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DF 1 Internal Symposium “Integrated Electroceramic Functional Structures”

Time: Monday 09:30-13:10

Invited Talk DF 1.1 Mon 09:30 MUL Elch

Barium Strontium Titanate Thin Film for RF Applications —
eULRICH BOTTGER — RWTH Aachen, Insititut fiir Werkstoffe der Elek-
trotechnik II, Sommerfeldstr. 24, 52074 Aachen

Ferroelectric thin films are being intensively studied for wireless com-
munication applications in voltage tunable RF and microwave devices.
Tunable circuits like phase shifters, filters or matching networks offer the
flexibility to adapt to changes in operating conditions, such as frequency,
impedance environment or RF drive level. Key issues for the use of
ferroelectric materials in such devices are high tunability, low dielectric
losses, temperature stability and reliability, even with respect to alter-
native technologies based on semiconductor varactor diodes or MEMS
(micro electro-mechanical systems). Much emphasis has been placed on
thin film ferroelectric material barium strontium titanate, Ba;_,Sr,TiO3
because of its promising high-frequency dielectric properties and its abil-
ity to device integration.

This talk reviews the properties of thin film Ba;_,Sr,TiO3 and discuss
the potential physical models of the origin of the tunability and of the
correlated losses. Further, basic tunable devices are presented. Simula-
tion results and measurements from such circuits are also given.

DF 1.2 Mon 10:10 MUL Elch

Electronic structures and mechanical stabilities of coherent
and semi-coherent perovskite interfaces from first-principles —
oCHRISTIAN ELSASSER', JAN-MICHAEL ALBINA!, MATOUS MROVEC!,
and BERND MEYER? — !Fraunhofer-Institut fiir Werkstoffmechanik,
Freiburg, Germany 2Ruhr-Universitit Bochum, Bochum, Germany

Electroceramic thin-film heterostructures made of perovskite-type
metal oxides are promising as alternatives to silicon-based components
in microelectronics. The function and stability of such thin-film com-
ponents are determined by the structure and chemistry of the few nm
thin films and their contacts to substrates or electrodes. For the pre-
dictive development of electroceramic devices with desired functions,
e.g., for dielectric or ferroelectric data storage, useful microscopic infor-
mation about interfacial electronic structures and mechanical stabilities
can be obtained from first-principles density functional theory. Calcula-
tions using the mixed-basis pseudopotential method were carried out for
electronic energy barriers and mechanical separation energies of (001)-
oriented interface models with SrTiOz in contact to three different per-
ovskites: coherent SrTiO3/LaAlO; with LaAlO3 as an insulating sub-
strate, coherent SrTiO3/SrRuO; with SrRuOj; as a conducting electrode,
and semi-coherent SrTiO3/SrZrOs. For the latter system, with inter-
facial mismatch of 6%, a semi-coherent interface model with localized
misfit dislocations separated by coherent regions was employed to esti-
mate the influence of dislocation cores on electronic energy barriers and
on mechanical separation energies.

DF 1.3 Mon 10:30 MUL Elch

Multifunctional materials on the basis of oxidic thin films
eMATTHIAS OPEL!, KARL-WILHELM NIELSEN!, STEPHAN GEPRAGS!,
SEBASTIAN T.B. GOENNENWEIN!, RUDOLF GROSS!, WENTAO YU?,
JURGEN SIMON?, and WERNER MADER? — ! Walther-Meissner-Institut,
Bayerische Akademie der Wissenschaften, Walther-Meissner-Str. 8,
85748 Garching — 2Institut fiir Anorganische Chemie, Universitit
Bonn, Romerstr. 164, 53117 Bonn

Transition metal oxides can show very different properties, e.g. super-
conductivity, semiconductivity, ferromagnetism, and/or ferroelectricity.
Due to the enormous progress in thin film deposition technology, these
properties can be integrated in oxidic heterostructures, resulting in novel
functionalities.

In this contribution, we discuss the state of the art in pulsed laser
deposition for the growth of thin oxide films. Taking ferromagnetic ma-
terials such as Zn;_,Co,0, SroCrWOg, Fe;04, and BiMO; (M = Fe, Cr)

Room: MUL Elch

as an example, we report on the influence of strain and crystal orienta-
tion on the magnetic properties. We furthermore address multifunctional
heterostructures consisting of ferromagnet/semiconductor multilayers, as
well as the possibility to realize (multiferroic) ferromagnetic/ferroelectric
multilayers. High-resolution transmission electron microscopy and elec-
tron energy loss spectroscopy give important insight into the role of de-
fects and inhomogeneities in the layers and at the interfaces.

DF 1.4 Mon 10:50 MUL Elch

Inorganic and organic layers for high-k and organic memory
applications — eKARSTEN HENKEL, MOHMAED TORCHE, CAROLA
SCHWIERTZ, IOANNA PALOUMPA, RAKESH SOHAL, KLAUS MULLER,
and DIETER SCHMEISSER — Brandenburgische Technische Universitéit
Cottbus, Angewandte Physik-Sensorik, 03013 Cottbus, P.O. Box 101344,
Germany

We report about organic and inorganic MIS stacks for new possibilities
for high frequency and high power applications as well as for non volatile
memory cell. The organic stack contains a ferroelectric polymer as the
functional layer.

Poly[vinylidene fluoride trifluoroethylene] (P[VDF/TrFE]) is spin
coated from a solution onto oxidised silicon substrates. We report on
the polarisation induced flatband voltage shifts.

For the inorganic stack our attempt is to combine higk-k dielectrics
with high band gap semiconductors (SiC). Praseodymium oxide layers are
prepared by electron beam evaporation from PrgO;; powder and in situ
controlling of interface and volume composition (XPS). Praseodymium
silicate layers were prepared either by metal evaporation onto a thin ox-
ide on top of the semiconductor and following annealing steps or by a
wet chemical process out of aqueous Pr(NOj)s solutions. Using spectro-
scopic characterisation we investigate the stability of the various inter-
faces within the stacks as well as the reactivity of the metal electrodes on
thin ProO3. We report the results of electrical characterisation consisting
of permittivity values, leakage current and density of interface states.

DF 1.5 Mon 11:10 MUL Elch

Resistive Switching in Pt/TiO2/Pt Thin Film Capacitors for
Non-volatile Memory Applications. — eD00 SEOK JEONG and
HERBERT SCHROEDER — IEM / IFF and CNI, Forschungszentrum
Jitllich GmbH, Germany.

Non-volatile memory (NVM) devices such as switchable resistors
(ReRAM) are discussed for future ultra-large scale-integrated memory
chips in cross-bar architecture because of their simple geometry. Among
the large variety of candidates under discussion are ferroelectric and para-
electric oxides. We have produced metal/insulator/metal (MIM) capaci-
tor structure with sputtered TiO2 thin films between platinum electrodes
showing resistive memory switching. The DC electrical properties were
measured in dependence of applied voltage or current, temperature and
sample geometry. The main results are: a) All produced titanium oxide
films are insulating and amorphous with stoichiometry close to TiO2. b)
The films had to be electroformed at 5 to 8 V to show resistive switching.
A current compliance between 1 and 10 mA had to be applied to induce
the electroforming successfully, but not to degrade the film completely
(permanent dielectric breakdown). ¢) The *Reset* voltage to the higher
resistance state (*Off*-state) was 0.7 +/- 0.1 V. The resistance ratio be-
tween *On*- and *Off*-state was of the order of 1000. The set voltage
for inducing the *On*-state again showed larger variations, 1.5 +/- 0.25
V, with a similar current compliance. The results will be discussed in
the light of common mechanisms for resistive switching.
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DF 1.6 Mon 11:30 MUL Elch

Correlations between Microstructural Changes and Resistive
Switching: An Approach by In-situ TEM Investigations —
eHERBERT SCHROEDER and Doo SEOK JEONG — IEM / IFF and
CNI, Forschungszentrum Jiilich GmbH, Germany.

Among the material candidates for resistive non-volatile memories are
functional oxides, e.g. ferroelectric and paraelectric oxide thin films.
There are numerous experimental (leakage) current data published for
each material class demonstrating the switchable memory effect but there
is no agreement on the working mechanism. To a large extent this is due
to the lack of microstructural information on the changes during forma-
tion and switching of the devices. If these effects are connected with
microstructural changes these may be observable in a transmission elec-
tron microscope (TEM). Therefore, in this contribution we present a
rather seldom used approach for a TEM experiment to observe the mi-
crostructure of a metal /insulator/metal (MIM) capacitor structure before
and after (ex-situ) as well as during (in-situ) resistive switching due to
an applied external voltage or current. We use a special TEM sample
holder allowing controlled application of temperature (RT to 300°C) with
a heating stage and of voltage (current) as a part of a 4-point resistance
measurement set-up for ex- and in-situ experiments. This is combined
with a special TEM sample preparation method, the so-called window-
technique. Special electrode configurations have been designed to allow
nearly undisturbed TEM observation of the switching insulator. Exam-
ples for first observations in a (Pt/amorphous TiO2 thin film/Pt) stack
on the resistive switching will be presented.

DF 1.7 Mon 11:50 MUL Elch

Domain structure of ferroelectric nanograins by piezoelectric
force microscopy — eSERGE ROHRIG!, FRANK PETER!, ANDREAS
RUDIGER!, SVEN CLEMENS?, THEO SCHNELLER?, and RAINER
WASER!? !Center of Nanoelectronic Systems for Information
Technology, Research Center Jiilich, 52425 Jiilich, Germany — 2Institut
fiilr Werkstoffe der Elektrontechnik 2, RWTH Aachen, Sommerfeld Str.
24, 52074

Piezoelectric force microscopy in vertical and lateral operation has
made tremendous progress in the characterization of ferroelectric nanos-
tructures. We discuss some of our latest findings in laterally confined fer-
roelectrics of BaTiO3 on SrRuO3 and PbTiO3 on Pt. Special attention is
devoted to the sample-tip interaction as lateral PEM picks up signals that
are prohibited by symmetry in an otherwise ideal c-axis oriented system.
Lead titanate nanograins are fabricated by chemical solution deposition
and post-treated by chemical mechanical polishing to modify their size
distribution. Their ferroelectric functionality is proven by inversion of
the piezoelectric tensor. We give an outlook to an upcoming new tech-
nique of tip-enhanced Raman spectroscopy on ferroelectric nanoislands
and discuss some key issues like heat dissipation and the detection of
soft-modes.

DF 1.8 Mon 12:10 MUL Elch

Polarisation-induced Functionality at Ferroelectric Surfaces —
eSIBYLLE GEMMING, WALTER ALSHEIMER, REGINA ERMRICH, and
GOTTHARD SEIFERT — Physikalische Chemie und Elektrochemie, TU
Dresden, D-01062 Dresden.

Density-functional investigations on titanate-based ceramics have con-
firmed that the rich defect chemistry of these materials strongly influ-
ences the structural, electronic, and elastic properties of the bulk phases
and at surfaces. Strong structural relaxations at stepped titanate (10n)
surfaces were obtained, which can compete with the ferroelectric distor-
tion. The electronic structure does not differ quantitatively from the

bulk properties, and no edge-specific states inside the band gap of the
bulk compound are induced. On the other hand, the electric field above
a stepped surface differs from the one above a planar surface at distances,
which are typical in adsorbate-substrate systems. Thus, the prereqisites
for a polarisation-driven self-organisation of field-sensitive molecules on
polar surfaces are given. A screening of several molecule classes revealed
the thiophene series as promising candidates.

DF 1.9 Mon 12:30 MUL Elch

Optical waveguides in single-crystalline LiNbO3 films —
oCARSTEN DUBs"?, ANDREAS LORENz!'?, MATTHIAS WILL?, JENS-
PETER RUSKE?*?, and ANDREAS TUNNERMANN2 — 'INNOVENT e.V.,
Priissingstr. 27B, D-07745 Jena — 2Institut fiir Angewandte Physik,
Friedrich-Schiller-Universitat, Max-Wien Platz 1, D-07743 Jena —
3Guided Color Technologies GmbH, Géschwitzer Str. 25, D-07745 Jena

Lithium Niobate (LiNbO3) is one of the most extensively used dielec-
tric material for optical waveguides at telecommunication wavelengths
around 1.5 mm. Commonly LiNbO3 integrated optical devices for opti-
cal switches, modulators, second harmonic generation devices were fab-
ricated by a combination of microfabrication techniques and metal diffu-
sion (e.g. Ti) or ion-exchange (H+-ions) processes. Because of the con-
siderably light-induced refractive index changes in the visible as well as
at high power densities in the near-infrared spectral range only (damage-
resistant) substituted LiNbO3 materials of reproducible high quality are
usable for optical components exhibiting a well-defined performance. We
prepared planar waveguides based on epitaxially grown zinc-substituted
LiNbO3 by liquid phase epitaxy technology. We will report about film
properties like surface morphology, crystalline perfection, homogeneity
as well as about optical properties of the so obtained planar waveguides.
Beside investigation of the film microstructure and waveguide properties
results of ridge waveguide fabrication for the visible wavelength range
and for application at high power densities will be reported. *

DF 1.10 Mon 12:50 MUL Elch

Simulation of electronic transport in nanoscale ferroelectric
tunnel junctions — eKLAUS MICHAEL INDLEKOFER' and HERMANN
KoHLSTEDT? — !Institute of Thin Films and Interfaces (ISG-1) and
Center of Nanoelectronic Systems for Information Technology (CNI), Re-
search Centre Jiilich GmbH, D-52425 Jiilich, Germany — 2Institute for
Solid State Research (IFF) and Center of Nanoelectronic Systems for
Information Technology (CNI), Research Centre Jiillich GmbH, D-52425
Jitlich, Germany

The usage of nanoscale ferroelectric films as tunnel barriers in elec-
tronic devices offers a unique possibility to study the physics of ultra-
thin ferroelectric materials by means of electronic transport. By use
of a nonequilibrium Green’s function approach in combination with a
self-consistent Hartree potential we have simulated the current-voltage
characteristics of a metal-ferroelectric-metal tunnel junction. Such an
approach offers a consistent treatment of quantum interference und tun-
nel effects under the influence of ferroelectric polarization charges.

In this presentation, we discuss the role of quantum effects (such as
Friedel oscillations) and depletion regions, which lead to deviations from
the conventional semiclassical description of contacts in such a tunnel-
ing structure. In the simulated I-V characteristics we observe a well-
pronounced bistable resistive switching effect, depending on the polar-
ization state of the ferroelectric tunnel barrier. Ferroelectric tunnel junc-
tions in general might be a first step into a new class of application-
relevant tunnel systems. [1]

[1] K. M. Indlekofer and H. Kohlstedt, Europhys. Lett. 72, 282 (2005)

DF 2 Dielectric and Ferroelectric Thin Films and Nanostructures 1

Time: Monday 14:30-17:30

Invited Talk DF 2.1 Mon 14:30 MUL Elch

Size effects in ferroelectric nanostructures e ANDREAS RUDI-
GER — Center of Nanoelectronic Systems for Information Technology,
Institute of Solid State Research, Research Center Jiilich, 52425 Jiilich,
Germany

Ferroelectrics are among the most advanced candidates for non-volatile
memory applications. They are also widely used in pyroelectric sensors
and piezoelectric actuators. As current integration techniques are driv-

Room: MUL Elch

ing the dimensions towards 10nm lateral extension and only a few unit
cells height, the analogy to ferromagnetism raises the question if a lower
size limit also exists for ferroelectrics. Earlier studies on free particles ne-
glected electromechanical constraints imposed by conductive substrates
and rather determined a pyroelectric limit (i.e. the size-driven transi-
tion into a centrosymmetric phase). Our results of piezoelectric force
microscopy on e.g. ferroelectric BaTiO3 nanoislands indicate structural
and functional integrity well below the critical volume of free particles.
So far, there is no evidence of a size limit in ferroelectric nanoparticles
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on conducting substrates. We highlight the impact of the aforemen-
tioned electromechanical boundary conditions on ferroelectricity and dis-
cuss composition and time-scale as possible origins of a critical size below
10 nm.

DF 2.2 Mon 15:10 MUL Elch

Towards Ferroelectric Tunnel Junctions — e ALEXANDER KAISER,
ADRIAN PETRARU, ULRICH POPPE, NICHOLAS PERTSEV, HERMANN
KOHLSTEDT, and RAINER WASER — Institut fiir Festkorperforschung
(IFF-IEM) and Center of Nanoelectronic Systems for Information Tech-
nology (CNI), Forschungszentrum Jiilich, 52425 Jiilich

Experimental results showed evidence that ferroelectric phase is main-
tained even in a few nanometers thick ferroelectric films. If such an
ultra-thin ferroelectric film is placed in between two electrodes, a so-called
ferroelectric tunnel junction (FTJ) is obtained. Recent theories predict
that the direct electron tunneling current through these ultra-thin ferro-
electric films may be modified by the polarization state of the ferroelec-
tric [1]. The piezoelectric effect, interface effects and the depolarization
field may lead to a giant electroresistance (GER) [2] switching effect.
For studying this behaviour we deposited STRuOj (electrode)/BaTiO3
(ferroelectric) /SrRuO3 on SrTiO3 (001) substrates by high-pressure sput-
tering. The film thickness of the ferroelectric BaTiO3 was varied between
200 nm and 3 nm. AFM, XRD and TEM measurements show high
cristalline quality with clear epitaxial BaTiO3/SrRuOj interfaces. P—V
and C—V measurements demonstrate ferroelectricity down to BaTiOj
thickness of 5 nm. Tunnel junctions were fabricated in a four point ge-
ometry and I-V characteristics were measured between 300 K and 4.2 K.
The I-V curves will be discussed in the framework of the -V charac-
teristics predicted by theory.
(1] Kohlstedt et al., Phys. Rev. B 72, 125341 (2005)
(2] Zhuravlev et al., Phys. Rev. Lett. 94, 246802 (2005)

DF 2.3 Mon 15:30 MUL Elch

GROWTH, MICROSTRUCTURE AND PROPERTIES OF
EPITAXIAL, ANTIFERROELECTRIC PbZrO; FILMS ON
SrRuO3; - COVERED SrTiO; SINGLE-CRYSTAL SUB-
STRATES — eKSENIA BOLDYREVA, IONELA VREJOIU, GWENAEL
LERHUN, LUCIAN PINTILIE, NIKOLAI ZAKHAROV, MARIN ALEXE,
and DIETRICH HESSE — Max Planck Institute of Microstructure
Physics, Weinberg 2, D-06120 Halle, Germany

Epitaxial, antiferroelectric PbZrOs (PZO) films have been grown by
pulsed laser deposition on SrRuOs-covered SrTiOs (STO) single crys-
tal substrates. Due to its good lattice match with the STO substrate
and due to the possibility to obtain atomically flat surfaces by a layer-
by-layer growth mode, epitaxial STRuO3 was used as bottom electrode
allowing electrical measurements. XRD analyses and TEM, HRTEM and
SAED investigations revealed a (120) preferred orientation of the PZO
films. Since the films were grown above the nominal antiferroelectric
Curie temperature of 230°C (to let cubic PZO grow epitaxially on cu-
bic SRO/STO), the cooling after deposition leads to the spontaneous
formation of crystallographic domains during the phase transition. As
shown by XRD pole figures and TEM images, there are four kinds of
domains in the orthorhombic PZO film. These domains also have the
character of antiferroelectric domains. The antiferroelectric properties
of the films are under study by piezoresponse scanning force microscopy
and by macroscopic ferroelectric measurements.

