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DF 2: Various Topics |

Nano- and microstructured dielectrics / thin films
Optical and nonlinear optical properties, photonic
High- and low-k-dielectrics
Dielectric surfaces and interfaces

Chair: Martin Diestelhorst

Time: Monday 9:30-12:30

DF 2.1 Mon 9:30 GER 37
Octahedral tilt nanostructure in bismuth-based relaxors —
eWoLFGANG DoONNER!, FLORIAN Prorr!', MarTON MaJor!, Uwr
Stunr?, and BERTRAND RoOEssLI? — 1Technische Universitat Darm-
stadt, Germany — 2Paul Scherrer Institut, Switzerland

Among the lead-free ferroelectrics, (1-x)Na; /5Bi; /5 TiO3-x BaTiOg is
one of the most promising material systems. The dielectric properties
around the morphotropic phase boundary at x = 0.06 are comparable
to those of commonly used lead-containing ferroelectrics. However,
the atomistic mechanisms leading to the relaxor properties are still
unclear.

We performed a diffuse neutron scattering study in order to reveal
the nanostructure of the octahedral tilt disorder of the oxygen an-
ions. Our results show the coexistence of multiple tilt systems over
a wide temperature range and a strong temperature dependence of
the respective domain sizes. On this basis, we propose a model of
the nanostructure featuring chemically pinned tetragonal platelets in
a rhombohedral matrix. The different tilt domains are separated by
a cubic intermediate phase. Furthermore, a strong temperature de-
pendence of the planar defect density was found, which peaks at the
depolarization temperature. These features react strongly to the ap-
plication of an external electric field and their temperature dependence
is clearly correlated with the dielectric permittivity.

DF 2.2 Mon 9:50 GER 37
Robust in-plane ferroelectricity over room temperature in
atomic-thick SnTe — eKar Cuanc2, Junwer Liv32, HAICHENG
LinZ, Na Wancg2, Kun ZHAO2?, Yonc ZHONGZ, XiaopeENg HuZ2,
WEeNHUI Duan?, Lianc Fud, Q-Kun Xuge?, X1 CHEN?, SHUAI-Hua
Ji2, and STuART ParRkIN! — INISE, Max-Planck Institute of Mi-
crostructure Physics, Weinberg 2, Halle 06120, Germany — 2State
Key Laboratory of Low-Dimensional Quantum Physics, Department of
Physics, Tsinghua University, Beijing 100084, China — 3Department
of Physics, Massachusetts Institute of Technology, Cambridge, MA
02139, USA

Stable ferroelectricity with high transition temperature in nanostruc-
tures is needed for miniaturizing ferroelectric devices. Here, apply-
ing molecular beam epitaxy (MBE) and variant temperature scanning
tunneling microscopy (VT-STM), we have studied the stable in-plane
spontaneous polarization in atomic-thick SnTe, down to a 1-unit cell
(UC) limit. The ferroelectric transition temperature T, of 1-UC SnTe
film is greatly enhanced from the bulk value of 98 K [1] and reaches
as high as 270 K. Moreover, 2- to 4-UC SnTe films show robust fer-
roelectricity at room temperature [2]. Recent high temperature STM
experiments show that the ferroelectricity of 2- and 3-UC SnTe films
persists even up to 380 K, comparable with the classical perovskite
ferroelectric BaTiO3. [1] M. lizumi et al., J. Phys. Soc. Jpn. 38, 443
(1975). [2] K. Chang et al., Science, 353, 274 (2016).

DF 2.3 Mon 10:10 GER 37
Flexoelectric impact on the polarization switching dynam-
ics in thin ferroelectric films — eIvaN VoroTiAHIN!'2, ANNA
Morozovska?, EuceNE ELiseEv3, and YUR! GENENKO! — lInstitut
fiir Materialwissenschaft, Technische Universitat Darmstadt, Jovanka-
Bontschits-Str. 2, 64287 Darmstadt, Deutschland — 2Institute of
Physics, National Academy of Sciences of Ukraine, 46, pr. Nauky,
03028 Kyiv, Ukraine — 3Institute for Problems of Materials Science,
National Academy of Sciences of Ukraine, Krjijanovskogo 3, 03142
Kyiv, Ukraine
Flexoelectric effect (or flexocoupling) is one of the properties of solid
state materials that couples the gradient of electric polarization with
the gradient of mechanical strain. It exists virtually in all solids, but
has so small magnitude that it cannot be effectively observed in most
of them. However, with the reduction of dielectric film thickness, it
might obtain a significant influence on the properties of dielectrics.
A process of domainless polarization switching in the tetragonal

Location: GER 37

ferroelectric BaTiO3 has been modelled, using relations of Landau-
Ginzburg mean-field theory. Static distributions of electric polariza-
tion and other relevant quantities, including electrostatic potential,
donor and electron concentrations, as well as dynamics of polariza-
tion switching are obtained and analysed. A role of the flexocoupling
is estimated for both statics and dynamics. It appeared, that whilst
having a negligible influence on the static distributions, flexocoupling
can remarkably affect polarization switching times and the values of
critical fields under which the switching occurs.

