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Plenary Lectures

PL-1 Report on the 2011 off the Pacific Coast Tohoku Earthquake: Its Impact and Control/Monitoring
Performances
A. NISHITANI, Waseda University, Tokyo, Japan

The 2011 off the Pacific coast Tohoku earthquake and its following tsunami severely damaged Japan. Those damages were
not only physical-wise but also mental-wise to Japan. We, Japanese, have still suffered from the effects of the severely
damaged nuclear power plants in Fukushima-ken. The speaker talks about how some monitoring systems worked during
the earthquake, in particular how effectively and efficiently a railroad company's monitoring system performed. In addition,
the performances of high-rise buildings with several types of control schemes installed (including base-isolation schemes),
and nuclear power plants in the seismic event are presented. It seems the erathquake may significantly change the view of
Japanese about the safety for civil/building structures. Such impact will be also mentioned.

PL-2 MEMS Sensors and Actuators: From Actual Market Explosion to New Frontiers
B. MURARI, ST Microelectronics, Agrate Brianza, Italy

On this speech will be analyzed the reasons of the MEMS Sensors and Actuators success with an overview of different
products in existing applications. New challenges for Silicon Solutions to answer emerging needs are analyzed and proposed.

PL-3 DNA: Not Merely the Secret of Life
N.C. SEEMAN, Department of Chemistry, New York University, New York, NY, USA

We build branched DNA species that can be joined using sticky ends to produce N-connected objects and lattices. We have
used ligation to construct DNA stick-polyhedra and topological targets, such as Borromean rings. Branched junctions with
up to 12 arms have been produced. Nanorobotics is a key area of application. We have made robust 2-state and 3-state
sequence-dependent devices that change state by varied hybridization topology. We have constructed a molecular assembly
line by combining a DNA origami layer with three 2-state devices, so there are eight different states represented by their
arrangements. A central goal of DNA nanotechnology is the self-assembly of periodic matter. Recently, we have self-
assembled a 3D crystalline array and have solved its crystal structure to 4 A resolution, using unbiased crystallographic
methods. Many other crystals have been designed following the same principles of sticky-ended cohesion. We can use
crystals with two molecules in the crystallographic repeat to control the color of the crystals. Thus, structural DNA
nanotechnology has fulfilled its initial goal of controlling the structure of matter in three dimensions. A new era in nanoscale
control awaits us.

(This research has been supported by the NIGMS, ONR, ARO and NSF)
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A-1.1 Electroceramics

A-1.1:/LO7 Multifunctional Thin Films and Heterostructures by
MOCVD and Combined Chemical Routes

F. WEISS, A. BARTASYTE, C. JIMENEZ, J.L. DESCHANVRES, E.
SARIGIANNIDOU, M. AUDIER, S. PIGNARD, J. KREISEL, V.
CONSONNI, G. REY, E. PUYOO, G. GIUSTI, D. BELLET, LMGP -
Grenoble INP - CNRS - Minatec, Grenoble, France

In relation with the continuous reduction in size of electronic systems
and smart devices, multifunctional nanostructures face today very
challenging questions in materials science: ultimate size reduction,
integration of heterogeneous functions, system characterisation or
process control at an atomic scale. We present here different studies
devoted to solid state oxide systems, containing functional oxides for
active devices, read-write and storage memories, optoelectronics or
photovoltaics. Indeed, with the size reduction of the systems, very
original physical phenomena can occur. They are particularly enhanced
in multi-layers or superlattices, nanowires or dots, where strain, surfaces
and interfaces play a crucial role and can tune the physical properties.
We approach these phenomena by using MOCVD and combined
chemical synthesis routes and present specific considerations on the
growth conditions to design complex 3D, 2D and 1D smart structures.
Selected case studies will finally be presented, illustrating the powerful
development of different oxide nanostructures based on superconducting
oxides (YBa2Cu307.), dielectric or ferroelectric oxides (Pb(Zr1-xTix)O3,
BaTiO3/SrTiO3..), manganites and nickelates, as well as smart films or
nanowires for photonic or photovoltaic devices

A-1.1:/L02 Unusual Higher Order Coupling in Piezoelectric and
Ferroelectric Materials

W.S. OATES, Department of Mechanical Engineering Florida A&M/
Florida State University, Tallahassee, FL, USA

Piezoelectricity is often described to be proportional to the polarization
of a solid; however, Martin (Phys. Rev. B, v.5(4), 1974) has illustrated
that piezoelectricity is uniquely derived from bulk properties using
polarization and the next higher order quadrupole. This coupling is
analyzed using nonlinear continuum mechanics and field theory by
describing the internal state using both polarization and the electric
quadrupole. The results show that anisotropic piezoelectricity can be
predicted from a free energy function that only includes elastic energy
of the solid combined with a Landau-deGennes free energy that
describes the ferroelectric behavior without introducing explicit
piezoelectric or electrostrictive coefficients. Rotational invariance is used
to obtain coupling for finite deformation problems. Limits to infinitesimal
strain show unusual predictions of piezoelectricity that match data given
in the literature based on time-resolved x-ray strain data of lead zirconate
titanate ceramics. Additional coupling effects between the quadrupole,
strain gradients, and flexoelectricity are also discussed.

A-1.1:IL04 Charge Density Studies of Piezoelectric Ceramics:
Characteristic Chemical Bonding and Thermal Motion

Y. KUROIWA, Department of Physical Science, Hiroshima University,
Kagamiyama, Higashi-Hiroshima, Hiroshima, Japan

Pb-containing perovskite solid solutions, such as PbZr1-xTixO3 (PZT),
show outstanding piezoelectric performance. In these ceramics,
ferroelectricity related to the large lattice distortion enhanced by the Pb-
O covalent bonding is suggested to be a clue to the excellent
piezoelectricity. Meanwhile, every PZT does not show high piezoelectric
performance. PZT near the morphotropic phase boundary (MPB)
composition (x = 0.5) possesses the prominent piezoelectric properties,
which means that a conflict between the fluctuation leading to
ferroelectric and antiferroelectric lattice distortions also plays an important
role for the excellent piezoelectricity. In the present paper, high-energy
synchrotron-radiation powder-diffraction experiments are performed to
provide the structural information essential for better understanding of
the piezoelectric properties. We succeed in visualizing the Pb-O covalent
bonding and the anisotropic valence-electron density distributions on
the Pb ion in PbTiO3 which cause the electric polarization in the Pb ion.
A change in the thermal motion of the Pb ion in PZT in the paraelectric
phase is detected at the MPB composition as a function of x. Similar
changes in the thermal motion are observed in Pb-free piezoelectric
solid solutions such as (Na,K)NbO3.

A-1.1:L05 Impact of Sputter Deposition Parameters on the
Leakage Current Behaviour of Aluminum Nitride Thin Films
M. SCHNEIDER, T. STRUNZ, A. BITTNER, U. SCHMID, Vienna
University of Technology, Institute of Sensor and Actuator Systems,
Vienna, Austria

In MEMS (micro electromechanical system) devices, piezoelectric
aluminum nitride (AIN) thin films are commonly used as functional material
for sensing and actuating purposes. Furthermore, AIN features excellent
dielectric properties as well as a high chemical and thermal stability. In
this work, we investigate the leakage current behavior (IV characteristic
and charging curve) of AIN thin films sputter deposited at varying plasma
powers (i.e. 300 W - 800 W) and deposition pressures (i.e. 4 ubar - 8
ubar) up to an electric field of 0.1 MV/cm. First results show a Poole-
Frenkel behavior for all samples with an increase in leakage current by
orders of magnitude as the degree of c-axis orientation decreases. In
addition, the charging curves agree well with the empirical Curie-Van
Schweidler Law (I(t) = | + C.t”-n) and an exponential increase of the
parameter C with temperature is observed. Basically, these results are
expected and show a strong positive correlation between the parameters
| and C representing the static and the transient current fraction,
respectively. In the final paper, we will also discuss in detail the influence
of temperature on the parameter n.

A-1.1:L06 Study of Piezoelectric Actuation in Flexible AIN
Cantilevers

S. PETRONI, M. AMATO, Center for Biomolecular Nanotechnologies
@UNILE, Istituto Italiano di Tecnologia, Arnesano (LE), Italy; G.
MARUCCIO, F. GUIDO, M. DEVITTORIO, Dip. Ingegneria dell'lnno-
vazione of Universita del Salento, Lecce, Italy; M.T. TODARO, A. CAMPA,
A. PASSASEO, National Nanotechnology Laboratory of CNR-INFM,
Lecce, ltaly

In the recent years the development of soft actuators for robotic and
medical applications is attracting great interest. The interest from medical
science is motivated by the growing demand of smart devices: sensors
and actuators able to perform analysis and diagnosis exploring human
body by means of minimal invasive surgeries (MIS), so avoiding pains
and long convalescence time to the patients. The strategy of employing
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smart structures characterized by flexibility and electro-mechanical
transduction is the most attracting for this application. In this work we
study flexible cantilever structures based on Aluminum Nitride (AIN)
integrated on kapton to realize smart micro-actuators. The integration is
achieved by the sputtering deposition of a layer sequence
Molybdenum(Mo)/ AIN/Mo, characterized by high crystal quality, on
kapton. After the fabrication process the resulting suspended cantilevers
are bent downward because of the residual stress. The application of
an electrical stimulus by means of top and bottom Mo electrodes
generates a cantilever deflection, measured by Atomic Force
Microscopy converting the voltage signal of the detector into mechanical
displacement. The displacement is measured on cantilevers with different
geometries.

A-1.1:L09 Dielectric and Ferroelectric Analysis of Nanoparticle/
Nanocrystalline Barium Titanate and PLZT for use in Smart
Inorganic Materials Systems

C.B. DIANTONIO, T. MONSON, M.R. WINTER, TP CHAVEZ, P. YANG,
Sandia National Laboratories, Albuquerque, NM, USA

Attractive for numerous technological applications, ferroelectronic oxides
constitute an important class of multifunctional compounds. Intense
experimental efforts have been made recently in synthesizing, processing
and understanding ferroelectric nanostructures. An objective being to
optimize and implement the active functions of these materials into
‘smart’ devices that elicit the appropriately designed response. This
work will present the systematic characterization and optimization of
barium titanate and lead lanthanum zirconate titanate nanoparticle
based ceramics and how these materials are being examined to meet
needs for present and future applications. The nanoparticles have been
synthesized using several solution and pH-based synthesis processing
routes and employed to fabricate polycrystalline ceramic and
nanocomposite based components. The dielectric and ferroelectric
properties of these various components have been gauged by
impedance analysis and electromechanical response and will be
discussed.

Sandia National Laboratories is a multi-program laboratory managed
and operated by Sandia Corporation, a wholly owned subsidiary of
Lockheed Martin Corporation, for the U.S. Department of Energy’s
National Nuclear Security Administration under contract DE-AC04-
94AL85000.

A-1.1:L10 Controlled Assembly of Two-dimensional Oxide
Nanosheets for Tailored Dielectric Materials

M. OSADA, T SASAKI, International Center for Materials Nano-
architectonics, National Institute for Materials Science, Tsukuba, Japan,
& CREST, Japan Science and Technology Agency (JST), Japan

We report on a rational approach to produce high performance
nanodielectrics using molecularly thin perovskite nanosheets as a
building block!. Perovskite nanosheets (Ca2-xSrxNb3010) were
prepared by delaminating Dion-Jacobson-type layered perovskites
(KCa2-xSrxNb3010) into their molecular single sheets. We approached
the fabrication of multilayered nanocapacitors by a layer-by-layer
assembly using the Langmuir-Blodgett process. These perovskite
nanofilms exhibit high dielectric constant (200-240), the largest value
seen so far in perovskite films with the thickness down to 5 nm. Such
high-k properties are fairly temperature-independent with low leakage
current density (<10-7 Acm-2). We also utilized these high-k nanosheets
as a building block in the bottom-up assembly, and successfully
developed various nanodevices such as high-k capacitors, all nanosheet
FET, nano-ferroelectrics.

1. M. Osada et al, Adv..Mater. ASAP (2011). DOI: 10.1002/adma.
201001722, ACS Nano 4, 5225 (2010); ACS Nano 4, 6673 (2010).

A-1.1:IL11 Flexoelectric Materials, Structures and Sensing
Applications
XIAONING JIANG, North Carolina State University, Raleigh, NC, USA

Flexoelectricity refers to the electromechanical coupling that polarization
can be generated by strain gradient. Flexoelectricity exists in many
organic and inorganic materials including liquid crystals, ferroelectrics,
etc., and many applications utilizing flexoelectricity have been reported.
In this paper, a review will be given to flexoelectric materials, structures
and the existing applications. Analysis on dramatic enhancement of
effective piezoelectric properties through flexoelectric effect and scale
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effect will be next presented. Design, fabrication and characterization
of flexoelectric sensing structures will be discussed at the end. It is
believed that flexoelectricity will play a significant role in miniaturization
of sensors for a broad range of applications.

A-1.1:IL12 Integrated Piezoelectrics for Adaptive Microsystems -
Teamwork of Substrate and Piezo

S. GEBHARDT, Fraunhofer Institute for Ceramic Technologies and
Systems, Dresden, Germany

The trend towards highly miniaturized and complex microsystems
demands for new solutions of integrated sensor and actuator functions.
Microelectronic substrates like Silicon, alumina and LTCC (Low
Temperature Cofired Ceramics) allow for 3D packaging (electrical
connection, channels, cavities and membranes), high robustness and
reliability as well as integration and application of electronic components
whereas piezoceramic materials offer sensor and actuator operations.
To combine the advantages of both integrated solutions are of great
interest. The functionality of the smart systems not only depends on
design and construction but also on material interactions. A thorough
choise of substrate and piezoceramic material as well as the
understanding and prevention of chemical reactions are necessary to
build effective systems. The presentation will give an overview covering
design aspects, technology and applications of integrated piezoceramic
thick films and plates in multilayer material systems. Detailed information
on application for active optics, adaptive structures, force sensors and
ultrasonic transducers will be shown.