DF 2.4 Mon 15:50 MUL Elch

GROWTH-MICROSTRUCTURE-PROPERTY RELATIONS
IN EPITAXIAL FERROELECTRIC PbZr0.2Ti0.803 FILMS
— eoIONELA VREJOIU, GWENAEL LE RHUN, LUCIAN PINTILIE,
NIKOLAI ZAKHAROV, DIETRICH HESSE, and MARIN ALEXE —
Max-Planck-Institut fiir Mikrostrukturphysik, Weinberg 2, D 06120,
Halle

Epitaxial PbZr0.2Ti0.803 (PZT) films were grown by pulsed laser de-
position (PLD) onto vicinal SrTiO3 (001) (STO) single crystal substrates.
Step flow-grown SrRuO3 (SRO) fabricated by PLD was employed as bot-
tom electrode, to allow for electrical characterization of the PZT films.
The atomically flat surface of the SRO layer may act as a template for
layer-by-layer growth of the subsequent layers. It may thus result in very
smooth and defect-free PZT layers with remnant polarization values of
up to Pr=1 C/m2. The influence of defects such as threading and misfit
dislocations along with formation of 90° domains on the ferroelectric and
switching properties of the films is also discussed.

DF 2.5 Mon 16:10 MUL Elch
Nonlinear phenomena in ferroelectric thin films — eKAYy BaRrz!,
M. DieSTELHORST!, H. BEIGE!, M. ALEXE? and D. HESSE? —
IMartin Luther-Universitit Halle-Wittenberg, Germany — 2Max Planck
Institute of Microstructure Physics, Germany
Ferroelectric thin films have proven to be an interesting subject to
investigate into numerous nonlinear effects. Some of these effects are dis-
cussed based on experimental data from a BiyTi3O1, Metal-Ferroelectric-
Semiconductor (MFS) structure. Firstly the high frequency capacitance-
voltage characteristic is compared with simple model derived from a con-
ventional MOS (Metal-Oxide-Semiconductor) structure. From this one
can conclude to the influence of interface trap density when measuring
a MFS at high frequencies. Secondly the MFS structure is used as ca-
pacitor in a LCR resonance circuit. Increasing the driving voltage of the
circuit shifts the resonance frequency according to the nonlinearity of the
MFS. Finally the investigated specimen shows a torus doubling bifurca-
tion. This nonlinear phenomenon is seldom observable in experiments.
A comparison with the behaviour of Metal-Ferroelectric-Metal structures
may clarify which of these effects originate from the ferroelectric layer or
MOS-typical behavior, respectively.

DF 2.6 Mon 16:30 MUL Elch

Influence of layer defects in ferroelectric thin films — e¢THOMAS
MICHAEL!, JULIA WESSELINOWA?, and STEFFEN TRIMPER! —
'Fachbereich Physik, Martin-Luther-Universitit, Friedemann-Bach-
Platz, 06108 Halle — 2University of Sofia, Department of Physics, Blvd.
J. Bouchier 5, 1164 Sofia, Bulgaria

Based on a modified Ising model in a transverse field we demonstrate
that defect layers in ferroelectric thin films, originated by layers with
impurities, vacancies or dislocations, are able to induce a strong increase
or decrease of the polarization. The change is affected strongly by the
variation of the exchange interaction within the defect layers. The ap-
plied Greens function methods enables us to calculate the polarization,
the excitation energy and the critical temperature of the material with
structural defects. Moreover, we find likewise the damping of the ele-
mentary excitation. The damping is increased due to interaction. The
results are in qualitatively good agreement with experimental data for
ferroelectric thin films. The model can be modified to discuss the po-
larization of ferroelectric nanoparticles. The nanoparticle is composed of
layers with spherical and cylindrical geometry.

J. M. Wesselinowa, S.Trimper, and K.Zabrocki: Impact of layer defects
in ferroelectric thin films, J.Phys.: Condens. Matter 17, 4687 (2005). J.M
Wesselinowa, T.Michael,S. Trimper,and K.Zabrocki: Influence of layer de-
fects on the damping in ferroelectric thin films, Phys. Lett.A in press.
T.Michael, J.M.Wesselinowa, and S.Trimper: Ferroelectric nanoparticles
(in preparation)

DF 2.7 Mon 16:50 MUL Elch

Praseodymium silicate high-k dielectric layers on Si(100) —
o¢GRZEGORZ LUPINA, THOMAS SCHROEDER, JAREK DABROWSKI,
CHRISTIAN WENGER, ANIL MANE, GUNTHER LIPPERT, and HANS-
JoacHIM MUssiG — IHP, Im Technologiepark 25, 15236 Frankfurt
(Oder)

Praseodymium silicate dielectrics were investigated as potential re-
placement for SiO, gate insulator in complementary metal-oxide-
semiconductor (CMOS) applications. Physical characterization by ap-
plying TEM and SR-XPS indicate that the prepared dielectrics have a
bilayer structure: an SiOq-rich Pr silicate at the interface to Si substrate
and an SiOs-poor Pr silicate on top of the dielectric stack. Photoemis-
sion studies point to a reasonably high valence and conduction band
offsets of ~ 3 eV and ~ 2 eV, respectively. Electrical characterization
of the dielectrics was accomplished by capacitance-voltage and current-
voltage measurements providing insight into the interface state density,
fixed charge concentration, and the dominating conduction mechanisms.
Based on the results of ab-initio calculations, the most probable fixed
charge formation mechanisms in Pr silicates are discussed. Thermal
treatments prove that Pr silicate / Si (100) system is compatible with
the conventional CMOS processing.
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DF 2.8 Mon 17:10 MUL Elch

Intrinsic tunneling in perovskite derivatives: switching of resis-
tive states and negative differential resistance — eP. MULLER!,
F. CuoowpHURY!, Y. KovAL!, V. DrEMOV!, F. LICHTENBERG?Z,
and J. MANNHART? — !Physikalisches Institut III der Universitit
Erlangen-Nirnberg, Erwin-Rommel Str. 1, 91058 Erlangen, Germany
— 2Experimentalphysik VI der Universitit Augsburg, 86135 Augsburg,
Germany

In many cases, perovskite related compounds with excess of oxygen
can be described as materials with alternating conducting and insulating

layers. Electric transport across these layers can be considered as tun-
neling between the conducting layers. We investigated several materials
of the family A, B, Os,12, like LaTi0O34; and SrNbOs3 41, which can be
considered as a stacking of blocks consisting of 5 perovskite layers. We
measured I-V characteristics at different temperatures. Switching be-
tween different resistive states has been found in some of these materials.
The resistive states have long-term stability, which makes them interest-
ing for memory applications. Furthermore, our materials show negative
differential resistance at low temperatures. We present a summary of our
recent results.

DF 3 Poster Session

Time: Monday 09:30-17:00

DF 3.1 Mon 09:30 P1

Domain structures, grain boundaries and PTCR effect of ferro-
electric barium titanate ceramics — eMICHAEL ROESSEL, MIHAIL
DAN CROITORU, DAVID MOSER, and OLIVER EIBL — Institut fuer
Angewandte Physik, Eberhard Karls Universitaet Tuebingen, Auf der
Morgenstelle 10, D-72076 Tuebingen, Germany

Perovskite materials such as barium titanate have many applications
as electronic devices. During the cubic to tetragonal phase transition at
Tc (393K) BaTiO3 exhibits a strong non-linear change of the electrical
resistivity (PTCR effect) caused by grain boundaries. The PTCR effect
appears in semiconducting barium titanate and is determined by the mi-
crostructure of the material. The Heywang model explains the PTCR
jump by the existence of a Schottky barrier at the grain boundaries.
This model assumes 180° domains, compensating space charges at the
grain boundaries. Our TEM studies by diffraction contrast under two-
beam and many beam diffraction conditions show irregularly arranged
90° domains. For the analysis of the grain boundaries we concentrate on
grains that are close to a pseudocubic [100] orientation. So far 180° do-
mains were not observed experimentally. Compressive stresses in curved
sections of the grain boundaries yield a sub-um domain structure. The
appearance of such domain structures might be explained by compensat-
ing mechanical stresses during the cubic to tetragonal phase transition.
Therefore, Heywangs model is an oversimplification and does not con-
tain a realistic structural model for explaining the electrical resistivity of
barium titanate. The goal of our work is a better understanding of the
PTCR effect based on an improved grain boundary structure model.

DF 3.2 Mon 09:30 P1

Thickness dependend dielectric properties of epitaxial
Bag;Srp3TiO; thin film capacitors — eREGINA DITTMANN!,
RAFAEL PLONKA?, NIKOLAY PERTSEV!, and RAINER WASERY? —
Hnstitut fiir Festkorperforschung and Center of Nanoelectronic Systems
for Information Technology, Forschungszentrum Jiilich, 52425 Jiilich —
2Institut fiir Werkstoffe der Elektrotechnik, RWTH Aachen University
of Technology, 52056 Aachen

Single-crystalline  all-perovskite ~ SrRuOs\Bag7Sro3TiOs  (BST)
\SrRuOj; heterostructures have been grown epitaxially on SrTiO; by
pulsed laser deposition. The samples exhibit a sharp paraelectric-to-
ferroelectric phase transition with a maximum permittivity of about
6660. This value is comparable to that of bulk ceramics and exceeds by
several times the highest values reported for BST thin film capacitors.
At room temperature, the weak decrease of the permittivity with the
BST thickness decreasing from 200 to 10 nm can be explained solely
by the thickness-dependent strain relaxation in epitaxial films without
assuming the presence of low-permittivity layers at the film/electrode in-
terfaces. Furthermore, the ferroelectric-to-paraelectric phase transition
temperature shifts to lower temperatures with decreasing film thickness.
As a result, in the low temperature regime, where all samples are in the
ferroelectric state, the permittivity increases with decreasing film thick-
ness. This effect is analyzed with the aid of a thermodynamic theory and
can be attributed to the influence of the depolarizing field originating
from the incomplete screening of the SRO electrodes.

DF 3.3 Mon 09:30 P1
Ferroelectric Polarization as the Gradient of Phase Shift in
Electron Holography at Atomic Resolution — eCHRISTOPHER
MATZECK, HANNES LICHTE, and MARIANNE REIBOLD — Dresden Uni-
versity, Inst. of Structure Physics, Zellescher Weg 16, 01069 Dresden,
Germany

Room: P1

The transferred electron wave in Transmission Electron Microscopy is
strongly influenced in phase by ferroelectric specimen. This gradient of
the phase shift is directly proportional to the projected electric polariza-
tion within the sample [1]. Since Electron Holography allows measuring
the phase modulation of an object wave, it is also capable of deducing
the projected polarization in principle.Discovering ferroelectric dipoles in
the phase images of Barium Titanate by means of Electron Holography
[2] has opened quantitative characterization of single dipoles and nan-
odomains directly from phase images. The gradient can be determined
numerically by the calculation of the differential quotient of the image
data and displayed as a vector plot. This technique shows ferroelectric
nanodomains in the range of only a few unit cells.

References:

[1] H. Lichte, M. Reibold, K. Vogel, M. Lehmann, Ultramicroscopy 93
(2002) 1999

[2] H. Lichte, M. Reibold, K. Vogel, M. Lehmann, D. Geiger, R. Gold-
berg, Proc. EMC 2004 (Vol. II), Antwerp, Belgium, 491-492

[3] The financial support from the Deutsche Forschungsgemeinschaft
for the Research Group on Ferroic Functional Components FOR520 is
gratefully acknowledged

DF 3.4 Mon 09:30 P1

Computer simulation of nanoporous dielectrics — e ANTJE EL-
SNER'?, HELMUT HERMANN!, and DIETRICH STOYAN? — !Institute for
Solid State and Materials Research, IFW Dresden, P.O. Box 270116, D-
01171 Dresden, Germany — 2Institute of Stochastics, Freiberg University
of Mining and Technology, D-09596 Freiberg, Germany

New dielectric materials for future semiconducting circuits are needed
to compensate the increasing capacity due to decreasing dimensions of
interconnects. One promising way to get dielectrics with very low k-
values is to use nanoporous material. Porous dielectric materials are
simulated by dense random packings assuming a nearly spherical shape
of pores. The pores are approximated by spheres whereas the material
is represented by the space around. By extending the algorithm to ar-
bitrary continous diameter distributions it is possible to optimise such
structures with respect to maximum porosity and adequate machanical
stability. Basic parameters of the material can be calculated, such as
elastic constants and estimations of k-value. Some parameters of the
simulated sphere packings can be used to characterize porous media, for
example contact number, local density, specific surface area and diameter
distribution.

DF 3.5 Mon 09:30 P1

Theoretical investigation of fullerene-based ultralow-k di-
electrics — oYUEKUI WANG!, GOTTHARD SEIFERT!, and HELMUT
HERMANN? ITU Dresden, Institute for Physical Chemistry and
Electrochemistry, Bergstr. 66b, D-01062 Dresden — 2IFW Dresden,
P.O.Box 27 01 16, D-01171 Dresden

It is one of the urgent problems in microelectronics to develop insulat-
ing materials with dielectric constants of less than 2 for future application
in semiconducting circuits. Networks of fullerenes connected by bridge
molecules are a new class of hypothetical insulating materials with very
low static dielectric constant k. It is shown that it is possible to de-
sign such materials with k-values of about 1.5. The results are obtained
combining total energy and structure optimization calculations.



Dielectric Materials

Monday

DF 3.6 Mon 09:30 P1

Thickness dependence of specific dc-conductivity of thin-film-
ion-conductors — eM. SH. ABOUZARI, FRANK BERKEMEIER, TO-
BIAS STOCKHOFF, and GUIDO SCHMITZ — Westfalische Wilhelms- Uni-
versitiat Miinster, Institut fiir Materialphysik, Wilhelm-Klemm-Str.10,
48149 Miinster

Ion-conducting, amorphous thin films with a thickness of 50-1000 nm
are prepared by ion beam sputtering using a glass target of composition
0.2 Li20 0.8 B203. The glass layers are deposited on a silicon sub-
strate between two sputtered electrodes of an Al-Li alloy. Temperature-
dependent impedance spectroscopy allows determining the specific dc-
conductivities. Recent research work has concentrated on the dependence
of the conductivities on the thickness of the films. The conductivity in-
creases significantly with decreasing of film thickness. Close to room
temperature, the conductivity of 50 nm thick films exceeds that of 1000
nm thick films by at least one order of magnitude.

DF 3.7 Mon 09:30 P1

DFT investigation of stepped titanate surfaces — ¢ WALTER AL-
SHEIMER, SIBYLLE GEMMING, and GOTTHARD SEIFERT — Physikalis-
che Chemie und Elektrochemie, TU Dresden, D-01062 Dresden.

The structural and electronic properties of vicinal (10n) surfaces of
barium titanate were investigated by density-functional band-structure
calculations. A plane-wave pseudopotential technique was employed for
the (10n) surfaces with n < 5, and systems with larger terraces were
studied with a density-functional-based tight-binding method. For the
small system sizes, both methods yield considerable structure changes
compared with the bulk geometry. These changes are mostly confined to
the step edge and the two unit cells adjacent to it, thus from n=4 on the
interaction between two adjacent step edges decreases. The density of
electronic states exhibits only minor changes due to the deviations from
the nominal stoichiometry at the step. The electric field far above the
surface follows the nominal (10n) termination plane. Close to the step
edge stronger local variations of the field occur, which may influence the
adsorption geometry of polar or polarisable molecules.

DF 3.8 Mon 09:30 P1

Ferroelectric properties of Langmuir-Blodgett PVDF-
Copolymer films oRAPHAEL TADROS-MORGANE and HERBERT
KrLiEM — Institute of Electrical Engineering Physics, Saarland
University, D66123 Saarbruecken Campus, Germany

Langmuir-Blodgett films are designed as a stack of mono-molecular
layers piled up sequentially onto a solid substrate. These layers are
transferred from surface active agents trapped at the interface between
two dissimilar phases, either liquid-liquid or liquid-gas [1]. However, the
P(VDF-TrFE) copolymer is not well suited to this technique. Neverthe-
less, it is possible to realize ferroelectric thin films using this method. To
reach this goal, transfers on a glass substrate were realized for a surface
pressure of the interface ranging from 0.5 mN/mm to 5 mN/mm and for
concentrations of the copolymer from 0.1 g/1 to 0.0001 g/1. For a given
number of transfers, here 30, the optimal pressure is about 3mN/mm
with a concentration of 0.01 g/l. These samples show true ferroelectric
properties like hysteresis loops and switching of the polarization. Films of
P(VDF-TrFE) with thicknesses ranging from 2.7 nm to 64 nm prepared
by a Langmuir-Blodgett technique at the Institute of Crystallography
in Moscow, were electrically characterized. It is found that the coercive
fields increase with decreasing sample thickness following a power law.
The switching of the polarization yields stretched exponential functions
with time constants t dependent on thickness and temperature. t in-
creases with decreasing thickness and is thermally activated [2]. Also
the initial polarization curves obtained from the unpolarized state are
thickness and temperature dependent.

