota!, and KATHRIN

11

Location: EB 107

DoRrrY2 — lInstitute for Physics, MLU Halle-Wittenberg, 06099
Halle, Germany — 2IFW Dresden, Postfach 270116, 01171 Dresden,
Germany — 3QOak Ridge National Lab., Oak Ridge, 37830 TN, USA
— 4 Affiliation: Institute for Physics, Johannes-Gutenberg University
Mainz, 55128 Mainz, Germany

Lag.7Sr0.3MnO3/SrRuO3 superlattices grown on piezoelectric sub-
strates show large antiferromagnetic coupling of the two ferromagnetic
components and a significant strain effect on interfacial coupling [1].
Here we present a systematic investigation of the antiferromagnetic
interface coupling in bilayers of SrRuO3 (SRO) and Lag.7Srg.3MnO3
(LSMO), grown by pulsed laser deposition (PLD) on (100)- oriented
SrTiO3 substrates. Epitaxial and coherent growth of the bilayers was
confirmed by in-situ RHEED and ex-situ x-ray diffraction (XRD).
Magnetic characterization was performed by SQUID magnetometry.
We observed a strong dependence of the AFM coupling on the layer
sequence and the thickness of the individual layers. The bilayers ex-
hibit exchange bias, with the magnitude and sign of the exchange field
strongly dependent on cooling field. Results of this study and ongoing
work will be discussed. [1] Sujit Das et al, arXiv:1411.0411

KR 5.4 Wed 16:00 EB 107
Massive magnetoelectric modulation of the magnetic
anisotropy in an epitaxial Lag.7Sro.3sMnOs/PMN-PT het-
erostructure eMarTIN WanLER!, Sunt Das!, KATHRIN
Do6rRY, and Georc ScuMmipTb2 — lInstitut fiir Physik, Martin-
Luther-Universitdt Halle-Wittenberg, 06099 Halle (Saale), Germany
— 2Interdisziplindres Zentrum fiir Materialwissenschaften, Martin-
Luther-Universitat Halle-Wittenberg, 06099 Halle (Saale), Germany

We use ferromagnetic resonance (FMR) to investigate the strain in-
duced change of the in-plane magnetic anisotropy of an epitaxial fer-
romagnetic oxide layer on a piezoelectric substrate. The samples con-
sist of 20 nm thick Lag.7Srg.sMnO3 layers on two different substrates,
namely Pb(Mg; /3Nby/3)0.72Ti0.2803 (PMN-PT) (001) and (110) sin-
gle crystals. The two substrates induce either isotropic or anisotropic
in-plane strain, respectively. For Lag.7Srg.3MnOgz on (001) PMN-PT
substrate, it has already been demonstrated by SQUID magnetome-
try that the Curie-temperature and saturation magnetization can be
changed by applying an electric field normal to the sample plane [1].
Here we show that for the same substrate orientation there is a small
but significant change in FMR resonance fields along the directions of
the magnetic easy axes. For the (110) substrate, however, a massive
shift of the resonance fields is observed, resulting in a change of the
uniaxial anisotropy of more than 0.5 kOe for an applied electric field
of 12 kV cm~1. All measurements are carried out at a temperature of
120 K.

[1] C. Thiele et al., Phys. Rev. B, 75 054408 (2007)

KR 5.5 Wed 16:15 EB 107
Inverse TMR effect in multiferroic tunnel junctions stud-
ied from first principles — eVwrapisLav Borisov!2, SERGEY
OstaniN?, and INGRID MEerrich? — lInstitute of Physics, Martin
Luther University Halle-Wittenberg — 2Max Planck Institute of Mi-

crostructure Physics

The spin-polarized electronic transport in multiferroic tunnel junctions
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(MTJ): Co/PTO/Co and LSMO/PTO/Co was computed from first
principles. We confirm that the so-called four-state tunnelling mag-
netoresistance (TMR) may be detected for each MTJ when its TMR
and TER are controlled by the reversible barrier polarization as well
as reversible magnetization of the leads. The ab initio based results
are directly compared to the experimental features of the inverse TMR
recently reported for LSMO/PZT/Co [1]. We show how the observed
effect originates from the magnetoelectric coupling seen at both in-
terfaces of the MTJ [2]. The role of half-metallic LSMO as well as
the effect of Zr substitutes in PTO are analysed in the context of the
inversion of the TMR signal [1]. Another important issue of TMR
discussed here concerns the functional (insulating) barrier thickness,
which is always less than the nominal thickness and which depends on
the polarization direction. We found that the functional barrier thick-
ness is systematically reduced when the polarization is directed toward
the Co electrode due to charge transfer at the Co/PTO interface.

