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SESSION H1: Multiferroics
Chairs: Chang-Beom Eom and Karin Rabe
Monday Morning, November 29, 2004
Grand Ballroom (Sheraton)

8:15 AM *H1.1

Computational Design of Multifunctional Oxides.

Nicola A. Spaldin, Pio Baettig and Claude Ederer; Materials
Department, University of California, Santa Barbara, California.

In this talk we show how modern theoretical and computational
methods can be used to design technologically relevant oxides with
dual- or multi-functionality. We choose multiferroic magnetoelectrics
as an example; these are materials that are both ferromagnetic and
ferroelectric in the same phase, and therefore have a spontaneous
magnetization which can be switched by an applied magnetic field, a
spontaneous polarization which can be switched by an applied electric
field, and often some coupling between the two. Very few exist in
nature, or have been synthesized in the laboratory, so we begin by
determining the reason for the scarcity of ferromagnetic ferroelectric
coexistence. Then we identify the chemistry behind the additional
electronic or structural driving forces that must be present for
ferromagnetism and ferroelectricity to occur simultaneously. Finally
we describe the successful prediction and subsequent synthesis of new
multiferroics and discuss the limitations that fundamental physics
imposes on their potential applications.

8:45 AM *H1.2
Nonlinear Optical Probing of Ferroic and Multiferroic
Complex Oxide Thin Films. Venkatraman Gopalan®, Alok

Sharan®, Aravind Vasudevarao®, Yulan Li', Long-qing Chen®’, Darrell
Schlom?, J. Schubert® K. J. Choi?, Chang-Beom Eom?, R. Uecker*
and P. Reiche*; 'Materials Science and En%ineering7 Penn State
University, University Park, Pennsylvania; “Department of Materials
Science and Engineering, University of Wisconsin-Madison, Madison,
Wisconsin; ®Institut fur Schichten und Grenzflachen ISG1-IT,
Forschungszentrum Julich GmbH, Julich, Germany; *Institute of
Crystal Growth, Berlin, Germany.

Ferroic and multiferroic materials have a rich array of cross-coupled
phenomena ranging from ferroelectricity, ferromagnetism,
ferroelasticity, piezoelectricity, pyroelectricity, magnetoelectricity,
plezomagnetism, electro-optic, magneto-optic, elasto-optic and
nonlinear optical effects. In thin film form, complex domain
microstructures, their dynamics, and phase transitions can be a
challenge to study, particularly when direct electrical measurements
are not feasible due to dielectric losses, and structural distinctions
between domain variants is too small to detect through conventional
means. This talk presents nonlinear optical probing, particularly
through second harmonic generation, as a powerful quantitative means
of probing complex domain dynamics in real time under external
influences such as electric fields and temperature. Specific example
systems of epitaxially strained ferrelectric systems of BaTiO3 and
SrT103 with giant ferroelectric enhancement, and ferroelectricity in
multiferroic system of BiMnO3 will be discussed. Large enhancements
in higher order nonlinear optical effects such as nonlinear absorption
and nonlinear refraction in Bi-based ferroics will also be presented.

9:15 AM H1.3

Large Second Harmonic Generation (SHG) in GaFeO; pulsed
laser deposited thin films on YSZ buffered silicon.

Darshan C. Kundaliya', S. B. Ogale', S. E. Lofland?, Keith
McDonald?, Ernst Knoesel?, S, R. Shinde® and T. Venkatesan?;

! Center for Superconductivity Research, Department of Physics,
University of Maryland, College Park, Maryland; ?Department of
Chemistry and Physics, Rowan University, Glassboro, New Jersey.

Gallium Iron Oxide (GaFeOs) is a compound which exhibits
ferromagnetic and piezoelectric properties simultaneously. This kind
of non-centrosymmetric polar ferromagnet also produces giant
magneto-optical kerr effect (MOKE) as reported recently in a single
crystal [1]. We report the epitaxial growth of GaFeOs thin films on
silicon with a Y-ZrO, (YSZ) buffer layer and without chemical
removal of the surface oxygen on silicon. The X-ray diffraction pattern
shows c-axis orientation of YSZ and b-axis orientation of GaFeO3 on
Si (100) substrate. Ferromagnetic transition temperature (T'¢ 220 K)
is in good agreement with the bulk data. We performed the analyzer
angle dependence of second harmonic light at room temperature
(above T¢) and at 150K (below T¢) to explore the nonlinear Kerr
rotation. The nonlinear kerr rotation angle (¢) is large ( 17 degree)
below Te. Above T, the second harmonic light is completely p-
polarized from vanishing magnetic component. Work supported under
DARPA (# N000140210962) and NSF-MRSEC (# DMR-00-80008)
[1]Y. Ogawa, Y. Kaneko, J.P. He, Z.Z. Yu, T. Arima and Y. Tokura,
PRL 92, 047401 (2004)

9:30 AM H1.4
Multiferroic BiFeQ3; Thin Films. Junling Wang', Haimei Zheng?,

Manfred Wuttig!, Jiefang Li?, Feiming Bai?, Dwight Viehland® and
R. Ramesh®; 'Department of Materials Science and Engineering,
University of Maryland, College Park, Maryland; ?Department of
Materials Science and Engineering, Virginia Tech, Blacksburg,
Virginia; *Department of Materials Science and Engineering,
University of California, Berkeley, California.

Multiferroic materials have attracted many research activities recently.
Among all the choices, BiFeO3 is of particular interests because of its
simple structure and the coexistence of ferroelectric (T 1100K) and
antiferromagnetic (T 640K) orders at room temperature. Properties
of BiFeO3 have been puzzling. (1) Reported polarization value (<
10uC/em?) is very small for a ferroelectric material with such a high
Curie temperature. (2) Its G-type antiferromagnetic spin
configuration is subjected to a spiral modulation. We have
successfully deposited highly resistive BiFeO3 thin films using pulsed
laser deposition. (001), (110) and (111) cut SrTiOs substrates were
used to control the film orientation. Much larger polarizations were
observed for all three orientations ( 55 uC/cm? for (001) films, 80
uC/cm? for (101) films, and 100 pC/cm? for (111) films). We will
also report our results on the dielectric and piezoelectric responses
along the different crystallographic directions, as well as the field and
temperature dependence magnetic property characterized by SQUID.
This work is supported by the Office of Naval Research (grant #s,
MURI N000140110761, N000140210340, N000140210126) and the
National Science Foundation (grant #s MRSEC DMR-00-80008).

10:15 AM H1.5
Giant Ferroelectric Polarization in Multiferroic BiFeOs; Thin
Films. Kwi-Young Yun'!, Dan Ricinschi', Minoru Noda', Saburo

Nasu? and Masanori Okuyama'; !Department of Systems Innovation,
Osaka University, Osaka, Japan; “Department of Physical Science,
Osaka University, Osaka, Japan.

Bismuth ferrite (BiFeOs, BFO) has attracted considerable interest
recently due to its giant ferroelectric polarization (GFP) and
multiferroic properties (simultaneously exhibiting ferroelectric and
magnetic ordering). Prepared in thin film form, it has shown a much
larger remanent polarization than that in bulk. This was attributed to
the high sensitivity of polarization to small changes of the crystalline
structure and lattice parameters of the film heteroepitaxially
constrained to the single crystal substrate. The 300nm-thick BFO thin
films have been deposited on Pt/TiO5/Si03/Si substrates by PLD.
The oxygen pressure was 0.05 Torr and the deposition temperature
was fixed at 450°C. Pt top electrodes with 240 um diameter have
been formed by rf-sputtering. The room-temperature (RT) X-ray
diffraction measurement indicates that the BFO thin films grown on
Pt/TiO2/Si02/Si substrate consist of polycrystalline perovskite of
single-phase with the lattice parameters of a = 0.393 and ¢ = 0.400
nm. Ferroelectric polarization vs. electric field (P — E) hysteresis loop
of BFO thin film was measured in 1 kHz triangular waveform at
various temperatures of 90 K to RT. The remanent polarization (P,)
at RT is 102 uC/cm?, which is considerably higher than previously
reported for BFO. Moreover, decreasing the temperature down to 90
K allowed us to obtain GFP such as P, of 146 uC/cm? and a
saturation polarization (P,) of 158 uC/cm? with a coercive field of
120 kV/cm at 20 V maximum applied voltage. These values are the
highest in ferroelectric materials ever-measured so far. We obtained
good reproducibility of these values of polarization when changing the
measured capacitor. The hysteresis loops at 90 K have a saturated
rectangular shape and do not show evidence of large leakage current
when measured at 1 kHz frequency. The memorized polarization
during a standard retention measurement of our BFO thin films has
been well maintained. In addition, the BFO thin films have shown
good multiferroic properties. The magnetization-magnetic field

(M — H) loops of the films measured at RT show a well-saturated
weak ferromagnetic hysteresis characteristic with saturation
magnetization M, of 40 emu/cm?® for a maximum magnetic field of 10
kOe. The piezoelectric hysteresis loop of the films measured by AFM
also show a piezoelectricity of 66 pm/V, which is comparable to the
value obtained from epitaxial BFO thin films on STO single crystal
substrate.

10:30 AM H1.6

Systematic investigation of multiferroic properties in the
Bi(Fe,Sc)O; system using thin film composition spreads.
Makoto Murakami®!, Maria A. Aronova', Toyohiro Chikyow?, Susan
Trolier-McKinstry®, $. E. Lofland*, K. McDonald*, E. Knoesel* and
Ichiro Takeuchi'; 'Materials Science & Engineering, University of
Maryland, College Park, Maryland; ?NIMS, Tsukuba, Ibaraki, Japan;
3Ceramic Science and Engineering, The Pennsylvania State
University, University Park, Pennsylvania; *Physics and Astronomy,
Rowan University, Glassboro, New Jersey.
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BiFeO3 (BFO) is known to be a multiferroic material where
ferroelectric and ferromagnetic properties coexist. We are
systematically exploring properties of solid solutions where the B-site
of BFO is continuously substituted. In particular, we have fabricated
BFO - BiScOs (BSO) composition spreads in order to investigate
their properties as a function of continuously changing composition.
The composition spreads were fabricated using our combinatorial
pulsed-laser deposition technique. We have found that BFO can be
grown epitaxially on SrTiOs (001) (STO) and on epitaxial StRuQOs
(SRO) on STO (001) [SRO/STO] which is used as a bottom electrode
for capacitance measurements. In comparison, BSO does not grow on
STO (001) directly, but it grows on BFO buffered STO (001). Thus,
in order to obtain epitaxial BFO - BSO composition-spread thin films,
BFO buffer layer is necessary. Crystal structure of the composition
spread thin films was characterized by micro x-ray diffraction. The
lattice constant was found to increase as one approach the pure BFO
end of the spread. We observed a sudden change in the lattice
constant at the BSO composition of 40-60% characteristic of a
structural phase transition. Dielectric constant and loss tangent delta
were found to continuously increase as the BFO concentration was
increased. Second harmonic generation (SHG) was used to investigate
the ferroic properties of the spread. The largest SHG was observed at
pure BFO and decreased continuously with the addition of BSO, for
both the S and P polarizations, suggesting that the ferroic properties
degrade with BSO, in agreement with the dielectric measurements.

10:45 AM H1.7

Artificial Magnetoelectric Multiferroic Superstructures.
Arjen Molag, Guus Rijnders and Dave H. A. Blank; Fac. of Science &
Technology and MESA+ Institute for Nanotechnology, University of
Twente, Enschede, Netherlands.

Multiferroic materials exhibit two or more of ferroelectricity,
ferromagnetism and ferroelasticity. Materials that exhibit both
ferroeleasticity and ferroelectricty or ferromagnetism are relatively
well known. However, only a limited number of materials are both
ferroelectric and ferromagnetic. These magnetoelectric multiferroic
materials are both of theoretical interest, in elucidating just why they
are so scarce, and of practical interest, in for example the application
in memory devices or actuators/transducers. The synthesis of
magnetoelectric multiferroics, such as BIMnO3 and YMnO3, is
complicated, especially in thin film form. Artificial heterostructures,
such as alternating layers of ferromagnetic and ferroelectric materials,
are useful to understand the nature of the interactions between them.
In our study, we constructed artificial heterostructures of the
ferromagnetic SrRuO3 and the ferroelectric SrTi03 with individual
layer thicknesses ranging from 1 to 10 unit-cell layers. We present
structural, electrical and magnetic measurements of this model system
for an artificial multiferroic compound.

11:00 AM *H1.8

Multifunctional Complex Oxide Heterostructures. R. Ramesh,
Department of Materials Science & Engineering and Department of
Physics, University of California-Berkeley, Berkeley, California.

In this talk, I would like to describe to you some of the recent
developments in the field of complex oxide materials. These materials,
such as perovskites, exhibit a rich spectrum of functional responses,
including magnetism, ferroelectricity, highly correlated electron
behavior, superconductivity, etc. The functional responses can
typically be described (in thermodynamics terms ) through the
conjugate pair ( strain and stress ; polarization and electric field,
magnetization and magnetic field). There exists a small set of
materials which exhibit multiple order parameters; these are known as
multiferroics. Using our work in the field of ferroelectrics and
ferromagnetics as the background, we are now exploring such
materials, as epitaxial thin films as well as nanocomposites.
Specifically, we are studying the role of thin film growth,
heteroepitaxy and processing on the magnitude of the coupling
between the order parameters. A very exciting new development has
been the discovery of the formation of spontaneously assembled
nanostructures consisting of a ferromagnetic phase embedded in a
ferroelectric matrix that exhibit very strong coupling between the two
order parameters. This involves 3-dimensional heteroepitaxy between
the substrate, the matrix perovskite phase and spinel phase that is
embedded as single crystalline pillars in this matrix. This epitaxial
coupling is critical and is responsible for the significantly higher
magnetoelectric coupling and magnetic anisotropy in such vertical
heterostructures compared to a conventional heterostructure. This
work is supported by the UMD-MRSEC and by the ONR under a
MURI program.

11:30 AM H1.9

Multiferroic Perovskite-Spinel Oxide Nanostructures.

Haimei Zheng', Junling Wang', F. Zavaliche®, L.
Mohaddes-Ardabili’, D. G. Schlom? and R. Ramesh®; *Department of
Materials Science and Engineering, University of Maryland, College

Park, College Park, Maryland; ?Department of Materials Science and
Engineering, Pennsylvania State University, University Park,

Pennsylvania; ®Department of Materials Science and Engineering and
Department of Physics, University of California, Berkeley, California.

Ferroelectric/ferrimagnetic pervoskite-spinel oxide nanostructures
have been synthesized by pulsed laser deposition. Spinel phase i.e.
CoFe204, or NiFe204 and perovskite phase i.e. BaTiO3, BiFeO3
spontaneously separated during heteroepitaxial growth on single
crystal SrTiO3 (001) substrates with or without bottom SrRuO3
electrodes. The ferrimagnetic phase forms nano-pillar arrays
embedded in a ferroelectric matrix. The growth of the nanostructures
is a process directed by both thermodynamic equilibrium and kinetic
diffusion. Magnetic measurements exhibit that all the films have a
large uniaxial magnetic anisotropy with an easy axis normal to the
film plane. It is calculated that stress anisotropy is the main
contribution to the anisotropy field. We measured the ferroelectric
and piezoelectric properties of the films, which correspond to the
perovsike phase. The coupling between the two order parameters of
polarization and magnetization was illustrated in the
BaTi03-CoFe204 system by a change in magnetization at the
ferroelectric Curie temperature. This work is supported by the
NSF-MRSEC under contract No. DMR-00-80008.

SESSION H2: Strain Engineering of Ferroics
Chairs: Long-Qing Chen and R. Ramesh
Monday Afternoon, November 29, 2004

Grand Ballroom (Sheraton)

1:30 PM *H2.1

Microscopic and ” Macroscopic” First-Principles Modeling of

Functional Oxide Thin Films and Superlattices. Karin M. Rabe,
Physics and Astronomy, Rutgers University, Piscataway, New Jersey.