DF 3.9 Mon 09:30 P1
Optimization of sol-gel preparation and physical properties
of multiferroic BiFeO; thin films eSALAH HaBouTIi, CLAUS-
HENNING SOLTERBECK, SHIVA KUMAR RUDRA, and MOHAMMED Es-
SOUNI — Institute for Materials and Surface Technology, University of
Applied Sciences, Kiel, Germany
Compared to other deposition techniques, chemical solution deposited
BiFeOs thin films show lower polarization values. To overcome this
problem and optimize the films, influences of various parameters were
investigated, like precursor solutions, annealing, temperatures and times,
atmosphere etc. Their influence on crystallization, grain growth and mi-
crostructure were determined by x-ray diffractometry (6 — 26, grazing

incidence), electron microscopy, and atomic force microscopy. The ef-
fects on the physical properties were investigated by macroscopical mea-
surements of polarization, hysteresis, leakage current, impedance, and
piezoelectric activity. Microstructural effects on local electrical prop-
erties were studied by means of electrical force microscopy. As a first
success the dielectric strength was increased by a factor of 8.

Magnetic properties were measured by a vibrating sample magnetome-
ter and by a scanning magneto-optical Kerr-effect device.

DF 3.10 Mon 09:30 P1

Interfacial properties of Pb(Zrgs2T0.45)O3 on Pt(111)/Ti/SiO4/Si
heterostructure — eSHIVA KUMAR RUDRA!, SArLAH HABOUTI,
CLAUS-HENNING SOLTERBECK!, MOHAMMED ES-SOUNI!, VLADIMIR
ZAPOROJTCHENKO?, MICHAEL SCHARNBERG?, and FRANZ FAUPEL?

nstitute for Materials and Surface Technology, University of Applied
Sciences, Kiel, Germany — 2Technical Faculty, Chair of Multicomponent
Materials, Christian-Albrechts-University, Kiel, Germany

Pb(Zry59T%0.48)O3(PZT) thin films were processed by sol-gel method
on Pt(111)/T%/Si04/Si substrate heterostructure. Interfacial composi-
tion and structure were investigated by means of X-ray photoelectron
spectroscopy (XPS) in combination with depth profiling, and grazing
incidence X-ray diffraction (GI-XRD). The surface roughness was mea-
sured by AFM. Ellipsometric studies as function of depth profiling are
also reported. Various annealing temperatures such as 700°C, 650°C and
600°C were considered. Deposited thin films were single layered PZT
with 10% Pb excess of the precursor solution. It is shown that with in-
creasing sputtering time the refractive index increases. XPS results show
that prior to sputtering there is an enrichment of Pb on the surface as
well as higher Zr/(Zr+Ti) ratio in comparison to nominal composition.
The AFM studies show no difference between the as processed and sput-
tered samples. XPS and XRD results point to the formation of a Pt3T'
intermetallic layer at the PZT/Substrate interface.

DF 3.11 Mon 09:30 P1

CONDUCTIVITY OF NANOSTRUCTURED MESO-
POROUS MCM-41 MOLECULAR SIEVE MATERIALS —
oMARTYNAS KINKA, JURAS BANYS, JAN MACUTKEVIC, and AGNIUS
MESKAUSKAS — Faculty of Physics, Vilnius University, Sauletekio 9,
2040 Vilnius, Lithuania

Dielectric response of water confined in MCM-41 molecular sieve ma-
terials showed a power law dispersion, which was assigned to ac conduc-
tivity. This process, which occurs at temperatures close to room temper-
ature, was found in all our investigated samples with the pore diameters
ranging from 2.0 nm to 3.7 nm. Obtained values of the imaginary part
of the complex dielectric permittivity were much larger than that of the
bulk water. Such a phenomenon can be explained by the electrical re-
sponse characteristic of the microstructural electrical network formed by
water and hosting mesoporous silica material. The real part of conduc-
tivity has been calculated, and the influence of the pores size to electric
conductivity and its mechanisms is discussed.

DF 3.12 Mon 09:30 P1

Phase and microstructure evolution during BaTiO; formation
by solid state reactions on rutile single crystals — e ANDRIY LOT-
NYK, STEPHAN SENZ, and DIETRICH HESSE — Max Planck Institute of
Microstructure Physics, Weinberg 2, 06120 Halle, Germany

During the synthesis of BaTiOs; ceramics out of a stoichiometric
BaCO3-TiOy mixture the evolution of different intermediate phases can
generally be observed. These intermediate products are BayTiO, and
Ti-rich phases. Using micro chemically designed core shell powders the
sequence of forming phases changes. To understand this behavior model
experiments are performed using rutile (TiO) single crystals. The solid
state reactions of TiOy with BaCOj3 (solid and vapour, respectively) are
studied. A BaCOj target was electron beam evaporated in a high vac-
uum system with Ppy=1x 1072 Pa. The substrates were heated in a tube
furnace at T=300-500°C during deposition, followed by a solid-solid re-
action at 575-1100°C in vacuum or in air; for the gas-solid reaction, the
substrates were heated at T=575-1100°C directly during deposition. The
reaction products were investigated by XRD and TEM. The solid-solid
reaction at 600°C for 30 min under vacuum produced the metastable
intermediate BayTiO4 phase while the reaction in air resulted in the for-
mation of BaTiO3. Well-oriented products are formed on (110), (100),
(101) TiO, and polycrystalline phases were identified on (001) TiOs.
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DF 3.13 Mon 09:30 P1

Investigation of Li diffusion in spinel-type structured Li;Ti;O;o
by means of solid state NMR and impedance spectroscopy —
oM. WILKENING, W. IWANIAK, R. AMADE, and P. HEITJANS — Han-
nover University, Institute of Physical Chemistry andElectrochemistry,
D-30167 Hannover

The cubic spinel oxides Lij 4, Tis_ .04 (0 < 2z < % space group Fd3m)
are promising anode materials for lithium-ion rechargeable batteries. The
end member of the Li-Ti-O series, LiyTi5sO;2, can accommodate Li ions
up to the composition Li;Ti5O12. Whereas a number of studies focus
on the electrochemical behaviour of Li insertion into and Li diffusion in
the Li intercalated material, only few investigations of Li dynamics in
the non-intercalated host material LiyTi5O15 are reported so far. Here,
the Li diffusion in pure-phase microcrystalline LisTiz;O;9 with an av-
erage particle size in the pum range was probed by “Li solid state NMR
spectroscopy using spin-alignment echo (SAE) and spin-lattice relaxation
(SLR) measurements. Between T' = 295 K and 400 K extremely slow Li
jump rates 1/7 ranging from 1 s7! to 1000 s~! were directly obtained
by recording the decay of spin-alignment echoes at a Larmor frequency
of 155 MHz as a function of mixing time and constant evolution time.
1/7(1/T) follows Arrhenius behaviour with an activation energy E54F
of about 0.85 eV. Interestingly, E54” is comparable to activation en-
ergies deduced from conductivity measurements rather than from SLR-
measurements, E5L7 ~ 0.28 eV.

DF 3.14 Mon 09:30 P1

Effect of anion substitution on Li diffusion in Li,TiS,_,Se,: Solid
state NMR results — oM. WILKENING!, S. INDRIS!, P. HEITJANS!,
J. WonrtcHEU?, W. Benscu?, T. BrREpOW?, and M. BINNEWIES!
— Hannover University, Institute of Physical Chemistry and Electro-
chemistry, D-30167Hannover — 2University of Kiel, Institute of Inorganic
Chemistry, D-24098 Kiel — *Hannover University, Theoretical Chemistry,
D-30167 Hannover — “Hannover University, Institute of Inorganic Chem-
istry, D-30167Hannover

Li intercalated TiS, is known as a fast two-dimensional ionic conductor.
At 298 K the diffusion coefficient Dy; turns out to be about 1071* m?s~!
and the corresponding Li residence time is of the order of 1 us. It is
of general interest to explore a possible effect of anion substitution on
diffusion of small cations. The system Li,TiS;_,Se, is stable over the
whole intercalation range (0 < z < 1) and shows a single-phase structure
for all compositions. Due to these properties it represents a singularly
well-defined series of materials to investigate whether Li diffusion is in-
fluenced by the substitution of selenium anions for sulfur anions having
nearly the same ionic radii. Li diffusion in Li;TiS,_,Se, was studied by
means of "Li solid state NMR. First lineshape analyses of data at a Lar-
mor frequency of 78 MHz and temperatures between 140 K and 450 K
indicate, that the Li mobility is slower in, e.g., Lip;TiSSe than in the
pure end member Lig;TiS,. Supported by the DFG (SPP 1136).

DF 3.15 Mon 09:30 P1

Phonon modes of monoclinic BiB3;Og eTH. MOLLER!, A.
GOssLING!, W.-D. StrIN!, P. BECKER?, L. BoHATY?, and M.
GRUNINGER? — !2nd Physical Institute, University of Cologne,
Ziilpicher Str. 77, 50937 Cologne, Germany — Z2Institute of Crystal-
lography, University of Cologne, Ziilpicher Str. 49b, 50674 Cologne,
Germany 32nd Physical Institute, RWTH Aachen, Huyskensweg,
52056 Aachen, Germany

The large optical nonlinearities of BiB3Og, a polar, non-ferroelectric
crystal, open up a rich field of applications for frequency conversion of
laser light via x® and y® processes, e.g. phase-matched second har-
monic generation (SHG) or optical parametric oscillation (OPO) and
stimulated Raman scattering (SRS). The exceptional optical nonlinear-
ities of BiB3Og have been attributed to the hyperpolarisabilities of the
[BO3] structural units and the [BiOg] units with a lone electron pair. Lat-
tice dynamics studies are required for a quantitative description of the
crystal structure and are the basis for an interpretation of the nonlinear
optical interaction. We present a detailed study of the phonon modes of
this monoclinic compound based on polarized reflectivity measurements
on single crystals. The spectra are analysed by means of a generalized
Drude-Lorentz model, which allows us to resolve the modes of A and B
symmetry.

DF 3.16 Mon 09:30 P1

Electronic structure and optical properties of sodium titanium
diphosphate crystals — eOLEKSANDR OLIYNYK!, YURIY HizH-
NYI', SERGIY NEDILKO!, VOLODYMYR B0JKO?, PAVLO NAGORNYT',
and MYKOLA SLOBODYANIK! — !Kyiv National Taras Shevchenko Uni-
versity, 2, block 1, Hlushkova av., 03680, Kyiv, Ukraine ZNational
Agriculture University, Geroiv Oborony st., 03041, Kyiv, Ukraine
Sodium titanium diphosphate crystals NaTiP,O belong to the fam-
ily of the complex phosphates of the alkaline and polyvalent metals.
NaTiP,Or can be considered as the base for development of new crys-
tallophosphors. Such new materials can be designed by making the solid
state solutions on the base of sodium titanium diphosphate matrixes.
Both experimental and theoretical investigations of NaTiP,O7 opti-
cal properties are carried out. Luminescence spectra are measured in
350 - 850 nm spectral region in temperature range 4.2 - 300 K. Several
bands of luminescence in blue-green and orange-red region were found
in the spectra. The electronic structure of NaTiP,O7 is calculated by
full potential Linear Augmented Plane Wave (FLAPW) method imple-
mented in WIEN2k program code [1]. The structures of the electronic
bands, the energy dependencies of the components of dielectric tensor,
reflection and absorption spectra of Na7'iP,O7 are calculated. Results of
the calculations are compared with experimental data and with results of
the electronic structure calculations of several other complex phosphates.
The origin of the NaTiP,O7 luminescence bands is discussed.
[1] P. Blaha, et. al., 2001, ISBN 3-9501031-1-2

DF 3.17 Mon 09:30 P1

Muon spin rotation studies of hydrogen-bonded ferroelectrics
and antiferroelectrics — eELVEZIO MORENZONI, HUBERTUS
LUETKENS, ANDREAS SUTER, DIMITRY ESHCHENKO, ALEX AMATO,
THOMAS PROKSCHA, and ROBERT SCHEUERMANN Paul Scherrer
Institut, CH-5232 Villigen PSI, Switzerland

‘We present muon spin rotation and relaxation measurements in hydro-
gen bonded systems of the KDP family. The positive muon and muonium
behave like light proton and hydrogen isotopes and can be used to study
stability and defect reactions of positive and neutral hydrogen intersti-
tials in these ferroelectric or antiferroelectric materials, where hydrogen
point defects are believed to affect the optical-absorption properties. A
substantial fraction of the muons implanted into the crystals appear as
neutral interstitial not reacting with the host. The hyperfine structure
shows a slight axial anisotropy but is otherwise similar to that of free
muonium. In the positively charged state, part of the muons form a
hydrogen bond with an oxygen. In the ferroelectric KHoPO, as well as
in the antiferroelectric NHyH;POy4 we observe spontaneous precession of
the muon spin in the nuclear dipolar field of the proton of the O-H bond.
The temperature dependence of this frequency exhibits a marked shift
at the phase transition. Our results suggest that it is possible to use
this and other parameters (such as the width of the local static dipolar
field) as a microscopic measure of the order parameter of the phase tran-
sition. This is interesting especially for the study of proton and deuteron
glasses where the order parameter characterizing the glass transition is
not accompanied by a macroscopic field.

DF 3.18 Mon 09:30 P1

Effect of anion substitution on Li diffusion in Li,TiS,_,Se,:
Quantum-chemical calculations — eT. BrEDOW!, M. WILKEN-
ING2, S. INDRIS?, P. HEITJANS?, J. WONTCHEU?, and W. BENSCH?

"Hannover University, Theoretical Chemistry, D-30167 Hannover
2Hannover University, Institute of Physical Chemistry and Electrochem-
istry, D-30167 Hannover — 3University of Kiel, Institute of Inorganic
Chemistry, D-24098 Kiel

The Li intercalation of titanium chalcogenides TiSs, TiSSe and TiSe,
is investigated quantum-chemically at density functional level in combi-
nation with a crystalline orbital approach based on atom-centered basis
functions. Periodic supercells are used to model the Li,TiS,_,Se, sys-
tem. The electronic structure of the intercalation compounds, the electric
field gradients at the Li lattice positions, and the activation barriers for
elementary steps of the Li ion migration are calculated and compared to
experimental results obtained by NMR spectroscopy. A strong depen-
dence of both electric field gradient and migration barrier on the local
environment of the Li ions is observed. The activation energy is similar
for TiSy and TiSey host systems but differs for TiSSe. Supported by the
DFG (SPP 1136).
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DF 3.19 Mon 09:30 P1

Fabrication and characterization of the electrical and dielec-
trical properties of thin insulating films for the application in
superconducting devices — eVEIT GROSSE', RALF BECHSTEIN',
ROBERT PIETZCKER!, FRANK SCHMIDL!, INGO USCHMANN? and
PAUL SEIDEL! nstitut fiir Festkorperphysik, Friedrich-Schiller-
Universitit Jena, Helmholtzweg 5, D-07743 Jena — 2Institut fiir
Optik und Quantenelektronik, Friedrich-Schiller-Universitdt Jena,
Max-Wien-Platz 1, D-07743 Jena

Thin dielectric films of strontium titanate (STO) as well as zinc ox-
ide (ZnO) were deposited on YBayCu3zO7_,-layers on STO-substrates
by Pulsed Laser Deposition. In the case of STO, X-Ray investigations
showed good crystalline quality and orientation in c-direction due to
the good match of the lattice parameter. First results to the epitax-
ial growth of ZnO will be presented. With regard to the application in
superconducting devices the electrical and dielectrical properties of these
films were investigated on capacitor-like structures. The time of oxy-
gen annealing after deposition and the material of the top electrode (e.g.
YBCO, Au) were varied to analyse the influence of these factors on the
conduction process. We also investigated the dependence of the dielec-
tric permittivity on temperature in the range from 300 to 4.2 K and on a
electric bias field. We compare these results with measurements on amor-
phous insulating films (e.g. SiOy, CeOx) in Au/isulator/Au-systems.

DF 3.20 Mon 09:30 P1

Electrical, photoelectrical and optical properties of Ru-doped
Bi;sM(Si,Ti)Oy crystals — eVERA MaRINOVAL, S. H. Lin? K. Y.
Hsu?, BORIANA MIHAILOVA!, and ULRICH BISMAYER! — !Universitit
Hamburg, Mineralogisch-Petrographisches Institut, Grindelallee 48, D-
20146 Hamburg — 2Department of Photonics and Institute of Electro-
Optical Engineering, National Chiao Tung University, 1001 Ta Hsueh
Road, Hsinchu 30050, Taiwan

Bi;2TiOg (BTO) and Bij3SiOg (BSO) sillenite-type crystals doped
with different concentration of ruthenium are grown using the Top Seeded
Solution Growth method (TSSG) and by the Czochralski technique, re-
spectively. The addition of ruthenium shifts the optical absorption to the
red and to the near IR spectral range for BSO and BTO, respectively. It
is found that the relaxation (dark decay) of the light induced absorption
consists of fast (transient) and a slow (persistent) component, suggest-
ing participation of shallow levels in a charge-transport mechanism. The
dark conductivity follows the Arrhenius law. The Ru-doped BSO crys-
tal shows very fast response time during holographic recording at 633
nm and 647 nm. The Ru-doped BTO possesses infrared sensitivity and
photorefractive gratings are successfully recorded at 790 nm and 825 nm.

