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Topical Talk DF 10.1 Wed 15:00 H25
Controlling domain wall motion as a route towards new
functionalities in Pb(Zr,Ti)O3 ferroelectric thin films —
eLEO McGiLy!, Lupwic FeicL!, PETR Yupin!, Tomas SLukal:2,
ALEXANDER TacaNTseEvV!, and Nava SETTER! — !Ceramics Labora-
tory, EPFL - Swiss Federal Institute of Technology, Lausanne, CH-1015
Switzerland — 2DPMC-MaNEP, University of Geneva, 24 Quai Ernest
Ansermet, 1211 Geneva 4, Switzerland

Ferroelectric domain walls offer the exciting prospect of truly nanoscale
reconfigurable circuits owing to their small thickness, typically 1-5nm,
their inherently mobile nature and the functional properties they ex-
hibit. However, to fully harness their potential as nanoscale functional
entities, it is essential to achieve reliable and precise control of their
nucleation, location, number and velocity. In this work we demon-
strate an ability that allows extensive control of individual and multiple
180° domain walls in PZT thin films. Furthermore advances towards
readout of domain wall position, via a read-restore technique will be
presented. This method involves measurement of partial switching cur-
rents due to domain wall perturbations from an initial position through
sub-switching voltage pulses. Finally, understanding the interaction of
domain walls with defects is crucial to tailoring their properties. For
future devices based on individual domain walls and their motion, de-
fects could potentially kill or create functionality. We show that local
nanoscale defect regions can be used to modify imprint and domain
wall motion. This adds an additional dimension to the domain-wall-
control toolbox.

DF 10.2 Wed 15:30 H25

Growth temperature as a tuning parameter for internal

screening in ferroelectric thin films — eCHrisTiAN WEY-
MANN, CELINE LICHTENSTEIGER, STEPHANIE FERNANDEZ-PENA,
JEAN-MARC TRiscoNg, and PAaTrycia ParucH — DQMP, Univer-

sity of Geneva

In ferroelectric ultrathin films, the depolarization field arising from
bound interface/surface charges must be compensated. This can be
achieved by screening either by external screening, or by internal mo-
bile charges from within the ferroelectric itself. In the absence of suffi-
cient free charges, the ferroelectric can also form domains of opposite
polarization.

Another frequently observed feature in ferroelectric thin films is
built-in voltage, originating from asymmetrical screening, trapped
charges, or strain gradients leading to flexoelectricity, and modifying
the properties of the films. The resulting residual field will not only
shift P-E hysteresis, but will also modify the intrinsic polarization con-
figuration and domain stability.

By modulating the growth temperature of PbTiOgz thin films, we
engineered several series of ferroelectric samples with the same exter-
nal electrical boundary conditions, but distinctively different internal
screening. We used piezoresponse force microscopy to investigate the
intrinsic domain configuration, written domain stability, and local fer-
roelectric switching loops of these samples. Our results open up a
straightforward method to control the built-in field in such ferroelec-
tric oxide thin films, which is crucial to applications.

DF 10.3 Wed 15:50 H25
Magnonic magnetoelectric coupling and domain wall forma-
tion in composite multiferroics — ALEXANDER SukHOV!, CHENG-
LoNG Jial»2 and eJamaL BErakDAR! — 'Martin-Luther Universitit,
Halle-Wittenberg, 06099 Halle — ?Key Laboratory for Magnetism and
Magnetic Materials of the Ministry of Education, Lanzhou University,
Lanzhou 730000, China

Control of magnetization by an external electric field or, vice versa,
ferroelectric (FE) polarization by magnetic fields entails a clear under-
standing of the underlying coupling. For a multiferroic nanostructure
composed of metallic ferromagnetic (FM) (e.g., Fe or Co) attached to
a FE (e.g. BaTiO3), we predicted recently [1] the formation in FM of
a non-collinear magnetic order in the FM/FE contact area extending
to distances on the spin-diffusion length of the FM. Our predictions
were recently confirmed in subsequent experiment and offer also an
explanation for earlier findings [3]. Here we present further resutls and
suggestions that structuring the FE offers the possibility to generate
and control multiferroic domains.