A-1.1:IL13 Dielectric Anisotropy as an Additional Tunability of
Ferroelectric Based Composites

M. MAGLIONE, C. ELISSALDE, D. BERNARD, U.C. CHUNG, ICMCB-
CNRS, Université Bordeaux |, Pessac, France; C. ESTOURNES-
CIRIMAT et Plateforme Nationale CNRS de Frittage Flash, PNF2 MHT,
Université Paul Sabatier, Toulouse, France

An extensive literature is devoted to the permittivity and dielectric losses
of ferroelectric based composites. The distribution of dielectric inclusions
in a ferroelectric matrix affects the electric field distribution. A drawback
to experimentally fit with the proposed models lies in the interdiffusion
between the two phases, which can be overcome using Spark Plasma
Sintering. The sharpness of the interfaces between the different
components allows a reliable description of their physical properties.
The orientation of the oblate dielectric inclusions versus the external
field is a determining parameter. We show here an original way to
control the effective permittivity and its anisotropy through the increase
of the 3D microstructure anisotropy, which can be adjusted by the
uniaxial pressure applied during SPS. Pyroelectric and piezoelectric
coefficients were also shown to be anisotropic. To understand this
anisotropy, we have used a 3D microstructural imaging based on X-Ray
tomography and quantitative 3D image processing leading to particles
agglomeration, size distribution and morphology. 3D reconstruction
allows to map out the geometry of the inclusions and their interfaces
with the matrix, which are required for a reliable matching between
experiment and models.

A-1.1:IL16 Modeling of 3D Magnetostrictive Systems with
Application to Galfenol and Terfenol-D Actuators

M. DAPINO, The Ohio State University, Department of Mechanical
and Aerospace Engineering, Columbus, OH, USA; S. CHAKRABARTI,
Cummins Inc., Columbus, IN, USA

We present a model for 3D, dynamic magnetostrictive systems. Maxwell's
equations for electromagnetics and Navier's equations for mechanical
systems are formulated in weak form and coupled using a generalized
constitutive law. The overall system is approximated hierarchically; first,
piecewise linearization is used to describe quasistatic responses and
perform magnetic bias calculations. A linear dynamic solution with
piezomagnetic coefficients computed at the bias point describes the
system dynamics for moderate inputs. Dynamic responses at large
input fields and stresses are described through an implicit dynamic
solution method based on the trapezoidal rule. The model simultaneously
describes the effect of magnetostructural dynamics, flux leakage, eddy
currents, and transducer geometry. The model is applicable to arbitrary
magnetostrictive materials as long as a differentiable 3D constitutive
law for the material is available. The model is implemented into a finite
element (FE) solver and applied to two case studies, a Galfenol unimorph
actuator and a magnetohydraulic Terfenol-D actuator for active engine



mounts. Model results are compared with experiments, and parametric
analyses are conducted which provide guidelines for optimization of
actuator design.

A-1.1:IL77 Magnetic and Dielectric Properties of EuTiO3 Thin
Film under Strain

K. TANAKA, Department of Material Chemistry, Graduate School of
Engineering, Kyoto University, Kyoto, Japan

Bulk EuTiO3 is known to show magnetodielectric effect. In addition,
theoretical study suggests that application of stress or formation of
strain leads to a drastic change in magnetic and dielectric properties of
EuTiO3. In the present study, effects of strain induced by a substrate,
on which EuTiO8 thin film is deposited, on the magnetic and dielectric
properties have been examined. By using a pulsed laser deposition
method, the EuTiO3 thin film was grown on different kinds of substrates,
i.e., LaAlOG, SrTiO3, and DyScO3; the lattice constant of these
compounds is smaller than, just the same as, and larger than that of
EuTiO3, respectively. Magnetic and dielectric properties were measured
for the resultant thin films. Temperature dependence of magnetization
indicates that all the thin films exhibit ferromagnetic behavior at low
temperatures. The magnetization at 2 K under a magnetic field of 100
Oe is the largest for EuTiO3 on DyScO3 and the smallest for EuTiO3 on
LaAlO3. The experimental result is coincident with first-principles
calculation which predicts that ferromagnetic spin configuration becomes
more stable as the lattice volume of EuTiOS is increased.

A-1.1:IL18 First-principles Study of New Multiferroic Perovskite
Oxides

0. DIEGUEZ, J. INIGUEZ, ICMAB-CSIC Campus de la UAB, Bellaterra,
Spain

In this talk | will briefly introduce the subject of researching the properties
of novel materials by numerically solving the quantum mechanical
equations that govern the behavior of their electrons. | will then show
applications of this kind of studies to the field of multiferroic materials,
which show coexistence of both ferroelectric and (anti)ferromagnetic
ordering. This property lends itself to potential applications in
technological devices such as computer memories. In particular, | will
present our recent results for two kinds of materials: (i) we have found
new supertetragonal phases for the prototype multiferroic bismuth ferrite
[Dieguez et al, Phys Rev B 83, 094105 (2011)], and (ii) we propose to
use a solid solution of bismuth ferrite and bismuth cobaltite to create a
material where it is possible to switch between two very different phases
in a way that involves strong piezoelectric, electric, and magnetoelectric
effects [Dieguez and Iniguez, Phys Rev Lett 107, 057601 (2011)]. If
time permits, | will also show new results in our quest to find new
multiferroics with improved properties.

A-1.1:L.22 Rewritable Magnetic Patterning and its Application
Based on Hydrogen Mediated Ferromagnetism

SEUNGHUN LEE, WON-KYUNG KIM, JI-HUN PARK, YONG CHAN
CHO, H. KOINUMA, SE-YOUNG JEONG, Department of Cogno-
mechatronics Engineering, Pusan National University, South Korea

Manipulating the shape, size and inversion of magnetic domain
indispensable to development of the information technology and the
understanding of the physical interaction between magnetic domains
has been attractive research for future spin logic devices. We have
reported theoretical and experimental results for ferromagnetism of Co
doped ZnO(ZnCoO) based on hydrogen mediation, and Co-H-Co
complex. Its magnetization was controlled according to hydrogen
content and was reversible to convert between paramgnetism and
ferromagnetism by hydrogen ejection and injection process. In this
study, we present magnetic patterning and its applicability based on
hydrogen mediated ferromagnetism. To fabricate the mask for selective
hydrogen injection to ZnCoO thin film, conventional lithography
technique was used and plasma treatment and hot isostatic pressing
were carried out for hydrogen injection through patterned photoresist
layer. In magnetic force microscope image, clear magnetic contrast
was observed according to applied magnetic field. It suggests the new
paradigm for manipulation and tailoring of the magnetic domain structure
through a selective hydrogenation process and it will be applied to
rewritable spin device based on reversible ferromagnetism.

A-1.1:L23 Structure and Properties of High-pressure-manufactured
MgB,-based Superconductors for Smart Applications

T.A. PRIKHNA?® W. GAWALEK®, VE. MOSHCHIL?, V. SOKOLOVSKYe,
M. EISTERERY, H.W. WEBER®, J. NOUDEM¢, X. CHAUD', A. KOZYREV?,
M.V. KARPETS?29, V.V. KOVYLAEVe, S.N. DUB?, V.B. SVERDUN?,
alnstitute for Superhard Materials of the National Academy of Sciences
of Ukraine, Kiev, Ukraine; ®Institut fir Photonische Technologien, Jena,
Germany; °Ben-Gurion University of the Negev, Beer-Sheva, Israel;
dAtominstitut, Vienna University of Technology, Vienna, Austria; *CCNRS/
CRISMAT/ISMRA, NRS UMR 6508, Caen, France; {CNRS/CRETA,
Grenoble Cedex, France; dInstitute for Problems in Material Science of
the National Academy of Sciences of Ukraine, Kiev, Ukraine

Reversible transition from superconducting to non-superconducting state
inducing by external magnetic field variation makes it possible to attribute
superconducting materials to smart materials as well (MgB2-based
ones, in particular). Estimated critical current densities, AC losses and
AC and DC voltage-current characteristics of high-temperature high-
pressure manufactured (2 GPa quasihydrostatically pressed or 30 MPa
hot pressed, or 50 MPa spark plasma sintered and synthesized) ring-
shaped MgB2-based superconductors allowed us to demonstrate the
availability of the smart MgB2-based materials for effective application
in inductive transformer-type fault current limiters. Correlations between
structural features (studied by X-ray using Rietveld refinement, high
resolution SEM equipped with X-ray microanalyzer and Auger-
spectrometer), superconducting and mechanical characteristics of
MgB2-based materials synthesized (from Mg and B powdered mixture)
or sintered (from MgB2 powders) without and with additions of titanium,
carbon or silicon carbide under different pressure-temperature conditions
will be under the consideration. Influences of higher magnesium borides
and oxygen segregation in MgB2-based materials on pinning forces,
critical current densities, upper critical fields and fields of irreversibility
have been demonstrated. Correlations between pressure, temperature,
type of addition and amount, distribution of oxygen and higher borides
have been revealed.

A-1.2 Biologically, Chemically and Environmentally
Responsive Inorganic Materials

A-1.2:IL02 Light-switchable Nanoparticles
R. KLAJN, S. DAS, Department of Organic Chemistry, Weizmann
Institute of Science, Rehovot, Israel

Recent years have witnessed an explosion of interest in dynamic
materials - that is, materials capable of changing their structure and
properties upon exposure to external stimuli. Of these stimuli, light is
particularly interesting for numerous reasons. Herein we present a new
photoresponsive system based on metallic nanoparticles functionalized
with a molecular photoswitch - a moiety capable of existing in various
isomeric configurations depending on the wavelength of light it is
exposed to. First, we investigated whether and how the immobilization
of the photoswitch on the surface of nanoparticles affected its
photochemical properties. Second, we found that various configurations
of the photoswitch provided the nanoparticles with contrasting solubilities
- as a result, the isomerization process induced aggregation of
nanoparticles originally dispersed in a good solvent, or dissolution in a
non-solvent. This finding which led to the development of new light-
induced self-assembly systems. Finally, we discuss the advantages of
the new system over the previously reported ones based on azobenzene.

A-1.2:L03 Towards Molecular Recognition by Smart Multi-
functional Mesoporous Silica Microdot Arrays through the
Combination of Ink-jet Printing, EISA and Click Chemistry

O. DE LOS COBOS, M. LEJEUNE, F. ROSSIGNOL, SPCTS, Centre
Européen de la Céramique, Limoges, France; C. CARRION, Plateforme
Cytométrie-Imagerie-Mathématiques, Faculté de Médecine, Limoges
Cedex, France; C. BOISSIERE, F. RIBOT, C. SANCHEZ, LCMCP,
Universite Pierre et Marie Curie Paris VI, College de France, Paris Cedex,
France; X. CATTOEN, M. WONG CHI MAN, J-O. DURAND, ICGM,
Montpellier, France

The ink-jet printing (IJP) and Evaporation Induced Self-Assembly (EISA)
processes are combined in order to achieve with a high flexibility
patterned mesoporous silica microdot arrays while the click chemistry
mechanism allows to selectively post-functionalize microdots. Indeed,
the addition of the 3-azidopropyltriethoxysilane (AzPTES) precursor into
the ejected silica sol formulation enables to obtain azide functionalized
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silica mesoporous microdots arrays: the azide functional groups brought
by AzPTES are co-localized with the surfactant micelles during the
EISA. After the surfactant removal, these azides become accessible
and a 1,3-dipolar Huisgen copper-catalyzed cycloaddition with alkynes,
known as "click reaction", is performed. This configuration offers the
opportunity to specifically post-functionalize each microdot via multiple
click reactions with selected alkynes capable of performing molecular
recognition of interest. Furthermore, by tailoring the pore size and structural
organization of the mesoporous silica microdots through different
parameters, such as sol formulation, sol aging time and ink-jet printing
deposition settings, the sensitivity of these smartly designed multi-
chemically responsive inorganic devices can be improved.

A-1.2:L04 Metallic Electrolyte Composites in the Framework of
the Brick-layer Model

H. LUSTFELD, PGI-1 Forschungszentrum Juelich, Juelich, Germany;
C. PITHAN, PGI-7 Forschungszentrum Juelich, Juelich, Germany; M.
REISSEL, Fachhochschule Aachen, Abteilung Juelich, Juelich,
Germany

It is well known that the already large dielectric constants of some
electrolytes like BaTiO3 can be enhanced further by adding metallic
(e.g. Ni, Cu or Ag) nano particles. The enhancement can be quite
large, a factor of more than 1000 is possible. The consequences for the
properties will be discussed here applying a brick-layer model (BLM) for
calculating dc-resistivities of thin layers and a modified one (PBLM) that
includes 3d percolation for calculating dielectric properties of these
materials. The PBLM results in an at least qualitative description and to
an understanding of the physical phenomena: This model gives an
explanation for the steep increase of the dielectric constants below the
percolation threshold and why this increase should be connected to a
dramatic decrease of the breakdown voltage as well as the ability of
storing electrical energy. We conclude that metallic electrolyte
composites like BaTiO3 composites may be useful for getting high
capacitances but are not at all appropriate for energy storage'.