DF 3.21 Mon 09:30 P1

Thermal motion induced resonant *forbidden* reflections in
Ge and ZnO — e ALEXEY ORESHKO!, VLADIMIR DMITRIENKO?, and
ELENA OVCHINNTKOVA! — M.V.Lomonosov Moscow State University,
Physical Department, Moscow, Russia, 119992 — 2V.A.Shubnikov Insti-
tute of Crystallography RAS, Moscow, Russia, 119333

In this report we discuss thermal-motion-induced (TMI) *forbidden*
reflections. Atomic displacements can change the symmetry of an atomic
site, and thus induce an additional anisotropy of the atomic scattering
factor near an absorption edge and therefore give rise to Bragg reflec-
tions, otherwise forbidden. Since TMI scattering arises from the relative
displacement of adjacent atoms, its strength depends crucially on the
thermal population of optical phonons modes. The search for suitable
materials in which to study this effect is therefore governed by the re-
quirements for: (1) a suitable space group; (2) site symmetry; (3) an
absorption edge resonance at a wave-length suitable for crystal diffrac-
tion; (4) a low-lying optical phonon mode; (5) a high quality single crystal
sample. Ge, which crystallizes with the diamond structure, and w-ZnO,
which crystallizes with the Wurtzite structure, satisfy the above con-
ditions. Strongly temperature dependent TMI reflections were recently
observed in Ge and w-Zn0O. Owing to interference with the temperature-
independent contribution, their intensities can increase and decrease with
temperature. In this report we present ab initio simulations of the tem-
perature dependence and diffraction spectra for Ge and w-ZnO.

DF 3.22 Mon 09:30 P1

Construction of a wavelength filter in Lithiumniobat by irradia-
tion — eSTEFANIE HAUBRICH, MATZ HAAKS, KONRAD PEITHMANN,
and KARL MAIER — Helmholtz-Institut fiir Strahlen- und Kernphysik
der Rheinischen Friedrich-Wilhelms-Universitat zu Bonn, Nuflallee 14-16,
53115 Bonn

Lithiumniobat (LiNbOs3) is an interesting ferroelectric material well
suited for applications in holographic storage and integrated optics. Pe-
riodic structures in the refractive index in the propagation direction of
the light generate a frequency sensitive filter. Recent experiments proofed
that the refractive index of LiNbOj can be changed by irradiation with
light high energy ions. [1] In a proof of principle we create a periodic
pattern of the refractive index by irradiating a LiNbOj crystal with *He.
Thereby the ion beam is shaded by a parallel array of thin Tantalum foils
arranged with a distance of 3 um. For an exact positioning of the array a
20 nm layer of Aluminum is deposited on the crystals surface and struc-
tured with parallel lines in 3 pm distance by laser ablation. The position
can be controlled by interference between both line-structures.
[1] K. Peithmann et al., Appl. Phys. B, (2005), in press

DF 3.23 Mon 09:30 P1

Ultrasound Investigations of BaTi; ,Sn,O;3 Ceramics —
oULRICH STRAUBE!, LUDWIG GESKE!, RALF STEINHAUSEN!,
HaNs THEO LANGHAMMER', HORST BEIGE!, and HANS-PETER
ABIcHT? — Martin-Luther-Universitit Halle-Wittenberg, Fachbereich
Physik, Friedemann-Bach-Platz 6, D-06108 Halle/Saale (Germany)
— 2Martin-Luther-Universitit Halle-Wittenberg, Fachbereich Chemie,
Karl-Mothes-Str. 2, D-06120 Halle/Saale (Germany)

BaTi;_,Sn,O3 (BTS) ceramics can be interpreted as a system with
more or less diffuse phase transition behaviour depending on the Sn
content of the material. BTS belongs to the class of BaTiO3 based
environmental-friendly solid solutions, which possesses similar properties
like the classical lead-containing relaxors and is becoming an interesting
candidate for future applications. Its dielectric and electromechanical
resonance properties were already reported in [1]. In the present study
the elastic stiffness coefficients were determined by the ultrasound im-
pulse overlap technique at a frequency of 5 MHz allowing the simulta-
neous determination of sound velocity and attenuation. Elastic proper-
ties in a broad temperature range with compositions of x < 0.15 were
obtained. The cubic-tetragonal and the tetragonal-orthorhombic phase
transitions are accompanied by anomalies of the sound velocities and the
ultrasound attenuation. Sound velocities show minima whereas attenu-
ation increases strongly especially near the cubic-tetragonal transition.
Effects of the acoustic dispersion of the elastic data of BTS are discussed.

[1] L. Geske, H. Beige, H.-P. Abicht, V. Mueller: Ferroelectrics vol.
314, 97, (2005)

DF 3.24 Mon 09:30 P1

Growth, structural, electrical and optical properties of com-
plex perovskite-type PbsBag2Scy;Tag;03 single crystals —
eVERA MARINOVA!, BORIANA MIHAILOVA!, DIMITRINA PETROVAZ,
THOMAS MALCHEREK!, and ULRICH BISMAYER' — 'Universitit Ham-
burg, Mineralogisch-Petrographisches Institut, Grindelallee 48, D-20146
Hamburg — 2South-West University Neofit Rilski, 2700 Blagoevgrad,
Bulgaria

Pby.7sBag22Sco 5 Tag 503 (PBST) single crystals are prepared by the
High Temperature Solution Growth (HTSG) method using a flux solution
with composition PbO : PbFg, : BoOs = 0.75 : 0.23 : 0.2. The growth
conditions for a solid-state phase synthesis were established. The grow-
ing process was performed in platinum crucibles in temperature range
1430-1193 K with cooling velocity of 0.5 deg/h. The obtained crystals
are cubic-shaped with approximately 1 cm?® of size. X-ray diffraction
data revealed a doubled perovskite-type structure for this newly synthe-
sized compound. The PBST sample was analysed by electrical, optical,
and inelastic light scattering measurements. The phase transition was
studied by dielectric measurements in the temperature interval from 77
K to 400 K.
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DF 3.25 Mon 09:30 P1

Temperature evolution of the phonon anomalies in relaxor
ferroelectic PbScy;5(INb,Ta);503 — eBORIANA MIHAILOVA!, UL-
RICH BISMAYER', BERND GUTTLER?, RAINER STOSCH?, and MARIN
GoSPODINOV? — Mineralogisch-Petrographisches Institut, Universitit
Hamburg, Grindelallee 48, D-20146 Hamburg, Germany — 2Physikalisch-
Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Ger-
many — °Institute of Solid State Physics - Bulgarian Academy of Sci-
ences, Blvd. Tzarigradsko Chausee 72, 1784 Sofia, Bulgaria

Single crystals of stoichiometric PbScosTags03 (PST) and
PbSco5Nbg 503 (PSN) as well as mixed PbScq5(Nb,Ta;_;)0503 com-
pounds are investigated by Raman scattering and X-ray diffraction. The
temperature dependence of the polarized Raman spectra reveals different
preferred ferroic species in PST and PSN. Near the dielectric constant
maximum cooperative shifts of Pb atoms in respect to the oxygen sheets
perpendicular to the cubic body diagonal occur in larger spatial regions
for PST than for PSN. On cooling down this structural modification
becomes preferential for PST, thus giving rise to highly anisotropic fer-
roelectric domains. In PSN the temperature decrease favours B-cation
deviations from the BOg-octahedral centres, which leads to formation of
small-sized polar clusters distributed in the isotropic matrix. Near 180 K
PST undergoes an additional phase transition, which involves reduction
of the rotation symmetry. The loading of Nb into PST affects strongly
the nanoscale domain texture and the structural transformations that
occur on cooling down.

DF 3.26 Mon 09:30 P1

Dielectric properties of BT-LMT mixed ceramics — ePOVILAS
KEBURIS', JURAS BANYS!, ALGIRDAS BRILINGAS', ANDREI SALAK?,
and VICTOR M. FERREIRA® — !Department of Radiophysics, Vilnius
University, Lithuania — 2Department of Ceramics and Glass Engineer-
ing/CICECO, University of Aveiro, Portugal — *Department of Civil
Engineering/CICECO, University of Aveiro, 3810-193 Aveiro, Portugal

Ceramics of (1-x)BaTiOs-xLa(Mgy /2Ty 2)Os with x=0.025 (0.975BT-
0.025LMT) were dielectrically investigated over the extended frequency
range. Dielectric studies have been performed at 20 Hz to 3 GHz within
the temperature interval of 100 K - 500 K. Apparent relaxor behaviour
was revealed to set in when the BT-type three phase transitions become
diffuse and merge at low temperatures. Maximums of both imaginary
and real parts of the dielectric permittivity are shifted to lower tem-
peratures comparing to pure BT and in the temperature ranges close to
phase transitions show strong frequency-dependent behaviour, typical for
relaxors. Dynamics of the phase transitions are discussed.

DF 3.27 Mon 09:30 P1

Dielectric spectra of PMN-PSN-PZN ceramics ®JURAS
BANYS', JAN MACUTKEVIC!, ALGIRDAS DBRILINGAS!, JONAS
GRIGAS', ANDRIS STERNBERG?, VISMANTS ZAULS?, and KARLIS
BorMANIS? — 'Department of Radiophysics, Faculty of Physics, Vilnius
University, Lithuania — 2Institute of Solid State Physics University of
Latvia, Latvia

The dielectric dispersion of various ceramics PbScijaNby/03-
PbZn, /3Nby/305-PbMg; ;sNby /303 (PSN-PMN-PZN) was measured in
very wide frequency range and analyzed in terms of distributions of re-
laxations times, using Tichonov regularization method. Symmetric and
narrow distribution of relaxation times is obtained at higher temperature.
On cooling the distribution function becomes asymmetrically shaped and
second maximum appears. The longest relaxation times diverge accord-
ing to Vogel-Fulcher law, however the most probable relaxation time di-
verges according to Arrhenius law. Enough high activation energy (0.5-

0.2 eV) of most probable relaxation times show that in both parts of
distribution of relaxation times dominate strongly correlated relaxation.
The freezing of dynamics of polar nano regions in PMN-PSN-PZN ceram-
ics must understood as uninterrupted process on cooling from T$_0$ to
0 K. Only at very low temperatures (T<50 K) the contribution of polar
nano region becomes enough small, so that the contribution of non-polar
matrix can be clearly resolved. The obtained activation energy of fluctu-
ations in non-polar matrix is much smaller as activation energy of most
probable relaxation times.

DF 3.28 Mon 09:30 P1

Broadband dielectric spectroscopy of PSN ceramics —
eROBERTAS GRIGALAITIS!, JURAS BANYS!, ALGIRDAS BRILINGAS!,
ANDRIS STERNBERG?, VISMANTS ZAULS?, and KARLIS BORMANIS? —
Faculty of Physics, Vilnius University, 9 Sauletekio str., 10222 Vilnius,
Lithuania — 2Institute of Solid State Physic, University of Latvia, 8
Kengaraga str., 1063 Riga, Latvia

One of relaxor materials is PbSc;/2Nb;/203 (PSN). In this material
the spontaneous transition to ferroelectric phase and also the drastical
change in dielectric properties due to the ordering of B’ and B”cations
was observed [1]. As is known that relaxors exhibit broad frequency dis-
persion and huge distribution of relaxation times we have studied the
dielectric properties of PSN ceramics in the frequency range from 20 Hz
to 3 GHz because no data about dielectric permittivity measurements
above 1 MHz was found. The obtained results show a high diffusive
peak of the dielectric permittivity and behaviour typical to ferroelectric
relaxors above 360 K. In order to deal about the dielectric properties
and relaxation processes in PSN in more detail we calculated the relax-
ation time distribution in these ceramics according to the methodology
adopted in [2] and compared with PMN relaxation time distribution [3].

[1] C. Malibert, B. Dkhil, J. M. Kiat, D. Durand , J. F. Berar and A.
Spasojevic-deBire, J. Phys. Condens. Matter, 9 (1997), 7485-7500.

[2] J. Banys, S. Lapinskas, A. Kajokas, A. Matulis, C. Klimm, G.
Volkel, and A. Klopperpieper, Phys. Rev. B. 66 (2002), 144113.

[3] R. Grigalaitis, J. Banys, A. Kania, A. Slodczyk, J. De Physique IV,
128 (2005), 127-132.

DF 3.29 Mon 09:30 P1

Metastable polar structures in the wuniaxial relaxor
Sr(.61Bag 30NbyO4:Ce studied by piezoresponse force microscopy
— oVLADIMIR V. SHVARTSMAN and WOLFGANG KLEEMANN —
Angewandte Physik, Universitat Duisburg-Essen, 47048 Duisburg

Strontium-barium titanate Sr,Ba;_,NbyOg (SBN) based materials
comprise a special group of relaxor ferroelectrics, which belong to the
random-field Ising model (RFIM) universality class [1]. In accordance
with the theory of 3D RFIM systems a metastable multidomain state
appears on cooling through T, which is expected to relax slowly in time
towards the single domain state [2]. We present the results of studies of
the polar structures in a SBN single crystal doped with cerium (SBN:Ce)
by piezoresponse force microscopy. The appearance of fractal-like nan-
odomains was found on cooling from the paraelectric state. These nan-
odomains are metastable and grow slowly in the course of time according
to a logarithmic law as predicted [2]. At elevated temperatures the decay
of the nanodomains takes place, but even above T. areas of correlated
polarization were observed. We suggest that they correspond to agglom-
erates of polar nanoregions formed via the ferroelectric mean-field of the
system.

1. W. Kleemann, J. Dec, P. Lehnen, R. Blinc, B. Zalar, R. Pankrath,
Europhys. Lett. 57, 14 (2002).

2. J. Villain, Phys. Rev. Lett. 52, 1543 (1984).

DF 4 Internal Symposium “Ferroelectric Materials for Smart Structures”

Time: Tuesday 09:30-12:50

Invited Talk DF 4.1 Tue 09:30 KON Farb
Piezoelectric composite materials for smart structures applica-
tions — ¢ ANDREAS SCHONECKER — Fraunhofer IKTS, Winterbergstr.
28 , 01277 Dresden

Lightweight design in various industrial branches, like for example traf-
fic technology and mechanical engineering, has become very important,
mainly to reduce the effects of accelerated mass. However lightweight
structures often suffer from vibrational sensitivity, tendency to buckling,

Room: KON Farb

and low damage tolerance, which desires active control of structural dy-
namics, as well as health monitoring and diagnostics to assure safety and
reliability. A promising way to solve these problems is expected by using
smart materials. Critical deformations, accelerations or other physical
quantities can be detected by integrated sensors and in combination with
suitable real-time controllers these impacts can be eliminated by driving
structural conformable embedded or applied actuators. This paper will
discuss the relevance of ferroelectric materials for smart structures, the
issues of integration and the expectations on the progress in material sci-
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ence, system design and technology. For example, composite materials
based on PZT fibres, thick and thin films are considered.

DF 4.2 Tue 10:10 KON Farb

Using ferro-electrical material for biometrical application
eRAINER SCHMITT — 86 Ironwood Way, Palm Beach Gardens, FL
33418, USA

The matrix structure of 1-3 piezo composite consisting ferro-electrical
pzt-pillars, spaced 120 microns apart in a polymer matrix has success-
fully been utilized for fingerprinting. For this application the pillars are
driven in serial resonance mode exhibiting a different electrical impedance
when exposed to the very different acoustic load of a finger tip structure,
which is 1.5 Mrayls for a ridge and only 350 rayls for a valley. Individual
pillars are addressed by a cross-hatched electrode structure on the top
and the bottom of the sensor. Under typical material choices (pzt, poly-
mer, electrodes and low acoustical impedance substrate as well as pillar
pitches ranging from 50 - 150 microns the variation in the electrical pillar
impedances is approx. 1: 4 for the ridge and valley, providing sufficient
discrimination for fingerprinting. Since the sensor can be produced in-
expensively using soft mold technology, developed by Fraunhofer IKTS
large scale application for cell phone, car, computer access are expected.
This principle of acoustical impediography, verified at a resolution of 250
dpi is now being expanded to a resolution of 500 dpi by developing the
appropriate 1-3 composite with a pillar pitch of 50 microns.

DF 4.3 Tue 10:30 KON Farb

Nonlinear constitutive modeling of ferroelectric ceramics: the
role of thermally activated processes — eA.YU. BELOV and
W.S. KREHER — Institut fiir Werkstoffwissenschaft, TU Dresden,
Hallwachsstr. 3, 01062 Dresden, Germany

The microscopic parameters characterising the interaction between do-
main walls and short-range obstacles in ferroelectric ceramics are assessed
from the experimental data on the temperature dependence of the polar-
ization hysteresis. The approach used is based on a nonlinear constitutive
model, which accounts for thermally activated processes assisting the do-
main walls to overcome the energy barriers of the obstacles. Within the
framework of the model the microstructure of ceramics is described ef-
fectively, employing the volume fractions of ferroelectric domains with
different polarization orientations as structural variables, and its evolu-
tion is given in terms of rate equations for these variables. The average
polycrystal properties are computed using a discrete orientations approx-
imation (a set of representative orientations) for the distribution function
of grain orientations. Assuming that the domain wall mobility depends
on temperature according to the Arrhenius law, the microscopic parame-
ters of the model, including the obstacle strength and activation energy,
are extracted from the temperature dependence of the coercive field. The
analysis of the experimental data for doped lead zirconate titanate (PZT)
ceramics shows that for both soft and hard PZT compositions the domain
wall motion near the coercive field is essentially thermally activated.

This work has been supported by the Deutsche Forschungsgemein-
schaft.

DF 4.4 Tue 10:50 KON Farb

Templated grain growth of lead zirconate titanate — e THOMAS
RICHTER!, MORGANE RADANIELINA!, CARSTEN SCHUH!, REIN-
HARD KRUGER?, DIETER SPORN?, CHRISTOPH PIENTSCHKE?,
HoRST BEIGE?, GENNADILJ LISSATSCHENKO!, and HUGO ScHLICH!
— !Siemens AG; Corporate Technology, Ceramics Department;
Otto-Hahn-Ring 6; 81739 Munich, Germany — 2Fraunhofer Institut
Silicatforschung — 3Universitdt Halle-Wittenberg — *MaTecK GmbH
For maximising the piezoelectric performance of lead zirconate titanate
(PZT) textured polycrystalline ceramics or even single crystals would be
advantageous. However, PZT single-crystal growth from melt is impos-
sible due to the incongruent melting behaviour. So, the PZT is to be
texturised by secondary recrystallisation of introduced seeds in a fine-
grained matrix. By the texturising of electrical ceramics the dielectric
and the piezoelectric characteristics can be increased up to 80% of those
of single crystals. In the present work growth ability was first studied by
very coarse-grained PZT fibres in a fine-grained PZT matrix. The sinter-
ing took place both statically in a chamber furnace and dynamically in a
temperature gradient furnace. The aim of these results is to develop an
understanding for the growth of those seeds. The maximum in growth
distance between the original fibre boundary and the boundary between
the grown region and the matrix (average grain size about 6 microme-

ter) was measured at 45 micrometer. The most important parameters
for recrystallisation were the temperature gradient of the temperature
gradient furnace and the PbO excess of the samples.