With continuing advances in computational algorithms and hardware,
it is now possible to carry out first-principles
density-functional-theory calculations of the structure and electrical
and magnetic properties of structurally and chemically complex
systems, including superlattices and thin films of perovskite oxides.
Despite some limitations in the types of systems that can be studied
and in the accuracy in the prediction of certain quantities, an active
theoretical-experimental dialogue is underway. Modeling based on the
first-principles results has emerged as the key to making the bridge
between theory and experiment. Our first-principles models include
both ”macroscopic” and microscopic atomic-scale effects. The former
involve coupling of the film and substrate (or layers in a superlattice)
through macroscopic electric fields and epitaxial strain, with the
effects of applied fields and stresses being taken to be those of the
bulk, computed from first principles. Strain enhancement of the
spontaneous polarization, epitaxial stabilization of non-bulk phases,
thickness dependence of the ferroelectric instability via incomplete
compensation of the depolarization field, formation of dipolar layers
by charge transfer, band bending, and ferroelectric field effects on the
conductivity and optical properties of the substrate can all be
described, at least semi-quantitatively, in this framework. For a fuller
understanding, especially for systems with unlike constituents, it is
important also to characterize the microscopic atomic-scale effects at
the interface and surfaces: surface and interface reconstructions,
changes in stoichiometry, and the crystal and electronic structures of
buffer layers introduced to facilitate epitaxy. These modifications at
the interface can give rise to properties completely distinct from those
of the constituents, and offer rich opportunities for multifunctional
materials design. Illustrations drawn from recent first-principles work
at Rutgers on BaTiOs and PbTiOs ultrathin films on SrTiOs,
BiFeO3 thin films, layered perovskites, BaTiO3/SrTiO3 superlattices
and other prototypical systems, and connections to relevant
experimental studies, will be presented.

2:00 PM H2.2
Structure of SrTiO; Films on DyScO; (110) Substrates.
D. D. Fong', M. D. Biegalski®, M. A. Zurbuchen', J. A. Eastman®, P.

H. Fuoss®, 8. K. Streiffer!, . Trolier-McKinstry?, D. G. Schlom?, R.
Uecker® and P. Reiche®; *Materials Science Division, Argonne
National Laboratory, Argonne, Illinois; ?Materials Research Institute,
Pennsylvania State University, University Park, Pennsylvania;
3Institute of Crystal Growth, Berlin, Germany.

Due to the structural nature of the ferroelectric instability, the
ferroelectric transition is highly sensitive to the mechanical boundary
conditions placed on a material. By tuning the amount of misfit strain
in epitaxial thin films, it is possible to elevate the transition
temperature hundreds of degrees above its unstrained value [1, 2], or
even to induce a ferroelectric transition in what is normally a
non-ferroelectric material, as recently demonstrated for the case of
SrTiO; films grown on DyScOs substrates [3]. In this study, we use in
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situ synchrotron x-ray scattering at the Advanced Photon Source to
characterize the strain state of SrTiO3 epitaxial films grown on
DyScOs (110) substrates by MBE, as a function of film thickness at
various temperatures and oxygen partial pressures. The films range
from 5 to 100 nm in thickness. We find that the critical thickness lies
between 25 and 50 nm, in agreement with RHEED performed in situ
during MBE growth. Films both below and above the critical
thickness display extremely high structural quality, with rocking curve
widths less than 20 arcseconds in all cases, the best ever reported for
perovskite films. Interestingly, films above the critical thickness show
only small amounts of strain relaxation, even after high temperature
annealing. These results will be discussed in the context of models for
strain relaxation in epitaxial films and in the light of previous work on
dislocations formed in SrTiOs. We will discuss the implications of
these results on optimizing the material properties of SrTiOs by
strain variation. 1. S. K. Streiffer et al., Observation of Nanoscale
180° Stripe Domains in Ferroelectric PbTiO3 Thin Films Phys. Rev.
Lett. 89, 067601 (2002). 2. D. D. Fong et al., Ferroelectricity in
Ultrathin Perovskite Films Science 304, 1650 (2004). 3. J. H. Haeni et
al., Room-Temperature Ferroelectricity in Strained SrTiOs (to be
published in Nature).

2:15 PM H2.3

Giant Enhancement of Ferroelectricity in Strained BaTiO3
Thin Films. K. J. Choi', C. B. Eom’, M. Biegalski®, Y. L. Li%, A.
Sharan?, Long-qing Chen?, V. Gopalan® and D. G. Schlom?;
"Materials Science and Enigneering, University of Wisconsin-Madison,
Madison, Wisconsin; “Materials Science and Engineering,
Pennsylvania State University, University Park, Pennsylvania.

Epitaxial ferroelectric thin films have different properties from the
bulk single crystals due to epitaxial and thermal strain and substrate
constraints and it offers opportunity to modify the various
ferroelectric properties. We deposited fully commensurate BaTiO3 (a
= 3.992 A) ferroelectric thin films on novel substrates including (110)
DyScO3 (a = 3.944 A) and (110) GdScO3 (a = 3.97 A) by pulsed
laser deposition (PLD) and molecular beam epitaxy (MBE) and
observed ferroelectric transition using temperature dependent (room
temperature to 900 oC) four-circle x-ray diffraction and second
harmonic generation measurements. Biaxial compressive strain
dramatically enhanced the ferroelectric properties-both the
ferroelectric transition temperature (Tc) and remnent polarization
(Pr)-of BaTiO3 thin films. This strain, imposed by commensurate
epitaxy, can result in a Tc nearly 500 K higher and a Pr at least 250%
higher than BaTiO3 single crystals. This is the largest increase in Tc
ever reported for a ferroelectric. These giant property enhancements
are consistent with thermodynamic predictions. This work
demonstrates a route to a lead-free ferroelectric with the high Tc and
high Pr needed for ferroelectric memories, and also a general means
for achieving extraordinary physical properties in thin films through
strain engineering.

2:30 PM H2.4

Non-Linear Optical Probing of Enhanced Ferroelectricity in
Strained SrTiO;s; and BaTiO; Epitaxial Films. Alok Sharan®,
Aravind Vasudeva Rao', Mike Biegalski®, Yulan L. Li?, Long Qing
Chen?, Darrell G. Schlom''?, Venkatraman Gopalan®'?, Kyoung Jin
Choi® and Chang Beom Eom®; 'Materials Research Institute, The
Pennsylvania State University, University Park, Pennsylvania;
?Department of Materials Science and Engineering, The Pennsylvania
State University, University Park, Pennsylvania; *Department of
Materials Science and Engineering, University of Wisconsin-Madison,
Madison, Wisconsin.

Second Harmonic Generation is used for in — situ probing of
ferroelectric domain reversal and phase transitions in strained SrTiOs
and BaTiOj3 thin films on unique scandate substrates. Recently we
have grown commensurately strained structures of epitaxial SrTiOs
and BaTiOs thin films using unique scandate substrates, such as
GdScOs and DyScOs. Enormous compressive strains (up to 1.5%)
have be imparted to thin films to shift the Curie temperature, T, by
hundreds of degrees. This can produce room-temperature
ferroelectricity in strontium titanate, a material that normally is not
ferroelectric at any temperature. In BaTiOg3, the T, is shifted from
120C for bulk crystals to 650C for thin films on DyScOgs. This talk
will present real-time second harmonic generation experiments and
modeling to probe these dramatic changes the Curie temperature, and
to probe the real-time dynamics of domain reversal under external
fields in these strained films beyond their normal Curie temperatures
where domains are not expected at all.

2:45 PM H2.5

Effect of Strain and Heterointerfaces on Polarization
Enhancement in Atomic-Scale Three-Component Perovskite
Superlattices. Ho Nyung Lee, Matthew F. Chisholm, Hans M.
Christen, Christopher M. Rouleau and Douglas H. Lowndes;
Condensed Matter Sciences Division, Oak Ridge National Laboratory,

Oak Ridge, Tennessee.

Epitaxial perovskite superlattices provide an effective platform to
combine, modify, and improve the physical properties of complex
materials. In particular, theoretical considerations indicate that
significant strain-enhancement of the ferroelectric polarization is to be
expected under the appropriate circumstances. While pulsed laser
deposition (PLD) has previously been shown to yield perovskites with
excellent physical properties without the requirement for
post-treatment, there has been only limited success in applying PLD
to the formation of superlattices in which each constituent layer is
controlled with atomic precision. The challenge lies both in producing
lattice-matched conducting electrodes with sufficient quality and in
appropriately choosing the deposition parameters. To this end, we
have established a PLD synthesis regime to produce atomically-flat
SrRuQ; bottom electrodes on single-stepped (001) SrTiOs single
crystals, onto which nearly perfect heterostructures can be grown.
Perovskite-type oxide heterostructures with atomically-flat interfaces,
and single unit-cell steps on the surface, have been grown on such
substrates by PLD at 700 °C in 10 mTorr O5. The heterostructures
were atomic-scale asymmetric three-component superlattices (TCSs)
comprised of BaTiOs, SrTiOs, and CaTiOgs layers. Well-pronounced,
regular oscillations of the reflection-high energy electron diffraction
(RHEED) specular spot were recorded over the entire growth of TCS
structures, even for those having total thicknesses in excess of 1000
nm (2500 individually controlled layers)! For those structures having
an in-plane lattice constant equal to that of the substrate we recorded
increased ferroelectric polarization — one TCS, for example, having a
BaTiO3 layer fraction as little as 50%, had 2P, & 33 uC/cm?, an
increase of almost 50% as compared to a BaTiOs single film! Most
strikingly, however, was the effect of heterointerfacial strain on
polarization enhancement. This type of enhancement was present only
if the in-plane lattice parameter of the TCS was locked to that of the
substrate, thereby yielding a stronger tetragonal distortion of
BaTiOgs. This was seen to occur only if the BaTiO3 thickness did not
exceed the combined value for the SrTiOs and CaTiOs layers.
Furthermore, we found strong evidence of compositionally-broken
inversion symmetry within the TCSs as evidenced by a distinct
asymmetry in the measured ferroelectric hysteresis curves. In addition
to presenting the synthesis and structure-property relationship of such
atomic-scale three-component perovskite superlattices, we will thus
also discuss potential enhancements to the ferroelectric polarization
due to the local asymmetry. Research sponsored by the U.S.
Department of Energy under contract DE-AC05-000R22725 with the
Oak Ridge National Laboratory, managed by UT-Battelle, LLC, as
part of a BES NSET initiative.

3:30 PM H2.6

Contribution of Strain Gradients to the Size Effect in
Ferroelectric Thin Films. Gustau Catalan', Marty Gregg® and
Lesley Sinnamon?; 'Materials Science Center, University of
Groningen, Groningen, Netherlands; ?Department of Pure and
Applied Physics, Queen’s University of Belfast, Belfast, Northern
Ireland, United Kingdom.

We have identified strain gradients as one of the key contributing
factors to the so-called size effect (the decrease of permittivity of
ferroelectric thin films relative to bulk). Strain gradients may couple
to ferroelectric polarisation through the flexoelectric effect. By
including flexoelectricity in the phenomenological
Landau-Ginzburg-Devonshire description of the ferroelectric
transition, it is shown that strain gradients have the effect of
suppressing the dielectric singularity at the Curie temperature,
thereby reducing the dielectric constant. This reduction is shown to
be more pronounced for the thinner films, and, importantly, it is
independent of the sign of the strain or the strain gradient, consistent
with universally observed features of the size effect. Other
consequences of the flexoelectric contribution, such as the changes on
the polarisation, or the splitting of the Curie temperature into three
significant transition temperatures, will also be discussed, and
contrasted with the predictions from the homogeneous-strain case.

3:45 PM H2.7

Strain-Mediated Enhancement of Polarization in an Epitaxial
PZT: LSMO Heterostructure at the Paramagnet-Ferromagnet
Transition. Tom Wu, M. Zurbuchen, S. Saha, J. F. Mitchell and S.
K. Streiffer; Materials Science Department, Argonne National
Laboratory, Argonne, Illinois.

Materials with complimentary coupling between the electric, magnetic
and structural order parameters are of fundamental and technological
importance. Such a magnetoelectric (ME) effect has been realized in
both single-phase materials such as YMnO3 and composites of bonded
thick piezoelectric/ferromagnetic layers. Attempts to harness this
effect in epitaxial heterostructures grown on substrates such as
SrTi1035 show little effect because of the clamping effect of the
substrate. Here, we report a unique heterostructure composed of a
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tetragonal composition lead zirconate titanate (PZT) layer epitaxially
deposited on a layered manganite single crystal of composition
Laj.2Sr1.sMn2O7. We find a strong strain-mediated coupling between
the ferromagnet and the ferroelectric due to the epitaxial nature of
the interface and the bulk mechanical distortions of the single-crystal
substrate. The manganite crystal has been shown by neutron
diffraction to exhibit a strong, anisotropic lattice anomaly at T,
with an expansion of the in-plane axis Aafa = 0.1%. This tensile
strain induces an approximate 20% enhancement of the out-of-plane
polarization of the PZT layer as temperature is reduced across T .
We will discuss results on various combinations of ferroelectric and
ferromagnetic materials that vary the sign of the coupling across Tc.
The known magnetic field dependence of the lattice anomaly in the
manganite system suggests that a large magneto-electric effect should
be possible in these structures.

4:00 PM H2.8

Tunable anisotropic in-plane strain relaxation in

Lay;3Ca; /3 MnO3 epitaxial thin films. Ingrid C. Infante, Florencio
Sanchez and Josep Fontcuberta; Institut de Ciencia de Materials -
CSIC, Bellaterra, Spain.

Magnetotransport properties of epitaxial thin films of manganites are
known to depend sensitively on substrate induced strains. Indeed, it
has been claimed that stress-induced structural elastic deformations
are at the origin of the commonly observed depression of the Curie
temperature of Lay,3Ca;,3MnO3 (LCMO) nanometric films when
grown, fully strained, on (001)-oriented SrTiOs (STO) substrates. For
many applications, knowledge and control of the in-plane magnetic
anisotropy would be highly desirable as it may allow, for instance,
coherent magnetic switching. However, in-plane magnetic anisotropy
of (001)-LCMO films is moderate and improvements and alternatives
would be required for some applications. In this paper we shall report
on the growth and characterization of (110)-LCMO on (110)-STO
substrates. Epitaxial films with thicknesses (t) varying from 10 to
110nm were grown by rf magnetron sputtering and structural,
morphological and magnetic properties were exhaustively investigated.
For comparison purposes, (001)-LCMO films were grown
simultaneously on (001)-STO substrates. The magnetic
chararacterization revealed that films on (110)-STO substrates have
-indefectively- a higher Curie temperature and larger saturation
magnetization than (001) films. X-ray reciprocal space mapping was
done to accurately evaluate in-plane and out-of-plane lattice
parameters as a function of film thickness. It turned out that (110)
films relaxed faster that (001) films. More remarkably, we found that
in (110) films, there is a huge in-plane anisotropic strain and
anisotropic strain relaxation that reduces as film thickness increases.
It is found that films are strained along the [001] direction but
gradually more relaxed along [1-10]. Observation of in-plane
anisotropic strain relaxation is not without surprise, and it shall
enlighten the mechanisms of epitaxy formation in complex oxides.
Accompanying the anisotropic strain, the (110) films display
prominent in-plane magnetic anisotropic properties: the magnetic
hard axis is always aligned along the more relaxed ([1-10]) direction,
whereas the more strained direction ([001]) remains the easy
magnetization axis. We will discuss on the origin of structural
anisotropic relaxation in this system and its impact on the properties
of the films. The observation that the in-plane magnetic anisotropy is
controlled by the anisotropic film strain, which itself can be modified
by the film thickness, clearly indicates the magnetoelastic origin of
the anisotropy in (110) films. This contrasts with the
magnetocrystalline dominated anisotropy in (001) films. Perspectives
for exploiting the tunable in-plane anisotropy and extension of these
findings to other functional oxidic materials will be also addresses.

4:15 PM H2.9

Investigation on Room Temperature Operation of Resistive
Bolometer with Strain Induced Thin Film of
La0.8Ba0.2MnO0O3. Hideaki Touyama, Hidekazu Tanaka and Tomoji
Kawai; The Institute of Scientific and Industrial Research, Osaka
University, Ibaraki, Osaka, Japan.