[1] D. Pantel et al., Nat. Mater. 11, 289 (2012).

[2] V. S. Borisov et al., Phys. Rev. B 89, 054436 (2014).

KR 5.6 Wed 16:30 EB 107
Origin of superstructures in (double) perovskite thin films —
oVikAs SHABADI, MARTON MaAJor, PHiLipP KOMISSINSKIY, ALDIN
RADETINAC, MEHRAN VAFAEE, WOLFGANG DONNER, and LAMBERT
ALFF — Institute of Materials Science, Technische Universitat Darm-
stadt, Alarich-Weiss-Strasse 2, 64287 Darmstadt, Germany

We have investigated the origin of superstructure peaks as observed by
X-ray diffraction of multiferroic Bi(Feg.5Crg.5)O3 thin films grown by
pulsed laser deposition on single crystal SrTiOs substrates. The pho-
ton energy dependence of the contrast between the atomic scattering
factors of Fe and Cr is used to rule out a chemically ordered double per-
ovskite BiaFeCrOg (BFCO). Structural calculations suggest that the
experimentally observed superstructure occurs due to unequal cation
displacements along the pseudo-cubic [111] direction that mimic the
unit cell of the chemically ordered compound [1]. This result helps
to clarify discrepancies in the correlations of structural and magnetic
order reported for BioFeCrOg. The observation of a superstructure in
itself is not a sufficient proof of chemical order in double perovskites.
[1] V. Shabadi, M. Major, P. Komissinskiy, M. Vafaece, A. Radetinac,
M. Baghaie Yazdi, W. Donner, and L. Alff, J. Appl. Phys. 116, 114901
(2014).

KR 5.7 Wed 16:45 EB 107

systems as a spin filter - an ab
eSTEPHAN Borek!, JOrGgEN Braun!, Hu-
BERT EBERT!, ANGELIKA CHAssE?, GERD ScHONHENSES, HANs-
Joacuim Ermers?, DMmyTrRo KuTnvaknov3, and JAN MinAr!:4
— Ludwig-Maximilians-Universitit Miinchen — 2Martin-Luther-
Universitit Halle-Wittenberg — 3Johannes-Gutenberg-Universitit

Mainz — 4University of West Bohemia, Pilsen

Multiferroic heterostructures such as ultrathin Fe/BaTiO3(001) films
are of high interest for technical applications giving the opportunity
to control the ferromagnetic state with an electric field or vice versa.
In our theoretical study we investigated the effect of changing the
electric polarization of the ferroelectric substrate BaTiO3 on the fer-
romagnetic state of Fe and Co thin films using the method of Spin
Polarized Low Energy Electron Diffraction (SPLEED). This method
has been shown to be an effective tool for the investigation of surface
properties like the determination of surface magnetic moments and the
local crystal structure. The possibility of an application of the mul-
tiferroic heterostructures Fe/BTO(001) and Co/BTO(001) as a spin
filter is discussed. It will be shown that a change of the polarisation of
the BaTiOgs results in a significant change of the exchange asymmetry
giving the possibility to control the diffraction of electrons using the
exchange interaction at the Fe (Co) surface. We focus on the systems
of 1 ML, 2 ML and 3 ML Fe (Co) on BaTiO3 because their electronic
and magnetic structure as well as the coupling mechanism between the
ferroic phases have been intensively discussed in the literature.

Using multiferroic
initio study

20 min coffee break

KR 5.8 Wed 17:20 EB 107
Optical investigation of ferroic domains beyond the resolution
limit — eCurisToPH WETLI, VIKTOR WEGMAYR, THOMAS LoT-
TERMOSER, and MANFRED FIEBIG — Department of Materials, ETH
Zurich, Zurich, Switzerland

In recent years optical second harmonic generation (SHG) has been
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shown to be a versatile, non-destructive tool to investigate the often
complex domain structures of ferroic and multiferroic materials. Fer-
roic domains vary broadly in structure and size, depending on the
nature of the ferroic ordering. So far, however SHG was restricted
to domains larger than the optical resolution limit of 1 pm. Here
we present a method by applying a numerical model and simulation
to overcome this limitation and to analyze ferroic domain structures
some orders of magnitude smaller than the optical resolution limit.
The method is based on the relation between the orientation of the
ferroic order parameter and the phase of the nonlinear optical signal.
It gives a relation between domain size and density, optical resolution
and the intensity of the SHG signal. To show the reliability of the
model, we applied it to several simulated domain structures. The sim-
ulation of the domain structures is based on an iterative geometrical
algorithm, which allows us to generate complex domain patterns like
the ferroelectric vortex structures or the irregular bubble like antifer-
romagnetic domains in hexagonal YMnO3. The numerical calculations
were compared with experimental data and found to be in excellent
agreement.