1. Paper to be published in J. Eur. Ceram. Soc.

A-1.2:/L05 Smart Luminescent Microporous Materials
J. ROCHA, University of Aveiro, CICECO, Department of Chemistry,
Aveiro, Portugal

Lanthanide-bearing luminescent materials find numerous applications
in lighting, photonics optical communications, and biomedical devices.
The grand challenges in the field of materials engineering of
photoluminescent (PL) centres include the design of efficient, stable,
cheap, environmentally-friendly and multifunctional phosphors. | shall
review our approach to meet these challenges, which is based on both
microporous Ln3+ silicates and Ln3+ organic frameworks (MOFs).
Highlights of our work include: (i) an intriguing PL chiral silicate, and a
silicate possessing both isolate Eu3+ and Eu3+-Eu3+ dimers, and a
rather long 5D0 lifetime (12 ms at 10 K)'; (ii) MOFs with quantum yields
and efficiencies among the highest reported, which allowed the
development of an ethanol sensor?, and a miniaturized, self-calibrating,
Ln-MOF pH sensor operative at physiological pH. The combination of
Ln3+-light emission and meso porosity (ca. 20 nm) has also been
accomplished with lanthanide oxide nanotubes. In particular, we report
an approach towards the use of the light-emission features of Ln ions in
real-time imaging applications®.

1. J. Am. Chem. Soc., 2009, 131: 8620; 2. Angew. Chem. Int. Ed.,
2008, 47: 1080; 3. Macedo et al, Nanotechnol., 2008, 19: 295702

A-1.2:/L06 Nanostructured Vanadium Oxide Films Made by
Liquid Phase Deposition: Morphology, Structure and Optical
Property Control

M. ES-SOUNI, R. MINCH, Institute of Materials & Surface Technology,
University of Applied Sciences Kiel, Kiel, Germany

Vanadium oxides are the subject of intense research for many decades
due to their technologically important properties like thermochromism
and catalysis. Especially VO2 and V205 that undergo a well studied
semiconductor to a metal transition at 68 and 257 °C, respectively,
were largely investigated. Structure-property correlations in these oxides,
including the effects of different parameters like grain size, annealing
temperature, film thickness and morphology on the physical properties
were described and discussed in a number of papers. It is agreed upon
that synthesis methods parameters and underlying substrate are crucial
for controlling morphology and physical properties of the films. The
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most widely used techniques of vanadium oxide film and nanoparticles
preparations are summarised elsewhere. In this paper we first review
some of the interesting results obtained elsewhere, and present our
own new results on nanostructured vanadium oxide films obtained
using liquid-phase deposition. We present and discuss the effects of
the following parameters on film morphology, structure and optical
properties: 1) the precursor solution composition, 2) the drying treatment
of spin-coated layers before final annealing, 3) gel film ageing before
final annealing.

Session A-2
Stimuli Responsive Polymers and Gels

A-2:/1L01 Biologically Stimuli-responsive Hydrogels that
Recognize Target Biomolecules

T. MIYATA, Department of Chemistry and Materials Engineering, Kansai
University, Suita, Osaka, Japan

Biologically stimuli-responsive hydrogels that undergo changes in volume
in response to a specific biomolecule, so-called biomolecule-responsive
hydrogels, are useful tools for fabricating molecular diagnostic systems
and self-regulated DDS. We proposed a novel strategy to prepare
biomolecule-responsive hydrogels; our strategy uses biomolecular
complexes as reversible crosslinks that dissociate and associate in the
presence and absence of a target biomolecule, respectively. On the
basis of this strategy, we prepared various biomolecule-responsive
hydrogels that exhibit swelling/shrinking behavior in response to a target
biomolecule. Biomolecule-crosslinked hydrogels that can swell in
response to a target biomolecule have been designed by using
saccharide-lectin complexes, antigen-antibody complexes and DNA
duplexes as reversible crosslinks in the hydrogel networks. Biomolecule-
imprinted hydrogels that can shrink in the presence of a target
biomolecule have been strategically prepared by molecular imprinting
using various biomolecules as ligands for the target biomolecule. The
responsive behavior of the biomolecule-crosslinked and biomolecule-
imprinted hydrogels is based on dissociation and association of
biomolecular complexes as reversible crosslinks. In addition, a method
for preparing biologically stimuli-responsive gel particles that undergo
changes in size in response to a target biomolecule is also reported.

A-2:IL02 Toward Autonomic Response: Self-oscillating Gels
0. KUKSENOK, Chemical Engineering Department, University of
Pittsburgh, Pittsburgh, PA, USA

Polymer gels undergoing the Belousov-Zhabotinsky reaction are unique
materials because the polymer network can undergo autonomous
oscillations in the absence of external stimuli. These self-oscillating gels
provide an ideal medium for probing the interplay between chemical
energy and mechanical action. Here we focus on two distinctive
examples of the autonomous response of these gels to the external
environment. In the first example, we consider gels with gradients in
their crosslink density. Free in solution, these samples undergo a self-
propelled motion in the direction of lower crosslink density. Moreover, if
the same samples are attached with one end to a flat surface, variations
in the concentration of the reagents in the external solution effectively
control the motion of the free end. In the second example, we focus on
artificial cilia made of self-oscillating gels and show that this system can
communicate to undergo a biomimetic, collective response to small-
scale chemical changes. We also show that the cilial oscillations can
be controlled remotely and non-invasively by light. The findings from
these studies provide guidelines for creating autonomously moving
objects and biomimetic self-oscillating cilia which can be used in robotic
or microfluidic applications.

A-2:L03 Monitoring the Swelling/Deswelling of Stimuli-responsive
Hydrogels with Magneto-resistive Methods

K.-F. ARNDT, Physical Chemistry of Polymers, TU Dresden, Dresden,
Germany; |. MOENCH, IFW Dresden, Dresden, Germany

Magneto-resistive sensors have been proposed as detection components
in biological devices (biosensors, biochips). They directly provide an



electrical signal that can be evaluated with standard electronics. The
change of a magnetic field can be followed by giant magneto-resistive
(GMR) elements or sensors based on the Hall-effect. The application of
a smart hydrogel (decorated with magnetic particles) as a sensor layer
in combination with a Hall-effect sensor is demonstrated on monitoring
the swelling/deswelling process. The distance between magnetic
particles and the Hall sensor depends on the degree of swelling. The
Hall voltage is determined by the degree of swelling and thus by the
properties of the liquid environment. The design of a magneto-resistive
device based on a GMR platform is reported. GMR and a gel are
coupled in different geometries (planar, rolled-up, reaction vessel). The
used smart polymers are filled with different magnetic particles. The
functionality of the designs is demonstrated on different tasks: Following
the swelling/deswelling curve, monitoring the change of an analyte
concentration, and counting of gel containers in a flow stream. The
main properties of a GMR-based sensor are discussed, even in
comparison with the Hall-based principle.

A-2:L04 Non-homogeneous and Anisotropic Swelling of
Polymer Gels

P NARDINOCCHI, A. LUCANTONIO, University of Rome "La Sapienza’,
ltaly; L. TERESI, University of Roma Tre, Italy

As it is well known, the modeling of the swelling-induced mechanical
behaviour of polymer gels involves the analysis of two concurrent
evolutive processes determined by the solvent transport and by the
elastic response of the polymer network'. The swelling-induced
deformation patterns depends strongly on the boundary conditions.
Appropriate constraints may induce distinguished stress states and
deformation patterns; likewise, localized exposure to the solvent?. Our
aim is the theoretical modeling and numerical simulation of specific
experiments characterized by non-homogeneous and anisotropic
swelling due to a localized exposure to the solvent together with
mechanical constraints which keep the polymer gel free to bend and
twist. Specific surface absorbing models are analysed to investigate
the influence of the difference between the bulk and the surface
diffusivities of a polymer gel.

1. M. Doi. Gel Dynamics. J. Phys. Soc. Japan 78(5), 052001, 2009.
2. D.P Holmes, M. Roché, T. Sinha and H.A. Stone. Bending and
twisting of soft materials by non-homogenous swelling. Soft Matter 7,
5188-5193, 2011.

A-2:L05 Recent Progress in Flexible Screen-printed lon-selective
Sensors for Environmental and Wearable Applications

G. MATZEU, C. ZULIANI, D. DIAMOND, CLARITY Centre for Sensor
Web Technologies, NCSR, Dublin City University, Dublin, Ireland

New understanding and the introduction of novel materials in lon
Selective Electrodes (ISEs) has boosted their use as low cost analytical
platform. Their compatibility with thick film technology is intriguing
because they can also be screen printed on flexible substrates suitable
for wearable applications. Their coupling with screen printed reference
electrodes has a potential as cheap, disposable, wireless sensing
platform applied to environmental and physiological monitoring. Here
we report on the use of conducting polymers (CPs) and ionogels, as
new types of solid contact for the ISEs applied to the monitoring of lead
in water and of chloride and sodium in sweat samples in real time
experiments. The accuracy of the methods is validated with standard
analytical methods. The key factor in the use of the ionogels is tuning
their hydrophobicity while the preparation of the ISE solid contact from
the CPs is more straightforward. A comparison of the experimental
results thus obtained will be presented at the light of the materials
employed.

A-2:IL06 Nanocomposite Hydrogels (NC gels) with Excellent
Optical, Mechanical and Stimuli-responsive Properties

K. HARAGUCHI, Kawamura Institute of Chemical Research, Sakura,
Chiba, Japan

Poly(N-isopropylacrylamide) (PNIPA) hydrogels have been extensively
studied, from both scientific and industrial application points of view, as
typical stimuli-responsive hydrogels. However, PNIPA hydrogels used
so far had some serious disadvantages, such as weak and brittle
mechanical properties, structural inhomogeneities, low degree of swelling,
and slow de-swelling rate, because of their chemically crosslinked
network structure. Here, we present a new type of PNIPA hydrogel
which solves all these problems simultaneously. The novel hydrogel is a

nanocomposite hydrogel (NC gel) with a unique organic (polymer)/
inorganic (clay) network structure. NC gels are prepared by in-situ free
radical polymerization using exfoliated clay, instead of an organic
crosslinker. NC gels exhibit high transparency, high degrees of swelling,
high de-swelling rate, and superb mechanical properties with
extraordinarily large deformations. Also, these optical, mechanical and
swelling/de-swelling properties can be controlled over a wide range by
altering the gel composition. Furthermore, NC gels exhibit a number of
new characteristics related to the properties of their gel-air and gel-
water interfaces, coil-to-globule transition, optical anisotropy, interactions
with cells, and control of morphology.

A-2:L08 Hydrogel Sensors for Process Monitoring

M. WINDISCH, Dresden University of Technology, Faculty of Electrical
Engineering and Information Technology, Germany; T. JUNGHANS,
Dresden University of Technology, Dept of Chemistry and Food
Chemistry, Germany

For the direct measurement of chemical concentrations of substances
in process liquids, sensors need to be fast and reliable. We investigated
the usability of hydrogels as sensitive coating materials for piezo-electric
thickness shear mode resonators. Hydrogels are cross-linked polymer
networks that show well-defined shifts of their degree of swelling upon
changes of environmental parameters such as ionic concentrations,
concentrations of organic solvents or temperature. These changes of
gel properties are then transferred into an electrical signal. The novel
sensor solution exhibits response times of only few seconds and matches
the reliability of innovative process measuring technology. A method for
its application specific adaption is presented. It is based on optimizing
the interrelation of the sensor structure, the manufacturing technology
for the hydrogel layer, and the processing of the measured data. The
performance of the method is illustrated with the example of a PVA/
PAA-hydrogel coated sensor which monitors the concentration of a
cleaner used in surface technology. The developed measurement
device for this application was approved with a measurement error of
less than 5%.

A-2:L09 Multi-responsive Hydrogels for Sensing Applications
from Thiolactone Functionalized Polymers

S. REINICKE, P ESPEEL, J. VANNEVEL, R. HOOGENBOOM, F. DU
PREZ, University of Ghent, Ghent, Belgium

Within the here presented work we made use of a novel synthetic
protocol to create multi-responsive, degradable hydrogels for sensing
applications in an easy, widely applicable way. This protocol includes
the recently established method of in situ thiol release from a thiolactone
moiety by nucleophilic attack of a primary amine. By chosing a suitable
functional amine, thiolactone containing polymer precursors were
equipped with a sensing moiety and subsequent (reversible) formation
of disulfide bridges from the released thiol groups led to gelation. In
order to demonstrate the modular nature and therefore the versatility of
the applied thiolactone protocol two different sensing purposes were
targeted, namely glucose and heavy metal ion sensing. For that purpose,
the ring opening amine was equipped with a boronic acid and a
morpholine moiety, respectively. It is emphasized, that the presented
synthetic protocol generally has a high potential for the synthesis of
complex, multi-responsive materials since it is not only modular, but
also starts from cheap commercial sources and works in a one-pot
fashion without external trigger such as heat. Besides, no side products
are formed and the resulting gels are easily degradable under reductive
conditions

A-2:L11 Development of Ultra Sensitive Strain Sensors Based
on All-organic Flexible Thin-films

C. ROVIRA, E. LAUKHINA, R. PFATTNER, L. FERRERAS, M. MAS-
TORRENT, V. LAUKHIN, J. VECIANA, Institut de Ciéncia de Materials
de Barcelona (CSIC) and Networking Research Center on
Bioengineering, Biomaterials and Nanomedicine, Bellaterra, Spain

Over the last thirty years tetrathiafulvalene (TTF) and its derivatives have
been successfully used as building blocks for charge transfer salts
giving rise to a multitude of organic conductors and superconductors.
These conductors are obtained as single crystals and, therefore, their
applications are limited. However, micro and nanocrystals of conducting
TTF salts embedded in a polymeric matrix (BL films) offer great potential
for applications in electronic devices. These materials are very promising
since they combine the unique physical properties of molecular
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conductors with the processability and flexibility of polymeric films. In
addition "all organic" circuits can be drawn by local thermal treatment of
these composite materials. BL films are also extremely sensitive to
strain changes (gauge factors between 18 and 9) and exhibit fast and
completely reversible responses’. Such BL films have a sensitivity one
order of magnitude larger than the most commonly used metal-based
electromechanical sensors. In addition, a few proof-of-concept
experiments with simple prototypes will be also reported demonstrating
that these flexible, low-weight, and transparent composites are very
attractive as a new generation of durable and low-cost all-organic
strain sensors being highly promising for a wide range of applications. It
will also be presented the integration into a polyester textile of one of
this kind of materials. The resulting textiles, in addition to be conducting,
exhibit the excellent strain sensing properties of BL films maintaining at
the same time their flexibility?.