The strain induced perovskite-type manganese oxide of
La0.8Ba0.2Mn0O3 (LBMO) thin film deposited on SrTiO3(001)
substrate is studied from the view point of application for uncooled
resistive bolometer. We previously found that the tensile strain can
increase Curie temperature up to 320K with film thickness of around
20nm [1], and we can tune the metal-insulator transition temperature,
where temperature coefficient of resistivity (TCR) become large,
around room temperature. The thin film was grown by pulsed laser
deposition technique at the substrate temperature of 730C in oxygen
atmosphere of 0.1 Pa, followed by post-annealing at 850C for 7 hours
in oxygen flowing. The maximum value of temperature coefficient of
resistivity of epitaxial film can be more than 4 % - 6 %/K at room
temperature (300K) with relatively low resistivity of 0.005 Ohm*cm.
The minimal sensor structure was constructed and the fundamental
sensor performance was investigated. Uncooled operation of the

bolometer was confirmed by irradiating IR from a heat source. The
achieved responsivity and response time can be around 0.7 V/W and
180 msec, respectively. At room temperature, it was shown that the
prosperous sensor could successfully detect the IR from human body.
We will also discuss the low frequency noise (1/f noise) which gives
influence on sensor performance. [1] T. Kanki et al. Phys. Rev. B64,
184404 (2001)

4:30 PM H2.10

Evidence for Strain Induced Phase Separation in Ultrathin
Lag. sMnO;_s Films. Michael A. DeLeonl, Trevor Tysonl,
Catherine Dubourdieu?, Joseph Dvorak® and Dario Arena®; * Applied
Physics, New Jersey Institute of Technology, Newark, New Jersey;
?Physics, CNRS, Grenoble, France; *NSLS, Brookhaven National
Labs, Upton, New York; *Physics, Rutgers University, New
Brunswick, New Jersey.

The magnetic and transport studies have been conducted on
Lag.sMnOs_; films of thickness varying from 60 to 1600A. While all
films show metal-like behavior in transport measurements, the
magnetic studies show a strong thickness variation- depending on the
length scale probed. Bulk magnetization measured with a SQUID
magnetization reveal that films with thickness 1600, 300 and 604
have magnetization ratios of 1:0.75:0.57. Measurement of the top 60 A
of the films measured by XMCD reveals that the ferromagnetic
components of the films are similar. Hence, the low total moment
found in the films by SQUID measurements suggest the existence of
another non-magnetic component in the thin films - which increases
with reduced film thickness. Structural measurements on multiple
length scales will be combined the transport and magnetic
measurements to ascertain the nature of the insulating phase and
determine the relative volume.

4:45 PM H2.11

Effect of Three Dimensional Strain States on Magnetoelectric
Properties of BiFeO3 Thin Films. Rasmi R. Das, Dong Min Kim
and Chang-Beom Eom; Department of Materials Science and
Engineering, University of Wisconsin-Madison, Madison, Wisconsin.

Multifunctional oxides have drawn considerably attention due to the
flexibility of using the same material for variety of functional devices.
The coupling of different order parameters and their control to design
a specific material system is crucial and need to be understood.
BiFeO3 has been reported to have both ferroelectric, with saturated
polarization of 6 uC/cm2, and weak magnetic behavior in the bulk
form. However, thin films (< 100 nm) of BiFeO3 showed an order of
magnitude higher value of remanent polarization ( 60 uC/cm2) and
saturated magnetization, which believed to be due to the substrate
induced strain states in the lattice. In order to understand the three
dimensional strain states, we have studied the thickness dependant
magnetoelectric properties of BiFeO3 thin films on various perovskite
substrates. Structural and microstructural characterization of the
films was carried out using x-ray diffraction and atomic force
microscopy. The electrical properties and magnetic properties of the
films were correlated to the thickness dependant strain states. The
detailed epitaxial film fabrication and magnetoelectric properties of
BiFeO3 will be presented with close correlation to the film thicknesses
and the three dimensional strain states.
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H3.1

Effect of BaTiO3 on Electrical and Structural Properties of
BiFeO3 Thin Films. Rajasekarakumar Vadapoo, Pijush
Bhattacharya and Ram S. Katiyar; Physics, University of Puerto
Rico, San Juan, Puerto Rico.

The multiferroic BiFeOs(BFO) perovskite exhibits both
ferroelectricity and magnetism. This unique property makes it
attractive for a variety of technological applications like tunable
sensors and memory devices. It is difficult to synthesize phase pure
BiFeOs by conventional calcinations process. It was reported that
calcinations using rapid thermal processing produced single phase
BFO. In this work, a series of calcination was carried out at different
temperatures from 800°C to 880°C in steps of 20°C for 8 minutes.
The XRD analysis showed that the formation of secondary phases is
highly dependent upon the processing parameters and almost phase
pure BFO formed at the calcination temperature of 860°C. It is well
known that BFO usually has high dc leakage current. To reduce the
leakage current, 0.7BiFeO3— 0.3BaTiO3 (BFO-BT) solid solutions
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were synthesized. The calcination temperatures were varied from
800°C to 920°C in steps of 20°C for 8 to 20 minutes. XRD analysis
confirmed that the phase pure material has synthesized at the
calcinations temperature of 900°C for 20 minutes. The sintered BFO
pellets have been used as a target for the preparation of thin films on
platinum coated silicon substrates using pulsed laser deposition at
various Oz pressures and substrate temperatures. The room
temperature dielectric constant and the loss tangent are 111.2 and
0.08 respectively at 100 kHz for the BFO thin films deposited on the
platinum coated silicon substrate with a thickness of 600 nm.
However, no saturated ferroelectric hysteresis was obtained in thin
films due to the high dc leakage current. The detailed electrical
characterization of these thin films and the effect of BT incorporation
in BFO will be presented in correlation with deposition parameters.

H3.2
Magneto-Electric Effect in Composites of Fel-xGax/Pb
(Zr1-xTix)03. Shuxiang Dong, Jiefang Li and Dwight Viehland;

Materials Science & Engineering, Virginia Tech, Blacksburg, Virginia.

Piezomagnetic /piezoelectric laminate composites of Gafenol
(Fel-xGax) and PZT (Pb(Zrl-xTix)O3) operating in a longitudinal
magnetized and longitudinal or transverse polarized (L-L or L-T)
modes have been experimentally investigated and modeled using an
equivalent circuit. Experimental results revealed that there is a large
magneto-electric effect in this laminate composite. Our composites are
meaningful as a magnetic field or current sensors, because of high
sensitivity and low-cost. Key words: piezoelectric, piezomagnetism,
Gafenol, magneto-electric, magnetic sensor

H3.3

Electromechanical Probing of BiFeOs; Films. Catalin

Harnagea, Cristian Victor Cojocaru and Alain Pignolet; University of
Quebec, INRS-EMT, Varennes, Quebec, Canada.

Bismuth ferrite BiFeOs (BFO) is a multiferroic material which has
recently attracted some attention due to its ferroelectric properties
which are very much enhanced in the thin film form. For example,
epitaxial films a few hundreds nm thick (therefore strained by the
substrate) exhibit a spontaneous polarization of the order of 100
#C/em?, more than one order of magnitude higher than that of BFO
bulk single crystal. This enhanced ferroelectricity, together with the
multiferroic character of BFO (it is also antiferromagnetic at room
temperature), have opened perspectives for novel applications. For
real device fabrication, however, a very good understanding of the
basic ferroelectric - electromechanical properties, as well as their
coupling with the magnetic order parameter is necessary. We have
used the well-known piezoresponse force microscopy technique to
study the domain structure and local switching in BFO films grown
by pulsed laser deposition. A distinct ferroelectric behavior was found
for films of different thickness, ranging from 500 nm down to 20 nm.
The interpretation of experimental data, however, is more difficult
than in traditional films with tetragonal symmetry (such as PZT and
BaTiOs). This is caused by the fact that, the crystal symmetry of
BiFeO3 is rhombohedral and therefore the piezoelectric response is
not related to the components of spontaneous polarization in a simple
way. Nevertheless, the magnitude of the piezoresponse is comparable
to that of PZT films, in agreement with macroscopic piezoelectric
measurements from literature.

H3.4

Engineering of Multiferroic PbTiO3-CoFe204 Nanostructure
in Constrained Films on SrTiO3 Substrate. Jianhua Li"?, R.
Ramesh®?!, Alexander L. Roytburd®?, Igor Levin?, Peter Schenck?
and Martin Green?; Materials Science and Engineering, University of
Maryland, College Park, College Park, Maryland; ?Ceramics Division,
National Institute of Standards and Technologies, Gaithersberg,
Maryland; *Materials Science and Engineering, University of
California, Berkeley, California.

Ferroelectrocmagnetic PbTi03-CoFe204 thin film nanostructures on
SrTi03 substrate has been developed by pulsed laser deposition. The
different composition and orientation of substrate are studied with
film thickness close to 350nm. X-ray and TEM studies show that the
films consist of CoFe204 nano-pillars embedded in the PbTiO3
matrix. There are epitaxial relation between the phases as well as
between each phase and the substrate. The diameter of the pillars
increases from 10nm at the composition 1/3CoFe204-2/3PbTiO3 till
50nm at the composition 2/3CoFe204-1/3PbTi03. For (100), (110),
and (111) film orientations, the pillars are normal to the substrates.
The nanostructures demonstrate rectangle shape of ferromagnetic and
ferroelectric hysterias loops. The magnetization and polarization are
decreased due to constraints between the two phases. Theory
estimation of these parameters is in good agreement with the
experiment. The possibilities to engineer the nanostructure with
optimum properties are discussed. This work is supported by the NSF
under contract No. DMR-00-80008 and NSF-MRSEC under contract

No. DMR-02-10512.

H3.5

Theory and Modeling of Multiferroic Heterostructures.
Julia Slutsker®, Alexander Roytburd® and Andrei Artemev®; 'NIST,
Gaithersburg, Maryland; ?Materials Science and Engineering,
University of Maryland, College Park, Maryland; *Mechanical and
Aerospace, Carleton University, Ottawa, Ontario, Canada.

We present thermodynamic theory and phase field modeling of the
formation and performance of heterostructures consisting of a
ferroelectric and ferroelastic films. The elastic interactions between
the phases dictate the domain architecture of the heterostructures and
control their response to electrical field. For ferroelectric-ferroelastic
multilayer it is shown that it is possible to obtain the giant converse
plezoresponce for single domain layers as well as for polydomain ones.
Phase-field modeling demonstate the piezoresponce of the
heterostructure which is in good agreement with an analytical
estimation.

H3.6

Self-organized growth of pyramidal nanoclusters in
ferrimagnetic CoCr,0,4(001) epitaxial thin films. Ulrike Luders,
Florencio Sanchez and Josep Fontcuberta; Institut de Ciencia de
Materials - CSIC, Bellaterra, Spain.

The extremely rich variety of functional properties of complex oxides,
and the excellent crystal matching they can present, allows the design
of a new electronics involving only oxides. Common device
architectures are based in epitaxial multilayers, in which the
properties of the films can depend greatly on the lattice strain, and
the complexity of the crystal structures favours the formation of
defects. Also, some devices require defining geometries at a level not
easily attainable with standard lithographic processes. For these
reasons, self-agsembly techniques are alternatives to be considered.
New behaviors can be obtained with these new technologies, as was
shown with the recent findings of Zheng et al. [1]. The authors
fabricated arrays of ferrimagnetic CoFe2O4 nanopillars embedded in a
ferroelectric BaTiOgs by a self-assembly technique, and observed a
remarkable coupling of magnetic and ferroelectric properties not
found in ordinary multilayer structures. In this presentation we shall
overview our recent research [2-4] on the heteroepitaxial growth of
nanometric pyramidal objects (quadratic or hut cluster type) of the
insulating ferrimagnetic spinel CoCrz04 (CCO) on MgAl,04(001).
The surfaces of the structures are {111} facets, which form an angle
>50 degrees with the (001) surface, so the pyramids can be considered
as true three-dimensional objects. Important characteristics, as the
size and the density of the structures, can be tuned by varying the
deposition time and/or growth temperature. It allows one to obtain
isolated {111} pyramids self-ordered in arrays along <110> directions
or fully {111} faceted surfaces. The size-distribution of the objects
can be controlled by varying the fabrication conditions: the observed
bimodal distribution obtained at low temperatures transforms into a
single modal one in films grown at high temperature. Moreover, the
equilibrium shape of CCO islands is pyramidal for any object size,
which is a key feature for the controlled fabrication of nanoobjects.
The driving forces for the observed {111} faceted objects and
surfaces, and bimodal size distributions are discussed. We discuss on
the (dis)similarities of the growth of the spinel CCO structures with
that of the widely studied of SiGe semiconductor dots. These findings
illustrate that the growth of complex oxides can promote a variety of
novel self-organized morphologies, and suggest original strategies to
fabricate templates or hybrid structures of oxides combining different
functionalities. References [1] Zheng et al., Science 303, 601 (2004).
[2] Luders et al., Appl. Phys. A 79, 93 (2004). [3] Luders et al., Phys.
Rev. B 69 (24), in press. [4] Luders et al., submitted

H3.7

Large Nonlinear Optical responses in Bismuth-based
Perovskite Oxides. Alok Sharan, Yunfa Jia, James Lettieri, Darrell
G. Schlom and Venkatraman Gopalan; Materials Research Institute,
The Pennsylvania State University, University Park, Pennsylvania.

We have discovered unusually large nonlinear optical responses in a
number of Bismuth perovskite oxides: Bismuth Manganite, Bismuth
Titanate and Strontium Bismuth Niobate. For example, BiMnO 3
exhibits a large third order nonlinear optical response (with nonlinear
absorption coefficient oy -0.08 cm/kW and nonlinear refractive
index n; -0.53 x 1077 em?/W. A second harmonic generation
coefficient deyy 193pm/V is also measured. These large nonlinear
optical responses open up possibilities for all-optical modulation
devices Using femtosecond and nanosecond laser pulses, we present
detailed studies of spectral and temporal response of these
nonlinearities, using four-wave mixing, and z-scan studies. We also
report the results of optical SHG near band edge, coupled with the
dielectric studies to probe the origin of the giant enhancement of SHG
signals in this material. BIMnO3 is also a multiferroic, possessing
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both ferroelectricity and ferromagnetism. We will also present
in — situ nonlinear optical studies of domain dynamics in
ferroelectrics under external fields.

H3.8

Investigations on Sol-Gel Derived Multiferroic Lead Iron
Niobate Thin Films. Rajasekarakumar Vadapoo®,

Sudipta Bhattacharyya', Subhashish Basu Majumder®, Ram S.

Katiyar!, Prasanta Dutta®, Mohindar S. Seehra® and Ayyakkannu
Mani Manivannan?; 'Physics, University of Puerto Rico, San Juan,
Puerto Rico; “Physics, West Virginia University, Morgantown,
Virginia.

Multiferroic ceramics have been attracting considerable attention in
the recent times owing to their interesting ferroelectric and magnetic
properties in a common material platform. There have been
significant achievements in the synthesis and understanding of
byfunctional behavior in phase pure ferroelectromagnets with
potential applications in tunable sensors and spintronic devices.
Among several material candidates possessing multiferroic nature,
lead iron niobate stands out because of its unique electrical
properties, which also shows a coupling with the magnetic properties.
Despite the distinct structural similarities with typical relaxors, this
material possesses some characteristics, which does not fall under the
wings of a pure relaxor, instead it follows the behavior of normal
ferroelectrics. Very interestingly, the isovalent replacement of
tantalum shifts the properties of this system towards a pure relaxor.
This material also possesses a high dielectric constant and a diffused
phase transition, which is very much welcome for energy storage
applications which is insensitive to thermal fluctuations. There had
been very little work performed on this extremely interesting material
in the thin film form. There are a number of open issues, which should
be addressed while working with this system. There are, the formation
of secondary phases during the synthesis, and the role of any seeding
material on the phase formation kinetics. In this report, we have tried
to tackle this problem by depositing thin films of lead iron niobate on
several substrates by a modified sol-gel route. The substrate was
found to drastically affect the formation of secondary phases. We have
measured the electrical properties through temperature dependent
dielectric, ferroelectric and leakage current measurements. The
impedance measurements were employed to understand the role of the
microscopic relaxation mechanisms that resulted in a high dielectric
constant in this material across the phase transition temperature. The
magnetic properties have been studied using a squid magnetometer
and the magnetic hysteresis and susceptibility measurements as a
function of temperature has been performed. Also room temperature
EMR (electron magnetic resonance) studies have been carried out. We
made a systematic attempt to understand the origin of magnetic
properties from a compositional point of view. Finally, we have tried
to understand the coupling between the magnetic properties with the
electrical properties in this interesting material system.