KR 5.9 Wed 17:35 EB 107
Multiferroicity in DyMnOg3 thin films — eCuengLIaNG Lul:2,
HakaN DEeNiz2, and Jun-Mincg Liu3 — 1School of Physics, Huazhong
University of Science and Technology, Wuhan 430074, China — 2Max
Planck Institute of Microstructure Physics, Weinberg 2, D-06120
Halle(Saale), Germany — 3Laboratory of Solid State Microstructures,
Nanjing University, Nanjing 210093, China
The mutual control of ferroelectricity and magnetism is stepping to-
wards practical applications proposed for quite a few promising devices
in which multiferroic thin films are involved. Although ferroelectric-
ity stemming from specific spiral spin ordering has been reported in
highly distorted bulk perovskite manganites, the existence of magneti-
cally induced ferroelectricity in the corresponding thin films remains an
unresolved issue, which unfortunately halts this step. Here we report
magnetically induced electric polarization and its gigantic response to
magnetic field (an enhancement of 800% upon a field of 2 Tesla at 2 K)
in DyMnOg thin films grown on Nb-SrTiOg3 substrates. Interestingly,
we found a consecutive control of the polarization under a rotating
magnetic field by detailed multiferroic response measurements. This
is distinct to the standard polarization-flop process which results in a
sudden change in polarization in multiferroics with spiral-spin-ordering
state. The cooperative action of dual multiferroic mechanisms (the in-
verse Dzyaloshinskii-Moriya interaction among Mn moments and the
exchange striction working between Dy and Mn moments) and phase
coexistence associated with a twin-like structure was proposed as the
origin of this phenomenon.

KR 5.10 Wed 17:50 EB 107
Observation of direct and converse local magnetoelectric
switching at room-temperature in modified single-phase
bismuth ferrite — eLrEoNArRD FrEDERIC HENRICHS!, Oscar
CespeEDEs!, James BENNETT!, JoacHiM LANDERS?, WOLFGANG
KLEEMANNZ, HElko WENDE2, Doru Luprascu?, and ANDREW BeLL!
— 1University of Leeds, Leeds, GB — 2Universitét Duisburg/Essen,
Duisburd/Essen, Germany

Multiferroics are promising for applications in sensors and memory.
However, no single-phase material with both ferroelectric and ferro- or
ferrimagnetic order at room-temperature has been reported to date.
Here, we observe very large local magnetoelectric coupling in the
novel single-phase multiferroic (BiFeCooAl03)0A4-(K1/2Bi1/2Ti03)0A6
at room-temperature. On ceramic samples, both direct and converse
magnetoelectric switching was observed using piezoresponse force-
microscopy and magnetic force-microscopy respectively. Areas where
converse switching occurred, incorporate both a ferroelectric and mag-
netic domain-like cluster and thus appear to be (relaxor) ferroelec-
tric and ferrimagnetic at room-temperature. The direct coupling-
coefficient estimated from the experiments is 1.0 x 107®s/m, and thus
extremely large. The locally observed converse meangetoelectric ef-
fect has a similar of magnitude. we propose that the material can be
interpreted as a pseudo-nanocomposite with an ideal strain-mediated
coupling due to congruent polar and magnetic nanoregions which are
related to the relaxor ferroelectric and superparamagnetic nature of
the material.

KR 5.11 Wed 18:05 EB 107

Tiny cause with large effects: the origin of the large
magnetoelectric and magnetoelastic effect in EuTiOz —
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e ANNETTE BussmanN-HoLpeEr — MPI-FKF, Heisenbergstr.
70569 Stuttgart, Germany

The magnetoelectric coupling in the perovskite EuTiOgz is analyzed
within a spin-phonon coupled Hamiltonian. It is shown that the tiny
magnetostriction which accompanies the onset of antiferromagnetic or-
der at Ty = 5.7K induces a substantial hardening in the soft optic
mode and a drop in the dielectric constant. The reduction of magne-
tostriction with increasing magnetic field reverses this behavior. While
for small fields ferromagnetic order rapidly sets in accompanied by a
volume expansion, this is destroyed with increasing fields and a strange
paramagnetic state obtained. This exotic observation can be under-
stood as stemming from the interplay between the enhanced oxygen p
Ti d dynamical covalency which alters the crystal field at the Eu site
and inhibits the virtual transition from 4f7 to 4f65d responsible for
ferromagnetic order.