1. E. Laukhina et al, Adv. Mater., 22 (2010) 977 and .. Patents PCT/ES/
2006/02087 and US2009/2/515009.
2. L. Ferreras et al, J. Mater. Chem. 21 (2011) 637-640.

A-2:IL15 Stimuli-responsive Polymer Brushes for Sensing
Applications and Protein Adsorption
M. STAMM, Leibniz-Institut fir Polymerforschung Dresden, Germany

Polymer chains can be covalently attached to solid surfaces and mixed
polymer brush layers are versatile surface coatings which reveal stimuli-
responsive behaviour with different stimuli like pH, temperature or salt
concentration. The degree of swelling can be detected by optical means
utilising fluorescence interference effects or plasmon resonance
excitation'®. Also chemical sensing becomes possible if surface
enhanced Raman scattering from nanoparticles in polymer brushes is
used*. Polymer brushes with nanoparticles thus offer different possibilities
for sensing at nanoscale. They are effectively used to control adsorption
of biomolecules, where adsorption and desorption of proteins can be
tuned by pH> 8.

We acknowledge support of this work by DFG.

1. L. lonov, S. Sapra, A. Synytska, A.L. Rogaci, M. Stamm, S. Diez,
Advanced Materials 18 (2006) 1453; 2. S. Gupta, M. Agrawal, P Uhlmann,
F. Simon, U. Oertel, M. Stamm, Macromolecules 41 (2008) 8152; 3. S.
Gupta, R Uhlmann, M. Agrawal, S. Chapuis, U. Oertel, M. Stamm,
Macromolecules 41 (2008) 2874, 4. S. Gupta, M. Agrawal, M. Conrad,
N.A. Hutter, P Olk, F. Simon, L.M. Eng, M. Stamm, R. Jordan, Advanced
Functional Materials 20 (2010) 1756, 5. O. Hoy et al, Advanced
Functional Materials 20 (2010) 2240, 6. E. Bittrich, K.B. Rodenhausen,
K.-J. Eichhorn, T. Hofmann, M. Schubert, M. Stamm, R Uhlmann,
Biointerphases 5 (2011) 159.

Session A-3
Auxetic Materials

A-3:IL07 Toward Auxetic Shape Memory Liquid Crystalline
Elastomers

W. REN. PJ. MCMULLAN, W.M. KLINE, A.C. GRIFFIN, School of
Materials Science & Engineering, Georgia Institute of Technology,
Atlanta, GA, USA

As part of an ongoing program aimed at creating molecular-level organic
auxetic materials, we have synthesized and examined a series of SmC
main-chain liquid crystalline elastomers. The key structural feature is
the presence of a laterally-attached rod that, upon tensioning the polymer
main chain, would rotate into a position approximately perpendicular to
the stretching direction leading to lateral expansion. This site-connectivity
driven rod reorientation mechanism is examined in a series of
experiments: x-ray diffraction, stress/strain measurement, and strain
retention/thermal recovery (shape memory) measurement. Uniaxial
stretching of these polydomain films at room temperature produces a
monodomain structure that can, upon removal of load, retain a significant
level of strain. Although these films show ordinary elastic response at
temperatures near the isotropization (clearing) temperature, at room
temperature - far below the clearing temperature - the mechanical
response is anelastic. A rationale for the shape memory behavior is
proposed that involves moving of crosslink points in the smectic lamellar
arrangement during the stretching event and trapping of these crosslinks
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in different positions at low temperatures. This trapping is driven by the
chemical segregation of the crosslink points from the mesogenic unit
which can be thermally overcome at elevated temperatures allowing
full elastic recovery.

A-3:IL02 The Use of Auxetic Materials in Smart, Gradient and
Multifunctional Systems

A. ALDERSON, Institute for Materials Research and Innovation,
University of Bolton, Bolton, UK

Auxetics are attracting attention due to the novel property of expanding
widthwise when stretched axially, and also because other properties
can reach extreme values when Poisson's ratio assumes negative values
characteristic of auxetic behaviour. Auxetic materials may form an
important component of a system displaying 'smart' behaviour in some
way. An example is the concept of a smart bandage which releases an
active pharmaceutical ingredient from the fibre micropores due to
opening of the micropores in response to swelling of the wound to
which the bandage is applied. Controlled release of guest material in
the bandage and other devices exploiting the stress-induced storage-
release mechanism may be further optimised if gradient structure can
be designed into the auxetic component. Similarly, the design of
hierarchical auxetic behaviour into a system can lead to multifunctional
response. For example, in the bandage application auxetic response at
the fabric structure level might lead to enhanced breathability function
in addition to the controlled release function from the fibre structure
level. In this presentation progress towards the development of auxetic
materials and structures having gradient properties for smart or
multifunctional applications will be reported.

A-3:L03 Auxetic Foam Pads: Experiments and Parameters
Identification

M. GRAVADE, M. OUISSE, M. COLLET, FEMTO-ST Applied
Mechanics, Besangon, France; F. SCARPA, M. BIANCHI, Advanced
Composites Centre for Innovation and Science, Bristol, UK

Auxetic materials are known to exhibit smart and efficient mechanical
properties such as high energy absorption and fracture resistance been
able to be used for a variety of applications (personal protection clothing,
packing material, robust shock absorbing material, sponge mops and
filtration). The particular hinge-like structures of auxetic materials typically
induce macroscopic negative Poisson's ratio. The material used in this
work has been obtained from conventional foam that becomes auxetic
after a specific forming process. Numerical and experimental
approaches are conducted using conventional and auxetic samples
made from the same base material, together with classical melamine
foam for comparison purpose. Several acoustic properties are
investigated. Finally, in order to identify some parameters values including
the Poisson's ratio, a procedure allowing identification from simple
measurements has been tested: a preliminary sensitivity study is
performed, and the optimization step is then conducted in order to
efficiency identify the parameters from experimental measurements.
The particular case of the Poisson's ratio is considered in details. Aspects
related to visibility of the parameter, anisotropy of the material and
confidence of the identification are discussed.

Session A-4

Electrorheological and
Magnetorheological Fluids

A-4:IL02 Novel Adaptive Damping Systems Based on Magneto-
rheological Fluids

H. BOSE, Fraunhofer-Institut fur Silicatforschung ISC, Wurzburg,
Germany

In present magnetorheological (MR) dampers, the magnetic field for
the control of the MR fluid is generated by the coil current of an
electromagnet. This operation causes drawbacks in terms of poor fail-
safe behaviour and low energy efficiency. In a novel approach, a MR
damper was developed whose magnetic circuit contains permanent



magnets in addition to the electromagnet. The permanent magnets
generate a strong magnetic field in the MR gap of the damper without
any supply of electric energy. With the additional electromagnet, the
magnetic field strength in the MR fluid can be strongly decreased or
increased, which gives an improved fail-safe behaviour compared to
MR dampers with an electromagnet solely. In another type of new MR
dampers, the magnetic circuit is equipped with a switchable hard magnet
consisting of AINiCo as well as with an additional coil. Upon variation of
the coil current, the magnetization in the AINiCo magnet can be
changed with only short pulses of the current. Electric power is only
required for the change of magnetization, which makes the MR damper
very energy-efficient. The design of such novel MR damping systems is
introduced in the lecture. Moreover, the damping characteristics of the
systems filled with special MR fluid compositions are described.

A-4:L06 A Model Reference Adaptive Control of a Magneto-
rheological Fluid Brake

R. RUSSO, M. TERZO, Department of Mechanics and Energetics,
University of Naples "Federico II", Italy

The paper describes an experimental/theoretical activity that involves a
magnetorheological fluid brake (MRFB). A device model is derived taking
into account the viscous and the magnetic contribution to the braking
torque. The viscous contribution is based on a purely algebraic
relationship while the magnetic one is characterized by a nonlinear
dynamic model. By means of parameters identification procedure, the
influence of temperature and speed on model parameters is evaluated.
The analyzed parameter variability suggests the employment of a model
reference adaptive control finalized to regulate the braking torque. This
feedback control method is able to minimize the tracking error in
presence of a plant characterized by a known dynamics and uncertain
parameters. According to this approach, the MRFB torque measurement
only is necessary as feedback signal. Numerical simulations have been
carried out and the obtained results confirm the goodness of the proposed
approach.

A-4:L07 Modeling and Analysis of the Electrorheological Fluids
(Suspension Flow) with Aligned-Structure Reformation
YOUNGWOOK SEQO', HYOUNG JIN CHOI2, YONGSOK SEO', 'School
of Materials Science & Eng., College of Engineering, Seoul National
University, Seoul, Korea; 2inha University, Incheon, Korea

A model capable of describing the suspension (electrorheological (ER)
fluids ) flow behavior under different electric field strengths through the
full range of shear rates is proposed. Structural reformation in unyielded
regions is included where part of the material is in undeformed state
while the aligned structures reform by shear. The model's predictions
were compared with experimental data of some ER fluids (snowman-
like anisotropic microparticles as well as the ER fluid of dodecyl benzene-
sulfonic acid-doped polyaniline) and the CCJ model. This simple model's
predictions of suspension flow behavior with aligned structure reformation
agreed well experimental data both quantitatively and qualitatively.
Master curve of the apparent viscosity could be obtained by proper
scaling of both axes, which shows that combination of the flow curve
analysis by proposed model and dimensional analysis allows
quantitatively and qualitatively precise prescription of the ER fluid's
rheological behavior by relatively few experimental measurements.

Session A-5

Luminescent and Chromogenic Materials
Systems

A-5.1 Luminescent Materials

A-5.1:IL07 Plasmonically Controlled Lasing Oscillation with
Metallic-dielectric Core-shell Nanoparticles

K. FUJITA, Department of Material Chemistry, Graduate School of
Engineering, Kyoto University, Kyoto, Japan

The research on plasmonics has led to extensive applications in the

field of optoelectronics, primarily owing to the unique property known as
localized surface plasmon resonance in metallic nanostructures. In
studies on spontaneous emissions, both of fluorescence enhancement
and quenching are observed for fluorophores in the vicinity of metallic
nanostructures. The enhancement factor largely depends on the
distance between fluorophores and metal, because the radiative and
non-radiative transitions of fluorophores vary much with their spatial
separation. In contrast to continuous efforts to spontaneous emissions,
much less has been known in stimulated emissions, although the
incorporation of metallic nanostructures into gain media may lead to a
breakthrough of laser devices. In this paper, we report on how lasing
resonance varies with the distance between fluorophores and metallic
nanoparticles. The system under consideration is composed of dye
solutions suspended with metallic-dielectric core-shell nanoparticles,
known as a random lasing medium that utilizes multiple scattering to
elongate the residual time of photons so as to realize light amplification.
We demonstrate the capability to control the stimulated emissions utilizing
local field enhancement by surface plasmons.

A-5.1:IL02 Luminescent Organic Nanofibers

J. KIELSTRUP-HANSEN, L. TAVARES, PB.W. JENSEN, H.-G.
RUBAHN, NanoSYD, Mads Clausen Institute, University of Southern
Denmark, Soenderborg, Denmark

For optoelectronic applications, organic semiconductors have several
advantages over their inorganic counterparts such as tunability via
synthetic chemistry and low temperature processing. Self-assembled,
molecular crystalline nanostructures are of particular interest as they
could form ultra-small light-emitters. For example, hexaphenylene
molecules can form organic nanofibers upon epitaxial surface growth.
The nanofibers emit polarized blue light when excited with UV light and
can function as waveguides and random lasers. However, well-ordered
nanofibers must be grown on mica substrates, which are not further
processable. Here, we show a method to transfer such mica-grown
nanofibers onto transistor platforms to facilitate a nanofiber-based light-
emitting transistor. Device configurations with either top or bottom
contacts have been explored. The electrical characteristics of top
contact devices are dominated by the nanofiber bulk as opposed to
bottom contact devices, which exhibit injection limited behavior. Finally,
we demonstrate blue electroluminescence from the fibers using a
sinusoidal gate voltage. This constitutes an important step in the
sequence towards a nanoscale light-emitter with a desired color, which
could be realized through synthesis of suitable molecules.

A-5.1:IL03 Photoresponsive Inorganic Materials
SHIN-ICHI OHKOSHI, Department of Chemistry, School of Science,
The University of Tokyo, Tokyo, Japan; and JST, CREST, Tokyo, Japan

The development of functional magnetic materials is an important issue
in the field of material science. Up to date, we have developed unique
functional materials using cyano-bridged assembly'®. In this paper, we
report a light-induced spin-crossover ferromagnetism in Fe2[Nb(CN)8] (4-
pyridinealdoxime)8-2H20*. In addition, as metal oxide nanomaterial,
we report epsilon iron oxide (epsilon-Fe203), exhibits gigantic coercive
field (20 kOe) and high frequency millimeter wave absorption (182 GHz)>®
and a photo-reversible metal-semiconductor phase transition in lambda-
titanium oxide (A-Ti305)".