H3.9

Multi-ferroic Properties of YMnO; Epitaxial Films.
Norifumi Fujimura, Norimichi Shigemitsu, Takeshi Yoshimura and
Atsushi Ashida; School of Applied Materials Science, Osaka
Prefecture University, Osaka, Japan.

The magnetoelectric effect presumed to exist by Pierre Curie [1] - i.e.
the induction of a magnetization by means of an electric field and
induction of a polarization by means of a magnetic field - attracted a
great deal of interest in 1960s-70s. In recent years, relevant studies on
magnetic ferroelectrics have come to the fore again [2-6]. From a
technological point of view, the mutual control of electric and
magnetic properties is an intriguing feature, though the number of
candidate materials is limited and the effects are typically too small
to be useful in applications. RMnOs (R is rare earth) crystallizes in a
hexagonal structure when the ionic radius of R is small (R=Ho-Lu, Y,
and Sc). In this hexagonal structure, each Mn®T ion with $=2 is
surrounded by three in-plane and two apical oxygen ions, and thus is
subject to a trigonal crystal field. These MnO5 blocks are
two-dimensionally connected with each other on their corners, and the
triangular lattice of the Mn®Y ions is formed. Based on such a
triangular lattice, these compounds experience several characteristic
distortions. One is Mn ”trimers” (i.e., sqrt3Xsgrt3 ordering), which
are characterized by the shift of three Mn3+ ions surrounding one
oxygen lon toward the oxygen. Another one is the displacement of
ions along the ¢ axis (perpendicular to the triangular-lattice plane)
causing a ferroelectric polarization. Since the ferroelectric transition
temperature of these compounds is fairly high (>900 K), they have
potential use for application, for example, ferroelectric gate FETs [7].
Here, we show the dielectric anomalies at around Neel point of
YMnOg3 epitaxial films deposited by pulsed laser deposition method.
The relationship between the magnetic structure and the dielectric
properties are discussed in terms of the temperature dependences of
magnetization and dielectric permittivity. Eventually, the control of
ferroelectric domain switching by applying external magnetic field is

presented. REFERENCES [1] Curie, P., J. Physique 3 Serie, III, 393
(1894), [2] Katsufuji, T. et al., Phys. Rev. B 64, 104419 (2001)., [3]
Fiebig, M. et al., Nature 419, 818 (2002), [4] Wang., J. et al., Science
299,1719 (2003), [5] Kimura, T. et al. Nature 426,140 (2003), [6]
Fujimura, N, et al. J. Appl. Phy. 93 (2003) 6990, [7] Ito, D. and
Fujimura, N. et al. J. Appl. Phy. 94 (2003) 4036

H3.10

Study of Highly Oriented ZT and ZTS Multifunctional
Oxides for Satellite Communications. Marco Viticoli!,
Giuseppina Padeletti®, Saulis Kaciulis', Gabriel Ingo!, Luca Pandolfi
and Carlos Zaldo?; *Istituto per lo Studio dei Materiali
Nanostrutturati-CNR, Monterotondo (Rome), Italy; ?Instituto de
Ciencia de Materiales de Madrid-CSIC, Cantoblanco (Madrid), Spain.

Functional and multifunctional oxides have been studied for decades
due to both their application in important technologies and the
fundamentally interesting relationship among their crystal chemistry,
crystal structure and physical properties. Zirconium titanate based
ceramics have attracted large interest because they have been used in
a wide range of applications (Catalysis, Humidity Sensors, Industrial
Chemistry, Composite Materials, Optical devices and
Telecommunications). In latest years, recent dramatic changes in
satellite communications have made the importance of these materials
with the unusual combination of high permittivity (e,) , low dielectric
loss (tand) and low temperature dependence of permittivity (Tcc) of
great interest. The basic compound, ZrTiO4, has long been known to
have a relatively low temperature coefficient of the dielectric constant,
but the compound Zrg gSng.2TiOy4, has been found to have optimal
properties at microwave frequencies (¢, 38, Tcc =0 ppm °Cc~! and
tandas 1x10_4). In this work we report the study on the chemical,
physical and functional properties of Zirconium Titanate thin films
prepared by MOCVD and PLD techniques. Surface roughness,
chemical composition and microstructural features of the films were
controlled by varying the deposition conditions in order to achieve the
most suitable dielectric properties. Substrate temperature of 500-600
°C and deposition pressure of 5x1072 mbar are required for the
formation of highly oriented crystalline films. Changes of substrate
temperature in the range 500—600 °C cause variations on films
stoichiometry, microstructure and residual strains. The realization of
crystalline and single phase thin films having a high dense columnar
structure and low residual strains revealed to be the fundamental
requirement for achieving high permittivity and low loss dielectric
films.

H3.11

Leakage Current Behavior of PbZrg 4Tig 605 Film
Spin-Coated on Pt Bottom Electrode Buffered with Thin
Lag 5Srp.5Co0s Layer. Jai-Hyun Kim and Woong Kil Choo;

Material Science and Engineering, KAIST, Taejon, South Korea.

For high 32M FRAM density, to defend the electrical shorting
problem which often results from the etching process between the
capacitors, it is desirable to reduce the current 400 500nm capacitor
thickness of top electrode-ferroelectric layer-bottom electrode to a
lower thickness smaller than 300nm. For this reason along, both Pt
and buffer LSCO layer thickness should be reduced. In this study, we
limited the thickness of LSCO buffer layer at 5nm. Subsequently, we
have checked the capacitor performance measuring electrical
properties. We have studied ferroelectric properties of PbZrg 4Tig. 603
(PZT 40/60) film grown on Pt(111)/TiO2/Si02/Si(100) bottom
electrode buffered Lag.5Srg.5 CoOs (LSCO) layer. Conductive
perovskite LSCO thin films (about 5nm thick) of fine grain size (less
than 20nm) are grown on Pt/TiO3/Si03/Si substrate at relatively low
temperature (450°C) by rf magnetron sputtering. Pt-LSCO interface
shows ohmic contact. In order to investigate the ferroelectric
properties of spin-coated PZT 40/60 film, we have measured the P-V
hysteresis curve vs. temperature. The coercive voltage of the capacitor
decreased with temperature as usual, but the remanent polarization
unusually increased with temperature up to 375K. It then decreased
with temperature increase above 375K. We measured the J-V curve
vs. temperature. Different from the general increase of leakage current
with temperature in the schottky or ohmic contact, it shows a very
small increase up to 373K. However, above 373K, the increase of
leakage current density appears in different aspect. This space charge
limited conduction shows two scopes of leakage current density with
temperature from the existence of thin LSCO buffer layer.

H3.12
The Ab Initio Atomic and Electronic Structure Calculations
for ABO3 Perovskite Polar Surfaces. Eugene Heifets', Eugene A.

Kotomin?, Yuri Mastrikov?, Robert A. Evarestov® and Joachim
Maier?; 'Materials and Process Simulation Center, Beckman Institute
(139-74), California Institute of Technology, Pasadena, 91125,
California; Max Planck Institut fur Festkorperforschung, Stuttgart,
D-70195, Germany; ®Department of Quantum Chemistry, St.
Petersburg University, St. Peterhof, 198904, Russian Federation.

202



Results of ab initio calculations of the atomic and electronic structure
of the SrTi03 and LaMnO3 perovskite surfaces are presented and
discussed. Calculations are performed using 6 different
exchange-correlation functionals varied between Hartree-Fock and
DFT-LDA, and including hybrid DFT-HF functionals. Both localized
atomic orbitals and plane wave basis sets were used as implemented
into the Crystal and VASP computer codes, respectively. We discuss
the surface relaxation, surface polarization, surface energy, the
electron density redistribution, and covalent bonding on the neutral
and polar (001), (110), and (111) surfaces with different terminations
using 2D slabs of different thickness (varied between 4 crystalline
planes and 20 planes). We demonstrate an importance of oxygen
vacancy formation on polar surfaces as the most efficient way to
eliminate their macroscopic dipole moment perpendicular to the
surface. The polar surfaces in general are much more perturbed as
compated to neutral surfaces, with the O-termination revealing
typically the lowest surface energy of all possible terminations. We
show also that the covalent component in the B-O chemical bonding
on the (110) SrTiO3 surface with Ti-termination exceeds twice that in
the bulk, and by 50 per cent that on the neutral surfaces. In
conclusion, we discuss the ferroelectricity in strained thin SrTiO3
films.

H3.13

Meta-Stability of Barium Strontium Titanate in Thin Film
Capacitor Structures. Akeela Lookman®’, Jonny McAneney?,
Robert M. Bowman®, Marty J. Greggl, John Kut?, Susana Rios?,
Andreas Ruediger‘l7 Matt Dawber® and James F. Scott?; ! Department
of Pure & Applied Physics, Queen’s University Belfast, Belfast, United
Kingdom; *Department of Earth Science, University of Cambridge,
Cambridge, United Kingdom; *DPMC, University of Geneva, Geneva
4, Switzerland; *Centre of Nanoelectronics for Information
Technology, Institute of Solid State Research, Juelich, Germany.

Barium strontium titanate (BST) thin film capacitors, with varying
thickness of dielectric layer, have been fabricated using pulsed laser
deposition (PLD). The dielectric properties of these capacitors have
been studied as a function of temperature (from 80K to 400K) and
frequency (102HZ to 105HZ). Our results indicate three major features
that have not been observed in the literature to date: (i) T, (the
temperature at maximum dielectric constant) measured from unpoled
BST capacitors is NOT fundamentally related to the Curie
Temperature, as is widely assumed. Hence, care needs to be taken
when interpreting changes in T, “as illustrative of alterations in
thermodynamics with reduced thickness of BST; (ii) Dielectric
anomalies that DO relate to fundamental phase transitions can be
seen after BST has been poled at low temperature, delineating
temperature regions which appear to correspond to cubic, tetragonal,
orthorhombic and rhombohedral symmetries; (iii) Ferroelectric poling,
within the orthorhombic phase regime, appears to prevent the phase
transition to rhombohedral on cooling; similarly poling treatment
within the tetragonal phase field appears to suppress phase transitions
to either orthorhombic or rhombohedral. It therefore seems that
metastability of symmetry states can readily occur in these
ferroelectric thin film systems.

H3.14

2D Planar Size Effects in Epitaxial PZT Thin Films. Kilho Lee,
Keewon Kim, Soon Ju Kwon and Sunggi Baik; MSE, Pohang
University of Science and Technology (POSTECH), Pohang, South
Korea.

Significant modification of domain structure has been observed as the
thickness of PZT thin films is reduced below a certain critical
thickness.[1,2] In order to test a critical lateral dimension in 2D
planar ferroelectrics, PZT thin films are patterned into discrete
islands lithographically with different lateral sizes. As the pattern size
decreases, the substrate clamping effect is significantly reduced and
thus the misfit strain in the films could be relaxed further. Evolution
of 90° domain structures as a function of lateral dimensions was
characterized extensively by reciprocal space mapping using
synchrotron x-ray. As the lateral 2D planar size decreases in PbTiO3
patterns on MgO(001), some of the a-domains turned into c¢-domains
due to the relaxed tensile strain. In the PbTiO3 patterns on Pt(001)
/ MgO(001), on the other hand, the formation of 90° domains is
enhanced by reduction in compressive misfit strain. Equilibrium
domain structures in the continuous PZT thin films and discrete
islands are also analyzed respectively by the finite element simulation
and found to be consistent with the experimental observation. [1] K.
S. Lee and S. Baik, J. Appl. Phys., 87 8035 (2000) [2] Y. K. Kim, K.
Lee, and S. Baik, J. Appl. Phys., 95 236 (2004)

H3.15

High Quality Screen Printed PZT Thick Films Using
Modified Chemical Solution for Piezo-MEMS Devices.
Seung-Hyun Kim, Chang Young Koo, Jung-Hoon Yeom, Jong-Hyeon

Cheon and Jowoong Ha; R&D Center, INOSTEK Inc., Ansan,
Gyeonggl, South Korea.

There is a strong interest in introducing ferroelectric films for
applications in microelectromechanical systems (MEMS) since they
have large piezoelectric coefficients and electromechanical coupling
coefficients. Among ferroelectrics, PZT films are considered the most
promising candidates for these applications since they can produce
high mechanical strain under applied electric field. However, stress
induced in PZT thin films due to clamping of the films by the
substrates and other degradation parameters such as low breakdown
strength, reduced extrinsic domain wall contribution and insufficient
poling have limited these thin films to be used in some MEMS
applications. To develop PZT films for MEMS devices, it is necessary
to fabricate high quality PZT thick films over 10 micrometer. Some
deposition techniques such as screen printing and hydrothermal
depositions have been used for preparing PZT thick films, but in
general PZT thick films by these methods have showed insufficient
film quality for MEMS devices due to porous or low film density, poor
surface morphology and bad electrical properties. In the case of CSD
method, it can produce relatively high quality PZT films, but it has
serious thickness limitation over 5 micrometer and many multiple
process steps for achieving high quality thick films. To solve these
drawbacks, we have performed an extensive experiment for optimized
chemical solution modified hybrid deposition techniques. Based on the
experimental results of the piezoelectric and dielectric properties of
PZT films with these techniques, we introduce simple process design
for high quality thick films for MEMS devices. Here, we also describe
the property relationships between the effects of film composition and
thickness on the piezoelectric and dielectric properties of high quality
PZT thick films and applications in MEMS devices in detail. *This
work was supported by National Research Laboratory Program (NRL)

H3.16

Microstructure and Stress Evolution of Reactively Sputtered
RuOx Thin Films. Junxia Shi', Feng Huang?, Mark L. Weaver?
and Tonya M. Klein'; *Chemical Engineering, The University of
Alabama, Tuscaloosa, Alabama; 2Metallugical and Materials
Engineering, The University of Alabama, Tuscaloosa, Alabama.

Conducting RuOx thin films are promising for applications such as
electrodes for ferroelectric devices and electrochemical reactions. In
this study, RuOx thin films were deposited at room temperature by
reactive rf magnetron-sputtering using Ar/O2 discharge of varying
ratios of O2/Ar+02 over the range from 10% to 50%. With increasing
oxygen content in the chamber, the film microstructure undergoes a
transition from metal-rich nanocrystalline at 10% O2 to
nanocrystalline (amorphous) oxide at 20% O2 and then to
polycrystalline oxide films at oxygen contents higher than 20%.
Texture changes continuously from (110) at 25% O2 to (101) at 50%
O2. Film thickness, roughness and density are determined using x-ray
reflectivity, topography is studied using atomic force microscopy and
composition is measured using x-ray photoelectron spectroscopy. The
stress-temperature measurements using an in-situ curvature
measurement technique shows the films with oxygen contents from
25% to 50% are almost stress-free after annealing in air up to 500°C
for 1 hour.

H3.17 TRANSFERRED TO H11.56

H3.18

Effect of Ozone Annealing on the Electrical Properties of CSD
Derived BST Thin Films. Sandip Halder!, Theodor Schneller! and
Rainer Waser®'?; Institut for Werkstoffe der Elektrotechnik, RWTH
-Aachen, Aachen, NRW, Germany; “Institute for Festkoerper-
forschung, Forschungzentrum Juelich, Juelich, Germany.

(Ba,Sr)TiO3 (BST) thin films have shown great promise for use as a
capacitor dielectric with existing CMOS technology. The dielectric
constants of the BST films are much higher than the current
dielectrics in use. However due to the continuous scaling of the
devices the thickness of the capacitor dielectric is also being reduced
and in such a scenario the leakage is often quite high. Hence the need
for improvement in processing of thin films. Thin films of BST were
deposited by CSD on Pt coated Si wafers. On changing the ambient
atmosphere from oxygen to the strongly oxidizing ozone during
crystallization it was noticed that the films crystallized at lower
temperatures. The crystallization temperature was lowered to 6000C
by using an ozone environment. In addition the leakage in the thin
films reduced by three orders of magnitude when a post deposition
anneal was carried out for 30 minutes at 4000C. The post annealing in
ozone was carried out at various temperatures between 300 and 4500C.
It was noticed that post annealing at temperatures lower than 3000C
did not produce any noticeable change in the leakage. In addition
microstructural studies involving XRD and SEM were also performed.
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H3.19

Development of TiO2 Thick Film Capacitors for use as Strain
Gauge Sensors. Khalil Ibrahim Arshak’, Arousian Arshak?, Deirdre
Mary Morris?, Olga Korostynska®!, Essa Jafer!, John Harris! and
Seamus Clifford"; *Computer and Electronic Engineering, University
of Limerick, Limerick, Limerick, Ireland; ?Physics, University of
Limerick, Limerick, Limerick, Ireland.