DF 2.4 Mon 10:30 GER 37
Crystalline high-pressure phases in the Bi—Co system —
eLEONORE WIEHL!, SHRIKANT Bnar!, ILiva Rapurovl, Kon-
STANTIN SkoKov!, MICHAEL DURRSCHNABEL!, LEOPOLDO MOLINA-
Lunal, SaBriNa Sicorol, LEopoLp Diop!, DMITRIY KARPENKOV!,
Norimasa Nisuryama?, Hans-JoacuiM KLEEBE!, KARSTEN ALBE!,
RaLF RiEDEL!, and OLIvER GuTrLEIsScH! — !Fachbereich Material-
und Geowissenschaften, Technische Universitat Darmstadt, Darmstadt

64287, Germany — 2DESY, Hamburg 22607, Germany

RECos (RE = rare-earth) compounds are known as materials with
high magnetocrystalline anisotropy [1]. They crystallize in the CaCus
structure type, space group P %mm, On searching for RE-free mag-
netic materials, which could replace the classical NdFeB magnets,
MCos type materials were considered as promising candidates. The
existence of crystalline M Cos and MFes (M = Bi, Ca, Zr) phases and
their magnetic properties were explored. Here we report on the Bi-Co
system. Samples with starting compositions 5:1 & 1:1 were subjected
to high pressure (15.6 GPa) and temperature (900°C) in a multianvil
press at DESY, Hamburg. The recovered products were character-
ized by X-ray diffraction with synchrotron radiation (ALS, Berkeley),
SEM/EDX, and magnetic measurements. They proved to be a mixture
of several crystalline phases, with the most prominent phase BizCo [2].
The search for new phases was complemented by DFT calculations.

Financial support by the excellence program LOEWE "RESPONSE”
is gratefully acknowledged. [1] K. Strnat et al., J. Appl. Phys. 38
(1967) 1001 [2] S. Tencé et al., J.Phys.: Condens. Matter 26 (2014)
395701

20 min. break

DF 2.5 Mon 11:10 GER 37
Tunability of polymeric whispering gallery mode micro-lasers
— oToBias SiEGLE!, S. ScuiErLE!, S. KRAMMER!, A. M. FLAaTAE!2,
M. REmmeL!, B. Ricuter?, S. NoceENTINI?, C. PARMEGGIANIZ, H.
ZENnG2, M. Burresi?, D. Wiersma2, S. F. Wonpimu?, P. ScaucH?,
C. Koos*, and H. Karr! — lInstitute of Applied Physics, KIT,
Karlsruhe, Germany — 2European Laboratory for Non-Linear Spec-
troscopy, Sesto Fiorentino, FI, Italy — 3Zoological Institute, KIT —
4Institute of Microstructure Technology, KIT

Realizing tunable micro-optical devices, e.g., filters or lasers is a chal-
lenging task. A possibility is to use mechanically flexible structures.
However, often lithographic fabrication and the rigidity of conventional
materials induce an inflexibility. Here, we demonstrate that the flexi-
bility of polymers can be utilized for widely tunable photonic circuits.
We review the fabrication of polymeric whispering gallery mode
(WGM) micro-lasers and show their superiority in post-fabrication
configuration tuning. The first example demonstrates resonance tun-
ing by exploiting liquid crystal elastomers (LCE). When integrated into
the cavity, a LCE cylinder can function as a micro-actuator modifying
the resonator diameter and hence tuning the WGM resonances.
Polymers allow substrate-independent fabrication based on direct
laser writing. As a second example we present the flexible coupling
of WGM cavities structured on elastomer substrates. Reducing the
inital inter-cavity gap through deformation of the substrate leads to
the formation of photonic molecules. Tunable coupling is verified by
exponential trends in the intensities of arising super-modes.
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DF 2.6 Mon 11:30 GER 37