1. S. Ohkoshi et al, Nature Materials, 3, 857 (2004), 2. S. Ohkoshi et al,
Angew. Chem. Int. Ed, 46, 3238 (2007); 3. S. Ohkoshi et al, J. Am.
Chem. Soc., 132, 6620 (2010); 4. S. Ohkoshi et al, Nature Chemistry,
3, 564 (2011); 5. S. Ohkoshi et al, Angew. Chem. Int. Ed., 46, 8392
(2007); 6. A. Namai et al, J. Am. Chem. Soc., 131, 1170 (2009); 7. S.
Ohkoshi et al, Nature Chemistry, 2, 539 (2010).

A-5.1:L04 Preparation of Optoelectronics Glass Using
Mesoporous SiO2/PVA

S. FUJINO, K. NAGANO, H. IKEDA, T. KAJIWARA, Kyushu University,
Fukuoka, Japan

We developed a glass preparation process by use of inorganic-organic
nanocomposite. To obtain monolithic transparent silica glass by sintering
SiO2 nanoparticles, we prepare an SiO2/PVA mesoporous material.
We demonstrated fabrication of submicron patterns on silica glass by
room-temperature imprinting method. Micropatterns on the
nanocomposite are fabricated by imprinting a mold at room temperature
at 5 MPa in air atmosphere. The nanocomposite has a strong network
made of hydrogen bonding interactions between the silanol groups of
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SiO2 nanoparticles and the hydroxyl groups of PVA. This strong network
structure prevents destruction of the nanocomposite due to compressive
stress during imprinting. After sintering the nanocomposite at 1100°C,
micropatterned silica glass is obtained. The process described, herein,
provides an attractive, low-temperature alternative to fabricate
micropatterns on silica glass. Nano metals such as Cu,Au,Pt can be
printed on the surface or inside of nano composite and can form circuit
pattern by co-sintering. Thus circuit on glass can be formed. The novel
transparent glass we prepared would be conducive to its use in optical
sensor, light guide, optical lens, microchip.

A-5.2 Chromogenic Material Systems

A-5.2:IL07 Electrochromism of Nanocrystal-based Metal Oxide
Films

G. GARCIA, A. LLORDES, R. BUONSANTI, R.J. MENDELSBERG,
E.L. RUNNERSTROM, D.dJ. MILLIRON, Lawrence Berkeley National
Laboratory and University of California, Berkeley, CA, USA

Fundamentally new opportunities for the electrochemical manipulation
of optical properties emerge when the active electrochromic material is
deliberately structured on the nanometer length scale. For instance, we
have demonstrated that the surface plasmon absorption of indium tin
oxide (ITO) nanocrystal films can be tuned across the near infrared
(NIR) spectral range by reversible electrochemical doping. We use a
modified Drude model to analyze transmission spectra demonstrating
that electrochemical modulation of the electron concentration is
responsible for their unprecedented NIR electrochromic response.
Optimizing the film parameters, we achieve 35% modulation of solar
NIR while retaining >90% visible transmittance. Embedding such
colloidal nanocrystals in a transition metal oxide matrix, we have
fabricated metal oxide nanocomposite films that bring a new dimension
to optical modulation. Here, we combine our plasmonic electrochromic
concept with conventional electrochromics to modulate both NIR and
visible light transmission. These properties are of keen interest for a new
breed of energy-saving, dynamic window coatings that can separately
manage solar heating and daylight.

A-5.2:/L03 Chromogenic Windows
C.G. GRANQVIST, Department of Engineering Sciences, The
Angstrt’)m Laboratory, Uppsala University, Uppsala, Sweden

The weakest part of a building's energy system is normally its windows
and glass facades, which let in too much energy so that cooling is
needed or let out too much energy so that heating is needed. The
windows and glass facades are required to create indoors-outdoors
contact and for day-lighting, so the issue cannot be solved by making
the windows small. This talk outlines the international endeavors to
create windows that can adjust over the day and season, so that they
admit an appropriate amount of visible light and solar energy in order to
maximize the energy efficiency jointly with providing good indoor comfort.
Two technologies will be introduced--electrochromics and
thermochromics--which make it possible to vary the throughput of light
and energy by use of a low electrical voltage or as a response to a
change in temperature, respectively. Device designs, materials, and
progress towards low-cost manufacturing are discussed, and
perspectives are given on the energy efficiency that can be
accomplished.

A-5.2:/L06 Dynamic Coloration Enabled by Polymer/Cholesteric
Liquid Crystal Composites

M.E. McCONNEY, M. DUNING, L. NATARAJAN, V. TONDIGLIA, T.J.
WHITE, T.J. BUNNING, Air Force Research Laboratory, Materials and
Manufacturing Directorate, WPAFB, OH, USA

We explore thin films of polymer/liquid crystal mixtures which exhibit
dynamic coloration properties. Cholesteric liquid crystals (CLCs) are
well-known to have circularly polarized reflection, which makes them
highly promising in a myriad of photonic-based applications. One
drawback of this material system is the helical nature that defines CLCs
inherently limits their reflection to 50% of unpolarized light. Another
drawback of CLCs is their propensity to switch on and off, rather than
analog change their color. By using the ability of liquid crystals to impart
a degree of order onto the molecular structure of polymers, we
demonstrate examples of systems where these two drawbacks are
overcome. Spatially heterogeneous polymer is formed through
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anisotropic photopolymerization of LC monomers in a chiral LC fluid
which is only attached from one surface of a single cell and only spans
a fraction of the cell thickness. Thus from one cell, reflection of both
polarization states of light is obtained. We demonstrate a unique swelling-
deswelling phase transition involving the ordered liquid crystal solvent
and structured polymer to demonstrate tunability of the color over 100's
of nanometers.

A-5.2:IL07 Thermotropic Materials for Adaptive Solar Control
R. RUHMANN, A. SEEBOTH, O. MUEHLING, D. LOETZSCH,
Fraunhofer Institute for Applied Polymer Research, Berlin, Germany

Thermotropic materials offer an immense potential in adaptive solar
control. They combine specific optical properties like absorbance and
reflection, and high stability against solar radiation and heat with
technology compatible processing capacities. Therefore, they represent
perfect energy efficient materials. In detail, polymer blends, polymer-
based hydrogels, casting resins, and thermoplastic films with a reversible
temperature-dependent switching behavior have been investigated.
The presentation gives a comparative evaluation of the different concepts
with a view to their application in adaptive solar control. Own current
results exploit the well-known phase change materials and describe its
use for adaptive solar control with extruded films or highly stable casting
resins with thermotropic properties. Therewith, the status has changed
from diffuse sunblind systems to intrinsic solar energy reflecting materials
and a first smart window system based on phase change materials has
now commercialized'. In summary: It is amazing that the solar energy
itself is used as a promoter against solar heat.

1. A. Seeboth, R. Ruhmann, O. Muehling, Materials 2010, 3, 5143-
5168. Thermotropic and Thermochromic Polymer Based Materials for
Adaptive Solar Control.

A-5.2:L08 Modeling, Preparation and Characterization of New
Fluorophores for Smart Polymer Composite Films

G. RUGGERI', A. PUCCI', F. BELLINA", M. LESSI', L. CARTA?, C.
CAPPELLI'?, G. PRAMPOLINIZ, V. BARONE?, 'Dept. of Chemistry and
Industrial Chemistry, University of Pisa, Pisa, Italy; 2?Scuola Normale
Superiore, Pisa, Italy

Polymer composite films containing dyes of different nature and
structure, characterized by optical responsiveness to external stimuli,
are studied because they are very promising for the development of
smart and intelligent polymer devices for sensing and safety
applications’. In this context, a computational work was carried out for
the screening of UV-Vis absorption and emission spectra of a series of
fluorophores containing functionalized thiophene rings with push-pull
groups. The theoretical most promising structures, based on new 1,4-
bis-(thienylethynyl)benzene derivatives, were synthesized by a two-step
sequence involving a Cassar-Heck coupling reaction followed by a
Sila-Sonogashira reaction and and their main optical features were
characterized in solution by UV-Vis and emission spectroscopies.

The Fondazione Cassa di Risparmio di Pisa is acknowledged for the
financial support under “POLOPTEL" project n. 167/09

1. Pucci, Andrea; Bizzarri, Ranieri; Ruggeri, Giacomo, "Polymer composites
with smart optical properties", Soft Matter (2011), 7 3689-3700

Session A-6

Multifunctional Materials, Composites and
Active Hybrid Materials Systems

A-6.1 Multifunctional Materials, Hybrids and
Nanocomposites

A-6.1:IL07 Bottum up Strategies to Nanostructured and
Hierarchically Structured Functional Solids

C. SANCHEZ, Laboratoire de Chimie de la Matiere Condensée de
Paris, CNRS, Université Pierre et Marie Curie, College de France, Paris,
France



Hybrid inorganic-organic materials can be broadly defined as synthetic
materials with organic and inorganic components which are intimately
mixed. They can be either homogeneous systems or heterogeneous
asystems where at least one of the components' domains has a
dimension ranging from a few A to several nanometers. Hybrid phases
can also be used to nanostructure or texture new inorganic
nanomaterials. Research on hybrids has experienced an explosive
growth since the 1980s, with the expansion of soft inorganic chemistry
processes. The mild synthetic conditions provided by the sol-gel process
and the versatility of the colloidal state allow for the mixing of the organic
and inorganic components at the nanometer scale in virtually any ratio.
These features, and the advancement of organometallic chemistry and
polymer and sol-gel processing, make possible a high degree of control
over both composition and structure of these materials, which present
tunable structure-property relationships. This, in turn, makes it possible
to tailor properties in very broad ranges, and to design specific systems
for applications.This lecture will describe some recent advances on the
Chemistry and processing of Nanostructured and Hierarchically
structured Functional Inorganic and hybrid Solids.

A-6.1:L03 Sol-gel Derived Multifunctional Layered Hybrid Films
for Anti-corrosive Coating

C. URATA, D.F. CHENG, A. HOZUMI, National Institute of Advanced
Industrial Science and Technology (AIST), Nagoya, Japan

Many efforts have been made to protect metals from corrosion in a
wide variety of engineering fields. In this study, we report a novel strategy
to prevent corrosion of metals based on the use of layered siloxane-
organic hybrids (LSHs). Our LSHs, composed of alternating alkyl chain
and siloxane layers with nanometer-scale interval distance between
the layers, are derived from cohydrolysis and condensation of an
alkylsilane and an alkoxysilane. Such hybrid materials offer several
attractive advantages. First the resulting coatings are highly transparent
and curable at room temperature. Second the surface of the coatings
shows excellent dynamic hydrophobicity due to the low surface energy
and flexibility of the alkyl chains. Third, the layered nanostructures are
capable of carrying functional molecules such as corrosion inhibitors
(Cl) between the layers, and are expected to show self-healing properties
when the samples are subjected to harsh environments. For example,
our copper samples coated with Cl-loaded LSH films showed not only
excellent hydrophobicity but also corrosion resistance against salt spray
test more than 2000 h. Thanks to the relative contributions of
hydrophobicity and self-healing properties, long-term corrosion resistant
coatings have been successfully prepared.

A-6.1:/1L05 Smart Morphology Control of Metal Oxide Nano/Micro-
crystals in Aqueous Solution

Y. MASUDA, National Institute of Advanced Industrial Science and
Technology (AIST), Nagoya, Japan

Morphology control of metal oxide nano-structures was realized in
aqueous solutions to form various nanostructures. They were applied to
dye-sensitized molecular sensors. [TiO2 structure] Anatase TiO2
particles with high surface area of 270 m2/g were prepared at 50°C.
The particles were assemblies of nano TiO2 crystals covered with
nanorelief surface structures. The crystals grew anisotropically along
the c-axis to form acicular crystals. TiO2 films consisting of anisotropic
acicular crystals were also prepared. The films showed high c-axis
orientation. [SnO2 structure] Tin oxide particles having BET surface
area of 85 m2/g were synthesized in agueous solutions. They consisted
of nanosheet crystals. The sheets were about 50-100 nm in size and 5-
10 nm thickness. [ZnO] ZnO rod arrays were fabricated on FTO
substrates for dye-sensitized molecular sensors. They were formed on
the substrates without seed layers and high temperature annealing.
Zn0O was crystallized in agueous solutions to form hexagonal cylindrical
rods on the substrates directly. The rods elongated along the c-axis and
stood perpendicular to the substrates. The rod arrays showed only a
0002 X-ray diffraction peak, indicating a high c-axis orientation. Signal-
to-noise ratio (S/N) reached 53.