1, D-

KR 5.12 Wed 18:20 EB 107
First principles calculations on the effect of inner cationic
site disorder, single and multiple cation and anion doping on
the magnetic properties of GaFeO3 — JACQUELINE ATANELOV,
WERNFRIED MAYR-SCHMOLZER, and PETER MoHN — Institute of Ap-
plied Physics - Computational Materials Science, Vienna University of
Technology, Austria

GaFeOg is a promising multiferroic suitable for a wide range of ap-
plications in electronic devices. Motivated by that we investigate the
influence of single and multiple cation and anion doping on the elec-
tronic and magnetic properties of gallium ferrite. Further we consider
the well known fact of innner cation site disorder in GaFeOgs. In terms
of cation doping we replace Ga atoms by Fe atoms and vice versa so
that in total a concentration range of 0.9 < z < 2.0 in Gag —zFe; O3 is
investigated. In addtion to that we substitute oxygen by B, C, N and
S atoms. GFO is also known to show magnetic anisotropy for differ-
ent cristallographic directions and sublattices. Beside changes in the

total net magnetic moment induced by cation and anion doping, the
magnetic anisotropy energy (MAE) can be affected as well. Doping
therefore can lead to an enhancement or reduction of the MAE. First
principles density functional theory (DFT) calculations performed by
the Vienna ab Initio Simulation Package (VASP) are used to predict
and analyze the ground state electronic structure of the investigated
systems.

KR 5.13 Wed 18:35 EB 107
Mechanism of interfacial magnetoelectric coupling in compos-
ite multiferroics — CnengrLong Jial, TongrLr Wer!, CHANGIJUN
Jiancg!, DesHeNG XUE!, eALEXANDER SukHOVZ, and JAMAL
BErakDAR? — Key Laboratory for Magnetism and Magnetic Materi-
als of MOE, Lanzhou University, Lanzhou 730000, China — 2Institut
fiir Physik, Martin-Luther-Universitit, Halle-Wittenberg, 06099 Halle

(Saale), Germany

We present a mechanism for the magnetoelectric coupling at fer-
roelectric/ferromagnetic interfaces based on screening via interfacial
spin-rearrangement [1]. We find an electric-polarization-driven, non-
collinear spin region extending over the spin-diffusion length in the
ferromagnet. The orbital motion of the carriers in the ferromagnet is
affected by the gauge field associated with the non-collinear spin order
and hence indirectly by the electric polarization. Changing the lat-
ter, e.g., via an electric field influences the interfacial magnetic order
and hence the spin-orbital coupled motion of the carriers. This allows
for tuning the interfacial spin-dependent transport via electric fields.
The resulting coupling is robust at room temperature and can be well
approximated by a linear polarization- magnetization coupling, whose
strength estimate for the composite Co(40 nm)/(tetragonal)BaTiO3 is
in line with recent experiments [2].

[1] C.-L. Jia, T.-L. Wei, C.-J. Jiang, D.-S. Xue, A. Sukhov, J. Be-
rakdar, Phys. Rev. B 90, 054423 (2014). [2] N. Jedrecy, H.J. von
Bardeleben, V. Badjeck, D. Demaille, D. Stanescu, H. Magnan, A.
Barbier, Phys. Rev. B 88, 121409(R) (2013).