Strain gauges are commonly used in automotive and aerospace
applications and of the various types available, thick film technology
is the best equipped to provide highly sensitive, robust and cost
effective transducers. However, many materials used in the
development of high sensitivity gauges are toxic in nature and working
with such materials has become a serious concern. For example, strict
legislation regarding the use of lead has been introduced due to its
toxic effects. With this in mind, a highly sensitive strain gauge has
been fabricated from relativity non-toxic materials. An oxide is
preferred as polymer thick films are prone to slippage of the molecular
chains, resulting in poor linearity and large hysteresis [1]. TiO2 was
chosen, as it has been used in medical applications [2]. To form the
paste, TiO2 power was mechanically milled for 24 hours, then pressed
to form a pellet, which as fired at 1250 oC for five hours. After cooling
the pellet was crushed to a fine powder, which was combined with
PVB and a suitable solvent to make the thick film paste. Using this
fabrication method, the need for surfactant and ruthenium oxide to
make sensitive films is avoided. Two capacitor designs were then
fabricated, a single plate capacitor using interdigitated electrodes and
a sandwich structure (Metal-Insulator-Metal), which can yield a
higher sensitivity than planar designs [1]. The sensors were placed in a
cantilever beam arrangement so that the change in capacitance with
strain, or piezocapacitive effect could be measured. The gauge factor,
which demonstrates the sensitivity to strain, can be found by dividing
the fractional change in capacitance by the strain. For oxide sensors,
the gauge factor is usually less than 20. During this study, gauge
factors exceeding 30 have been recorded. In addition, the sensors
showed a high degree of linearity with low hysteresis, this is
attributed to the materials high Youngs modulus, allowing it to
withstand large strains. It is thought that the improved sensitivity is
related to the small particle size achieved by mechanically milling the
Ti102 powder. By using SEM to examine the particle size and the
effect of applied strain on films microstructure sensitivity of the films
can be further optimized. The effect of firing TiO2 at elevated
temperatures is also under investigation using XRD. An examination
of the sensors AC electrical properties has shown TiO2 thick films to
be extremely stable at high frequencies and that tunnelling is the
dominating conduction mechanism. The temperature coefficient of
capacitance has also been measured and is in good agreement with
typical values for thick film capacitive devices. From the results, it
can be seen that TiO2 thick film capacitors can provide highly
sensitive and stable strain gauges capable of competing with existing
compositions. 1. Arshak, K.I. et. al, (1995), Sensors and Actuators A,
49, p. 41-45 2. Brunette, D.M., Titanium in Medicine, Springer, 2001

H3.20

Electrical and Structural Characterization of Laser Ablated
Ca Doped Barium Titanate Thin Films on Different
Substrates. Victor Pushparaj®? and S. B. Krupanidhi®; *Materials
Research Center, Indian Institute of Science, Bangalore, Bangalore,
India; *Materials Science Engg., Rensselaer Polytechnic Institute,
Troy, New York.

The doping of Ca in the BaTi03 ceramics showed a remarkable
improvement in the electromechanical behavior, increase in
temperature range of stability of tetragonal phase and inhibited
formation of unwanted hexagonal phase of BaTiOs. Ca doped BaTiO3
is a promising photorefractive materials with larger electro optic
coefficients(rl3 and r33 ) compared to other conventional materials.
Ba;_.Ca,TiOs (at. % Ca x = 0.05, 0.1, 0.13 and 0.18 at%) and
Lag.5Srg.5Co03 targets were prepared by solid state reaction
technique and the BCT and LSCO thin films were deposited on Pt
coated Si substrates and Si(100) substrates by pulsed excimer laser
ablation technique. The dielectric constant and phase transition
temperature in both the bulk and the thin films were found to
decrease with the increase of Calcium content in Barium titanate
matrix. The dielectric phase transition was studied for the BCT thin
films deposited on the Pt coated Si, LSCO/PT and Si substrates.
Calcium doped BaTiO3 properties are highly dependent on the
processing parameters. There is a strong anomaly observed in the
decrease of phase transition and could be tailored accordingly to the
processing parameters. The decrease in the phase transition was
analysed in terms of the size dependence of ferroelectric domains,
intergranular stresses and strain existing at the film/substrate
interface. XRD, XPS, SIMS and Micro Raman analysis on these thin
films, were carried out for the structural characterization. SIMS
analysis carried on the BCT thin films on Si showed a sharp interface
existing at the substrate/thin films without any interdiffusion of the
elements. The possibility of the Ca occupancy in the Ba or Ti site has

been extensively investigated through this structural characterization
and their extensive correlation with the electrical properties are also
dealt.

H3.21

The Unusual Behaviour of Ferroelectric Polarization in
PbTiO;/SrTiO; Superlattices. Matthew Dawber!, Celine
Lichtensteiger!, Jean-Marc Triscone® and Philippe Ghosez?; 'DPMC,
University of Geneva, Geneva, Switzerland; ?Dept of Physics,
University of Liege, Liege, Belgium.

We have fabricated 20 bi-layer PbTiO3/SrTiO3 superlattices with
extremely fine periodicity (layers as thin as 1 unit cell) using off axis
RF sputtering. Using x-ray diffraction to measure the tetragonality we
have studied the change in the ferroelectric polarization in the
PbTiO3 layers as a function of their thickness. Intuitively one expects
that as the ferroelectric layer thickness is decreased the polarization
should decrease, and indeed we observe this as the initial behaviour as
the PbTi03 layer thickness is reduced. However in the thinnest
PbTiOs layers we observe an intriguing increase of the polarization to
near bulk values, a finding we confirm by AFM piezoresponse
measurements. First principles studies have recently shown that the
essential physics of the problem of critical thicknesses in ferroelectric
thin films (J. Junquera and P. Ghosez, Nature 422, 506(2003)) and of
interactions between ferroelectric and non-ferroelectric layers in
multilayer structures (J.B Neaton and K.M. Rabe, Appl. Phys.Lett.
82 1586 (2003)) can be understood on the basis of simple
electrostatics. We show that an electrostatic model is also able to
explain the initially surprising result obtained here.

H3.22

Non-Linear Dielectric Response in {111} and {100} Oriented
0.5Pb(Yb,,3Nb,,5)03-0.5PbTiO; Thin Films.

Nazanin Bassiri Gharb and Susan Trolier-McKinstry; Materials
Reaserch Institute, The Pennsylvania State University, University
Park, Pennsylvania.

The effective dielectric and piezoelectric coefficients of piezoelectric
films depend on the applied electric field strength and frequency. The
application of these films in microelectromechanical systems (MEMS)
requires an understanding of these nonlinearities for prediction of the
device behavior. The AC electric field dependence of the permittivity
and piezoelectric response of ferroelectric thin films in sub-switching
conditions can be modeled using Rayleigh-type behavior. |
(1-x)Pb(Yby /5Nby /5)05_xPbTiO3 (PYbN-PT) presents one of the
highest Curie temperatures (560°C) near the morphotropic phase
boundary (x6.5) among the relaxor-PT solid solution systems , which
makes is a very good candidate for devices with good temperature
stability and wide working temperature range. The highest
piezoelectric responses in this material are observed for the {100}
orientation. In this work, the nonlinear dielectric response of {111}
and {100} oriented thin films of 0.5PYbN-0.5PT are reported as a
function of AC electric field and frequency. The responses are modeled
with a frequency-dependent modification of Rayleigh law as ¢'.=

€ init(w) T (W)E where Eac=E.sin(wt) is the AC driving field and
€'rinit and o’ are the reversible and irreversible Rayleigh coefficients.
This modified model predicts the dielectric properties of the
PYbN-PT films in the intermediate AC field and frequency regions
relatively well. Furthermore, {100} oriented films show higher
irreversible Rayleigh coefficients than {111} oriented films. The ratio
of the irreversible to reversible coefficients is also higher in the {100}
oriented films, showing a higher contribution to the dielectric constant
due to the irreversible component (movement of the domain walls) in
these films with respect to the {111} oriented films. Work on the
piezoelectric nonlinearity for these films will also be described.

H3.23

Pulsed Laser Deposition of NaxCo0O2 Thin Films. Weidong Si,
Sang-moon Park and Peter Johnson; Physics, Brookhaven National
Laboratory, Upton, New York.

NaxCoO2 has been discovered to have very large thermoelectric
power, which shows that it may be used in potential integrated
heating spreading solution. Recently it was also found to be
superconducting at certain sodium concentration after intercalated
with water. It has a layered structure similar to the cuprates and
considered to be helpful to the understanding of the mechanism of the
high temperature superconductor. We have successfully grown c-axis
oriented thin films of NaxCoO2 on substrates of polycrystalline
sapphire and (0001) sapphire by pulsed laser deposition. The in-plane
transport and magnetic measurements has been performed in the
NaxCoO2 films and show similar behaviors as in the single crystal
samples. Their structure properties as well as physical properties will
be discussed.

H3.24
Strong Degradation of Physical Properties and Formation of
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a Dead Layer in Ferroelectric Filins due to Interfacial Misfit
Dislocations. Ibrahim Burc Misirlioglu', S. Pamir Alpay', A. L.

Vasiliev!, Mark Aindow®, Valanoor Nagarajan® and R. Ramesh?®;
"Materials Engineering, University of Connecticut, Storrs,
Connecticut; “Institute for Electronic Materials, Department IFF
Forschungzentrum, Juelich, Germany; 3Department of Materials
Science and Engineering and Department of Physics, University of
California, Berkeley, California.

Structural defects like atomic vacancies, twins and dislocations have
been observed in ferroelectric crystals as in many other crystalline
materials. The effect of these defects on the physical properties in
ferroelectrics has to be seriously considered since these crystals are of
interest for potential device applications. Although there have been
extensive studies on vacancies and twins in ferroelectric thin films, the
research conducted on effects of dislocations in ferroelectrics has been
limited. Dislocations are the most common type of defects and are
unavoidably present in all crystalline materials. Experiments have
shown that they drastically degrade the electrical properties and
change phase transition characteristics. Dislocations form in large
numbers when the ferroelectric crystal is grown in thin film form on a
substrate with a similar lattice configuration. Thus, different from
those observed in bulk, they form to relax the internal stresses
resulting from the mismatch between the substrate and the film. In
this study, we investigate both experimentally and theoretically the
effect of dislocations on the physical and structural characteristics of
lead-zirconium-titanate (PZT) and barium-strontium-titanate (BST)
ferroelectric thin films of various stoichiometry. Due to the coupling of
the stress field of the dislocation and the polarization, there is a
drastic variation in the polarization near the dislocation. These
polarization gradients result in strong depoling fields that suppress
the polarization in a region that extends over several nanometers. In
epitaxial ferroelectric films, these polarization gradients should result
in the formation of dead layers that severely degrade ferroelectric
properties. The detrimental effect of such regions will be enhanced in
ultra-thin ferroelectric thin films, and hence play a critical extrinsic
role in size effect studies of ferroelectrics. This work is supported by
the NSF-MRSEC under contract No. DMR-00-80008 and by NSF
DMR-0132918 .

H3.25

Correlation of Microscopic and Macroscopic Piezoelectric
Displacement via 90° Domain Switching in Active Lead
Barium Titanate Films for MEMS Applications.

Jennifer Lynn Ruglovskyl, Matthew Dicken?!, Youngbae Park!,
Stacey Boland!, Mohammed El—Naggarl, David Boyd!, Alexandros
Papavasiliou?, Sossina M. Haile!, David Goodwin!, Kaushik
Bhattacharya' and Harry A. Atwater®; ! California Institute of
Technology, Pasadena, California; ?Lawrence Livermore National
Laboratory, Livermore, California.

Ferroelectric thin films grown via deposition on amorphous substrates
typically have polycrystalline microstructures, but control of grain
texture is possible by incorporating a template layer. This presents a
opportunity to compare the piezoelectric properties of
biaxially-textured and randomly ferroelectric thin films at similar
grain size. We have produced high quality, textured Pb,Ba;_,TiO3
films formed via epitaxy on IBAD MgO template on amorphous
SizNy4. Thin films of Pb,Ba;_,TiOs were fabricated by two growth
methods: metallorganic chemical vapor deposition (x=0.9) and sol-gel
(x=0.5) film synthesis. For both methods, the Pb,Ba;_,TiOs inherits
the texture of the MgO template, showing out-of-plane and in-plane
orientation distributions about [001] and [100] of 8 and 15 degrees,
respectively. Free-standing cantilever and membrane structures were
patterned via deep reactive ion etching the backside of the silicon
wafer. Electrodes were defined by lift-off. Several devices are
accessible on each chip, including cantilevers activated in-plane by
interdigitated electrodes at several spacings and membranes of various
sizes for capacitance measurements. We find that the mechanism for
piezoelectric displacement in these films is via 90° domain wall
switching. The presence and switching behavior of 90° domains is
confirmed by x-ray diffraction (XRD) and piezoresponse force
microscopy (PFM) measurements. The films exhibit grain-scale
domain morphology and microstructure-dependent domain switching.
Piezoelectric performance of the Pb;Ba;_,TiO3 is also explored with
PFM. As an example, a single sol-gel grain, constrained by its
neighboring grains in the polycrystalline film in a 1 micron/50
nm/200 nm/200 nm Pbg.sBag.5TiO3/MgO/We have produced high
quality, textured Pb,Baj_,TiOs films formed via epitaxy on IBAD
MgO template on amorphous SizN4/Al membrane exhibits a
piezoelectric coefficient dss, = 40 pm/V. Ultimately, this work
fundamental relationships between the microscopic properties and
macroscopic behavior of active ferroelectric films. We will discuss
limits to theoretically attainable values for actuation displacements of
randomly-oriented and textured films due to grain misorientation and
elastic constraints, and compare with macroscopic displacement
measurements for devices with both randomly-oriented

(PbxBaj_.TiOs on amorphous We have produced high quality,
textured PbyBaj_,TiO3 films formed via epitaxy on IBAD MgO
template on amorphous SisN4) and textured active layer films
(textured PbyBa;_.TiOs on MgO We have produced high quality,
textured PbyBaj_,TiO3 films formed via epitaxy on IBAD MgO
template on amorphous SisNy).

H3.26

Composition and Dielectric Properties of Cosputtered
Bal-xSrxTiO3 Thin Films by Continuous Composition Spread
Technique. Yuqging Yu, Ji-Won Choi and Bruce van Dover; Materials
Science and Engineering, Cornell University, Ithaca, New York.

Bal-xSrxTi03 thin films were prepared by 90 off-axis cosputtering
using separate targets of BaTiO3 and SrTi03. Films were deposited
directly on (100) silicon as well as Pt/Ti coated Si substrates.
Codeposition spreads prepared at room temperature were annealed ex
situ at temperatures in the range of 350-950C for 30 min, while other
spreads were deposited at substrate temperatures from 300C to 600C.
X-ray diffraction was used to compare the crystallinity of the various
films. Codeposition results in films that are intimately mixed and
have a natural composition gradient. The composition was inferred as
a function of position using Rutherford backscattering spectroscopy
together with calibrations based on the measured position-dependent
deposition rate from each target. The dielectric loss and tunability
observed in these films will be discussed along with preliminary
results obtained for pseudo-ternary (BaTi, SrTi along with dopants
such as W and Ta) composition spreads. This work confirms that the
composition spread technique is particularly well suited for
explanation of novel ferroelectric materials that are
process-compatible with Si IC technology.

H3.27

Nanoscale Ninety Degree Domain Switching Characteristics
in Polycrystalline Pb;_.Ba,TiO3; Thin Films by
Piezoresponse Force Microscopy. Youngbae Park', J. L.