A-6.1:1L06 Polymer Nanocomposites for Functional Applications
F. FAUPEL, V. ZAPOROJTCHENKO, T. STRUNSKUS, Christian-
Albrechts University at Kiel, Institute for Materials Science - Multi-
component Materials, Kiel, Germany; M. ELBAHRI, Christian-Albrechts
University at Kiel, Institute for Materials Science -Nanochemistry and
Nanoengineering, Kiel, Germany and Institute of Polymer Research,
Helmholtz-Zentrum Geesthacht, Geesthacht, Germany

Nanocomposites combine favorable features of the constituents on
the nanoscale to obtain new functionalities. The present talk is
concerned with the preparation of polymer-based nanocomposites
consisting of metal nanoparticles in a polymer matrix and the resulting
functional properties'. Emphasis is placed on vapor phase deposition?
which inter alia allows the incorporation of alloy clusters with well defined
composition and tailored filling factor profiles. Examples presented
include optical composites with tuned particle surface plasmon
resonances for plasmonic applications®, magnetic high frequency
materials with cut-off frequencies well above 1 GHz*, sensors that are
based on the dramatic change in the electronic properties near the
percolation threshold, and antibacterial coatings which benefit from the
large effective surface of nanoparticles and the increased chemical
potential which both strongly enhance ion release'. Moreover,
photoswitchable composites containing chromophores and
nanoparticles will be addressed.

1. F. Faupel et al, Adv. Eng. Mater. 12 (2010) 1177-1190; 2. A. Biswas et
al, Nano Letters, 3, 1, (2003); 3. M. Elbahri et al, Adv. Mater. 23 (2011)
1993-1997; 4. H. Greve et al, Appl. Phys. Lett. 89, 242501 (2006).

A-6.1:L08 New Silver Chloride - Silver Hybrid Polymers with
Nylon and Polyurethane Showing Enhanced Antimicrobial and
Photocatalytic Properties

M. PARRY, J.H. JOHNSTON, School of Chemical and Physical
Sciences, Victoria University of Wellington, Wellington, New Zealand

Silver chloride attracts attention for its electronic, antimicrobial and
catalytic properties. We report the synthesis of silver chloride nanoparticles
directly onto porous nylon and polyurethane polymer substrates to form
new silver chloride-silver polymer hybrid materials. The nanosize is
controlled by the polymer porosity and synthesis conditions. The AgCl-
polymers are initially white but on exposure to light they change
progressively to purple, due to the photo-reduction of some Ag+ in the
AgCl nanoparticle lattice to Ag0, forming domains of spherical silver
nanoparticles a few nm in size. Spherical silver nanoparticles are normally
yellow. The purple colour is due to a red shift of the surface plasmon
resonance absorption through a change in the dielectric constant from
water to AgCl and a core-shell effect. Antimicrobial measurements
show the AgCIl-Ag composite nanoparticles exhibit enhanced
antimicrobial effectiveness towards E. coli in visible light compared to
that in the dark, and the precursor Ag and AgCl components. The
photocatalytic properties of the composite nanoparticles in degrading
organic compounds are also more effective than those of Ag and AgCl.
These new hybrid AgCl-Ag polymers are therefore more effective in
antimicrobial and photocatalytic applications.

A-6.1:L09 Fabrication of Carbon Nanotube-alumina Composite
and Coating with Graphite Film

M. OMORI, G. YAMAMOTO, K. SHIRASU, T. HASHIDA, Graduate
School of Mechanical Engineering, Tohoku University, Sendai, Japan

We tried two new attempts to fabricate carbon nantube-alumina
composites, using aluminum hydroxide instead of alumina powder and
selecting dispersive multi-walled carbon nanotubes (MWNTs). MWNTs
were classified into two groups of thick and thin ones. Thick MWNTs
consist of a large number of graphene and diameter more than 30 nm.
Thin MWNTs of a small number of graphene are less than 30 nm in
diameter. Thick MWNTs are dispersive because of low agglomeration.
Thin MWNTs tend to be greatly agglomerated but the size of the
agglomerated varies from product to product. We selected a thin MWNT
of which the agglomerated size is less than 10 microns. The composites
were prepared from 0.3 to 5 mass% of thick MWNTs and the dispersive
thin MWNT and aluminum hydroxide by spark plasma sintering (SPS).
The strength of all the composites was over 400 MPa. To promote
applications of the composite, it was coated with graphite film by rubbing
graphite powder on its surface and changed into a low friction material.
The graphite film was bonded to the MWNTs exposed on the surface of
the composite by van der Waals force. The composite can be applied
to self-lubricating bearing and acetabular cup of total hip joint
replacement.

A-6.1:IL11 Organic-inorganic Hybrid Materials for Green Photonics
L.D. CARLOS, Department of Physics and CICECO, University of
Aveiro, Aveiro, Portugal

The realization of cost effective, eco-friendly and sustainable photonic
components based on sol-gel derived organic-inorganic hybrid (OIH)
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matrices has received increasing attention in the past years. The talk
presents examples of OlHs that can be used in green photonics (namely
as non-contact luminescent micro/nanothermometers, luminescent solar
concentrators, LSCs, and integrated optics, |0, substrates in the new
generation of optical networks). The molecular thermometers reported,
based on OIHs embedded trivalent lanthanide ions, are self-referencing,
allowing absolute measurements in the 10-350 K temperature range.
The combination of the molecular thermometer with a nanometric
magnetic/luminescent host matrix provides the device multifunctionality
at the nanoscale. LSCs with optical conversion efficiency up to 4% are
fabricated based on thin layers of Eu3+-containing hybrid materials.
For 10 substrates, emphasis will be given to approaches for materials
processing and refractive index control that permits the design of passive
applications in access/indoor optical architectures, particularly, planar
and channel waveguides, couplers, filters and Y power splitters.

A-6.1:IL12 Light-weight, Transparent, and Hard Mmultifunctional
Materials Based on Nanocellulose-inorganic Nanoparticle
Hybrids

G. SALAZAR-ALVAREZ, Department of Materials and Environmental
Chemistry, Stockholm University, Stockholm, Sweden, & Wallenberg
Wood Science Center, Royal Institute of Technology, Stockholm,
Sweden

In the quest for light, biodegradable, and functional materials biopolymer-
inorganic hybrids are emerging as one of the strongest alternatives.
Early work on the fabrication of organic-inorganic nanocomposites
focused on the functionalisation and subsequent dispersion of various
nanoparticles in a polymer matrix. Our approach is based on the use of
the most abundant biopolymer on Earth in its mesoscopic version,
nanocellulose, as both nucleating agent and scaffold for different
nanoparticles systems. This talk will present our work on the fabrication
of multifunctional materials based on three types of nanocellulose:
bacterial nanocellulose (BNC), nanofibrillated cellulose (NFC), and
nanocrystalline cellulose (NCC); and three different classes of functional
nanoparticles: CoFe204 (magnetic material),’ TiO2 (UV absorber), and
amorphous calcium carbonate (ACC, biomineral).? The hybrids have
rather low apparent densities, are mechanically hard, and possess also
additional magnetic, optical, or structural properties. The influence of
the different approaches used for the fabrication of the hybrids on their
properties will be discussed.

1. G. Salazar-Alvarez et al, Nat. Nanotechnol. 2010, 5, 584-588.
2. D. Gebauer et al, Nanoscale 2011, 3, 3563-3566.

A-6.1:L13 Superhydrophilic and Superhydrophobic Patterned
Surfaces

M.B. HERZOG, J.H. JOHNSTON, School of Chemical and Physical
Sciences, Victoria University of Wellington, Wellington, New Zealand

The alternating superhydrophobic and superhydrophilic patterning on
the back of the Stenocara beetle allows this desert insect the unique
ability to collect water by condensing water vapour from the atmosphere
on its back. Inspired by this ability, modern nanotechnology and layer-
by-layer assembly were used to synthesize both superhydrophobic and
superhydrophilic patterned surfaces on various substrates such as
polymer sheets and patterned woolen textiles. Through the use of
functionalised silica or other nanoparticles, either produced in the
laboratory or as a commercially available colloidal suspension of such
spherical nanoparticles, the necessary hierarchical surface structure in
the micro- and nano-range was created. Surface analyses, contact
angle measurements and advancing and receding angles will be
presented. A combination of both superhydrophobic and super-
hydrophilic surfaces allows the creation of such patterning which in turn
provides a new generation of materials with a wide range of consumer
applications such as water harvesting, stain resistant self-cleaning and
water-repellent breathable surfaces.

A-6.1:L14 High Dielectric Nanocomposite Interleaves for Multi-
functional Structural Composites

G.J. EHLERT'", H. TANG?, A. HAREL-CANADA', H.A. SODANO',
"Mechanical and Aerospace Engineering, University of Florida,
Gainesville, FL, USA; 2Materials Science & Engineering, University of
Florida, Gainesville, FL, USA

Future air and ground vehicles will continue to rely upon capacitive

energy storage for a variety of sensing and functional tasks.
Unfortunately, the present generation of capacitors is too large and too
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heavy to enable these functions in the next generation of vehicles.
Much work has focused on improving the energy density of capacitors
by engineering higher dielectric ceramics and employing
nanocomposites to reduce the component mass. A different approach
is to reduce the need for on board capacitors by using the structure of
vehicle to augment the existing energy storage system. In order for a
multifunctional composite system to save overall system mass, the
tradeoffs in the structural material properties must be minimized so that
additional structure need not be added. The polymer rich interlaminar
region is often where fatigue cracks initiate and can limit lifetime and
overall strength of the material. This work will present a multifunctional
composite material by employing a high energy density nancomposite
interleave that will enable energy storage as well as inhibiting interlaminar
crack growth. The results will show a composite that offers capacitive
energy storage in addition to preserving the interlaminar shear properties
of the composite.

A-6.1:L15 Nanogold and Nanosilver Hybrid Materials with Paper
Fibres for Anti-microbial Applications

T.W. NILSSON, J.H. JOHNSTON, School of Chemical and Physical
Sciences, MacDiarmid Institute for Advanced Materials and Nano-
technology, Victoria University of Wellington, Wellington, New Zealand

A novel approach for the formation of nanogold and nanosilver
composites with lignin-containing cellulose fibres with antimicrobial
properties will be presented, where the lignin component of unbleached
paper fibres forms and stabilises nanogold and nanosilver. The
methodology does not require external reducing agents or chemical
alteration of the cellulose fibres, and is applicable to unbleached kraft
fibres and mechanical pulp only. The phenol and possibly the aromatic
methoxy groups prevalent in lignin are considered to reduce Au3+ to
Au0 and Ag+ to Ag0, and bind the nanogold and nanosilver to the fibre
surface. SEM and UV-visible spectroscopy confirm the formation of
nanogold and nanosilver on the fibres. Infrared spectroscopy shows
the changes between blank fibres and composite fibres are consistent
with this role of phenol and methoxy groups. The antimicrobial activity
of the composites is observed at low levels of nanogold, and very low
levels of nanosilver. The antimicrobial properties of nanogold and
nanosilver are synergistically combined with the flexibility of paper fibres
and provide the opportunity to produce paper products suitable for
antimicrobial packaging, medical dressings and air filters.

A-6.1:IL19 Chemically Grown Nanoparticles, Nanowires and
Nanocomposites: Processing, Applications and Devices

S. MATHUR, Inorganic and Materials Chemistry, University of Cologne,
Cologne, Germany

Chemical nano-sciences enabling controllable manipulation of matter
at molecular length scale have become fundamental generators for
innovations in materials processing. The successful synthesis,
modification and assembly of nanobuilding units such as nanocrystals,
-wires and —tubes of different materials have demonstrated the
importance of chemical influence in materials synthesis, and have
generated great expectations for the future. Inorganic nanostructures
inherit promises for substantial improvements in materials engineering
mainly due to improved physical and mechanical properties resulting
from the reduction of microstructural features by two to three orders of
magnitude, when compared to current engineering materials. This talk
will present how chemically grown nanoparticles, nanowires and
nanocomposites of different metal oxides open up new vistas of material
properties, which can be transformed into advanced material
technologies. The examples will include application of superpara-
magnetic iron oxide nanoparticles for drug delivery applications,
molecule-based synthesis of nanowires and development of single-
nanowire based devices.

A-6.1:L.21 Functionalization of Carbon Nanotubes for Use of
Active Nanostructured Substrates in Integrated Devices

E. CAVALCANTI RODRIGUES VAZ, R. SCHNEIDER, J.V. DOS
ANJOS, M. NAVARRO, P. SANTA-CRUZ, Federal University of
Pernambuco - UFPE, DQF, Recife-PE, Brazil

Smart system integration for applications of lab-on-a-chip devices in
clinical diagnostics may include molecular devices, increasing sensitivity
for early diagnosis. Carbon nanotubes (CNT) can be employed in these
devices, for molecular assays, if functionalized to allow connection with
more complex molecules such DNA and luminescent markers. In the
present work, to functionalize multi-walled carbon nanotubes (MWCNT)



for recognition of DNA, a non-acid alternative route is proposed, mainly
to be compatible with active substrates produced in our group. MWCNT
are first functionalized with nitrobenzene by cycloaddition reaction with
1-azido-4-nitrobenzene activated by UV. The nitro group is reduced by
a reaction catalyzed by zinc, compatible with the active vitreous
substrates produced in our lab, with silver nanoparticles grown over it by
a bottom-up process (starting from silver ions). The metallic silver
nanoparticles act as a catalyst to the vertical growth of carbon nanotubes,
and its bond with the glassy substrate is not affected by the present
functionalization route. The material was characterized by TGA, FTIR,
UV-visible and Raman.