KR 6: Ceramics and Applications (DF jointly with KR)

Time: Wednesday 11:20-13:00

Invited Talk KR 6.1 Wed 11:20 EB 407
Twisting the anionic-electronic transport kinetics to trigger
memristance for resistive switching non-volatile memories:
new materials, structering and methods — eJENNIFER RuPP,
FELIX MESSERSCHMITT, SEBASTIAN SCHWEIGER, RAFAEL SCHMITT,
and Markus KuBicek — ETH Ziirich, Elektrochemische Materialien

Resistive switches are a new class of non-volatile memories which
switch between low- and high-resistance values by application of volt-
age pulses. Despite their promises oxide-based resistive switches are
rarely connected in their oxide diffusion kinetics to the memristive
device performance under bias. Models to describe the mixed anionic-
electronic defect contributions for two-carrier systems are missing. We
review methods to probe carrier diffusion and memristance for mixed
anionic-electronic resistive switches. Secondly, we use chronoamper-
ometry to analyze via the Memristor-based Cottrell analysis diffu-
sion constants and kinetics for mixed anionic-electronic Pt|SrTiO3-
6|Pt switches. Thirdly, material engineering of oxides is discussed to
control device properties like retention, Ron/Rog ratios and power
consumption by "interfacial strain engineering of mixed conducting
oxide". Both examples implicate new material design and selection
routes to tune the anionic-electronic transport in resistive switches by
either knowledge on their diffusion kinetics and novel analyses or new
interfacial strain engineering routes to alter electro-chemo-mechanics
and transport.

KR 6.2 Wed 11:50 EB 407
Effects of heavy-ion irradiation in crystals studied by
SAXS/SANS — eDaniEL ScHAURIES!, Maik LanG?, CHRISTINA
TRAUTMANNS, and PaTrick KLuTn! — !Australian National Univer-
sity, Canberra — 2University of Tennessee, Knoxville, USA — 3GSI
Darmstadt, Germany

Insulators and semiconductors exposed to swift heavy ions can form
ion tracks as a result of the ion-electron interaction. These tracks are
narrow, cylindrical-shaped amorphous regions embedded within the
crystalline host matrix. In materials engineering they are utilized to
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Location: EB 407

modify (opto-)electronic properties, create nanowires and membranes
as well as nuclear detectors. Typically, ion tracks are enlarged via
chemical etching to make them accessible to microscopy.

Here, we present an experimental investigation into the formation
and recovery mechanisms of un-etched tracks. Tracks were created
at the high-energy heavy ion accelerator at GSI Darmstadt. Small
angle x-ray and neutron scattering (SAXS/SANS) at the Australian
Synchrotron and Oak Ridge National Lab [1] was used to investigate
parameters such as temperature and pressure on the track size. Ele-
vated temperatures during track formation yielded larger tracks, due
to a reduction of the necessary melting energy. For existing tracks
however, higher temperatures increases their recovery rate and makes
the damaged lattice recrystallizing faster [2].

Work supported by the Australian Research Council and US-DOE.
[1] P. Kluth et al., Phys. Rev. Lett. 101 (2008) 175503.

[2] D. Schauries et al., J. Appl. Cryst 46 (2013) 155.

KR 6.3 Wed 12:10 EB 407
Tuning structure in epitaxial Pb(Mg;,3Nby,3)03-PbTiO3
thin films for ferroelectric applications by using miscut sub-
strates — eMicHAEL MieTscHKED2, Max HossLerb3, STEFAN
ENGELHARDT!Y2, SEBAsTIAN FAHLERDZ, Lupwic Scrurrzb2, and
RuBeN HOuNE! — FW Dresden — 2TU Dresden — 3TU Chem-
nitz
Ferroelectric materials like lead magnesium niobate - lead titanate
(PMN-PT) show a large electrocaloric effect induced by an electri-
cal field during a diffusionless phase transition, which can be used for
novel solid state cooling devices. However, the interplay between the
microstructure and the ferroelectric properties is not completely un-
derstood so far.

Therefore, epitaxial 1-x Pb(Mg; 3Nby,3)O3- xPbTiO3 films were
grown by pulsed laser deposition on (001)-oriented single crystalline
SrTiO3 (STO) substrates with a miscut angle between 0 and 15 degrees
towards the [100] direction. The structural properties in dependence
from the miscut angle and the deposition parameters are studied by
detailed x-ray diffraction, atomic force microscopy and transmission
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electron microscopy. Temperature dependent ferroelectric characteri-
zation was performed by using Lag.7Srg.3Co3 buffer layers and addi-
tional Pt top electrodes on the surface of the PMN-PT layer. Normal
ferroelectric as well as relaxor ferroelectric behavior was found in de-
pendence of the PT content. First attempt were made to determine the
electrocaloric properties from the temperature dependent polarization
curves.