DF 4.5 Tue 11:10 KON Farb

Point defects and pinning centres in acceptor- and donor-doped
ferroelectrics — eRUDIGER-A. EICHEL — TU Darmstadt, Eduard-
Zintl Inst., Petersenstr. 20, 64287 Darmstadt

Point defects in ferroelectric oxides play an important role for tailoring
device properties. In particular, if the pinning of mobile oxygen vacancies
is considered that drastically may influence the ability of ionic conductiv-
ity in such compounds. On the other hand, quasi-immobile lead vacancies
promote domain switching.

High-frequency and multi-pulse electron paramagnetic resonance
(EPR) is used in order to study the role of aliovalent functional centres
and their impact on lattice vacancies in PbZr,Ti;_,Os.

[1] R.-A. Eichel, H. Kungl, M.J. Hoffmann, J. Appl. Phys. 95 (2004)
8092-8096

[2] H. Mestric, R.-A. Eichel, K.-P. Dinse, A. Ozarowski, J. van Tol, L.C.
Brunel, J. Appl. Phys. 96 (2004) 7440-7444

[3] R.-A. Eichel, H. Mestric, K.-P. Dinse, A. Ozarowski, J. van Tol, L.C.
Brunel, H. Kungl, M.J. Hoffmann, Magn. Reson. Chem. 43 (2005)
S166-S173

[4] H. Mestric, R.-A. Eichel, T. Kloss, K.-P. Dinse, So. Laubach, St.
Laubach, P.C. Schmidt, K.A. Schénau, M. Knapp, H. Ehrenberg, Phys.
Rev. B 71 (2005) 134109

[5] R.-A. Eichel, K.-P. Dinse, H. Kungl, M.J. Hoffmann, A. Ozarowski,
J. van Tol, L.C. Brunel, Appl. Phys. A 80 (2005) 51-54

DF 4.6 Tue 11:30 KON Farb

Pore network analysis of ceramic foams by means of synchrotron
tomography — eA. HAIBEL!, H. FREIDANK!, and A. BERTHOLD?
"Hahn-Meitner Institute Berlin — 2Technical University Berlin

Due to their interconnected pore structure ceramic foams emulate well
the natural configuration of human bones. In this talk we present protein
based prepared ceramic foams. Biopolymers and ceramic powder mixed
to a ceramic foam suspension generate a foam structure in a microwave
reactor. Subsequent to the microwave coagulation the foams sinter at
1600°C. These foams act as substrates for the cultivation of stem cells.
By means of high resolved synchrotron tomography experiments we in-
vestigated the effect of the different preparation techniques on the pore
accruement and growth of such ceramic foams. By 3D image analysis
of the tomographic images we analyzed the influence of coagulation and
sintering on the pore size and shape, e. g. the influence of the different
dispersing agents on the pores, the diameters of interconnections, and the
wall and vessel thicknesses. The knowledge of this parameters allows the
realization of ideal cell growth conditions at the artificial environment.

DF 4.7 Tue 11:50 KON Farb

Micro-mechanics of multi-variant and multi-phase ferroelectric
domain structures — eJOHANNES RODEL — TU Dresden, Institut
fiir Werkstoffwissenschaft

High-strain piezoelectric materials are often ceramics with a compli-
cated constitution. In particular, PZT, but also PMN-PT and PZN-
PT, are used with compositions near to a so-called morphotropic phase
boundary, where not only different variants of the same phase (domains),
but different phases may coexist. Micro-mechanical models for ferro-
electric ceramics would be much more realistic, if these effects could be
incorporated.

We consider the conditions of mechanical and electrical compatibility
of ferroelectric domain structures. One result are the well known crys-
tallographic relationships between domains of the same phase for various
phases. Furthermore we are able to address the question of coexistence
of different crystallographic phases within the very same crystallite. In
general, the spontaneous strain and spontaneous polarization of a tetrag-
onal and a rhombohedral ferroelecctric domain are not compatible. The
internal fields which are caused by this incompatibility, and the asso-
ciated energy contributions, can be calculated using distributed crystal
defects and charge models. We can also show that this internal fields and
energies can be decreased by an intermediate, e.g. monoclinic, phase.

The outlined approach can be used to model the overall behavior of
multi-variant and multi-phase crystallites with certain, simplified geo-
metrical arrangements of the constituents.
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DF 4.8 Tue 12:10 KON Farb

Fullerene-based hypothetical ultra-low k dielectrics for micro-
electronic application — eKOSTYANTYN ZAGORODNIY, MANFRED
TauT, HELMUT HERMANN, and KLAUS WETZIG — Institute for Solid
State and Materials Research, IFW Dresden, PF 270116, D-01171 Dres-
den

Fullerene-based structures are shown to be good candidates for ma-
terials with very low dielectric constant. It is our idea to use the C60
fullerene as structural unit and to connect neighbouring C60 molecules
by other molecules which have approximately linear shape (for example
CnH2n). Such units are the base for the generation of a 3D network with
low density and high mechanical stability. The introduction of bridge
molecules can be understood as the creation of pores in the fullerene
lattice on the 1nm scale. This results in a considerable decrease of the
macroscopic polarizability of the material. In this study we analyze the
influence of the length of the CnH2n bridge molecules on the properties
of the material and the influence of adding fluorine to the C60 molecules.
The electronic properties and the local polarizability of the structural
units is expected to be changed by fluorination of the fullerenes. Quan-

tum chemical methods are applied to calculate the local polarizability
of fluorinated fullerenes. Possible improvements and the limitations are
discussed.

DF 4.9 Tue 12:30 KON Farb

Electron Holography for ferroelectric characterization ——
eHANNES LICHTE, MARIANNE REIBOLD, KARIN VOGEL, CHRISTO-
PHER MATZECK, and MICHAEL LEHMANN — Institute for Structure
Physics, Technische Universitat Dresden, Dresden, Germany

Electron holography in a Transmission Electron Microscope gives
quantitative access to magnetic and electric fields by evaluating their
phase shifting effect on the electron wave. Electric fields stemming from
the ferroelectric polarisation have been identified and analyzed by means
of electron holography showing domain structures in sub-micron dimen-
sions. Furthermore, at atomic dimensions, dipole-like structures are
found in the holographic phase images of unit cells of BaTiO3, which
strongly resemble the assumed atomic dipoles. The found ordering of
these dipoles suggests that nano-domains exist which are only several
unit cells wide.

DF 5 Glass I (together with division ‘Dynamics and Statistical Physics’ [DY])

Time: Tuesday 09:30-12:10

Invited Talk DF 5.1 Tue 09:30 MUL Elch

Towards a Statistical Mechanics for Network Glasses — eREIMER
KUHN!, JORT M. VAN MOURIK?, MARTIN WEIGT?, and ANNETTE
ZIPPELIUS? 'King’s College London, UK — 2Aston University, Birm-
ingham, UK — 3Institute for Scientific Interchange, Torino, Italy —
4Universitit Gottingen, Germany

We introduce models of heterogeneous systems with finite connectivity
defined on random graphs, to capture effects of finite coordination char-
acteristic of finite dimensional systems. Our models use a description in
terms of small deviations from a set of reference positions, appropriate
for the description of low-temperature phenomena. A Born-von-Karman
type expansion with random coefficients is used to model glassy sys-
tems. Gel-phases can be described when anharmonicities are absent.
The key quantity in the theoretical analysis is a distribution of effective
single-site potentials. For gels, where anharmonicities are absent in the
interactions, the single-site potentials are harmonic as well, and their
distribution is equivalent to the distribution of localization lengths used
earlier for the description of such systems. With frustration in the inter-
actions and anharmonicities present, the systems develop glassy phases
at low temperature, characterized by an ensemble of single- and double-
well potentials, the latter with a broad spectrum of barrier heights and
asymmetries. The double well potentials are responsible for the univer-
sal glassy low-temperature anomalies, as previously described for fully
connected systems

DF 5.2 Tue 10:10 MUL Elch

Nanostructured Solid Electrolytes analyzed by Time-Domain
Electostatic Force Spectroscopy e AHMET TASKIRAN', ANDRE
SCHIRMEISEN!, HARALD FucHS', BERNHARD ROLING?, HARTMUT
BracuT?, FRANK NATRUP?, and SEVI MURUGAVEL? — 'Physikalisches
Institut, Wilhelm-Klemm-Str.10, 48149 Miinster, Gemany — 2Institut
fiir Physikalische Chemie, Corrensstr..30, 48149 Miinster, Gemany —
3Institut fiir Materialphysik, Wilhelm-Klemm-Str.10, 48149 Miinster,
Gemany

Ion conducting solid materials are widely used as solid electrolytes
in, e.g,. batteries. An important prerequisite for further progress in this
field is a better understanding of ion transport mechanisms on nanoscopic
length scales. We are using an atomic force microscope (AFM) operated
in the non-contact mode for electrostatic force spectroscopy to measure
the ion conductivity in nanoscale volumes of homogeneous and hetero-
geneous solid electrolytes. The measurements are carried out at sample
temperatures ranging from 200 K to 675 K and at different positions on
the sample. The relaxation times at different temperatures follow the
Arrhenius model,which yield the activation energy of the ion hopping
processes [1]. Furthermore the local variation of the relaxation strength
provides us with information on the different phases and interfaces in
the sample. In our work we focus on nanostructured solid electrolytes.
We find that the activation energies for the ions in the nanocrystallites
and in the glass regions are different, in agreement with macroscopic re-

Room: MUL Elch

sults [2]. [1] Schirmeisen et al., Appl.Phys.Lett. 85,2053 [2] Roling et al.,
Phys.Chem.Chem.Phys. 7,1472

DF 5.3 Tue 10:30 MUL Elch
Ionic Motion in Ion Beam Sputtered Borate Glasses — eFFRANK
BERKEMEIER, REZA ABOUZARI, TOBIAS STOCKHOFF, and GUIDO
ScHMITZ — Westfilische Wilhelms-Universitét, Institut fiir Material-
physik, Wilhelm-Klemm Strafle 10, 48149 Miinster
Ion-conducting, amorphous thin films with a thickness of 20 — 500 nm
are prepared by ion beam sputtering using glass targets of the compo-
sitions 0.2 A0 - 0.8 B,O3, with A = Li, Na, Rb. The glass layers are
deposited on a silicon substrate between two sputtered electrodes of Ag,
Al or Al-Li alloy. TEM cross-section investigations show a homogeneous
thickness and a homogeneous, amorphous structure of the films. Chemi-
cal analysis, performed by EELS, gives alkali oxide concentrations compa-
rable to those of the target material. Temperature-dependent impedance
spectroscopy allows to differentiate between different electrical proper-
ties of the samples and to determine the specific dc-conductivities of the
glass layers. Layers thicker than 100nm show dc-conductivities which are
about one order of magnitude higher than those of the target materials
and activation enthalpies about 20kJ mol™" less compared to the targets.
Additionally, layers thinner than 100 nm show a non-trivial increase in
de-conductivity with decreasing film thickness, which we attribute to the
increasing influence of the glass-electrode interfaces.

DF 5.4 Tue 10:50 MUL Elch

Theoretical model of the conductivity of alkali glasses —
eJOACHIM SOHNS and MICHAEL SCHULZ — Abteilung theoretische
Physik, Albert-Einstein-Allee 11, 89069 Ulm

Our aim is to formulate a model of the conductivity of glasses which
reproduces the mixed alkali effect. Therefore we analyze the conductiv-
ity of an ensemble of charged particles in a random environment. As in
a former model this environment was static, the model proposed here
includes the dynamics of the glass environment. The memory effects are
described by the mode-coupling theory. A nonequilibrium Green function
determines the properties of the alkali system. Finally the conductivity
of the system is calculated. Furthermore, we give some ideas how feed-
back mechanisms between the ions and the glass environment may be
included in the theoretical description.

DF 5.5 Tue 11:10 MUL Elch
Glasses, Clusters, and Philosophy — e ANDREAS REISER, GERNOT
KASPER, SIEGFRIED HUNKLINGER, and CHRISTIAN ENSS — Kirchhoff-
Institut fiir Physik, Universitdt Heidelberg, Im Neuenheimer Feld 227,
69120 Heidelberg
Dielectric relaxation studies can reveal information on structural or
chemical processes in liquids, soft matter, and partly crystalline or amor-
phous solids. Glass formers can belong to all of these groups, depending
on the external control parameters temperature, pressure, and more gen-
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erally on the thermodynamic present and history. We have measured
the dielectric permittivity of several prototypical organic glass formers
as a function of frequency, temperature, and pressure. Isobaric, isother-
mal and isochoric routes in the temperature-pressure plane were taken.
We show basic scaling properties of the dielectric function. For data
interpretation a cluster-based approach is discussed with respect to crys-
tallization.

DF 5.6 Tue 11:30 MUL Elch

Collective Single Particle Jumps Below The Glass Transition —
o [KATHARINA VOLLMAYR-LEE — Institut fiir Theoretische Physik, Uni-
versitit Gottingen,Friedrich-Hund-Platz 1, D-37077 Gottingen,Germany

We study a binary Lennard-Jones mixture below the glass transition
via molecular dynamics simulations. To investigate the dynamics of the
system we define single particle jumps via their single particle trajecto-
ries. To study how the single particle jumps are correlated in time and
space we investigate (I) clusters of simultaneously jumping particles and
(IT) temporally extended clusters, i.e. clusters of jump events for which
the jumping particles are spatially nearby and the jumps occur at consec-
utive times. We find highly collective jump processes. The distribution of
cluster sizes P(s) is independent of temperature and follows a power law
P(s) ~ s™7 with 7 & 2.7 in case (I) and 7 &~ 2.2 in case (II). By studying
the average coordination number within the clusters as a function of the
cluster size, we find that the shape of the clusters is string-like.

We thank K. Binder, A. Zippelius, J. Horbach, and B. Vollmayr-Lee,
and we gratefully acknowledge financial support from SFB 262 and DFG
Grant No. Zi 209/6-1.

DF 5.7 Tue 11:50 MUL Elch

Optical Properties of Colloidal Suspension of Silver Nanopar-
ticles* — eHELGE A. EGGERT!, JIM R. ADLEMAN?, DEMETRI
Psartis?, and KARSTEN Buse!' — 'Institute of Physics, University
of Bonn, Wegelerstr. 8, 53115 Bonn — 2Department of Electrical
Engineering, California Institute of Technology, Pasadena, CA 91125

Colloidal suspensions of silver nanoparticles are an interesting opti-
cal material because of homogeneity, stability, and tailored absorption
properties. To understand the thermal and nonlinear-optical response,
holographic gratings are recorded in such colloidal suspensions of silver
nanoparticles utilizing interfering nanosecond pulses (wavlength A=532
nm, puls duration 6 ns, intensity 10 GW/m?). The diffraction efficiency
is measured with continuous-wave light (A=633 nm). An instantaneous
response together with a longer lasting but also transient grating are
observed: The nanoparticles absorb the pump light and heat up, which
yields a response on the time scale of the laser pulse. Heat is transferred
to the solvent, and a delayed thermal grating appears. The final decay
time constant of this grating depends quadratically on the period length
of the interference pattern and has a typical value of 1 us for grating
spacings of several micrometers.

*Financial support by the DFG (BU 913/17) and by the Deutsche
Telekom AG is gratefully acknowledged.

Prize Talk

The prize talk (Max-Planck-Medaille) by Prof. Gotze takes place Tues-
day, 13:15, HSZ 04. The title of the talk is “Glassy Relaxation: a
Paradigm for Condensed-Matter Dynamics”. See the plenary section
for the abstract.

DF 6 Glass II (together with division ‘Dynamics and Statistical Physics’ [DY])

Time: Tuesday 14:30-16:10

DF 6.1 Tue 14:30 MUL Elch

Indications for a slow (-relaxation by mechanical spectroscopy
of a strong and a fragile metallic glass — ¢JORG HACHENBERG,
ANNELEN KAHL, and KONRAD SAMWER — 1. Physikalisches Institut,
Universitat Gottingen, Friedrich-Hund-Platz 1, 37077 Gottingen, Ger-
many

Mechanical spectroscopy is used to investigate the elastic proper-
ties of the strong metallic glass former Zrg5Al; 5Cusrs and the fragile
Pd77CugSiy7. The dynamic mechanical analyser is used to measure the
complex elastic modulus of melt spun bands in the low Hz regime while
the double-paddle oscillator is applied for thin films at 5.4 kHz. In the
vicinity of glass-transition, the a-relaxation is fitted using a Havriliak-
Negami function in temperature domain. The measured data clearly
deviate from the model for both metallic glasses. An explicit misfit on
the low temperature flank, also termed excess wing, is interpreted as an
underlying, merged slow (-relaxation. Our experimental results provide
evidence that this secondary relaxation, existing in both strong and frag-
ile amorphous metals, can be regarded as a universal property of glasses
and is compared with recent MD-simulations by H. Teichler et al.

This work is supported by the Deutsche Forschungsgemeinschaft,
Graduiertenkolleg 782 and SFB 602, TP BS.

DF 6.2 Tue 14:50 MUL Elch

Sculpting the free energy landscape — eTIMO ASPELMEIER!, R.
A. BuytHe?, A. J. Bray?, and M. A. MOORE? — Institut fiir Theo-
retische Physik, Universitit Gottingen — 2School of Physics, University
of Edinburgh, UK 3School of Physics and Astronomy, University of
Manchester, UK

The free energy landscape of the Ising spin glass is analysed using the
TAP equations. It is found that local minima of the free energy and
saddles always occur in pairs, and that the saddles always have exactly
one unstable direction. We show that local minima, which are usually
very hard to find numerically, can be found in abundance using an it-
erative algorithm which operates “on the edge of chaos”. We compare
these results with the free energy landscape generated by the naive mean
field equations of the spin glass and show that despite identical ground-
states the free energy landscape at finite temperatures is fundamentally
different from the TAP landscape.