Ruglovskyl, M. J. Dicken®, Harry A. Atwater!, S. W. Boland?,
Sossina M. Haile? and K. Bhattacharyac®; ' Thomas J. Watson Lab.
of Applied Physics, California Institute of Technology, Pasadena,
California; *Department of Material Science, California Institute of
Technology, Pasaena, California; *Department of Mechanical
Engineering, California Institute of Technology, Pasaena, California.

We have investigated nano-domain switching in Pbi_.Ba,TiO3 thin
films grown on Pt substrates using atomic force microscopy (AFM)
and piezoresponse force microscopy (PFM). Piezoresponse images, in
combination with in-plane (IPP) and out-of plane (OPP) polarization
measurements, allow differentiation between 90° and 180° domains
and reconstruction of the three-dimensional polarization arrangement.
Using this approach, we have obtained clear evidence of 90° domain
switching in the Pbi_.Ba,TiOs thin films with randomly oriented
texture.Sol-gel synthesis was used to prepare sols suitable for the
deposition of ferroelectric lead barium titanate (Pby_.Ba,TiOs) thin
films using lead nitrate, barium acetate, and titanium isopropoxide as
metal sources, ethylene glycol as a solvent, and diethanolamine as a
chelating agent. Sols were prepared with varied Ba content (x) with x
= 0.2 and 0.5. The Pt/Si3N4/Si substrate was used to provide a
bottom electrode for the ferroelectric material. The edges of the
substrate were masked to provide easy access to the bottom metal
electrode for PFM measurement. Three layers of PBT sol were
deposited on masked substrates via spin coating (3000 rpm, 40
seconds), with a five minute drying step (200°C) between each layer.
The edge masks were then removed, and the samples were calcined in
air at 600°C for two hours with a heating rate of 5°C/min and
cooling rate of 20°C/min. In PFM experiments, a dc-bias above
coercive filed (10 Vdc) was applied by a conducting probe tip on the
whole scanned area to investigate the domain polarization vector
rearrangement and switching mechanism. An effective piezoelectric
coefficient (dss) and strain behavior are obtained in the
nanoscale-subgrain region by calibrating force-distance (F-d) curves
using a scanning probe microscope and in lock-in amplification
technique. Micro-Raman spectroscopy was used to characterize local
vibrational structure and chemical disorder. Microstructural analysis
was performed using X-ray diffraction and transmission electron
microscopy. The film composition was determined by Rutherford
backscattering spectrometry. The effect of composition and
orientation on the domain switching mechanism, and connection to
continuum electromechanical modeling will be discussed.

H3.28

FIB Processing of Ferroelectric Single Crystal Nano-
Capacitors: Nanoscale Studies of Dielectric Phenomena in
Perovskite Single Crystals. Mohamed Mohamed Saad!, Paul S.
Baxter!, Robert M. Bowman®, Marty J. Greggl, Finlay D. Morrison?
and James F. Scott?; *Condenced Matter Physics and Material
Science, Queen’s University Belfast, Belfast, Antirum, United
Kingdom; ?Earth Sciences, University of Cambridge, Cambridge,
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United Kingdom.

The focused ion beam microscope (FIB) has been used to fabricate
parallel-plate capacitor structures from single crystal BaTiOs, in
which the thickness of ferroelectric lamellae was varied between
450nm and 75nm. The dielectric properties of these capacitors were
investigated as a function of temperature. It was observed that the
behaviour of the dielectric constant of the single crystal thin film
lamellae was extremely similar to that of bulk single crystal material:
There is a notable absence of any broadening or temperature shift of
the dielectric peak or loss tangent. Peak dielectric constants of 25,000
are obtained, and Curie-Weiss analysis demonstrates 157 order
transformation behavior. This is in surprising contrast to results on
conventionally deposited thin film capacitor heterostructures, which
show large dielectric peak broadening and temperature shifts [e.g. C.
B. Parker etal.], as well as an apparent change in the nature of the
paraelectric-ferroelectric transition from 1°* to 2™¢ order. Our data
are compatible with the recent model by Bratkovsky and Levanyuk,
which attributes dielectric peak broadening to gradient terms that
will exist in any thin film capacitor heterostructure, either through
defect profiles introduced during growth, or through subtle
asymmetry between top and bottom electrodes. The observed
recovery of 15 order transformation behavior is consistent with the
absence of significant substrate clamping in our experiment, as
modeled by Pertsev etal., and illustrates that the 2™¢ order behavior
seen in conventionally deposited thin films cannot be attributed to the
effects of reduced dimensionality e.g. size effects in the system, nor on
the influence of an intrinsic universal interfacial capacitance
associated with the electrode-ferroelectric interface. - C. B. Parker,
J.-P. Maria, and A. I. Kingon, Appl. Phys. Lett. 81, 340 (2002) - A.
M. Bratkovsky and A. P. Levanyuk, cond-mat/0402100 (2004) - N. A.
Pertsev, A. G. Zembilgotov, and A. K. Tagantsev, Phys. Rev. Lett.,
80, 1988(1998) - M. M. Saad, R. M. Bowman and J. M. Gregg, Appl.
Phys. Lett., 84, 1159 (2004)

H3.29

Orientation dependence of the converse piezoelectric
constants for epitaxial single domain ferroelectric films.
Jun Ouyangl, S.-Y. Yang2’1, Lang Chen'!, Ramamoorth Ramesh?!

and Alexander Roytburd!; ' Materials Research Science and
Engineering Center, Department of Materials Science and
Engineering, University of Maryland, College Park, Maryland; *Dept.
of Materials Science and Engineering, University of California at
Berkeley, Berkeley, California.

The orientation dependence of the converse piezoelectric constants in
epitaxial single domain piezoelectric films constrained by substrate is
calculated. The calculations are supported by the experimental
measuring results of longitudinal piezoelectric constants (das) of
epitaxial ferroelectric films in pseudo cubic (001), (110) and (111)
orientations, which include tetragonal Pb(Zrg.2Tig.s)O3 and
rhombohedral 0.67Pb(Mg, ;5Nb;,5)03-0.33PbTiO3. Based on
available experiment data, 3-D orientation dependences of dss are
predicted for epitaxial films of Pb (Zr;_.Tiz) O3 and x Pb

(Mg, /3Nby,5) 03-(1-x) PbTiO3 solid solutions with various
compositions. This work is supported by the NSF under contract No.
DMR-02-10512 and NSF-MRSEC under contract No. DMR-00-80008.

H3.30

Reversible Ultrahigh Piezoelectric Response in Epitaxial
PbZrg 52Tig. 4803 Ferroelectric Thin Films. Jun Ouyangl, Dong
Min Kim?, Valanoor Nagarajan®?, S. Trolier-McKinstry®, Igor
Levin®, Zhengkun Ma', S.-Y. YangS’l, Darrel Schlom®, C.-B. Eom?,
J. Melngailis*, A.L. Roytburd' and R. Ramesh®®; 'Materials
Research Science and Engineering Center, Department of Materials
Science and Engineering, University of Maryland, College Park,
Maryland; *Dept. of Materials Science and Engineering, University of
Wisconsin, Madison, Wisconsin; ®Institute for Electronic Materials,
IFF, Forschungzentrum, Germany; “National Institute of Standards
and Technologies, Gaithersberg, Maryland; ®Dept. of Materials
Science and Engineering, University of California, Berkeley,
California; ®Dept. of Materials Science and Engineering, Pennsylvania
State University, University Park, Pennsylvania.

Due to the substrate clamping the effective piezoelectric constants of
ferroelectric films are on the order of 100 pm/V. We report the
observation of reversible piezoelectric strains 0.3% in (011) oriented
epitaxial PbZrg 52Ti0.4503 films under applied AC electric fields less
than 30kV/cm, which correspond to effective piezoelectric constants
1000 pm/V. High-resolution X-ray analysis and TEM pictures
demonstrate that the (011) films contain domains of tetragonal and
rhombohedral phases. Theoretical interpretation of these results on
the basis of a field induced phase transition is presented. This work is
supported by the NSF under contract No. DMR-02-10512 and
NSF-MRSEC under contract No. DMR-00-80008.

H3.31

Capacitance Temperature Sensors using Oxygen Isotope
Exchanged Strontium Titanate Single Crystal.

Hiroshi Takashima', Ruiping Wang', Naoki Shirakawa', Bambang
Prijamboedi', Akira Shoji' and Mitsuru Itoh?; *National Institute of
Advanced Industrial Science and Technology, Tsukuba, Japan;
?Materials and Structures Laboratory, Tokyo Institute of Technology,
Yokohama, Japan.

Capacitance temperature sensors are useful tools for monitoring
cryogenic temperatures under magnetic fields. Strontium titanate,
SrTi'® 03, shows dielectric constant (¢) of more than 20,000 at ~2K.
Unfortunately, the temperature gradient of €, de/dT, decreases
sharply at T < 10 K due to the quantum effect and the practical
application of the pure SrTiO3 as capacitance temperature sensor
materials is greatly limited. Recently, it is found that for partially
oxygen lsotope exchanged strontium titanate, SrTi(lgozlsol_z)g,, if
the exchange rate x is less than 0.30 and the quantum paraelectric
state is preserved, de/dT at cryogenic temperatures is increased, a
trend that is favorable for the capacitance thermometer. In this
report, characteristics of (110)- and (100)-oriented

SrTi(lSOI 6Ol_T,)g, single crystals as capacitance thermometers are
investigated and compared with those of the commercially available
capacitance thermometers. It is found that temperature sensitivity
and dimensionless temperature sensitivity of the x = 0.24 and
(110)-oriented SrTi(lgozlsol_z)g, are 176 pF/K and 0.012 at 2.2 K,
respectively. These values are the same order as these of commercially
available bulk doped-SrTiO3 capacitance temperature sensors. In
comparison, the temperature sensitivity and dimensionless
temperature sensitivity of SrTi*®03 are 70 pF/K and 0.007 at 2.2 K,
respectively. The above results reveal that the parallel capacitor with
partially oxygen isotope exchanged quantum paraelectric strontium
titanate is promising for capacitance thermometer that monitors
cryogenic temperature under high magnetic fields. For practical
application, the advantages of our capacitance thermometer using
quantum paraelectric strontium titanate are obvious. Firstly, the size
of devices can be greatly miniaturized because of the high dielectric
constant of strontium titanate. Secondly, at cryogenic temperature
below 1 K, the thermometer element will prevent from increasing
temperature due to smaller Jouless heat of IR, where R and I are
resistance and current of thermometer, respectively. A thermometer
element with smaller jouless heat can guarantee a °He refrigerator to
reach a lower temperature.

H3.32

Dielectric Phase Transition and Microstructural Studies of
Functionally Graded PMN-PT Thin Films. R. Ranjith', Apurba
Laha', Victor Pushparaj? and S.B. Krupanidhi®; *Materials Research
Centre, Indian Institute of Science, Bangalore, Karnataka, India;
?Rensselaer Nanotechnology Centre, Rensselaer Polytechnic Institute,
Troy, New York.

Compositionally graded (1-x)PMN-(x)PT thin films were prepared
with a compositional variation of PT (PbTiO3) across the film. The
fabricated films were found to possess an enhanced diffusiveness in the
phase transition, which actually seemed to be an envelope of the
phase transition of the single layer relaxor ferroelectrics of a fixed
composition within the limits of variation of x. These functionally
graded films showed a very high nonlinear dielectric response and
hence a high tunability near about 65%, which is nearly, double the
times of what has been observed in any of the individual PMNPT
compositions. The saturation polarization and remanent polarization
of these films were found to be 32 uC/cm? and 20uC/cm?
respectively at 300°C. The hysteresis of these films showed a slim
vertical loop characteristic even at temperatures well above the
transition temperature. This could be attributed to thermal activation
of the polar clusters, which might have been clamped due to the stress
gradient present across the film at low temperatures.

H3.33
Assessment of Materials and Processes for Resonant
Electromechanical Devices. J. McPhillips®, N.J. Donnelly®?*, J. M.

Gregg', R.M. Bowman', G. McRobbie?, K.J. Kirk® and S. Cochran?;
!'Department of Pure and Applied Physics, Queen’s University
Belfast, Belfast, United Kingdom; ?Microscale Sensors, School of ICT
(EEP), University of Paisley, Paisley, United Kingdom,; 3Material
Research Lab., Penn State University, University Park, Pennsylvania.

We describe the characterisation of electromechanical and acoustic
behaviour of thin film structures of Au/(1-x)Pb(Mg,,5, Nby,3)03-
xPbTiO3 (PMN-PT)/La, ;5Sr; 75 Co035 grown by pulsed laser
deposition onto LaAlOj single crystal substrates. Using conventional
methods, we have characterised the relaxor ferroelectric PMN-PT thin
film system and determined a dielectric constant of up to 2000, dss of
100 pmV ™! and Qas of 1-9 x10™2 C~*cm? [1]. To further characterise
the electromechanical coefficients of the material the composite
resonator technique of Zhang et al [2] has been explored. This method
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takes into account the fact that the films are not self supported and
that their properties are dependent upon the substrate. It allows the
direct determination of the electromechanical coupling coefficient, the
density and the elastic constant of the film from the parallel and
series resonant spectra of the composite resonator. Reverberations
induced in the substrate are characterised by a frequency inversely
proportional to its thickness. To facilitate this, we have developed a
novel method of increasing the bulk acoustic wave frequency travelling
in the substrate by lapping, whilst ensuring its robustness and
acoustic isolation by encasing in microballoon-filled epoxy. To
correlate experimental data with modelling we use software based on
a frequency-domain matrix formulation of solutions of the
one-dimensional wave equation [3]. The lapping process makes the
substrate more compliant, and this behaviour has been modelled by
Finite Element Analysis (FEA), with experimental measurement of
the deflections by laser interferometric probing. [1] N.J. Donnelly et
al, J. Appl. Phys. 93, 9924-9 (2003) [2] Y. Zhang et al, IEEE Trans.
Ultrason., Ferroelect., Freq., Contr., 50, 321-333 (2003). [3] G.K.
Lewis, A matrix technique for analyzing the performance of
multilayered front matched and backed piezoelectric ceramic
transducers, Acoust. Imaging 8 (1978) 395-416.

H3.34

X-ray Determination of Room Temperature Symmetry States
in Ferroelectric Thin Films Under Differing Conditions of
Substrate Clamping. Jonny McAneney!, Lesley J. Sinnamon®,

Akeela Lookman®, Robert M. Bowman®', Marty Greggl, Gustau
Catalan?, Beatriz Noheda?, Susana Rios® and Jim F. Scott®;
'Department of Pure and Applied Physics, Queen’s University
Belfast, Belfast, United Kingdom; ?Material Science Centre,
University of Groningen, Groningen, Netherlands; *Department of
Earth Science, University of Cambridge, Cambridge, United Kingdom.

There is currently a great deal of interest on the degree to which
homogeneous misfit strain, induced at the interface between the film
and substrate, changes the sequence of phase transitions that occurs
in ferroelectric thin films with temperature. Recent modelling by
Pertsev etal [Phys. Rev. Lett. 80, 1988 (1998)], Ban etal [J. Appl.
Phys. 91, 9288 (2002)], and Dieguez etal [arXiv:con-mat/0402101
(2004)] imply that homogeneous strain can alter the thermodynamics
of the system to such an extent that phases inherently forbidden in
bulk systems may be stabilised. Of equal current interest is the
potential influence of gradients in inhomogeneous strain associated
with an uneven distribution of defects (both chemical and structural)
through the film thickness. However, there has been little
experimental work to verify the validity of models used to date. Here
we experimentally investigate the impact of mismatch strain between
thin film, lower electrode and substrate, on the symmetry of phases in
ferroelectric thin films that exist at room temperature.
Crystallographic studies identifying both homogeneous and
inhomogeneous strains in both Bag.5Srg.5TiOs / StRuOs / MgO and
Bag.5Sr0.5TiOs / (La,Sr)CoOs / MgO will be discussed, and the
influence of strain state on symmetry will be compared to that
theoretically predicted in literature.

H3.35

Micro-Fabrication of Ferroelectric bilayers, using Aurivillius
SBT with in-plane polarisation, as an analogous system to
spin-valves. Stephen Campbell, Marty Gregg and Robert M.
Bowman; Queens University Belfast, Belfast, United Kingdom.