Invited Talk KR 6.4 Wed 12:30 EB 407
Investigation of dielectrics under electron irradiation —
eHaNns-JoacHIM FirTiNng — Institute of Physics, University of Ro-
stock, D-18059 Rostock, Germany

Electron beam induced conductivity ( EBIC ) in insulating materials
has been described by a flight-drift model of electrons and holes,[1]
and then extended by an intrinsic field conductivity to a flight-drift-
conduction model,|2], describing now the selfconsistent charge trans-

KR 7: Optical and Nonlinear Optical

Time: Wednesday 15:00-17:40

KR 7.1 Wed 15:00 EB 407
Local defect structure and dielectric relaxation in LiNbOg
single crystals — GuiLLauME F. Nartar, NaDEGE MEYER, and
oTORSTEN GRrRANzZOW — Luxembourg Institute of Science and Tech-
nology (LIST), Belvaux, Luxembourg

The defect structure of LiNbO3 (LN) has been studied more exten-
sively than that of most other oxide ferroelectrics for several reasons.
First, congruently melting LN is already rich in defects: it is strongly
Li-deficient and contains a high concentration of Nbr; antisite defects.
Second, the possibility to adjust the optical properties by doping with
a wide range of ions has increased the usefulness of LN for optical
applications. Third, due to the high mobility of Li at moderate tem-
peratures, the poling procedure can have a profound influence on the
local defect structure. However, few studies have considered the effect
of this local structure on the dielectric properties of LN. In this pre-
sentation, the temperature dependence of the real and imaginary part
of the electrical permittivity of differently doped LN single crystals is
investigated in the frequency range from 1 Hz to 1 MHz. Different
relaxation phenomena are caused by thermal and electrical treatment
and traced to differences in the local defect structure. Ferroelectric do-
main walls stabilize the local defect structure. These assumptions are
supported by measurements of the temperature dependence of electri-
cal conductivity and the thermally stimulated depolarization current.

KR 7.2 Wed 15:20 EB 407
Influence of defects on the ferroelectric and electrocaloric
properties of BaTiO3; — eANNA GRUNEBOHM! and TAKESHI
NisHiMaTsU2 — 1Fakultdt fiir Physik, Uni Due, Germany — 2IMR,
Tohoku University and Faculty of Physics, Japan

The electrocaloric effect is an adiabatic temperature change of a ma-
terial upon applying an external electrical field. Recently, this effect
has been rediscovered as a promising candidate for solid state refrig-
eration as large temperature changes have been found in experiment
and theoretical simulations.!2:3 However, the underlying mechanisms
for the large caloric response as well as possible obstacles are still not
well understood. In addition, the effective temperature range in pure
ferroelectric materials is narrow. We thus perform molecular dynamics
simulations of an ab initio based effective Hamiltonian as implemented
in the feram package® in order to study the effect of defects, strain,
and alloying on the electrocaloric response and its operation range.
[1] A. Mishenko, et al, Science 311, 1270 (2006)

[2] I. Ponomareva et al, Phys. Rev. Lett. 108, 167604 (2012)

[3] T. Nishimatsu et al, J. Phys. Soc. Jpn., 82, 114605 (2013)

KR 7.3 Wed 15:40 EB 407
Probing of local polarization dynamics in uniaxial SrxBal-
xNb206 single crystals — eVLADIMIR SHVARTSMAN!, JAN DEc?,
SeErGEI KALININ®, Worrcane KLeEmanN?, and Doru Lupascul
— lInstitute for Materials Science, University Duisburg-Essen, Es-
sen, Germany — 2Institute of Materials Science, University of Silesia,
Katowice, Poland — 3Center for Nanophase Materials Sciences, Oak
Ridge National Laboratory, Oak Ridge, USA — “Faculty of Physics,
University Duisburg-Essen, Duisburg, Germany
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port and storage in full insulating materials (c=0), as well as in semi-
insulators and wide-gap semiconductors up to intrinsic conductivities
of ¢ = 10-6 S/m. This model reflects a more realistic simulation of elec-
tron spectroscopic processes in context with electrical charching and/or
their prevention, [3]. Moreover, we found the mean relaxation time of
ballistically excited electrons with 75 fs, [4]. The experimentally ac-
cessable quantities of field assisted total secondary electron emission
o(t) as well as the resulting surface potential VO(t) due to internal
currents j(x,t), charges p(x,t), field F(x,t), and potential V(x,t) distri-
butions are obtained. Thus a given Al203 ceramic sample series ap-
proaches an intrinsic electrical conductivity of ¢ = (E-10 - E-8) S/m.
[1] X. Meyza, D. Goeuriot, C. Guerret-Piécourt, D. Tréheux, and H.-J.
Fitting, J. Appl. Phys. 94, 5384 (2003). [2] H.-J. Fitting, M. Touzin,
J.A.P. 110, 044111 (2011) [3] M. Touzin, D. Goeuriot, C. Guerret-
Piécourt, D. Juvé, D. Tréheux, and H.-J. Fitting, J.A.P, 99, 114110
(2006). [4] H.-J. Fitting and M. Touzin, J.A.P, 108, 033711 (2010)