Interface engineering in all-oxide Ba,;Sr;_,TiO3 thin-film var-
actors with highly conducting SrMoO3 electrodes — ePATRICK
SaLc!, ALbiN RapETINAC!, DomiNIK WaLk?, HOLGER MAUNEZ,
Rovrr JacoBy?, PuiLipp Kowmissinskiy!, and LAMBERT ALFF! —
Hnstitute of Materials Science, TU Darmstadt, Germany — 2Institute

for Microwave Engineering and Photonics, TU Darmstadt, Germany

We present epitaxial varactor heterostructures utilizing highly con-
ducting oxide SrMoO3 bottom electrodes with a room-temperature re-
sistivity of 30 uQ2cm [1] grown by pulsed laser deposition using StMoOy4
targets. During thin film synthesis, highly reductive conditions are es-
sential to achieve a Mo*T state in the SrtMoO3 thin film. In contrast
to the growth conditions of SrMoOs, the growth of Ba,Sri_,TiO3
films requires a high oxygen partial pressure of 1.5 mTorr. In order
to prevent oxidation of the underlying SrMoO3s layers during growth
of BagSr1_,TiO3, a SrTiO3 layer was grown between SrMoOs and
Bag;Sr;_;TiO3. The effectivity of this SrTiOg3 interlayer as an oxy-
gen diffusion barrier was investigated by X-ray diffraction (XRD) and
X-ray photoelectron spectroscopy (XPS). The use of a SrTiOgz inter-
layer allows a successful epitaxial growth of varactor heterostructures
with high electric tunability of up to 80 % and low losses at microwave
frequencies.

[1] A. Radetinac et al., Highly conducting SrMoOs thin films for
microwave applications, Appl. Phys. Lett. 105, 114108 (2014).

DF 2.7 Mon 11:50 GER 37
The pyroelectric coefficient of free standing GaN grown
by HVPE — eSvEN JAcHALKE!, Parrick Hormann?, GUN-
NAR LEmIGeR?, Frank S. Haprr?, Erik MpeunerR!, TILMANN
Leisecanc!4, Dirk C. MEevYER!, and THomas MikoLaJjick?® —
Hnstitute for Experimental Physics, TU Bergakademie Freiberg,
Leipziger Str. 23, 09599 Freiberg, Germany — 2NaMLab gGmbH,
Nothnitzer Str. 64, 01187 Dresden, Germany — 3Freiberger Com-
pound Materials GmbH, Am-Junger-Lowe-Schacht 5, 09599 Freiberg,
Germany — “Samara National Research University, Moskovskoye
Shosse 34, Samara 443086, Russia — PInstitute for Semiconductors
and Microsystems, TU Dresden, Nothnitzer Str. 64, 01187 Dresden,

Germany

Here, we present the first temperature dependent measurements of the
pyroelectric coefficient of free standing, and strain free GaN grown by
hydride vapour phase epitaxy (HVPE). The Sharp-Garn method is ap-
plied to extract the pyroelectric coefficient from the electrical current
response of the crystals subjected to a sinusoidal temperature excita-
tion in a range of 0°C to 160°C. To avoid compensation of the pyroelec-
tric response by an internal conductivity, insulating GaN crystals were
used by applying carbon, manganese and iron doping during HVPE
growth. Different pyroelectric coefficients observed at room temper-
ature due to the doping correlate well with the change of the lattice
parameter c. The obtained data is compared to previously published
theoretical and experimental values of thin film GaN and discussed in
terms of a strained lattice.

DF 2.8 Mon 12:10 GER 37
Confocal Raman analysis of diffusion profiles in ion ex-
changed waveguides in PPKTP — eJuLlAN BROCKMEIER,
MicHAEL RUsing, CHRISTOF EIGNER, LAURA PADBERG, GERHARD
BerTH, CHRISTINE SILBERHORN, and ARTUR ZRENNER — Department
Physik, Universitdt Paderborn, 33098 Paderborn, Germany

KTP presents a promising material system for integrated quantum op-
tical applications. Integrated quantum optical devices require the fab-
rication of waveguides, which can be achieved in this material via the
ion exchange of Potassium by Rubidium. An optimized fabrication
of these structures requires a detailed understanding of the induced
changes in the material structure, such as the diffusion profile. Here
the confocal Raman imaging technique presents one of the foremost
methods for a three dimensional spatial analysis of the material prop-
erties. Within this work periodically poled KTP (PPKTP) waveguides
have been visualized by Raman imaging. For a more detailed analysis
of the induced material changes the data processing has been improved
and now allows to map the changes of the FWHM shift and intensity of
peaks in the Raman spectra. Based on this optimized method, spectral
features have been identified, which are sensitive to the concentration
of the ion exchanged Rubidium.