Since its discovery in 1988, Giant Magneto Resistance (GMR) has led
to huge development in magnetic recording, storage and sensor
industries. While work has been performed on
ferroelectric/ferromagnetic superlattices, and
ferroelectric/ferroelectric superlattices, little is published on
attempting in-plane coupling of the ferroelectric dipole, in a system
analogous to those of ferromagnetic Spin-valves. Theory suggests that
coupling between alternative layers of ferroelectric materials could
result in novel hysteresis behaviour [K. H. Chew et al. Appl. Phys.
Lett. 77, 2755 (2000)], with potential applications as high density
non-volatile memory. The theory was presented without any reference
to how such a system might be practically realised, as the direction of
polarisation would necessarily be in-plane, contrary to most commonly
grown perovskite ferroelectrics. Recently Aurivillius SBT, has been
examined as a potential material for ferroelectric memory due to its
apparently fatigue free nature with commercial platinum electrodes.
The polarisation is in the a-axis, and it proves difficult to fabricate
with a-axis out of plane, however, this apparent disadvantage can be
harnessed in the realisation of structures comparable to ferromagnetic
spin-valves. c-axis SBT thin films are deposited on {001} MgO by
Pulsed Laser Deposition (PLD). Optimised films, prepared at 725°C
and 0.4 mbar, where characterised to confirm single phase SBT. The
optimised films are demonstrated to be epitaxial with the MgO
substrate, with the orientation relation, SBT[110] // MgO[100]. This
is evident from ®-scans of the SBT(115) and MgO{100} reflections.
Films deposited at 725°C display the smallest FWHM for the SBT

(208) reflections. To access the in-plane functional properties test
capacitors have been micro-fabricated using conventional
photolithographic processing, Art ion milling and focussed ion beam
processing. The in-plane polarisation is probed using opposed
inter-digital electrodes, and other novel electrode configurations. A
series of polarisation measurements taken on films fabricated with
varying layer thicknesses of both the SBT and the dielectric spacer
layer are presented. Measurements will also be presented on films with
variations in spacing layer composition and dielectric behaviour, thus
demonstrating the validity of the theory.

H3.36

Correlation of Structure and Electronic Properties for
Zrg.2Sng.2Tig 602, a High Performance Dielectric.

S. C. Barron®’, L. Fitting?, David A. Muller? and R. B. van Dover®;
"Materials science and engineering, Cornell University, Ithaca, New
York; ?Applied and engineering physics, Cornell University, Ithaca,
New York.

The amorphous dielectric Zrg.2Sng.2Tip.6O2 (a-ZTT) has been found
to have a dielectric constant ¢ 62 and breakdown field E,,, 4

MV /cm. For injecting charge into today’s smaller electronics, a
critical parameter is € Eyp = Qumaz /A, the maximum areal charge
induced on the electrodes. For a-ZTT deposited at 200 C, this
parameter is 35 uC/cm2, compared to 3 7 uC/cm2 for SiO5 and 8
uC/em? for optimized AlaOz. We have examined the correlation
between dielectric properties and atomic structure by varying the
processing temperatures for Zrg.2Sng.2Tig.6O2. Samples are rf-sputter
deposited at substrate temperatures from room temperature to 400 C
and subjected to post-deposition anneals up to 400 C. The dielectric
constant and leakage current are determined from capacitance and
current-voltage measurements, and properties are found to be
optimized at 200 C deposition temperature with no post anneal.
Structural characterization by XRD indicates that processing at 400
C gives a crystalline material, while the optimal material and
depositions at less than 200 C are amorphous at the sensitivity of the
XRD ( 25 Angstroms). STEM analysis, sensitive to smaller length
scales, 1s used to probe for grains and short to intermediate range
order in the x-ray amorphous materials. We will present systematic
data of the structure/processing/property relationships for this
dielectric and interpret their apparent dependence on both short- and
intermediate-range order.

H3.37

Domain Stability Diagram and Ferroelectric Properties of
Epitaxial BaTiO3 Thin Films: Thermodynanmic Analysis and
Phase-Field Simulations. Yulan Li', Long-qing Chen', M.
Biegalski', D. G. Schlom®, A. Sharan®, V. Gopalan!, K. J. Choi? and
C. B. Eom?; 'Department of Materials Science and Engineering, The
Pennsylvania State University, University Park, Pennsylvania;
?Department of Materials Science and Engineering, University of
Wisconsin-Madison, Madison, Wisconsin.

Domain structures and ferroelectric properties of epitaxial thin films
could be dramatically different from the corresponding unconstrained
bulk single crystals. In this work, BaTi03 ferroelectric thin films are
studied using thermodynamic theories based on the phenomenoclogical
Landau theories and phase-field simulations. Since existing
phenomenological coefficients developed for BaTi03 systems are only
applicable to small compressive strains (< 0.4%), a new set of
coefficients were obtained for the Landau-Ginsburg-Devonshire
thermodynamic potential with up to eighth-order terms. It is shown
that ferroelectric transition temperatures can be shifted by about
300°C with about 1% compressive strain and about 450°C with 1.6%
compressive strain as compared to the bulk ferroelectric transition
temperature. The predictions are confirmed by experimental
measurements of lattice parameters and second-harmonic generation
on fully coherent (001) BaTiO3 thin films epitaxially grown on (110)
GdScO3 and DyScO3 substrates as a function of temperature. The
phase-field approach was employed to simulate the domain structures
of the BaTi03 films under biaxial substrate constraints. Based on the
phase-field simulations, a domain stability diagram was constructed,
which displays the stability of various ferroelectric phases and their
stability as a function of temperature and magnitude of substrate
constraint.

H3.38
Aging Effect in Sol Gel Derived Lead Zirconate Titanate Thin
Films. Subhashish Basu Majumder®, Anju Dixit! and Ram S.

Katiyar!; 'Physics, University of Puerto Rico, San Juan, Puerto Rico;
2University of Puerto Rico, San Juan, Puerto Rico.

In order to the study the aging effect of the precursor sol, we have
prepared Pb1.10Zr0.53Ti0.4703 (PZT) thin films on platinized silicon
substrates using sols aged for 650, 500, 400, 275, and 200 days. All
these films crystallized into rhombohedral perovskite structure and
the surface roughness and grain size of PZT films increased with aging

207



time. Appreciable changes in the electrical properties are apparent
and it was found that (i) the dielectric constant reduced and the loss
tangent increased systematically with aging time, (ii) the polarization
and coercive field increased with sol-aging, and (iii) the leakage
current densities reduced at high field regime and also the breakdown
strength is increased with sol-aging. AC electric field dependence of
the permittivity at sub-switching fields in terms of Rayleigh law was
investigated for both freshly prepared and aged films. The estimated
irreversible domain wall displacement contribution to the dielectric
permittivity was found to be systematically increased with aging
time. Domain vibration and reversal at sub-switching and switching
fields respectively were found to control the observed dielectric and
ferroelectric properties of aged PZT films.

H3.39
Steady State Leakage Currents in Ferroelectric Thin Films.
Herbert Schroeder, EEM, IFF, FZ Juelich GmbH, Juelich, Germany.

Ferroelectric thin films are the main ingredient of non-volatile
memory devices such as ferroelectric random access memory (FeRAM)
and ferroelectric field effect transistor (FeFET). In order to guarantee
the correct function of these devices the leakage current should be
smaller than a certain limit. Although there are numerous studies of
leakage current in ferroelectric thin film capacitors the understanding
as well as the theoretical description of the effects are still
unsatisfactory. We have applied a recently developed model for
leakage currents in high permittivity dielectric capacitors to the case
of ferroelectric thin films. In this model the carrier injection /ejection
at the electrode interfaces is described by thermionic emission and is
combined with the band conduction properties of the thin ferroelectric
film, which is assumed as mono-domain with respect to the
polarization state and modelled as wide band gap semiconductor.
Numerical simulation studies have been performed for this system
calculating the steady state leakage current density. Simulation data
will be presented in dependence on several extrinsic and intrinsic
parameters (polarization, applied voltage, temperature, film thickness,
electrode barrier height, dead layer properties, etc.) for symmetrical
and asymmetrical electrodes. The trends of the simulation results will
be compared to experimental leakage data of materials such as PZT
and BTO, to which the input parameters were adjusted.

H3.40
Dielectric Response of Epitaxial Compositionally Graded
Ferroelectric Thin Films. Shan Zhong', Pamir Alpay' and Joseph

Mantese?; 'Metallurgy and Mateirals Engineering and Institute of
Materials Science, University of Connecticut, Storrs, Connecticut;
?Delphi Research Lavoratories, Delphi Research Lavoratories, Shelby
Township, Michigan.

In recent years, polarization graded ferroelectrics became an object of
intensive research because of their unique behavior and properties
that are not observed from homogenous bulk or thin film
ferroelectrics. Polarization graded ferroelectrics are distinguished from
homogenous ferroelectrics by a spatial systematic variation of the
electric dipole moment which can be accomplished by systematic
variations in the composition. Unlike homogenous ferroelectrics which
are characterized by a symmetric hysteresis loop with respect to the
polarization and applied field axes, graded ferroelectric systems
display strikingly new behavior, the most notable being a translation
of the hysteresis loop along the polarization axis and a built-in
potential associated with this translation. In this presentation, a
thermodynamic model is developed to analyze the dielectric
properties of compositionally graded epitaxial ferroelectric films. The
dielectric properties of such films display a broadening in the
temperature response as compared to a single peak for homogenous
bulk ferroelectrics. The dielectric maximum and the extent of the
temperature broadening of the dielectric response can be controlled by
the strength of the compositional gradient as well as by tailoring the
internal stresses. Numerical results are presented for various
compositionally graded BaTi03-SrTi03 and PbTiO3-PbZrO3
epitaxial films as a function of the average strain in the film and the
film thickness. This work is supported by the National Science
Foundation under Grant No.DMR-0132918.

H3.41

Low Temperature Transport and Grain Boundary Induced
Phase Transition in SrTiO;. Rui Shao', Dawn A. Bonnell' and
Gerd Duscher??; 'Department of Materials Science and Engineering,
University of Pennsylvania, Philadelphia, Pennsylvania; *Department
of Materials Science and Engineering, North Carolina State
University, Raleigh, North Carolina; ® Condensed Matter Sciences
Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee.

Recent studies have revealed strong correlations between electrical
field effects and the structure of functional oxide interfaces.
Atomically abrupt SrTiOs grain boundaries, which is often used as a
model, have shown to cause sufficient disruption of local potential to

alter dielectric properties many tens of nanometers from the interface.
Here we show that these boundaries induce a phase transition at low
temperatures. The electrical properties of 0.05wt% Nb-doped SrTiO3
bicrystals with misorientation angles of 36.8° and 24° have been
determined by four point I-V and capacitance measurements. The
GBs in these samples were found to be atomically sharp by STEM. In
addition we have developed a new scanning probe approach for
determining surface potential in UHV and determined the
temperature dependence of potential. In both types of GBs, the
resistance exhibits a complex temperature dependence, similar to the
positive temperature coefficient effect in doped polycrystalline
BaTiOs;. The maxima of resistance for 36.8° and 24° GBs are 163K
and 147K respectively. The grain boundary capacitance significantly
deviates from Curie-Weiss law below the temperatures for the
maximum resistance. This discovery is a direct evidence of the
appearance of grain boundary polar states at low temperatures. The
possible mechanism is ascribed to the stabilization of a ferroelectric
phase in SrTiO3, which is a quantum paraelectric material, due to a
large built-in electric field at the grain boundaries. In addition, after
annealing in vacuum (p 4x107 '®mbar) at 500 600°C, the temperature
dependence of the GB resistance becomes metallic showing no
maximum. This work is supported by DOE research funding
DE-FG02-00ER45813-A001.

H3.42

Phase-Field Simulation of Ferroelectric Domain Switching in
Polycrystals. Samrat Choudhury, Yulan Li and Long-qing Chen;
Materials Science and Engineering, The Pennsylvania State
University, University Park, Pennsylvania.

The effects of grain boundaries on ferroelectric domain structures and
polarization switching in polycrystals are studied. A phase-field model
is developed, taking into account the polycrystalline grain structure as
well as the various energetic contributions including elastic energy,
electrostatic energy, and domain wall energy. It is shown that grain
boundaries have a significant effect on the shape and size of
ferroelectric domains. Based on the observation of ferroelectric
domain evolution, it is found that domain switching involves the
nucleation of 90° domains through the formation of twin boundaries,
resulting in a reduction of the coercive field as compared to direct
180° switching. The dependencies of the remnant polarization and
coercive fleld on grain sizes are studied. It is found that the coercive
field increases with a decrease in grain size and with an increase in
speed of electric field loading. The results will be compared with
experimental measurements of single crystals and polycrystals.

H3.43

Investigation of Niobium Oxide Thin Film Deposition for
Biomedical Applications. James Groves', Robin Catalano?,
Michael Gorman?, Igor Lyubinetsky® and Suntharampillai
Thevuthasan®; 'Materials Science and Engineering, University of
Virginia, Charlottesville, Virginia; ?Science, Technology, and Society,
University of Virginia, Charlottesville, Virginia; ®Pacific Northwest
National Laboratory, Richland, Washington.

Within the Center for Nanoscopic Materials Design, biomedical
engineering researchers are developing research tools that facilitate
laboratory studies of wound healing, the progression of atherosclerosis
in arteries, and tumor cell invasion. For a portion of their research
they would like to have access to diffuse arrays of cell adhesion sites
on surfaces. By studying the interaction of cells with these nanoscale
adhesion site arrays, they hope to generate insight into various
biological processes. In the literature, researchers suggest that
nanoscale metal oxide islands on metal oxide substrates could
constitute the foundation of these cell adhesion site arrays. With
colleagues, we have recently demonstrated the ability to guide the
growth of Cu20 quantum dots on SrTiO3 (100) substrates, using
focused ion beam substrate surface prepatterning to define quantum
dot growth location. For the biomedical applications described above,
a different metal oxide material system combination has been
identified as potentially useful - NbO2 on TiO2. This paper will
present the results of initial molecular beam epitaxy (MBE)
experiments designed to map the relationship between MBE growth
conditions and niobium oxide phase formation, a critical step towards
formation of NbO2 quantum dots on TiO2 single crystal surfaces. The
experiments described here varied substrate temperature (in the range
of 500 - 10000C) and oxygen partial pressure in the growth chamber
(in the range of 5x10-8 Torr and 5x10-5 Torr). The results show a
broad process space in which multiphase niobium oxides were created
with only select conditions generating single niobium oxide films.
Characterization results from atomic force microscopy, x-ray
photoelectron spectroscopy, and reflected high energy electron
diffraction will be presented. These results will be placed in the
context of the limited literature available describing niobium oxide
synthesis.
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H3.44

Epitaxial Mixed Ruthenium Oxide Films: Tunable Lattice-
Matched Bottom Electrodes for Complex Ferroelectric
Oxides. Olivier Gautreau', Catalin Harnagea', Alexandre Dube?,
Alain Pignolet! and Teodor Veres?; 'INRS-Energie et Materiaux,
Varennes, Quebec, Canada; Industrial Material Institute / National
Research Council Canada - Conseil National de Recherches Canada,
Boucherville, Quebec, Canada.

SrRuQOs (SRO) is a conductive perovskite, which is currently being
tested as a bottom electrode for epitaxial ferroelectric thin films. It
possesses a low resistivity and a good lattice match with some
ferroelectric perovskites (BaTiOs, PZT 20/80, BLT, SBT), for which
it promotes the epitaxial growth. In order to obtain a better lattice
match for a variety of materials, we propose the use of a solid solution
of SrRuOs and CaRuOs (CRO) as a conductive electrode and buffer
layer for the epitaxial growth of ferroelectric thin films for device
applications. Its resistivity is comparable to that of SRO but, have a
smaller lattice parameter, depending on the concentration of CRO. It
enables therefore to grow epitaxial ferroelectric films with lower
strains, which in turn leads to higher quality films with better
properties. We report here the growth and characterization of SRO
and CRO films, as well as solid solution thereof, by pulsed laser
deposition on both silicon and strontium titanate substrates. Their
structural and microstructural properties, investigated by XRD and
AFM, as well as their transport properties will be presented and
discussed.