Properties Il (DF jointly with KR)
Location: EB 407

Unique properties of relaxor ferroelectrics are to a great extent de-
termined by dynamics of the local polarization. In these materials
only short range polar order exists inside so called polar nanoregions
(PNRs). Being dynamic at high temperatures, PNRs are ”frozen” be-
low certain critical temperature forming a glassy-like state.

Here we report on our recent piezoresponse force microscopy (PFM)
investigations of local polarization dynamics in SrxBal-xNb206
(SBN100x) single crystals. The temperature dependent PFM stud-
ies of relaxors SBN75 and SBN&0 revealed appearance of static PNRs
already far above the freezing temperature. These static PNRs coexist
with still dynamic those in a broad temperature interval. The response
from dynamic PNRs was probed by studying the temporal decay of lo-
cal piezoresponse after excitation by an electric field pulse. A mapping
of relaxation parameters has been performed to reveal spatial hetero-
geneity of the polarization dynamics. The effect of temperature and
composition on the local polarization dynamics has been analyzed.

KR 7.4 Wed 16:00 EB 407
Multiphoton-induced luminescence and its domain contrast

in Mg-doped LiNbOj3; and LiTaO3; — ePuiLIPP REICHENBACH!,

Tuomas KAmpre!, ANDREAS THIESSEN!, ALEXANDER HaUssMANNT,
RoBIN STEUDTNER?, THEO WoIkE®, and Luxkas M. Enxc! —
Hnstitut fiir Angewandte Photophysik, Technische Universitét Dres-
den, George- Bahr-Str. 1, 01069 Dresden, Germany, 01069 Dres-
den, Germany — 2Institut fiir Ressourcendkologie, Helmholtz-Zentrum
Dresden, Bautzner LandstraRe 400, 01328 Dresden — 3Institut fiir
Strukturphysik, Technische Universitdt Dresden, Zellescher Weg 16,
01069 Dresden, Germany

Mg doped LiNbO3 (LNO) and LiTaO3 (LTO) emit a spectrally broad
multiphoton luminescence upon excitation with tightly-focused ultra-
short laser pulses centered at 2.5 eV [1,2]. Time-resolved acquisition
reveals a stretched exponential decay of the photoluminescence, which
confirms the luminescence to stem from recombination of electron and
hole polarons. Furthermore, the luminescence also shows a distinct
contrast between virgin and single inverted domains of about 3% and
20 - 30% for LNO and LTO, respectively [2]. LNO exhibits the same
contrast value when thermally pretreated at 1000°C under oxygen at-
mosphere before poling. The contrast decays thermally-excited above
100°C with an activation energy around 1 eV for both LNO and LTO.
This indicates the contrast and its decay to be strongly connected to
the lithium ion concentration and their activation.

[1] P. Reichenbach et al., J. Appl. Phys. 115, 213509 (2014)

[2] P. Reichenbach et al., Appl. Phys. Lett. 105, 122906 (2014)

KR 7.5 Wed 16:20 EB 407
Extended ab-initio study of the LiNbO3 band gap — eARTHUR
RIEFER, SIMONE SANNA, and WoLF GERO ScHMIDT — Theoretische
Physik, Universitdt Paderborn, 33098 Paderborn

Lithium niobate (LiNbO3) is one of the most important ferroelectric
materials and the most important nonlinear optical material. The
electronic and optical properties of LiNbO3 have been studied in re-
cent years with ab-initio methods [1-4] within high accuracy indicating
good agreement with experimental results. However, measurements
by Redfield et al. [5] show a temperature dependence of the band
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gap, which can be traced back to different effects. In order to model
the temperature dependence of the electronic band gap, we have ex-
tended the approaches described in Refs. [1-4] under two aspects. On
the one hand, hybrid functionals are employed to provide improved
starting points for many-body perturbation theory, which is applied
to study the electronic properties. On the other hand, the influence
of the temperature on the LiNbO3s band gap is investigated by means
of molecular dynamics simulations. The results are compared with
former works and experimental findings.