A-6.1:L.22 Interconnects Fundamental Properties and Magnetically
Stimulated Nanoprocesses on Fe-Pt Substrates

S. BELLUCCI', YU.F. ZHUKOVSKII?, V.. GOPEJENKO?®, N.
BURLUTSKAYAS?, YU.N. SHUNIN2 3, 'INFN-Laboratori Nazionali di
Frascati, Frascati (Rome), ltaly; 2nstitute of Solid State Physics, University
of Latvia, Riga, Latvia; ®Information Systems Management Institute,
Riga, Latvia

The cluster approach based on the multiple scattering theory formalism,
realistic analytical and coherent potentials, as well as effective medium
approximation (EMA-CPA), can be used effectively for modeling of
nano-sized systems. Much attention is paid nowadays to applications
of carbon nanotubes (CNTs) and graphene nanoribbons (GNRs) of
various morphology which possess unique physical properties in
nanoelectronics, e.g., contacts of CNTs or (GNRs) with other conducting
elements of a nanocircuit which can be promising candidates for
interconnects in high-speed electronics. Interconnects’ resistance. The
main problems to be solved for resistance of C-Me junctions with metal
particles appear due to the influence of chirality effects inside
interconnects of single-wall (SW) and multi-wall (MW) CNTs, single-
layer (SL) and multi-layer (ML) GNRs with the fitting metals (Me = Ni,
Cu, Ag, Pd, Pt, Au) for the pre-defined carbon system geometry. Using
the models of ‘liquid metal’ and ‘effective bonds’ developed in the
framework of EMA-CPA approach and Landauer theory, it is possible to
predict resistivity properties for the considered interconnects. We have
also developed the model of the inter-wall interaction inside the MW
CNTs and inter-shell interaction along ML GNRs, which demonstrates
possible ‘main current’ losses. Interconnects’ capacitances. Simulation
of electromagnetic properties of interconnects essentially depends on
the calculations of interconnect impedances. Evaluations of
capacitances of the considered interconnects have been carried out.
Frequency properties analysis has shown particular changes for THz
range which is principal for electromagnetic waves propagation.
Interconnects’ magnetism. There is a relation between the use of
magnetic catalysts and the CVD growth of CNTs determining the most
commonly used materials for the CNT growth - Fe, Co and Ni. The
nanoparticles of the latter catalysts are magnetically isotropic. It is
possible to use magnetically anisotropic nanoparticles such as those in
the alloys with a different substitutional disorder (e.g., Fe Pt, ), to manage
the CVD process with the formation of the predefined CNT chiralities.
This also means that we can control the number of effective bonds
inside interconnects. Special attention is paid to the unique property of
interconnects such as the presence of dangling atomic bonds that
make interconnects chemically, electrically and magnetically sensitive.
Magnetic susceptibility of interconnects essentially depends on the
number of dangling atomic (‘non-effective’) bonds inside the
interconnects’ space, which makes them promising as perspective
media for nanosensor devices. This property allows for considering
interconnects as perspective sensor nanomaterials.

A-6.2 Functional Porous Materials

A-6.2:L02 Long-range Ordered Hierarchical Mesoporous Films
for Energy Saving Applications by Rational Selection of the
Templating Agent

R. BUONSANTI, T.E. PICK, N. KRINS, L. ZHU, B.A. HELMS, D.J.
MILLIRON, The Molecular Foundry, Inorganic Nanostructures, Lawrence
Berkeley National Laboratory Berkeley, California, USA

Energy conversion/storage devices employing mesoporous metal oxide
(MO) films are well known to exhibit enhanced performance through
engineered mesoscale porosity. An attractive alternative to the classical
evaporation-induced-self-assembly would employ pre-synthesized
colloidal metal oxide (MO) nanocrystals, instead of MO precursors. This
would allow a superior control over the crystallinity and composition of
the films by uncoupling the crystallization step from the assembly and

thermal processing required to remove the surfactant. Herein, we
demonstrate how a careful manipulation of the chemical affinity between
the nanocrystal surface and the templating agent is the key to obtain
long-range ordered hierarchical mesoporous films. We designed a block
copolymer that readily forms ordered assemblies in an opportunely
chosen solvent mixture and interacts with the nanocrystal surface
through tailored interactions. The generality of the method was shown
by assembling MO nanocrystals of various size, shape and composition
widely sought for use in next generation energy conversion/storage
devices (i.e. ITO and CeO2 pseudospherical nanocrystals, TiO2 nanorods).

A-6.2:L03 Polybenzoxazine-based Porous Carbon: Pore
Structure Design and its Application

U. THUBSUANG, S. WONGKASEMJIT, T. CHAISUWAN, The
Petroleum and Petrochemical College Chulalongkorn University,
Bangkok, Thailand

Polybenzoxazine (PBZ) has received great attention and been
commercialized recently because of its advantages that overcome
those problems of traditional phenolic resins. Due to a substantial
increase in the needs for porous materials in industrial applications and
daily life, nanoporous PBZ has been successfully synthesized at room
temperature via sol-gel process before solvent removal. The resulting
porous carbon can then obtained through pyrolysis. The effects of
various synthesis routes have been investigated. PBZ-based porous
carbon could maintain mesopore structure without the need of
supercritical CO2 drying during drying process. Nanoporous carbon
derived from monofunctional amine exhibited microporous structure
whereas the one derived from diamine showed mesoporous property
with mesopore diameter of 8 nm. In addition, surfactant-assisted
nanoporous carbon also exhibited the mesoporous property with the
mesopore diameter of 25.38 nm. The resulting nanoporous carbon was
then used as a hard template for the syntheses of MFI zeolite. The as-
synthesized MFI with mesoporous properties showed well-defined
crystalline phase with the intensities less than that of traditional MFI,
indicating the presence of small crystals.

A-6.2:L.04 Preparation of Microporous Carbon Fibers Through
Carbon-ization of Al-based Porous Coordination Polymer with
Furfuryl Alcohol

J. REBOUL" 2, L. RADHAKRISHNANS®, S. FURUKAWA' 2 S.
KITAGAWA' 2, P SRINIVASUS®, Y. YAMAUCHI® # 5 'ERATO Kitagawa
Integrated Pores Project, Japan Science and Technology Agency (JST),
Shimogyo, Kyoto, Japan; 2Institute for Integrated Cell-Material Sciences
(iCeMS), Kyoto University, Yoshida, Sakyo, Kyoto, Japan; 3World Premier
International (WPI) Research Center for Materials Nanoarchitectonics
(MANA), National Institute for Materials Science (NIMS), Namiki,
Tsukuba, Ibaraki, Japan; “Faculty of Science and Engineering, Waseda
University, Okubo, Shinjuku, Tokyo, Japan; SPrecursory Research for
Embryonic Science and Technology (PRESTO), Japan Science and
Technology Agency (JST), Honcho, Kawaguchi, Saitama, Japan

Carbon materials are one of the most studied materials because of their
applications in a large variety of fields such as adsorbents, catalyst
supports and electrode materials. Among the different methods of
preparation, nanocasting is an effective and successful way to prepare
porous carbon materials. Porous inorganic templates such as zeolites,
colloidal crystals and mesoporous silica materials are used with various
carbon source/precursors. Here we show that a novel class of
microporous materials, porous coordination polymers (PCPs) containing
metal ions and bridging organic ligands can also been used as templates
due to their very high surface area and large pore volume. This study
focuses on the use of Al-based PCP [AI(OH)(1,4-NDC).2H20]. The
crystal structure of this material exhibits a three-dimensional framework
composed of infinite chains of corner-sharing octahedral Al(OH)204
with 1,4-naphthanedicarboxylate ligands forming two types of channels
with squared-shape cross-section. This PCP accomodates many
hydroxyl groups bridging two Al ions which can act as bronsted acid to
accelerate the polymerization of the furfuryl acid used as carbon source.
The textural characteristics of the obtained materials as a function of
the loading amount of FA were carefully investigated.
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A-6.2:L05 Combination of Porous Polymer Membrane and Novel
Membrane Separation Technique for High Energy Conversion
Efficiency

T. URAGAMI, Department of Chemistry and Materials Engineering,
Kansai University, Osaka, Japan

Porous poly(dimethylsiloxane) (PDMS) membranes were prepared by
freeze drying aqueous emulsions of organopolysiloxane for the
concentration of aqueous solutions of dilute ethanol which are produced
from the fermentation of biomass. This paper introduces the preparation
of porous PDMS membranes and the development of a new membrane
separation technique for the concentration of bioethanol. Porous PDMS
membranes were applied to a temperature-difference controlled
evapomeation (TDEV) method developed as a new membrane
separation technique that can be controlled temperatures of the feed
solution and the membrane surroundings. When the temperature of the
feed solution was kept constant but the temperature of membrane
surroundings was lowered, the ethanol/water selectivity increased
remarkably and the permeation rate decreased. The ethanol/water
selectivity of a porous PDMS membrane in TDEV operation was almost
equal to that of a dense PDMS membrane in TDEV, however, the
permeation rate of the porous membrane was higher by three orders of
magnitude. The relationship between the permeation and separation
characteristics in concentrating of bioethanol through porous PDMS
membranes by TDEV and the permeation and separation mechanisms
for aqueous ethanol solutions through porous PDMS membranes in
TDEV are discussed.

A-6.2:L06 Development of New Non Oxide Hybrid and Ceramic
Membranes for Hydrogen Separation

L. CHAREYRE, S. CERNEAUX, V. ROUESSAC, A. JULBE, D. CORNU,
Institut Européen des Membranes (I.E.M.)-E.N.S.C.M., Montpellier, France

The development of an efficient hydrogen production method is a
tremendous parameter for future energy systems. Preparation of a
hydrogen permselective membranes for high temperature application
(beyond 250°C) is one of the key techniques for efficient hydrogen
production. Silica-based membranes are serious candidates but their
low resistance to water vapor is seriously prejudicial to their
competitiveness. We will make and investigate the potential of non
oxide membranes in the system "Si-M-C-N" with M: a transition metal or
metalloid. We will study complex quaternary phases, which due to the
incorporation of a metal should overcome the permeance and selectivity
performances already obtained on the ternary phases "Si-C-N" at .E.M..
This project is divided into two major tasks, the first is based on the
synthesis of single molecular precursors that will contains all desired
elements (single-source) to realize inorganics materials. Secondly, to
achieve these membranes, several deposition techniques will be used:
first PE.C.V.D. (Plasma Enhanced Chemical Vapor Deposition), secondly
liquid coating (dip, spin, electrospray) approaches will be developed.

A-6.2:IL07 Optically and Electrically Responsive Periodic
Mesoporous Organosilicas
S. INAGAKI, Toyota Central R&D Labs., Inc., Nagakute, Aichi, Japan

Periodic mesoporous organosilicas (PMOs) are attracting increasing
attention due to their highly functional framework structures. Various
organic bridging groups (R) ranging from aliphatic and aromatic
hydrocarbons to heterocyclics and metal complexes can be densely
and covalently embedded within the framework of mesoporous materials
by surfactant-templated polycondensation of well-designed
organosilane precursors R[Si(OR")3]n (n = 2). Expansion of the variation
of organic bridges has broadened potential applications of PMOs to not
only catalysts and adsorbents but also optical and electronic devices.
Here, | present our latest results on the synthesis of optically and
electrically responsive PMOs exhibiting unique framework functionalities
such as light-harvesting, electron-donating, and charge transporting
properties. These results strongly suggest that PMOs have great potential
for optical and electrical applications, especially for artificial
photosynthesis, color-tunable visible-light emissive PMO, and a new
class of photovoltaic devices.

A-6.2:L.08 Dynamic Cavity Response in Adaptive Porous Materials
C.M. DOHERTY, P. FALCARO, A.J. HILL, CSIRO Materials Science
and Engineering, Melbourne, Victoria, Australia

Porous materials are crucial for a variety of applications such as
energy™, sensing>® and water purification’. Advanced porous and ultra-
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porous materials actively respond to environmental changes (eg.
temperature, pressure, humidity and gas environments). One emerging
technique to investigate porosity in adaptive materials is Positron
Annihilation Lifetime Spectroscopy (PALS) which can accurately
measure pore sizes and distributions. In the proposed work, we discuss
novel results related to the dynamic pore response of Zeolites, Metal
Organic Frameworks and Mesoporous materials under different
environments. The ability to finely control the pore size and observe the
changes under various conditions is critical for the advancement of
porous materials.

1. Doherty, C.M. et al, Energy & Environ. Sci. 2010, 3, 813; 2. Doherty,
C.M. et al, Chem. Mater. 2009, 21, 5300; 3. Doherty, C.M. et al, Chem.
Mater. 2009, 21, 2895; 4. Chai, Z., Doherty, C.M. et al, Adv. Funct.
Mater. 2010, 20, 4394; 5. Falcaro, R, Doherty, C.M. et al, Adv. Mater.
2011, 23, 3901; 6. Pejcic, B., Doherty, C.M. et al, Anal Chim Acta,
2011, 708, 70; 7. Zhu, B., Doherty, C.M. et al, J. Mater. Chem. 2010,
20, 4675

A-6.2:L10 Synergic Photocatalyst of Mesoporous Silica for
Environ-mental Purification

J. HOJO, M. INADA, Department of Applied Chemistry, Faculty of
Engineering, Kyushu University, Fukuoka, Japan

Mesoporous silica can be applied to highly-efficient adsorbent and
catalyst support to eliminate harmful chemical species because of its
large surface area. Various metal oxides can be incorporated into the
amorphous silica network to control the adsorption behavior and add a
catalytic function. When titania is composited with silica, two functions
are expected. One is the enhancement of adsorption ability owing to
the formation of acidic points. Another is the photocatalytic activity
owing to the separative deposition of titania nanoparticles. The
mesoporous silica-titania has been synthesized by a sol-gel process
using metal alkoxides and organic template. It was found that titania
was incorporated into the silica network at small content, whereas
separately deposited at large content. The adsorption ability and the
photocatalytic activity were evaluated for methylene blue and
acetaldehyde. The mesoporous silica-titania exhibited strong adsorption
and photocatalytic activities. The function of the "Synergic Catalyst" will
be discussed in detail.