Room: MUL Elch

DF 6.3 Tue 15:10 MUL Elch

Dynamic critical behaviour in Ising spin glasses — eMICHEL
PLEIMLING!, MALTE HENKEL?, and IAN CAMPBELL® — 'Institut
fiir Theoretische Physik I, Universitit Erlangen-Niirnberg, Germany
2Laboratoire de Physique des Matériaux, Université Henri Poincaré

Nancy I, France — 3Laboratoire des Colloides, Verres et Nanomatériaux,
Université Montpellier II, France

The non-equilibrium ageing behaviour of critical Ising spin glasses with
Bimodal, Gaussian, and Laplacian interaction distributions is studied nu-
merically in three and four dimensions. The same phenomenology of the
time-dependent scaling as in non-disordered magnets is found. Our data
strongly indicate that the values of the non-equilibrium exponents and of
the critical limit fluctuation-dissipation ratio depend on the distribution
of the coupling constants.
[1] M. Pleimling and M. Henkel, Europhys. Lett. 69, 524 (2005)
[2] M. Pleimling and I.A. Campbell, to appear in Phys. Rev. B (cond-
mat/0506795)

DF 6.4 Tue 15:30 MUL Elch

Dynamics of mobile particles in an immobile environ-
ment: Computer simulations of disparate-sized mixtures —
eJURGEN HORBACH and NORIO KIKUCHI — Insitut fiir Physik,
Johannes-Gutenberg-Universitit Mainz, Staudinger Weg 7, 55099 Mainz
Molecular dynamics computer simulations are used to study transport
properties of mobile particles in an immobile environment. To this end,
we consider simple binary mixtures. The first system consists of small
and big soft spheres in two dimensions where the big spheres are a fac-
tor of 5 bigger than the small ones. We discuss whether the transport
properties are similar to those obtained from mode coupling theory [1].
The second system contains also small and big particles with a size-ratio
1:5. But now a three-dimensional system is considered where the parti-
cles interact via a screened Coulomb (or Yukawa) potential (note, that
this system can be realized experimentally [2]). Here, a transition is ob-
served where the big particles crystallize while the small particles remain
in a kind of fluid phase. We study the activated transport of the small
particles in the crystalline matrix.
[1] J. Bosse and Y. Kaneko, Prog. Theoret. Phys. Suppl. 126, 13 (1997);
Phys. Rev. Lett. 74, 4023 (1995).
[2] A. Imhof and J.K.G. Dhont, Coll. Surf. A 122, 53 (1997); Phys. Rev.
E 52, 6344 (1995): Phys. Rev. Lett. 75, 1662 (1995).
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DF 6.5 Tue 15:50 MUL Elch

The m-component spin glass on the Bethe lattice — eAXEL

BRAUN and TIMO ASPELMEIER — Institut fiir theoretische Physik, Uni-
versitit Gottingen

We investigate the m-component vector spin glass on the Bethe lattice

in the limit m — oo. This is done analytically via the cavity method on a

replica symmetric level. We exhibit a phase transition and calculate the
critical temperature. Furthermore we confirm numerically the condensa-
tion of the lattice spins into a subspace in the groundstate (generalized
Bose-Einstein condensation). The dimension ng of this subspace is pro-
portional to N*  where N is the number of spins and p is an exponent
less than 2/5. This result is compared to the fully connected, the 2-d
and the 3-d m-component spin glass.

DF 7 Dielectric and Ferroelectric Thin Films and Nanostructures I1

Time: Wednesday 14:30-16:50

DF 7.1 Wed 14:30 KON Farb

Temperature dependence of elastic electron tunnel currents
through thin tantalum oxide films — eYANKA JELIAZOVA and
DETLEF DIESING — Institut fiir Physikalische Chemie, Universitat Duis-
burg Essen

The tunnel process through thin tantalum oxide layers is investigated
in tantalum—tantalumoxide—gold thin film tunnel devices. They consist
of metal layers (30 nm tantalum, 15 nm gold) separated by a 3.5 nm thick
oxide layer. Field strengths up to 1 GV / m were applied to the device and
the tunnel current was measured from the 10 pA -cm~2 to 10 mA -ecm~2.
At tunnel voltages exceeding the barrier height (e - Ur > ¢p) a clear
fingerprint of the Fowler-Nordheim tunnel process should be expected in
the current voltage plot. This can be barely seen in the experiment with
a single current voltage plot at one dedicated temperature. Thereby the
band structure of the devices has to be determined by another method.
We recorded current voltage plots from 60 K to 500 K and evaluated the
temperature dependence of the tunnel current for dedicated tunnel volt-
ages. For tunnel voltages (Ur < 1 V) only a weak increase of the tunnel
current of 30 % could be observed while heating the sample from 60 K
to 500 K . For tunnel voltages (Ur > 1.3 V) a strong current increase
about 4 orders of magnitude was detected. These experimental findings
can be rationalized by a thermally induced increase of Fowler Nordheim
tunneling processes through a tunnel barrier with 1.8 eV height.

DF 7.2 Wed 14:50 KON Farb

Charge states of native point defects in Pr-based high-k
dielectrics — ®JAREK DABROWSKI', ANDRZEJ FLESZAR?, GRZE-
GORZ LUPINA', GUNTHER LIPPERT!, ANIL MANE!, and CHRISTIAN
WENGER! — THP, Im Technologiepark 25, 15236 Frankfurt(Oder),
Germany — 2Universitit Wiirzburg, Am Hubland, 97074 Wiirzburg,
Germany

High-k dielectric films can trap electric charge, which aggravates their
application in silicon technology as dielectrics in MOS transistors and
MIM capacitors. On the basis of ab initio calculations for band offsets
and defect formation energies we discuss the charge states of native point
defects in Pr oxides and silicates. In particular, we find that oxygen va-
cancies in PryOs introduce electron transition states at Fermi energies
falling within the range of the Si substrate band gap. In thin films grown
on Si, oxygen intersitials are always negatively charged in Pr,Oj (i.e.,
they act as negative fixed charges there) and always electrically neutral
in PrO,. In Pr silicates, a valence alternation defect consisting of a Si
atom with a dangling bond interacting with an O atom from the silicate
network is expected to be the source of a positive fixed charge.

DF 7.3 Wed 15:10 KON Farb

Impedance spectroscopy study of thin film capacitors with Sr-
TiO(3) as dielectric — eKESAvV REDDY', DIETER MERGEL!, and
WERNER OSSWALD? — 'Thin film working group, Physics Department,
University Duisburg-Essen, 45117 Essen — 2Institute for Solid-State
Chemistry, Chemistry Department, University Duisburg-Essen, 45117
Essen

Planar thin films capacitors with RuO(2) electrodes and SrTiO(3) as
dielectric layer have been prepared by rf-magnetron sputtering. Sub-
strate temperature (up to 700°C), oxygen content of the sputter gas and
thickness of the dielectric layer have been varied.

The capacitors were investigated by x-ray diffraction and impedance
spectroscopy in the range 10 Hz to 10 MHz and for temperatures from
20°C to 200°C. Contributions from the electrode-dielectric interface,
grain boundaries and bulk grains could be distinguished by modelling
the spectra with RC-elements. The conductivity and the dielectric per-
mittivity of the bulk SrTiO(3) grains were extracted. The dielectric

Room: KON Farb

permittivity ranges from 150 to 350. Its temperature dependence shows
Curie-Weiss behaviour with characteristic temperatures between 30 and
50 K.

DF 7.4 Wed 15:30 KON Farb

Optical Characterization of Suspensions of Lithium Niobate
Nanoparticles* — eJUDITH SCHWESYG, HELGE A. EGGERT, and
KARSTEN BUSE — Institute of Physics, University of Bonn, Wegeler-
str. 8, 53115 Bonn

Using suspensions of ferroelectric nanoparticles in liquids one can com-
bine the outstanding properties of the nanoparticles with the character-
istics of fluids. Stable suspensions of lithium niobate nanocrystals in
liquids are produced in a high-energy ball-milling process. The size of
the particles is of the order of 20-50 nm. We present the details of the
methods for producing such stable suspensions and for investigating the
characteristic parameters of these liquids. Furthermore, we present data
of absorption and scattering experiments. In addition one can apply
external electric fields to measure the field-induced birefringence of the
suspensions. Alignment of the nanocrystals breaks the inversion symme-
try and should enable frequency conversion processes in suspensions of
ferroelectric nanoparticles.

DF 7.5 Wed 15:50 KON Farb

DFT investigation of PZT bulk and surface properties —
elGOR CHAPLYGIN, SIBYLLE GEMMING, and GOTTHARD SEIFERT
— Physikalische Chemie und Elektrochemie, TU Dresden, D-01062
Dresden.

Density-functional investigations on the structural, electronic and elas-
tic properties of lead zirconate titanate (PZT) were carried out, em-
ploying both an all-electron and a pseudopotential technique. The
lead /zirconium distribution was studied with a supercell approach and
with the random mixing provided by the CPA and the alchemical mixing
scheme. All approaches yield a nearly linear dependence of the struc-
tural and eleastic properties of the Zr:Ti ratio. Only the character of the
conduction band changes from Pb-based 6p states to Ti-3d states if the
Ti content exceeds 50 Thus, the (001) surfaces of PZT were investigated
with the alchemical mixing technique. All surfaces exhibit an inward
relaxation of the termination plane and a less pronounced outward re-
laxation of the next lower plane. The strongest relaxations of up to 20
constant occur at the less densely packed PbO termination. Similarly,
the relaxations of the Zr-rich systems are larger than the ones in the Ti-
rich models. Thus, the slab thickness required to obtain stable bulk-type
PZT in the centre of the slab varies between 1.6 to 2.4 nm.

DF 7.6 Wed 16:10 KON Farb

Computational investigations on the Kohlrausch relaxation law
for interacting dipole systems — eMARKUS KUHN and HERBERT
KLIEM — Saarland University, Institute of Electrical Engineering
Physics, P.O. Box 151150, 66041 Saarbriicken, Germany

For an interacting system of permanent dipoles calculations of tran-
sient polarization relaxations show a pronounced Kohlrausch behaviour.
It can be described in the time domain by stretched exponential functions
or power laws. The model which is employed here is based on permanent
dipoles which fluctuate thermally activated in double-well potentials.
The dipoles are statistically distributed with respect to their centres and
the direction of their axes. The long-range electrostatic dipole-dipole in-
teraction strongly influences the local fields at the dipoles. The iterative
algorithm mainly consists of two steps. For each current configuration
the local electric fields at the dipoles are deterministically calculated.
Then the transition times of the dipoles which depend on the local elec-
tric fields are computed in a following weighted probabilistic Monte Carlo
step. Simulation results yield a strong dependence of the Kohlrausch be-
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haviour on the dipole charge, the dipole length and the dipole density.
Further calculations show the influence of the geometrical dimensions,
the temperature, the intrinsic activation energy for a dipole flip and the
external electric field.

DF 7.7 Wed 16:30 KON Farb

COMBINING HALF-METALS AND MULTIFERROICS FOR
SPINTRONICS — eHELENE BEa!, MANUEL BIBES?, GERVASI
HERRANZ!, MARTIN SIRENA!, KARIM BOUZEHOUANE!, STEPHANE
FusiL®, ERric JACQUET', JEAN-PIERRE CONTOUR', PATRYCJA
PArRUCH?, MATT DAWBER?, and AGNES BARTHELEMY! — !Unité
Mixte de Physique CNRS-Thales, RD 128, 91767 Palaiseau, France
— 2Institut d’Electronique Fondamentale, Université Paris-Sud, 91405
Orsay, France 3Université d’Evry, Bat. des Sciences, tue du Pére
Jarlan, 91025 Evry, France — “Condensed Matter Physics Department,
University of Geneva, 24 quai Ernest Ansermet, CH-1211 Geneva 4,
Switzerland

Multiferroic materials possess simultaneously ferroelectric and ferro-
or antiferromagnetic orders and a coupling between the two order pa-
rameters. A first step towards fabrication of magnetoelectric functional
devices is to grow these materials as thin films. One of the best candi-
dates is BiFeO3 (BFO) which shows ordered states at high temperatures
(it is antiferromagnetic below Ty = 647 K and ferroelectric below T¢ =
1043 K). We have explored the influence of deposition pressure and tem-
perature on the growth of BFO thin films by pulsed laser deposition onto
(001)-oriented SrTiO;z substrates. Single-phase BFO films are obtained
in a narrow region close to 1072 mbar and 580°C. We have character-
ized the structural and functional properties of BFO/Lag/3Sri/;sMnO3
(LSMO) bilayers. We show that the BFO layer has a ferroelectric tun-
nel barrier behavior. This would open a way to combine the half-metal
properties of LSMO with the multiferroic properties of BFO in devices.

DF 8 Spectroscopy, Scanning and Diffraction Methods

Time: Wednesday 14:30-16:50

Invited Talk DF 8.1 Wed 14:30 MUL Elch

Phonons in multiferroics: BiFeO3 and related systems —
eJENS KREISEL!, RApHAEL HAUMONT!?, PIERRE BOUVIER?, and
FRANGOISE HIPPERT! — 'ENS de Physique de Grenoble (F), CNRS
*Université d’Orsay (F) — *ENSEE Grenoble (F), CNRS

On the way towards a fundamental understanding of magnetoelec-
tric multiferroics the experimental observation and understanding of the
coupling mechanism between the ferroelectric and magnetic order are
of great interest. Very little is currently known about the behavior of
phonons in magnetoelectric multiferroics, and this although investiga-
tions of phonons have in the past played a crucial role in the understand-
ing of classic ferroelectrics.

Motivated to determine and understand the role of phonons in multi-
ferroics, we will discuss the phonon spectrum measured by Raman spec-
troscopy of the model system bismuth ferrite BiFeO3 (BFO). Further to
the discussion of Raman spectra from BFO powder, single crystalline and
thin film samples we will compare our results to those from similar but
not multiferroic RFeO3 samples.

Key points that will be addressed are: 1) A paraelectric-to-ferroelectric
phase transition which is not soft-mode-driven in BFO, 2) Colossal
phonon anomalies for BFO around the Néel temperature for some par-
ticular phonons, while this is not observed for non multiferroic EuFeO3.
The results are discussed in the context of spin-phonon coupling and in-
teractions between magnetic and ferroelectric order parameters. 3) A
significant difference in Raman spectra between bulk and thin film BFO
samples illustrating the role of epitaxial strain.

DF 8.2 Wed 15:10 MUL Elch

Luminescent spectroscopy of the RE ions incorporated in the
lead tungstate crystals — ¢OKSANA CHUKOVA!, SERGTY NEDILKO!,
and MARIAN PASHKOVSKYI? — !Physics Faculty, Kyiv National Taras
Shevchenko University 2, block 1, acad. Hlushkov Ave., 03680, Kyiv,
Ukraine — 2Physics Faculty, Lviv National Ivan Franko University, Lviv,
Ukraine

The lead tungstate PbW O, (PWO) crystals are widely doped by var-
ious impurities, especially rare earth (RE) ions, in order to change char-
acteristics of these crystals, e.g., significantly improve transmission and
radiation hardness of the crystal. Spectral properties of the RE doped
PWO crystals were studied formerly, but the investigations were directed
mainly on spectroscopy of proper matrix emission of the pure and doped
crystals. The present paper is concentrated on investigation of spec-
troscopy of RE ions in the PWO crystal matrix. Spectral properties of
the Pr3* and FEut ions doped into the PWO crystal were studied at
photo and synchrotron radiation excitation and analyzed on parameters
of Stark splitting in the crystal field. Formation of at least two types
of emission centers based on the RE ions in the PWO crystal lattice is
shown and origin, structure and spectroscopy of these centers are inves-
tigated. Different site symmetry and oxygen coordination influence in
different ways on probabilities of emission and excitation transitions as
well as on shifts of lines and weight centers of manifolds for the both types
of centers. Experiments with synchrotron excitation were performed at
SUPERLUMI Station at HASYLAB, DESY, Hamburg.

Room: MUL Elch

DF 8.3 Wed 15:30 MUL Elch

Rare-earth doped barium halide x-ray storage phosphors and
scintillators — eJULIA SELLING and STEFAN SCHWEIZER — Depart-
ment of Physics, University of Paderborn, Warburger Str. 100, D-33098
Paderborn, Germany

Rare-earth (RE) doped orthorhombic BaXs (X = Cl, Br, I) single crys-
tals were investigated for their properties as x-ray storage phosphors and
as x-ray scintillators by means of photoluminescence (PL), photostimu-
lated luminescence (PSL) and x-ray luminescence (XL). The investiga-
tion of the storage and read-out mechanism in these materials will help to
optimise the PSL effect in Eu- or Ce-doped fluorozirconate-based glass
ceramics containing PSL-active BaXy nanoparticles which are formed
upon thermal processing of the glass [1, 2]. The PSL efficiency of the
single crystals is comparable to that of Eu-doped BaFBr, which is used
in commercial x-ray storage phosphor screens. The scintillation efficiency
of the RE-doped barium halides investigated is compared to that of CWO
(CAWOy). Features like afterglow or radiation hardness have not been
considered in our comparison. The influence of the anion-cation distance
on the intensity ratio of the emission types is discussed.

[1] A. Edgar, J.-M. Spaeth, S. Schweizer, S. Assmann, P.J. Newman,
and D.R. Macfarlane, Appl. Phys. Lett. 75 (1999) 2386.

[2] S. Schweizer, L.W. Hobbs, M. Secu, J.-M. Spaeth, A. Edgar, G.V.M.
Williams, Appl. Phys. Lett. 83 (2003) 449.

DF 8.4 Wed 15:50 MUL Elch

Luminescent oxygen-vacancy complex in Mn-doped LiBaF};
investigated by optically detected magnetic resonance —
eBASTIAN HENKE!, ULDIS ROGULIS?, and STEFAN SCHWEIZER!
Department of Physics, University of Paderborn, Warburger Str. 100,
D-33098 Paderborn, Germany 2Institute of Solid State Physics,
University of Latvia, Riga, Latvia

Upon ultraviolet photoexcitation, Mn-doped LiBaF3 shows different
luminescence bands in the visible range. The luminescence, which can
be attributed to Mn*", is at 712 nm [1], whereas two additional bands
appear at 423 and 480 nm. The peaks at 423 and 480 nm have completely
different excitation spectra than the one for the 712 nm emission, which
shows the typical Mn?* excitation bands. Photoluminescence detected
electron paramagnetic resonance measurements yielded that the bands
at 423 and 480 nm can be attributed to an oxygen-vacancy complex. Its
principal axis, z, of the fine structure tensor is aligned along a <110>
direction. The Mn?*-dopant can be found in the vicinity of this complex.
We assume that Mn2* substitutes for a Ba?* ion.