[1] W. G. Schmidt et al., Phys. Rev. B 77, 035106 (2008)

[2] C. Thierfelder et al., phys. stat. sol. (c) 7, 362 (2010)

[3] A. Riefer et al., IEEE Trans. on Ultrasonics, Ferroelectrics and
Frequency Control 59, 1929 (2012).

[4] A. Riefer et al., Phys. Rev. B. 87, 195208 (2013)

[5] Redfield et al., J. Appl. Phys. 45, 10, (1974)

KR 7.6 Wed 16:40 EB 407
Structural characterization of substituted lanthanum
tungstates with X-Ray and Neutron Diffraction — e ANDREA
FanTIN!, ToBias ScHErRB!, GERHARD SCHUMACHER!, JANKA
SEEGER?, and WILHELM A. MEULENBERG? — l!Helmholtz-Zentrum
Berlin fiir Materialen und Energie, Hahn-Meitner-Platz 1, D-14109

Germany — 2Forschungszentrum Jiilich, D-52425 Jiilich, Germany

Our work on proton conducting materials deals with structural charac-
terization of two different series of substituted lanthanum tungstates:
La5.4W(1-x)MxO12-delta with M=Mo,Re and 0<=x<=0.2. The
main methods used to understand their crystal structure are Neutron
Diffraction (ND) and High-Resolution X-Ray Diffraction (HRXRD).
Experiments were carried at ILL (Grenoble, France) and PSI (Villi-
gen, Switzerland). Different elemental contrast is reached with these
complementary diffraction techniques.

Our specimens consist of three cations (La, W, Mo or Re) and oxy-
gen anions. In order to distinguish W (Z=74, b=4.86fm) and Re
(Z=75, b=9.2fm) neutrons are needed, while for La (Z=57, b=8.2fm),
W(Z=74, b=4.86fm) and Mo (Z=42, b=6.7fm) good contrast is also
given by X-Rays. Combined refinements to model accurately anti-
site disorder, position of the substituted elements and oxygen (Z=S8,
b=5.8fm) positions in this highly disordered material are mandatory.

Measurements in dependence of temperature down to 1.5K confirm
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the structural model suggested by one of the coauthors without any un-
modeled static disorder. Substitution and deuteration/humidification
show no relevant structural changes.

KR 7.7 Wed 17:00 EB 407
Structure Solution and Prediction for Complex Modular Ma-
terials — eKATHRYN BRADLEY, MATTHEW DYER, CHRISTOPHER
CoLLiNs, JoHN CLARIDGE, GEORGE DARLING, and MATTHEW RoOs-
SEINSKY — Department of Chemistry, University of Liverpool, Liver-
pool, L69 7ZD, United Kingdom

Complex functional transition metal oxides can generally be described
in terms of layers or modules containing elements in particular chem-
ical environments. This observation has led to the development of
the Extended Module Materials Assembly (EMMA) approach for the
generation of plausible candidate structures of particular compositions.
Combining the modular description with classical lattice dynamics and
structure optimization with DFT, the EMMA method has recently
been extended to study hexagonal perovskite structures, exploring the
family of B-site deficient barium cobalt niobates.[1]

[1] K. Bradley et al., Phys. Chem. Chem. Phys., 2014,16, 21073-
21081. DOI: 10.1039/C4CP01542H

KR 7.8 Wed 17:20 EB 407
Perspectives for photorefractive materials in neutron physics
— eRomaNo Ruppl!, MarTIN FaLry!, JUrceEn Krepp!, CHRis-
TIAN PRUNERZ, Yasuo Towmita3, and IRENA DREVENSEK? — 1Univ.
Wien, Austria — 2Univ. Salzburg, Austria — 3University of Electro-
Communications, Tokyo, Japan — 4Univ. Ljubljana and Josef-Stefan-

Institute Ljubljana, Slovenia

The phenomenon where light irradiation changes the refractive index is
called a photorefractive effect. There are several mechanisms that may
result in neutron photorefraction. For example, all photoconductive
isolators have in principle the potential to exhibit neutron photore-
fraction. Particularly strong effects appear in piezoelectric materials,
mixed electronic-ionic conductors or materials close to, e.g., a ferro-
electric phase transition. We report on neutron diffraction from holo-
graphic gratings induced by light irradiation, neutron-induced holo-
graphic grating decay, and investigations on light-sensitive dielectrics
and nanoparticle composites for applications in neutron physics.