Location: H25
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20 min. break

DF 10.4 Wed 16:30 H25
Theoretical study of domain wall dynamics in multifer-
roic hexagonal manganites — e¢URkO PETRALANDA and SERGEY
ARTYUKHIN — Istituto Italiano di Tecnologia. Via Morego 30, Genova
(Ttaly)

Multiferroic hexagonal manganites are antiferromagnetic improper fer-
roelectrics where unit-cell-tripling buckling of oxygen bipyramids in-
duces polarization and, in some compounds, weak ferromagnetism.
Understanding the dynamical effects controlling motion of clamped
structural, ferroelectric and magnetic domain walls (DW) in these ma-
terials is critical to design devices based on controlled switching of
DWs. However, the study of DW dynamics in realistic multiferroics
has been mainly focused on proper ferroelectrics and ferromagnetic
materials so far, and for multiferroics was mostly limited to estimating
switching barriers [1,2]. We develop a model Hamiltonian to describe
the driven dynamics of DWs in hexagonal manganites, with parameters
extracted from ab-initio calculations.
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DF 10.5 Wed 16:50 H25
Landau theory of domain walls revisited — ¢ WILFRIED SCHRANZ
— University of Vienna, Faculty of Physics, Boltzmanngasse 5, 1090
Vienna, Austria

Domain walls and twin boundaries currently attract enormous atten-
tion, since they can host functional properties that are not present
in the bulk crystal [1,2]. CaTiO3 is the first example, where it was
succeeded in observing a ferroelectric polarization [2] inside a ferroe-
lastic twin wall while the rest of the crystal remained centrosymmet-
ric. There are many more examples demonstrating the application
potential of functional domain walls in future information technolo-
gies. Modelling of functional twin walls ranges from ab-initio calcula-
tions [3]| to phenomenological descriptions based on Ginzburg-Landau-
Devonshire free energies [4]. The possibility of an electric polarization
in ferroelastic twin walls was already predicted long time ago by V.
Janovec [5,6], based on a group theoretical symmetry approach. In
the present talk we show how we may use the layer-group approach
of domain twins [7] to describe corresponding functional properties of
domain walls.
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DF 10.6 Wed 17:10 H25
Ferroelectric Bloch walls and ferroelectric Ising lines — ViLma
STEPKOVA, PAVEL MARTON, and eJIrR1 HLINKA — Institute of Physics,
Czech Acad. Sci., Prague

In this contribution we would like to address geometry and proper-
ties of plausible topological defects chiral ferroelectric domain walls
of perovskite ferroelectrics, in particular linear defects analogous to
dislocations or disclination lines known from liquid crystals. We will
present our investigations of the properties of such one dimensional
objects obtained within the Ginzburg-Landau-Devonshire theory us-
ing phase-field simulations.
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Topical Talk DF 10.7 Wed 17:30 H25
Domain Glass — eEKHARD SALJE — Cambridge University, Cam-
bridge UK

Ferroelastic materials often develop complex domain structures, which
have properties of glassy systems (non-ergodicity, glass dynamics, glass
transitions, and freezing). Four characteristic temperatures are defined
for such domain glasses: the dynamical nucleation temperature Td
where local correlated clusters can form glass states within a (tweed-)
nano structure, To the Vogel Fulcher temperature of these precursor

nano- structures, Tpt the phase transition temperature where the (fer-
roelastic) transition occurs, and TK the Kauzmann temperature where
the complex domain structure freezes. Td exists in most ferroelastic
materials whereas the other transitions depend on the complexity of
the domain patterns and hence on their thermal history. Shear collapse
and rapid thermal quench of ferroelastic crystals preferentially lead to
domain glasses whereas slow anneal produces mostly highly correlated
pattern such as stripe patterns or single domain crystals. Domain
glasses are compared with structural glasses and several examples for
domain glass features are discussed.