[1] B. Henke, M. Secu, U. Rogulis, S. Schweizer, J.-M. Spaeth, phys.
stat. sol. (c¢) 2, No. 1 (2005), 380

DF 8.5 Wed 16:10 MUL Elch

Density-functional simulations for X-ray and Electron Holo-
graphic measurements of single crystal properties of tetragonal
Bariumtitanate — eAXEL ROTHER!, IGOR CHAPLYGIN?, SIBYLLE
GEMMING?, TILLMAN LEISEGANG!, DIRK MEYER', and HANNES
LicHTE! — lInstitute of Structure Physics, Dresden University,
Germany ’Institute of Physical Chemistry and Electrochemistry,
Dresden University, Germany
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As a typical member of Ferroelectrics, tetragonal BaTiO3 reveals a
lot of interesting properties such as the electric polarization along the
tetragonal axis. Modern X-ray and Electron Holographic methods are
able to measure these features by utilizing refinement with given theo-
retical models. Firstly, a single crystal X-ray reflection measurement was
performed to obtain structural parameters and the electron density. Sec-
ondly, high resolution electron holography was utilized to measure the
dipole character of the electric potential, and thirdly, different Density-
functional simulations were carried out for a detailed comparison with
the measured data. Furthermore we began to incorporate the theoretical
calculations in the refinement models used in High Resolution Electron
Holography.

[1] Support from DFG in the Framework of FOR 520 is gratefully ac-
knowledged

DF 8.6 Wed 16:30 MUL Elch
Density-functional simulations for X-ray and Electron Holo-
graphic measurements of single crystal properties of tetragonal
Bariumtitanate eAXEL ROTHER!, IGOR CHAPLYGIN?, SIBYLLE
GEMMING?, TILMANN LEISEGANG!, DIRK MEYER!, and HANNES
LicHTE! — !Institute of Structure Physics, Dresden University, Dres-
den, Germany — 2Institute of Physical Chemistry and Electrochemistry,
Dresden University, Dresden, Germany

As a typical member of Ferroelectrics, tetragonal BaTiO3 reveals a
lot of interesting properties such as the electric polarization along the
tetragonal axis. Modern X-ray and Electron Holographic methods are
able to measure these features by utilizing refinement with given the-
oretical models. Firstly, a single crystal X-ray reflection measurement
was performed to obtain structural parameters and the electron density,
secondly, high resolution electron holography was utilized to measure the
dipole character of the electric potential, and thirdly, different Density-
functional simulations were carried out for a detailed comparison with
the measured data. Furthermore we began to incorporate the theoretical
calculations in the refinement models used in High Resolution Electron
Holography.

[1] Support from DFG in the Framework of FOR 520 is gratefully ac-
knowledged

DF 9 Phase Transitions

Time: Thursday 09:30-12:30

Invited Talk DF 9.1 Thu 09:30 MUL Elch

Driving a macroscopic state switching into materials with a
laser pulse and probing atoms moving in real time with a X-
ray pulse — e¢CAILLEAU Herve'?, COLLET Eric!?, BURON
MARYLISE"?, LEMEE-CAILLEAU MARIE-HELENE®?, and KOSHI-
HARA SHIN-vA%* — IGroupe Matiere Condensee et Materiaux, Cnrs-
Université Rennes 1, F 35042 Rennes Cedex, France — 2ERATO, JST,
Japan — ®Institut Laué-Langevin, Grenoble, France — *Tokyo Institute
of Technology, Tokyo, Japan

The possibility of controlling with a single ultra-short laser pulse
the coherent and cooperative transformation of the state of atoms or
molecules in solid state opens new avenues in materials science. This
challenge of driving a macroscopic state switching on an ultra-fast time
scale, so realizing at the material level what has been done at the molec-
ular level in femto-chemistry, goes beyond the current principles. Indeed,
these new out-of-equilibrium processes are highly cooperative and highly
non-linear. In other words, light can induce self-amplification and self-
organization processes in the material, a so-called photoinduced phase
transition. Molecular materials are particularly promising by virtue of
light tuning of the charge state and/or spin state in molecules. Another
new step is the recent possibly to directly observe in real time the assem-
bly of molecules in a solid moving in a regimented way towards the new
electronic and structural order by using the emerging ultra-fast X-ray
diffraction. Reference: * Photoinduced Phase Transitions*, K. Nasu ed.,
World Scientific (2004).

Invited Talk DF 9.2 Thu 10:10 MUL Elch

Structural instabilities in Ferroelectric Aurivillius compounds
— oJ. MANUEL PEREZ-MATO — Dept. Fisica Mat. Condensada,
Fac. Ciencia y Tecnologia, Univ. del Pais Vasco, UPV/EHU, Apdo 644,
48080 Bilbao, Spain

The Aurivillius phases are layered bismuth oxides formed by the reg-
ular stacking of Bi202 slabs and perovskite-like blocks. Many are fer-
roelectric at room temperature and are of special technological interest.
Apart from the polar distortive mode, other displacive modes at the Bril-
louin zone border are unstable and are frozen in the room temperature
structure. The close interplay of these different instabilities situates these
systems beyond the conventional framework for perovskite ferroelectrics.
We present ab-initio calculations and thorough structural and symme-
try analyses of two specific compounds, SrBi2Ta209 (SBT) [1], and
Bi4Ti3012 (BTO), which have respectively two and three layers of BO3
octhaedra within the perovskite blocks. The energy landscape around
the parent tetragonal configuration has been explored analysing the pos-
sible existence of intermediate phases. The essential role of secondary
hard modes for the stabilization of the ferroelectric phase is shown. Sur-

Room: MUL Elch

prisingly, the rigid-like behaviour of the perovskite octahedra in BTO is
the result of anharmonic couplings. Energy maps have been compared
with empirical bond valence criteria with a striking agreement of both
approaches [2].

[1]Perez-Mato et al., Phys. Rev. B (2004) 70, 214111

[2]Etxebarria et al., Phys. Rev. B (2005) 72, 174108

DF 9.3 Thu 10:50 MUL Elch

Soliton Density in Incommensurate Thiourea — ¢ROBERT BLINC!
and ToMAZ ApPin? — 1]. Stefan Institute, Jamova 39, Ljubljana, Slove-
nia — 2. Stefan Institute, Jamova 39, Ljubljana, Slovenia

Whereas soliton regimes have been reported in the past in type I incom-
mensurate systems where the order parameter is at least two-dimensional
and a Lifshitz invariant drives the system to a modulated incommensu-
rate phase, this is not the case with type II incommensurate systems
such as thiourea. Here there is no Lifshitz invariant and the order pa-
rameter is one-dimensional. It has been generally assumed until recently
that the incommensurate modulation of type II systems is always of the
plane wave type. Recent X-ray scattering results seem to show the ap-
pearance of soliton like modulation profiles close to the lock-in transition
in thiourea. Perez - Mato provided a possible theoretical explanation of
this situation. Here we show that the deuteron NMR spectra of thiourea
exhibit a gradual change of the incommmensurate modulation wave from
the plane wave to the soliton type. We determined the temperature de-
pendence of the soliton density and compare the results with the theory
of Perez - Mato. The obtained data support the above mentioned theo-
retical results and show that type II incommensurate systems can indeed
exhibit a multi soliton lattice regime similar to that found in type I in-
commensurate systrems like RbZnCl4 and others.

DF 9.4 Thu 11:10 MUL Elch

Poling Effect on the Ferroelectric and Transport Properties of
Soft Piezoelectric PZT — ¢T.M. KaMEL, F. X. N. M. KooLS,
and G. DE WITH — Laboratory of Materials and Interface Chemistry,
Eindhoven University of Technology, 5600 MB Eindhoven, the Nether-
lands

The properties of the piezoelectric ceramic materials are strongly de-
pendent on the degree of polarization as set by the poling process. In
the present work a soft piezoceramic PZT material was polarized at dif-
ferent poling conditions. Three different methods were used to evaluate
the polarization state in the material. These are the polarization cur-
rent, pyroelectric coefficient and the hysteresis loop measurements. The
polarization current was monitored during the poling process at different
applied electric fields, poling time and temperature. The pyroelectric
coefficient and hence the polarization was calculated form the pyroelec-
tric current vs. temperature. The hysteresis loop was displayed using
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a home-made computerized Sawyer-Tower circuit. The dielectric, fer-
roelectric and piezoelectric properties were measured as a function of
temperature and frequency after different poling conditions. The effects
of the various poling conditions on the functional and physical properties
of the soft PZT are presently discussed.

DF 9.5 Thu 11:30 MUL Elch

Investigation of the relaxor system Strontium-Barium-Niobate
by Second Harmonic Generation — ¢UWE VOELKER, KLAUS BET-
ZLER, and SERGEY PODLOZHENOV — Universitat Osnabriick, Fachbere-
ich Physik, Barbarastrae 7, D - 49069 Osnabriick, Germany

The relaxor phase transition in ferroelectrics is still not completely
understood. In contrast to past investigations, we use second har-
monic generation (SHG) as a tool to observe the behavior of the bulk of
Sro.61Bag30NbaO6(SBN). Thus we are able to watch closely how partic-
ular classes of domains lose their spontaneous polarisation while passing
through the phase transition without integrating over the whole crys-
tal. We will present the concentration-dependence of the relaxor phase
transition of SBN doped with rare earth-metals obtained by these mea-
surements. Supported by DFG (project GRK 695).

DF 9.6 Thu 11:50 MUL Elch

Non-ergodic behavior of polar state in Li-doped KTaO3 under
an electric field — eYosHIAKI UrSU!, HIROKO YOKOTA!, TAEKO
OvAMA!, CHARLOTTE MALIBERT?, and JEAN-MICHEL Kiart? —
Department of Physics, Waseda University, 3-4-1 Okubo, Shinjuku-ku,
Tokyo 169-8555, Japan 2SPMS, Ecole Centrale Paris, Grande Voie
des Vignes 9225 Chatenay-Malabry, France

Incipient ferroelectric KTaO3 doped with Li-3% was investigated in
order to clarify the dipole state under electric field. Using optical second-
harmonic generation (SHG) microscope, we observed a marked history
dependence of SHG intensity through zero-field cooling (ZFC), zero-field
heating (ZFH), field heating after ZFC (FH/ZFC) and FH after field cool-
ing (FH/FC) for both crystals. At fixed temperature in FH/ZFC, the

long relaxation process to the equilibrium state is observed dependent on
temperature. In quite low temperature, the SHG does not develop under
the electric field. This kind of non-ergodicity is known to be a character
of inhomogeneous system. Further experiments are performed using pre-
cise X-ray diffraction method. It reveals that two-step transformation
occurs: at 50K, remarkable field-induced SHG and photo-conductivity
accompanied by tetragonal lattice strain occur, while at 90K, does only
small lattice strain. The fact indicates that polar nano-regions gener-
ated at 90K in nonpolar cubic matrix are transformed into ferroelectric
micro-domain state at 50K without field. Under an electric field, the
micro-domain state is changed to macroscopic ferroelectric state.

DF 9.7 Thu 12:10 MUL Elch

Mapping of Microwave-Induced Phonons by Mikro-Brillouin
Spectroscopy: High Resolution Access To Acoustic Fields In
Piezoelectric Materials — eMATHIAS KOLLE, JAN KRISTIAN
KRUGER, BRICE VINCENT, ROLAND SANCTUARY, LAURENT LE
Bri1zouAL, OMAR ELMAZRIA, LAURENT BouvoT, DIDIER ROUXEL,
and PATRICK ALNOT Laboratoire Européen de Recherche Uni-
versitaire : Saarland-Lorraine, Universitdt des Saarlandes, Bau E6.2,
D-66041 Saarbriicken

Brillouin spectroscopy (BS) is a versatile technique to measure acoustic
properties at hypersonic frequencies and has been proven to be capable to
detect thermally excited surface- and guided acoustic waves at microwave
frequencies. BS on microwave induced phonons, generated at the surface
of piezoelectric crystals can be used to determine the sound velocity of
surface acoustic waves as well as their hypersonic attenuation from the
decay of the Stokes intensity of the BS. Only recently, BS was used for
studying acoustic microscopy (BM). It turns out that this new technique
is able to characterize the distribution of acoustic fields, generated by
inter digital finger structures (IDTs) at microwave frequencies in piezo-
electric materials. The aim of this talk is to elucidate the efficiency of the
electro-acoustic generation of hypersonic waves in thin piezoelectric films
including their field properties and especially their spatial decay within
the film plane.

DF 10 Electric, Electromechanical and Optical Properties I

Time: Thursday 14:30-18:10

Invited Talk DF 10.1 Thu 14:30 MUL Elch

Broadband Dielectric Spectroscopy in Functional Transition-
Metal Compounds — eJOACHIM HEMBERGER, PETER LUNKEN-
HEIMER, ROBERT FICHTL, STEFAN WEBER, TORSTEN RUDOLF,
FrRANZ MAYER, ANDREI PIMENOV, VLADIMIR TSURKAN, and ALOIS
LoipL — Center for Electronic Correlation and Magnetism, University
of Augsburg, D-85135 Augsburg, Germany

Transition-metal compounds offer an exceptional variety of functional
properties with a broad range of application. In addition to the canoni-
cal dielectric oxides reaching from piezo-electric or ferroelectric to high-
permittivity materials, compounds with complementary magnetic and
electronic properties are currently more and more under focus. An ex-
ample are multiferroic compounds combining ferroelectricity and ferro-
magnetism. However, the coexistence of magnetic spin, orbital or charge
degrees of freedom requires the consideration of systems with partially
filled d-shells in contrast to the usual dielectric d’-systems. This is ac-
companied by an deterioration of the insulating properties. Non-d°® sys-
tems commonly are ”bad insulators”, i.e. they posses smaller, correlation
induced electronic gaps instead of the large band gaps of usual opti-
cally transparent dielectric materials. This leads to finite DC- and AC-
contributions to the conductivity and to a finite charge carrier density
in the conduction band. The talk will outline the potential as well as
the difficulties of broadband dielectric spectroscopy to study complex
transition-metal compounds and illustrate them discussing various ex-
amples like titanates, manganates or Cr-based thio-spinels.

This work was supported by BMBF (VDI/EKM 13N6917-A) and DFG (SFB 484).

DF 10.2 Thu 15:10 MUL Elch

Structuring of ferroelectric volume domains in lithium niobate
crystals by space charge fields — eFELIX KALKUM, HELGE A. EG-
GERT, and KARSTEN BUSE — Institute of Physics, University of Bonn,
Wegelerstr. 8, 53115 Bonn

Room: MUL Elch

The controlled structuring of ferroelectric domains in lithium niobate
crystals promises a variety of new optical applications, e.g., electrically
switchable Bragg filters. The quality of domain structures made by con-
ventional methods is not sufficient for most of these applications. There-
fore the so-called method of electrical fixing was studied: After a space
charge field is written in iron doped lithium niobate crystals by means
of the photorefractive effect, an external electrical field is applied. Since
the resulting electrical field is above the threshold field for ferroelectric
domain inversion in some regions and below in others, domains can be
structured. A stochastical description of domain inversion assumes that
the electrical field increases the probability for inversion, but does not
imply necessarily a domain inversion if it exceeds the coercive field. The
stochastical approach explains the shape and the effective modulation de-
gree of the domain patterns. *Financial support by the DFG (BU913/11)
and by the Deutsche Telekom AG is gratefully acknowledged.

DF 10.3 Thu 15:30 MUL Elch

Fabrication of embedded waveguides in LiNbOj; by radiation
damage — oK. PEITHMANN!, M.-R. ZAMANI-MEYMIAN!, M.
Haaxks!, K. MaIgr!, B. ANDREAS?, K. BuUsi?, and H. MoDROW?
"Helmholtz-Institut fiir Strahlen- und Kernphysik, — 2Physikalisches
Institut, Bonn, Germany

Irradiation of LiNbOs with low-mass, high-energy ions as 40 MeV *He
(range in LINDO3 =~ 0.6 mm) creates strong, permanent refractive-index
changes: The ordinary refractive index n, is decreased and the extraor-
dinary refractive index n, is increased in the regions where the ions are
transmitted through the material. Characteristic dependences of these
changes on the ion dose and their thermal stability are measured, and the
feasibility of fabrication of embedded waveguides (size ~ 30 pm) using
spatially modulated ion distributions is demonstrated.
*Supported by the Deutsche Forschungsgemeinschaft (FOR 557)
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DF 10.4 Thu 15:50 MUL Elch

Photorefraction as a general property of light-induced
metastable states in nitrosyl compounds — eDOMINIK
SCHANIEL!, THOMAS WEISEMOELLER!, Mirco IMLAU!, THEO
WoIkE?, KARL KRAMER?, and HANS-UELI GUDEL? — !Fachbereich
Physik, Universitat Osnabriick, Barbarstrasse 7, 49069 Osnabriick —
2Institut fiir Mineralogie, Universitit zu Kéln, Ziilpicherstrasse 49b,
50674 Koln — ®Department of Chemistry and Biochemsitry, University
of Bern, Freiestrasse 3, 3000 Bern 9

Photorefractive materials have a broad range of applications in the
field of nonlinear optics and need often to be tailored to meet specific
demands. In oxidic electro-optic materials or photorefractive polymers
tuning is achieved by additional doping of charge carriers or application of
external fields. We report on another class of photosensitive compounds
containing molecules of type [MLsNOJ]** with M a transition metal, L
a broad range of ligands, and n the formal charge of the anion/cation.
In these compounds metastable states can be generated by light irradia-
tion and tuning of the photorefractive response is achieved by selecting
different molecules [MLsNO]™*, e.g., the lifetime and spectral sensitivity
of the metastable states can be varied from 1078s to10's and from 300-
1200 nm, while the size of the effect can be adjusted up to An ~ 1072.
We show that photorefraction is a general property of the light-induced
metastable states accessible in molecules of the type [ML;NOJ"* and
thereby establish a new class of photorefractive compounds.