H3.45
Strained SrTiO; Films on DyScQO3; Substrates.
Michael D. Biegalski®, D. D. Fong?, Y. Li', Y. Jia', J. H. Haeni',

Long-qing Chen', M. A. Zurbuchen?, J. A. Eastman®, P. A. Fuoss?,
C. Thompson®? W. Chang®, S. W. Kirchoefer®, P. Irving®, J. Levy®,
R. Uecker®, P. Reiche®  S. K. Streiffer?, S. Trolier-McKinstry! and D.
G. Schlom®; *Material Science and Engineering, Pennsylvania State
University, University Park, Pennsylvania; “Materials Science
Division, Argonne National Laboratory, 60439, Illinois; *Department
of Physics, Northern Illinois University, Dekalb, Illinois; *Navy
Research Labs, Washington, District of Columbia; ®Department of
Physics and Astronomy, University of Pittsburgh, Pittsburgh,
Pennsylvania; ®Institute of Crystal Growth, Berlin, Germany.

Using reactive MBE, strained epitaxial SrTiOs films were grown on
DyScOj substrates. Films with thicknesses ranging from 50 A to 1000
A were grown to establish the critical thickness in this 1%
mismatched system, and to investigate properties as a function of film
thickness. These films have excellent crystalline quality with rocking
curve full widths at half maxima (FWHM) of 10-18 arc-sec.
(0.003-0.005°), which is narrower than any previously report for
epitaxial perovskite films and is comparable to the structural
perfection observed in heteroepitaxial films of conventional
semiconductors produced by MBE. Strain has been predicted to have
a large effect on the properties of SrTiO35. Although unstrained
SrTi03 is not ferroelectric at any temperature, we observe these
strained SrTiOs films to be ferroelectric and to have extremely high
dielectric constants in the vicinity of room temperature. In contrast to
unstrained SrTiOs, which shows a monotonic increase in dielectric
constant with decreasing temperature, reaching 20,000 near 4 K, these
strained SrTiOs films show a peak in their dielectric constant near
250 K that exceeds 15,000 at low measurement frequencies. The
dielectric data shows frequency relaxation that is well fit by a
Vogel-Fulcher equation over six orders of magnitude in frequency. The
Vogel-Fulcher fitting indicates a freezing temperature of 204 K, which
agreed with measurements of remanent polarization as a function of
temperature. This dielectric dispersion will be discussed in terms of
models for disorder in ferroelectrics and relaxor behavior. These films
also exhibit clear hysteresis loops below the T4, with an in-plane
remanent polarization up to 10 uC/cm? at 77 K.

H3.46

Growth and Characterization of Multilayer SrBi2Ta209/
SrBi2Nb209 Thin Films using Pulsed Laser Deposition
Technique. Nora P. Ortega, Pijush Bhattacharya, Rasmi R. Das and
Ram S. Katiyar; Physics Deparment, University of PUerto Rico, San
Juan, Puerto Rico.

Among the bismuth layer perovskites, SrBi2Ta209 (SBT) and
SrBi2Nb209 (SBN) have been extensively studied for non-volatile
random access memory applications. Previously we have observed a
dramatic increase in the remanent polarization (Pr 25 mc/cm2) of
laser ablated SBN films using suitable deposition parameters.
However, the dc leakage current of SBN films was relatively higher in
comparison to SBT thin films. In order to suppress the dc-leakage
current of SBN capacitors, in this work, we have fabricated multilayer
thin films (SBT/SBN) on Pt/Ti02/Si02/Si substrates. The thickness
of all theses films are 400 nm with a stacking periodicity of SBT(50
nm)/SBN(50 nm) is 100 nm. X-ray diffraction studies showed that the

peak positions of multilayer SBT/SBN thin films were nearly in the
same positions as of SBN. Raman scattering studies on the films were
carried out in order to understand the lattice vibrational
characteristics. The X-ray photoelectron spectroscopy was used to
analyze the composition and oxidation states of the multilayer films.
The dielectric constant of the films was found to be lower ( 150) than
the single layer SBN films of similar thicknesses. The leakage current
behavior of the single layer and multilayer films was studied with
different temperatures ranging from 100-650 K. The observed data
were fitted to the interfacial dominated Schottky mechanisms. The
switching polarization of multilayers was in the range of 10-15
mC/cm2. The leakage current density of multilayer films was found to
be lower ( 10-7 A/cm2) than SBN films (10-5 A/cm2). The detailed
structural and electrical characterizations of the multilayer thin films
will be presented along with a comparison to single layer SBT and
SBN thin films.

H3.47
Microstructural and Electrical Characterization of PZT Thick
Films on Metal Foils. Aiying Wu', Paula Maria Vilarinho?,

Sudarsan Srinivasan®, Angus Ian Kingon? and Ian Michael Reaney®;
!Ceramics and Glass Engineering Department, University of Aveiro,
Aveiro, Portugal; “Materials Research Center, North Carolina State
University, Raleigh, North Carolina; *Department of Engineering
Materials, University of Sheffield, Sheffield, United Kingdom.

Functional ferroelectric oxide thick-films are of particular interest for
microelectronics applications, in which high applied voltages are
necessary. Furthermore, the fabrication of ferroelectric films on metal
foils is of interest for devices integrated into the electronic package, an
approach which is currently receiving much attention due to the cost
and space advantages. The fabrication of thick functional oxide layers
requires modified deposition techniques, such as Electrophoretic
Deposition (EPD). EPD is quite well suited for the preparation of
thick layers on metal foils due to the high deposition rates and to the
possibility of using nanosized powder suspensions with a controlled
degree of agglomeration, which permits lower sintering temperatures
for the thick films. However, the utilization of metal foils as substrates
for thick films raises important problems of compatibility between the
high sintering temperature required to crystallize the ceramic film and
the refractoriness of the substrate. An investigation of the
ferroelectric-foil compatibility issues is an important part of this
presentation. In this work ferroelectric PZT thick films in the
thickness range from 5 to 20 micron were deposited on metal foils by
EPD. Flexible copper and platinum foils were used as substrates. The
deposited films were sintered at different temperatures from 900 to
1030C. The effect of adding a PbO coating on the film surface was
studied with the aim of improving the sintering, and to produce dense
films. The phase purity was analysed by x-ray diffraction (XRD). The
microstructure of the deposited films and the interface reaction region
were inspected by transmission electron microscopy (TEM) and
Rutherford backscattering (RBS). The electrical properties were
improved in the films with PbO coatings. The electrical properties of
the films were correlated with the reaction region and the density of
the films.

H3.48
Electronic Structure of KDP and DKDP Hydrogen-Bonded
Ferroelectric Oxides. Sergei O. Kucheyev!, C. Bostedt™?, T. van

Buuren®, T. M. Willey!, T. E. Felter!, S. G. Demos', T. A. Land®, L.
J. Terminello®, A. J. Nelson® and A. V. Hamza'; 'Lawrence
Livermore National Laboratory, Livermore, California; ?Hasylab at
Desy, Hamburg, Germany.

Single crystals of normal and deuterated KD2:Hy(1 o) POy, often
called KDP (x = 0) and DKDP (x > 0), are perhaps the best studied
hydrogen-bonded ferroelectric oxides. They are also important
(non)linear optical materials widely used for frequency conversion and
optoelectrical switching in laser systems. What makes these materials
unique is that single-crystal KDP and DKDP can be conveniently
grown with linear dimensions in the range of 50-100 cm, as required
for large-aperture high-power lasers. Despite excellent optical
characteristics and rather mature crystal growth methods, KDP and
DKDP are also notoriously known for their complex fundamental
materials properties, resulting in a range of challenging problems. In
this presentation, we discuss how the electronic structure of KDP and
DKDP is affected by radiation damage and complex
deuterium—hydrogen exchange in crystals stored at ambient
conditions. The electronic structure is studied by synchrotron-based
soft x-ray absorption near-edge structure (XANES) and x-ray
emission (XES) spectroscopies, while H and D depth profiles are
measured by elastic recoil detection analysis (ERDA). In particular,
we study the dependence of the element-specific partial density of
states in the conduction and valence bands on (i) deuteration, (ii) the
crystallographic phase (tetragonal and orthorhombic), (iii) sample
temperature, and (iv) dose of ionizing radiation. We also compare our
experimental results with previous molecular orbital and band
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structure calculations. This study fills some gaps in the current
understanding of the fundamental materials properties of KDP and
DKDP ferroelectrics. This work was performed under the auspices of
the U.S. DOE by the University of California, LLNL under Contract
No. W-7405-Eng-48.

H3.49

Structural and Electrical Characterization of Sputtered

Bag 5Srg.sTiO3 Thin Films for Tunable Microwave Devices.
Sriraj Manavalan', Ashok Kumar? and Thomas Weller!; 'Electrical
Engineering, University of South Florida, Tampa, Florida;
?Mechanical Engineering, University of South Florida, Tampa,
Florida.

The dependence of dielectric permittivity on the applied electric field
and high dielectric constant makes barium strontium titanate (BST)
as a promising ferroelectric material for applications in tunable
microwave devices like filters, phase shifters and resonators. High
tunability and low dielectric loss are desired for tunable microwave
devices. The objective of this research is to optimize the tunability
and dielectric loss of sputtered BST thin films at microwave
frequencies with different deposition and annealing conditions. The
optimization of tunability and dielectric loss of pulsed laser deposited
BST thin films at microwave frequencies with different deposition
conditions has been performed and the tunability of 3.1:1 and loss
tangent of 0.0121 was achieved at 0.4 — 0.6 GHz. Bag.5Srg.5TiOs thin
films were deposited on Pt/TiO2/Si05/Si substrates by sputtering
technique. BST was etched selectively using buffered HF and platinum
was deposited using e-beam evaporation in order to make the
coplanar waveguide electrode structure. The electrical measurements
were achieved in the parallel plate capacitor configuration with
platinum as the top and bottom electrode. The microstructural and
phase analysis of the BST films were performed using X-ray
diffraction (XRD) method. XRD results show that the BST (110),
(100), (200) and (211) and films were crystalline. The diffraction
patterns are attributed to cubic (perovskite) crystal system. After the
deposition of BST thin films, hillock formation was observed in
platinum and led to shorted devices and measures to avoid hillock
formation will be investigated. The analysis of surface morphology is
done using atomic force and scanning electron microscopy. Results of
structural and surface analysis, tunability and loss tangent as a
function of deposition temperature, oxygen pressure and annealing
temperature for the films deposited using sputtering technique will be
discussed. The optimized structural and dielectric properties of thin
films deposited using both sputtering and PLD will be compared.

H3.50

Formation of Patterned Crystalline Oxide Structures using
Photosensitive Metal-Organics and Hydrothermal Processing.
Clifford L. Henderson, Paul J. Roman, Augustin Jeyakumar and
Abimbola Balogun; School of Chemical & Biomolecular Engineering,
Georgia Institute of Technology, Atlanta, Georgia.

There is a growing need for high dielectric constant films and
structures in electronics applications ranging from IC transistor gates
to capacitive RF MEMS switches. For example, low cost MEMS
switches are prime candidates to replace conventional GaAs FET and
p-i-n diode switches used in RF and microwave communication
systems. In most capacitive MEMS switches reported so far, the
dielectric layer has been silicon nitride (SiN) deposited via CVD
methods. Likewise, simple silicon dioxide layers have been the material
of choice for transistor gate oxides in ICs. In order to improve device
performance there is a need to move to higher dielectric constant
oxides. However, these and many other similar applications require
the formation of patterned oxide structures. This can be difficult with
many desirable oxides such as the perovskite family of materials (e.g.
BST). Also, for many MEMS applications, low cost and mild
processing conditions will be required for large scale implementation
of such materials. No previous methods that we are aware of can
easily meet these demands for production of patterned oxides at low
cost using mild conditions. This paper presents an update concerning
our ongoing work to develop novel methods for directly depositing
patterned metal oxide dielectrics. Our basic approach uses
photosensitive metal-organic precursor films that can be selectively
converted to the desired metal oxide by patterned exposure to
ultraviolet light. In this process, a photosensitive metal-organic
precursor solution is used to coat the substrate and form a solid
precursor thin film. Upon UV exposure, the organic ligands of the
precursor molecules are cleaved which results in the formation of an
amorphous metal oxide in the exposed areas while the unexposed
precursor material is later washed away using a developer solvent.
Thus, these photosensitive materials allow the selective deposition of
oxide structures without requiring the deposition of blanket oxides
using vacuum methods or subtractive plasma or wet etching. A
summary of our work to date in this area will be presented along with
highlights of the amorphous oxides that have been deposited and their
resulting physical and electrical properties. In many applications

however, the production of higher dielectric constant crystalline oxide
structures may be desirable. Our recent work has focused on
developing a method to produce directly patterned crystalline oxides.
We have succeeded in developing a method for producing patterned
crystalline oxide dielectrics without the need for etching processes or
high temperatures by using a combination of the photodefinable
metal-organic systems and subsequent low temperature hydrothermal
treatment. This paper will discuss our recent results in this area
including physical and electrical characterization of the patterned
crystalline oxides and results from the use of these materials in actual
devices such as MEMS microwave switches.
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8:15 AM *H4.1

Effect of Electrical Boundary Conditions on Ferroelectric
Behavior in Epitaxial PbTiO; Thin Films. S. K. Streiffer', D. D.
Fongl, G. B. Stephenson', J. A. Eastman', P. H. Fuoss', S. Mallu?,
Carol Thompson?, O. Auciello’, D. M. Kim®, K. J. Choi®, C. B.
Eom®, M. D. Biegalski®, . Trolier-McKinstry* and D. G. Schlom*;
!Materials Science Division, Argonne National Laboratory, Argonne,
Illinois; ?Department of Physics, Northern Illinois University, De
Kalb, Tllinois; *Department of Materials Science and Engineering,
University of Wisconsin, Madison, Wisconsin; *Materials Research
Institute, Pennsylvania State University, University Park,
Pennsylvania.

Ferroelectric behavior is strongly dependent on the degree to which
the spontaneous polarization is compensated by charge at interfaces.
As examples, incomplete charge compensation for electroded
ferroelectrics, arising from finite carrier densities in the electrodes, has
been identified as one possible origin of size effects in ferroelectric
thin films; alternately, ferroelectric thin films on insulating substrates
form an equilibrium 180° domain pattern to minimize depolarization
energy. However, little experimental data exists that directly
compares ferroelectric behavior in thin films with different degrees of
polarization compensation or different interface structures. Here we
report synchrotron x-ray scattering studies of the ferroelectric phase
transition in epitaxial thin films of the prototypical perovskite
PbTiOs, for films under different electrical boundary conditions:
chamber ambient / ferroelectric / insulator, chamber ambient /
ferroelectric / electrode, and electrode / ferroelectric / insulator. The
impact of the different interface electrical conditions on phase
transition temperature will be discussed in terms of models for T¢
suppression in thin films. Changes in the depolarization domain phase
diagram for the two PbTiOj3/insulator cases also indicate an evolution
in top interface electrical behavior with temperature, that yields
insight into ferroelectric behavior for samples deposited in typical
growth systems. Finally, efforts to probe symmetric insulator /
ferroelectric / insulator heterostructures will also be described.

8:45 AM *H4.2

Photoelectron diffraction studies of ultra-thin PbTiO; films.
L. Despont', C. Lichtensteiger?, J.-M. Triscone? and P. Aebi';
Mnstitut de Physique, Universite de Neuchatel, Neuchatel,
Switzerland; “DPMC, University of Geneva, Geneva, Switzerland.

Ferroelectricity in ultra-thin films has been investigated in epitaxial
c-axis PbTiO3 films prepared by off-axis magnetron sputtering onto
(001) Nb-SrTiOs metallic substrates. Finite size effects were probed
by measuring angle-scanned X-ray photoelectron diffraction (XPD)
patterns in a series of c-axis oriented PbTi03 perovskite films with
thicknesses ranging from 500 A down to 20 A. Angle-scanned XPD,
based on photoelectron spectroscopy, measures the angular
distribution of photoelectrons emitted from a selected atomic species
or site. Due to the finite mean free path of the photoelectrons, XPD
provides local, real-space information on the atomic arrangement
around a selected site. It is therefore a truly atomic-scale probe of the
ferroe