DF 10.5 Thu 16:10 MUL Elch

Space-charge waves in silicon carbide — eM. LEMMER', M. IM-
LAUY, M. PETROV?, V. BRYKSINZ, and A. LEBEDEV? — !'Department
of Physics, University of Osnabriick — 2Physico-Technical Institute, Rus-
sian Academy of Sciences, St. Petersburg

The non-linear phenomenon of space-charge waves (SCW) is investi-
gated in single crystals of 4H-SiC polytype. By excitation with an os-
cillating interference pattern at A = 488 nm and an externally applied
electric field of 0 < Ej < 10 kV/cm spatial rectification (SR) is found.
The amplitude and the frequency of the SR-resonance signal show rele-
vant dependences on the applied electric field and the wave number K
of the interference pattern. For instance the amplitude exhibits a pro-
nounced maximum at low values of K of approximately 2 - 103 cm~!. All
results are successfully described by the generalized SCW-model, if the
effect of trap saturation, caused by a limited trap density, is considered.
This allows to determine important material parameters of 4H-SiC like
the product of mobility and lifetime of the charge carriers ur = (7.4 +
0.8) - 1077 em?/V, the Maxwell relaxation time 7, = (5.3 £ 0.6) - 107*
s, and the effective trap concentration Nog = (5 4+ 1) - 10" cm 3.

Supported by the Deutsche Forschungsgemeinschaft (DFG, projects
GRK 695 and 436 RUS 17/16/06).

DF 10.6 Thu 16:30 MUL Elch

Dispersion of the electrooptic properties of Cerium-doped
Strontium-Barium-Niobate — oK. BASTWOSTE!, M. IMLAU',
and M. GouLkov? — lFachbereich Physik, Universitit Osnabriick,
Barbarastrasse 7, D-49069 Osnabriick — 2Institute of Physics, Kiev,
Ukraine

The electrooptic coefficient r and the photorefractive trap density
Neg are determined as a function of the wavelength in Cerium-doped
Strontium-Barium-Niobate (SBN:Ce) by applying the photorefractive
method of photo-induced light scattering. A pronounced increase of
r is found in the blue-green spectral range, which is described by a
combination of the Sellmeier formulation and the polarization tensor
concept. Thus, the strength and energy of the average dipole oscil-
lator characterizing the optical interband transfer are estimated with
fo=1(240.5)-10% s72 and E, = (3.7£0.26) eV. The increase of r with
decreasing wavelength equals to already reported results for electrooptic
crystals. Nevertheless, the strong increase by more than a factor of two
is remarkable compared to an increase of 16 % in LiNbO3:Fe [1] and 38 %
in BaTiOj3 [2]. The dispersive behavior of Neg is discussed in the context
of the results of undoped SBN and interband photorefraction [3].

Financial support from the Deutsche Forschungsgemeinschaft (DFG,
project GRK 695).
[1] S. Fries, S. Bauschulte, Phys. Stat. Sol. 125, 369 (1991).
[2] A. R. Johnston, J. Appl. Phys. 42, 3501 (1971).
[3] M. D. Ewbank,R. R. Neurgaonkar, W. K. Cory, J. Feinberg, J. Appl.
Phys 62, 374 (1987).

DF 10.7 Thu 16:50 MUL Elch

Ferroelectric domain gratings contributing to photo-induced
polarization-anisotropic light scattering in LiNbOj:Fe — eA.
SELINGER, U. VOELKER, and M. IMLAU — Fachbereich Physik, Uni-
versitit Osnabriick, Barbarastrasse 7, D-49069 Osnabriick

Only recently, the appearence of a bright polarization-anisotropic ellip-
tical scattering pattern upon exposure to cw- and pulsed laser light has
been discovered in thin Fe-doped LiNbOj crystals, i.e. in samples with
thicknesses below 900 pm [1]. Our further investigations reveal that
this phenomenon can be explained by the interplay of photo-induced
refractive-index and ferroelectric-domain gratings. For example, the ki-
netics of the scattering intensity of the ellipse is found to be identical
to the kinetics of the so called e-line, which is a scattering pattern orig-
inating solely from the photo-induced formation of microdomains. At
the same time, the polarization-flip observed in the ellipse, comparable
to that in the well-known anisotropic ring, gives rise to a contribution
of photorefractive gratings via the electrooptic tensor element ryo. This
approach is strongly supported by experimental studies of the influence
of temperature towards appearence, stability and decay of the ellipti-
cal scattering pattern. An Ewald-construction, taking into account both
photo-induced refractive-index and ferroelectric-domain gratings, is pre-
sented and allows to explain the specific shape of the ellipse.

Financial support by the Deutsche Forschungsgemeinschaft (DFG,
project IM 37/2-1) is greatfully acknowledged.
[1] A. Selinger, U. Voelker, M. Imlau, OSA Trends in Optics and Pho-
tonics (TOPS), Vol. 99, pp. 61 -67

DF 10.8 Thu 17:10 MUL Elch

Frequency mixing of photorefractive index gratings with ferro-
electric domain gratings in lithium niobate crystals — eULRICH
HArRTWIG!, MicHAEL KOSTERS!, THEO WOIKE!, KARSTEN BUSE!,
ALEXANDER SHUMELYUK?, and SERGUEY ODOULOV? — !Institute of
Physics, University of Bonn, Wegelerstraie 8, 53115 Bonn, Germany
— 2Institute of Physics, National Academy of Sciences, 252650 Kiev,
Ukraine

Copper-doped lithium niobate crystals are periodically poled. After-
wards holographic gratings are recorded into this material using only dif-
fusion for charge redistribution. Readout reveals that the principal grat-
ing with grating vector K is strongly suppressed. At the same time side-
band gratings with grating vectors K+ G appear, where G is the grating
vector of the domain pattern. From the measurements the grating vector
G and the duty cycle DC' (ratio of the width of up- and down domains)
of the domain pattern can be calculated. These values are important
quality criteria of the periodic structure of the sample. The findings of
this work enable nondestructive quality inspection of periodically-poled
lithium niobate. Furthermore, conclusions can be drawn for applications
involving both holographic gratings and periodic domain structures for,
e.g., hybrid distributed-feedback optical parametric oscillators.

*Financial support from the DFG (FOR 557), the Alexander von Hum-
boldt foundation (Research Award to Serguey Odoulov), and from the
Deutsche Telekom AG is gratefully acknowledged.

DF 10.9 Thu 17:30 MUL Elch

Light-induced changes of polarization dynamics in PLZT ce-
ramics — oT. GRANZOW, A. VOLKENBORN, and J. RODEL — FB
Material- und Geowissenschaften, TU Darmstadt

Due to their excellent electrooptical properties, PLZT ceramics have
been investigated since the early days of electrooptics. Most investi-
gations have focussed on the influence of electric fields on the optical
properties. The opposite effect, the influence of illumination on the fer-
roelectric domain structure and hysteresis is still not entirely clear. It
has been shown that there is an interplay between the nucleation of fer-
roelectric domains, motion of domain walls and light-induced free charge
carriers, but there are contradictions both in theory and in experiments if
free charge carriers will help or hinder ferroelectric polarization reversal.

In this talk, we will compare the polarization behavior in PLZT
8/65/35 and PLZT 9.5/65/35 with and without illumination in the vis-
ible spectral range. We will present the ferroelectric hysteresis detected
by measuring the switching current as well as the integrated polarization.
To obtain the domain dynamics, the development of P on a timescale be-
tween 1 us and 10 s under a constant electric field is examined for various
field amplitudes. It will be shown that, although the difference between
the illuminated and unilluminated hysteresis measurement is rather small
for frequencies up to 100 Hz, there is a notable decrease of the switch-
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ing time constants in the ms range. This phenomenon will be discussed
within the framework of conduction band electrons facilitating domain
wall movement.

DF 10.10 Thu 17:50 MUL Elch

Theoretical modelling of optical and luminescence processes in
tungstate crystals — e YURIY HIZHNYI and SERGIY NEDILKO — Fac-
ulty of Physics, Kyiv National Taras Shevchenko University, 2, block 1,
Hlushkova av., 03680, Kyiv, Ukraine

Tungstate crystals AW O, (A = Zn, Cd, Pb) are widely used as scintil-
lation materials in various scientific and technical applications. Despite
of intensive investigations of their optical and luminescent characteristics
carried out in the last decade, there is no a commonly assumed view on
the origin of luminescence processes in these crystals. Profound exam-
inations of luminescence mechanisms in tungstate crystals can be done

using theoretical calculations of their electronic structures.

In our study, we use a complex approach in calculations, which com-
bines two different methods. The electronic and optical properties of
perfect AW O, crystals are studied by full potential Linear Augmented
Plane Wave (FLAPW) method [1]. The electronic structures of the lat-
tice defects and impurities that in general determine the luminescence
properties of AWy crystals are examined in the molecular cluster ap-
proach. Several types of defects are modelled in clusters constructed from
12 - 110 atoms of the crystals. The electronic structures of the clusters
are calculated by the Restricted Hartree-Fock (RHF) method [2].

Results of calculations are compared with corresponding experimental
data. Schemes of possible luminescence processes in AW O, crystals are
determined on the basis of the obtained results.

[1] P. Blaha, et al., 2001, ISBN 3-9501031-1-2
[2] Schmidt M.W, et al., J.Comput.Chem., 14, 1347, (1993)

DF 11 Electric, Electromechanical and Optical Properties 11

Time: Friday 10:50-13:10

Invited Talk DF 11.1 Fri 10:50 MUL Elch

Universal domain wall dynamics in ferroics and relaxors
— oWOLFGANG  KLEEMANN — Angewandte Physik, Universitét
Duisburg-Essen, Duisburg, Germany

Domain walls in random ferroic media reveal different dynamic modes.
The complete series under external ac fields at decreasing frequencies, f,
segmental relaxation, creep, slide and switching, is observed in quan-
tum ferroelectric SrTi'¥Oj3 [1], superferromagnetic CoFe/Al,O3 multilay-
ers [2], and ultrathin ferromagnetic trilayers Pt/Co/Pt [3]. Dynamic
scaling explains the transition from Cole-Cole-type segmental relaxation
to creep with inverse power law dispersion as observed in periodically-
poled KTiOPOy at f,, = fmoexp(- E/kpT), fmo = 3x10° Hz and E
= 0.6 eV [4]. Segmental relaxation and creep are also observed in the
uniaxial relaxor Srg g Bag 39NbaOg [5], where wall pinning due to charge
disorder-induced random electric fields is also responsible for the occur-
rence of nanopolar regions in the paraelectric regime, 7' > T, ~ 350 K.
Their interfaces with the paraelectric environment reveal similar dynamic
modes as pinned ferroic domain walls. [1] J. Dec et al., Ferroelectrics 298
(2004) 163. [2] X. Chen et al., Phys. Rev. Lett. 89 (2002) 137023. [3] O.
Petracic et al., unpublished. [4] Th. Braun et al., Phys. Rev. Lett. 94
(2005) 117601. [5] W. Kleemann et al., Phys. Rev. B 65 (2002) 220101.

DF 11.2 Fri 11:30 MUL Elch

Characterization of Periodically-Poled Lithium Niobate Crys-
tals using External Electric Fields* — eMICHAEL KOSTERS!, UL-
RICH HARTWIG!, THEO WOIKE', KARSTEN BUSE!, and BORIS STUR-
MAN? — lnstitute of Physics, University of Bonn, Wegelerstraie 8, D-
53115 Bonn, Germany 2Institute of Automation and Electrometry,
630090 Novosibirsk, Russia

A nondestructive method for characterizing copper-doped periodically-
poled lithium niobate crystals (PPLN) using external electric fields is
presented. The samples are irradiated with a laser beam of the wave-
length A = 633 nm; simultancously electric fields of up to 6 kV/mm are
applied. The resulting refractive index pattern inside the crystal, which
is not solely due to the electro-optic effect, but also due to effects at the
domain walls, creates a diffraction pattern behind the crystal. The model
used to describe this pattern allows to determine important properties
of PPLN such as the duty cycle. It also gives information on properties
of the domain walls. This is of great importance for applications us-
ing quasi phase-matching, e.g. second harmonic generation and optical
parametrical oscillation.

*Financial support from the Deutsche Forschungsgemeinschaft (FOR
557) and from the Deutsche Telekom AG is gratefully acknowledged.

DF 11.3 Fri 11:50 MUL Elch

Trapping and Manipulation of Micro- and Nanoparticles on the
Surfaces of Lithium Niobate Crystals utilizing Light-Induced
Electric Space Charge Fields* — oF.Y. KUHNERT', J. R. ADLE-
MAN2, H. A. EcGERT!, D. Psartis?, and K. BUSE! — !Institute of
Physics, University of Bonn, Wegelerstr. 8, 53115 Bonn — 2Department
of Electrical Engineering, California Institute of Technology, Pasadena,
CA 91125

Room: MUL Elch

The ability to trap and to manipulate inorganic particles and organic
cells of micrometer and submicrometer size plays an important role in
the field of Optofluidics. Optical tweezers are well known that use high
intensity laser beams to trap particles due to the field gradient of a fo-
cused laser beam. Here we try a novel approach: Irradiating a lithium
niobate crystal with an inhomogeneous light pattern leads to charge sep-
aration along the c-axis which causes electrical fields. As a result strong
field gradients are present in proximity of the crystal surface. In contrast
to optical tweezers, the strength of the electrical field depends only on
the exposure i.e. on the product of intensity and time. With a laser
beam we record space-charge and field patterns of circular shape as well
as space-charge gratings with period length between 20 micron and 1000
micron into a lithium niobate crystal doped with 0.05 wt% Fe. Chalk
particles (715 micron diameter) and silicon dioxide particles (80 nm di-
ameter) in air as well as silicon carbide particles (130 nm diameter) in
liquid are trapped and moved on the crystal surface. * Financial support
by the DAAD, the DFG (BU 913/17), and the Deutsche Telekom AG is
gratefully acknowledged.

DF 11.4 Fri 12:10 MUL Elch

Recording and Readout of Spatial Gratings with Femtosec-
ond Laser Pulses* — eDOMINIK MAXEIN!, PETER RECKENTHALER',
OLIVER BEYER!, KARSTEN BuUSE', BOris STURMAN?, HUNG TE
Hsien?, and DEMETRI PSALTIS? — !Physikalisches Institut, Universitit
Bonn, Wegelerstr. 8, 53115 Bonn — 2Institute of Automation and Elec-
trometry, Novosibirsk, Russia — ®Department of Electrical Engineering,
California Institute of Technology, Pasadena, USA

Employing the pump-and-probe technique with short laser pulses it
is possible to investigate physical processes on very short time scales.
With holographic methods, one can detect small absorption and refrac-
tive index changes. It is therefore desirable to combine both kinds of
measurements for the investigation of light-induced processes in materi-
als. However, while the well-known coupled wave equations are applica-
ble for continuous-wave light and long pulses, new aspects like the short
pulse duration and geometry have to be taken into account. We present
results of theoretical studies on recording of spatial gratings with two
femtosecond laser pulses. Time resolved read out of resulting gratings
is performed with a Bragg matched pulse at another wavelength. In-
stantaneous effects (Kerr effect, two-photon absorption) are taken into
consideration as well as longer-lasting changes of the material due to the
exposure (excitation of charge carriers). The predictions of our model
are compared with results of experiments utilizing lithium niobate and
calcium fluoride crystals as the recording material.

* Financial support by the DFG (award BU 913 / 13) and the Deutsche
Telekom AG is gratefully acknowledged.

DF 11.5 Fri 12:30 MUL Elch
Holographic Investigation of Lithium Niobate Crystals with
Femtosecond Laser Pulses* — ePETER RECKENTHALER', DOMINIK
MAXEIN', OLIVER BEYER', BORIS STURMAN?, and KARSTEN BUSE!
— Physikalisches Institut, Universitit Bonn, Wegelerstr. 8, 53115 Bonn
— 2Institute of Automation and Electrometry, Novosibirsk, Russia
Lithium niobate is an important material for nonlinear and photore-
fractive applications. For short light pulses high intensities occur, and
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transient nonlinearities like the Kerr-effect and free charge-carriers, be-
come increasingly important. These effects can be serious obstacles
for applications. A profound understanding of the processes on the
femtosecond-timescale is therefore indispensable. Holography with fem-
tosecond laser pulses allows to investigate charge excitation and transport
processes as well as other nonlinear effects with very high temporal reso-
lution. Volume gratings are generated with two interfering pump pulses
(Ap = 388 nm, ¢, > 200 fs) in lithium niobate crystals, and time-resolved
read out is performed using a probe pulse (A, = 776 nm, ¢, ~ 200 fs).
The diffraction efficiency shows mainly two features: A sharp peak with
a width of the order of the pump-probe-crosscorrelation, and a plateau
which is constant on the picosecond timescale. Matching the Bragg con-
dition for the 2K contribution to the grating allows to separate different
transient effects. With further experiments, it is possible to extract in-
formation about the build up of photorefractive gratings and to learn
about the dynamics of charge separation on the femtosecond time scale.

* Financial support by the DFG (award BU 913 / 13) and the Deutsche
Telekom AG is gratefully acknowledged.
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Suppression of optical damage in lithium niobate crystalsby
thermo-electic oxidization®* — eMATTHIAS FALK, THEO WOIKE,
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Lithium niobate crystals are a promising material for nonlinear op-
tics. For applications, e.g. frequency mixing, undesired refractive index
changes caused by intense light are a serious problem (”optical damage”).
This effect originates from a light-induced redistribution of electrons be-
tween defect centers, a build-up of space-charge electrical fields, and fi-
nally the electro-optic effect. A method to suppress the optical damage
is to remove all electrons, that occupy impurity sites and crystal de-
fects, i.e. a perfect oxidization of the crystal is needed. We discovered a
thermo-electric treatment, that provides an extremely strong oxidization
of the crystals. Quantitative measurements of the optical damage are
performed. Thermo-electrically oxidized crystals are much more robust
than untreated crystals.

*Financial support of the DFG (FOR 557) and the Deutsche Telekom
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