A-6.2:L11 Magnetoactive Superhydrophobic Foams for Oil-water
Separation

P. CALCAGNILE', D. FRAGOULI", I.S. BAYER', G.C. ANYFANTIS', R.
CINGOLANI?, A. ATHANASSIOU" 2, 'Center for Biomolecular
Nanotechnologies (CBN) - Istituto Italiano di Tecnologia (IIT)@UniLe,
Arnesano (LE), ltaly; 2stituto Italiano di Tecnologia (IIT), Genova, ltaly

We present a novel composite material, based on polyurethane foams
functionalized with colloidal superparamagnetic iron oxide nanoparticles
and sub-micrometer polytetrafluoroethylene (PTFE) particles, which can
efficiently separate oil from water. The hydrophobic and oleophobic
untreated foam surfaces are rendered water-repellent and oil-absorbing
by a solvent-free electrostatic transfer method of PTFE particles. The
combined functionalization of the PTFE-treated foam surfaces with
colloidal iron oxide nanoparticles significantly increases the speed of oil
absorption. Microscopic, wettability and thermogravitometric analysis
reveal that both the surface morphology and the chemistry of the
functionalized foams greatly affect the oil absorption dynamics. In
particular nanoparticle capping molecules are found to play a major
role in the absorption mechanism. In addition to the water-repellent and
oil-absorbing properties, the treated foams exhibit also magnetic
responsivity. Thus, since they float on water due to their light weight,
they can be moved around oil polluted waters using a magnet. As a
result, they can absorb the floating oil from the polluted regions, purifying
the water underneath. This low cost process can easily be scaled up to
clean large-area oil spills in water.

A-6.2:L.12 Highly Porous Polymeric Foam of Maleimide-Termiated
Poly(arylene ether sulfone) Oligomers via High Internal Phase
Emulsions

K. THANAMONGKOLLIT, P MALAKUL, M. NITHITANAKUL, The
Petroleum and Petrochemical College, Chulalongkorn University,
Bangkok, Thailand; P. PAKEYANGKOON, Dept. of Mechanical
Engineering Technology, College of Industrial Technology, King
Mongkut's University of Technology North Bangkok, Bangkok, Thailand

PolyHIPEs are highly porous polymeric form, prepared through emulsion



templating by polymerizing the continuous phase of high internal phase
emulsions (HIPEs). A maleimide-terminated aryl ether sulfone oligomer
(MAPES) was copolymerized with divinylbenzene (DVB) in the continuous
phase, using a mixed surfactants system (sorbitan monooleate (Span80),
cetyltrimethylammonium bromide (CTAB), dodecylbenzenesulfonic acid
sodium salt (DDBSS)), and peroxide initiator, to improve CO2 adsorption
and the mechanical properties of obtained materials. PolyHIPEs were
prepared by two different ratios of mixed surfactants; (SPAN80, DDBSS,
and CTAB; 6.3, 0.4, and 0.3 wt%, which was denoted as 7s) and
(SPAN80, DDBSS, and CTAB; 11.3, 0.4, and 0.3 wt%, which was
denoted as 12s). 0, 2.5, 5, 10, 20, and 30 wt% of maleimide-terminated
aryl ether sulfone oligomer were copolymerized with DVB. All polyHIPE
nanocomposites foam were characterized for phase morphology, thermal
behavior, surface area, mechanical properties and adsorption of CO2
by using SEM, TG-DTA, N2 adsorption-desorption, LLOYD universal
testing machine and CO2 adsorption unit, respectively. The obtained
PolyHIPEs showed an open cell and a secondary pore structure with
surface areas of approximately 400m2/g. CO—2 adsorption tests were
characterized by pilot gasification unit and the obtained materials showed
higher adsorption than neat poly(DVB) without MAPES. Compressive
modulus test of the materials showed a higher modulus than for
poly(DVB) PolyHIPEs.

Session A-7

Smart Molecular and Sopramolecular
Systems, Metallorganic Frameworks and
Coordination Polymers

A-7:IL07 Combining Metal Organic Frameworks with Functional
Micro- and Nano-particles

P. FALCARO, D. BUSO, A.J. HILL, CSIRO, Division of Materials Science
and Engineering, Clayton South MDC, Victoria, Australia

Ultra-porous materials with highly accessible surface areas are very
promising systems in catalysis, drug delivery, proton conductors and
water/gas purification. Metal-Organic Frameworks (MOFs) are a novel
class of porous materials. The nanoporosity is characterized by a narrow
distribution with interconnected cavities which allow for fabrication of
molecular selective sieves or matrices for controlled molecular diffusion:
both are very important for gas separation, selective catalysis, sensing,
and drug delivery. The aim of this work is to show that by combining
inorganic micro- and nano-particles, several technological hurdles can
be tackled. Indeed it has been possible to master MOF growth in precise
locations, to increase the MOF production rate, and to position functional
nanoparticles into the MOF crystals. This discovery opens a fascinating
route to prepare a new class of smart nanocomposite materials based
on MOFs for advanced devices or to speed up the production rate
using an inexpensive technology.

Falcaro, P et al, Nat. Commun. 2011, 237 DOI: 10.1038/ncomms1234;
Falcaro P et al, Adv. Mater. 2011, 23, 3901, Buso, D. et al, Small, in
press; Buso, D. et al, Crystal Growth & Design 2011, DOI: 10.1021/
cg200717a; Buso, D. et al, Chem. Mater. 2011, 23, 929

A-7:IL02 Hydrazone-based Rotary Switches
I. APRAHAMIAN, Dartmouth College, Hanover, NH, USA

We have recently developed hydrazone-based rotary switches that can
be chemically stimulated to undergo reversible E/Z modulations.’
Hydrazones, similar to imines, isomerize by either rotation around the
C=N double bond or inversion (lateral shift) at that nitrogen. In these H-
bonded switches, however, a novel mechanism comes into play;
hydrazone-azo tautomerization followed by rotation around a C-N single
bond.2 When quinoline is used as the stator a multistep switching cycle
can be accomplished.”™ More importantly, Zn2+ can now be used to
activate the switch via a novel switching mechanism, which is based
on coordination coupled proton transfer.® This presentation will deal
with our recent advances with the switching of these modular hydrazone-
based systems.

1. (@) S.M. Landge, I. Aprahamian, J. Am. Chem. Soc. 2009, 131,
18269-18271. (b) X. Su, I. Aprahamian, Org. Lett. 2011, 13, 30-33.

(c) X. Su, T F. Robbins, I. Apbrahamian, Angew. Chem. Int. Ed. 2011, 50,
1841-1844; 2. S.M. Landge, K. Tkatchouk, D. Benitez, D.A. Lanfranchi,
M. Elhabir, WA. Goddard lll, I. Aprahamian, J. Am. Chem. Soc. 2011,
133, 9812-9823; 3. X. Su, TF. Robbins, I. Aprahamian, Angew. Chem.
Int. Ed. 2011, 50, 1841-1844.

A-7:L03 Bistability in Neutral Radical Dyads: Towards
Multifunctional Molecular Switching Materials

J. GUASCH?', L. GRISANTI?2, G. D'AVINC?, I. RATERA', A. PAINELLI?,
C. ROVIRA', J. VECIANA', "Institut de Ciencia de Materials de Barcelona
(CSIC)/CIBER-BBN, Spain; 2Dipart. Chimica GIAF, Parma University,
Parma, Italy

A model for bistability driven by electrostatic intermolecular interactions
in molecular crystals of polar chromophores was proposed and
demonstrated in crystals of the valence tautomer Fc-PTM (ferrocene
linked to a neutral polychlorotriphenylmethyl radical).'? T-dependent
Mbssbauer spectroscopy of the Fc-PTM dyad demonstrated that at r.t.
both states coexist in similar proportions.® Such bistability was explained
through a bottom-up two-state model.* The PTM radical has also been
linked to a tetrathiafulvalene: TTF-PTM dyad where the intramolecular
electron transfer induce a spontaneous self-assembly of the TTFs. In
this system, the interplay between magnetic and conducting properties
will be crucial for developing molecule-based spintronic devices. The
cooperative intermolecular interactions of this system promoted bistability
already in solution.

1. A. Painelli et al, J. Am. Chem. Soc. 2003, 125, 5624, Phys. Rev. B,
2003, 68, 165405; 2. C. Sporer, |. Ratera et al, Angew. Chem., 2004,
43, 5266; J. Am. Chem. Soc., 2007, 129, 6117, 3. I. Ratera et al, J. Am.
Chem. Soc. 2003, 124, 6794, 4. G. D'Avino, J. Guasch et al, J. Am.
Chem. Soc., 2008, 130(36); J. Phys. Chem. B, 2009, 113(14);
CrystEngComm. 2009, 11, 2040

A-7:L04 Adaptive Porous materials for Gas Storage Application
K. KONSTAS', JW. TAYLOR', C.M. DOHERTY', AW. THORNTON',
T.J. BASTOW', A.J. HILL?, M. HILL', 'CSIRO Material Science and
Engineering, 2CSIRO Process Science and Engineering, Clayton,
Victoria, Australia

There is a dependence on the combustion of fossil fuels to power our
transportation demands. The replacement of petrol and diesel fuelled
engines with alternative gases such as hydrogen and natural gas are
feasibly and attractive substitutes, due to their natural abundance and
minimal emissions when utilised. However, there are limitations to using
these low emission gases and research is being undertaken to find
suitable methods to store these gases safely in automotive vehicles.
One such method being investigated is the use of metal organic
frameworks (MOFs) and porous aromatic frameworks (PAFs).* The porous
materials can be adapted and tuned to give a higher surface area for
absorbance and be preferential towards a single gas type. This can be
achieved by tailoring the organic linker and/or providing addition open
metal ion sites for contact. The presentation will report the synthesis of
alternative porous materials with open metal sites, techniques to identify
these materials and their ability to store various gases.

*T. Ben, et al, Energ. Environ. Sci., 2011, 3997-3999

A-7:L05 Light-activated Healing of Metallosupramolecular
Polymers

G.L. FIORE', M. BURNWORTH?, S.J. ROWAN?, C. WEDER!', 'Adolphe
Merkle Institute and Fribourg Center for Nanomaterials, University of
Fribourg, Fribourg, Switzerland; 2Dept. of Macromolecular Science and
Engineering, Case Western Reserve University, Cleveland, OH, USA

Optically-healable metallosupramolecular materials consisting of
poly(ethylene-co-butylene) polymers end-capped with pyridine-type
ligands (BKB) and metal salts (Zn2+) were developed (Zn2+-BKB).
Upon exposure of deliberately damaged polymers films to appropriate
stimuli (e.g., light, heat), certain supramolecular motifs can easily
disengage, causing a controlled local decrease of the polymer's
molecular weight concomitant with an increase of the crack-healing
rate. Using light as a stimulus for dissociation of the supramolecular
motifs is that heat can be applied locally, i.e. at the defect site only,
which allows one to heal a damaged object under load.
Metallosupramolecular polymer films were also reinforced with cellulose
nanowhiskers, that can form a percolating network and improve the
mechanical properties of a material. The combination of Zn2+-BKB
polymers and cellulose nanowhiskers gave rise to materials with an
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increased mechanical strength. These materials healed in a similar
fashion to Zn2+-BKB films and the original mechanical properties of
the healed materials were recovered. An overview on the parameters
that govern the mechanical propertiesand healing ability of
metallosupramolecular polymers will be presented.

A-7:IL06 Self-propagating Molecular Assemblies
M.E. VAN DER BOOM, Department of Organic Chemistry, Weizmann
Institute of Science, Rehovot, Israel

Exponential growth and/or self-propagating processes with molecular
systems, where surface-bound assemblies actively participate rather
than being static platforms with reactive end-groups for the incoming
molecular layers, are rare. Utilizing our assembly strategy, we designed
a molecular-based material that is an active participant in its continuing
self-propagated assembly. This unique process involves inclusion of
excess palladium into a network consisting of polypyridyl complexes
linked via palladium. Our materials exhibit electrochromic properties
which are comparable to industrially important conducting polymers.
The electrochromic properties of these films can be used for (i) detecting
various analytes in solution and in the air, (i) interlayers for efficient
inverted bulk-heterojunction solar cells, (iii) electron-transfer studies,
and (iv) molecular (Boolean) Logic and Computing (MBLC). Our concept
toward MBLC with functionalized surfaces is applicable to
electrochemical and chemical inputs coupled with optical readout.
Using this approach, we demonstrated various logic architectures with
redox-active functionalized surfaces. Electrochemically operated
sequential logic systems (e.g., flip-flops), multi-valued logic, and multi-
state memory have been designed.

A-7:ILO7 Sequential Functionalization of Porous Coordination
Polymers

S. FURUKAWA, Institute for Integrated Cell-Material Sciences, Kyoto
University, Kyoto, Japan

Porous coordination polymers (PCPs), assembled by metal ions and
organic bridging ligands, are an intriguing class of crystalline porous
materials, as it is possible to design their framework topologies and pore
sizes and the functionality of the pore surfaces. On the other hand,
functionalization of PCP other surfaces (crystal surfaces) is a great
challenge, but it is a promising methodology not only for modification of
the porous properties but also for the addition of a new function to the
PCP without changing the characteristic features of the PCP crystal
itself, resulting in the fabrication of multifunctional PCPs. One way to
decorate the crystal surfaces of a PCP is to hybridize the core PCP
crystal with a different shell crystal by epitaxial growth at the single-
crystal level, thus creating core-shell PCP heteroepitaxial crystals. Such
a lattice match promises pore connections at the interface between
crystals. We demonstrated the synthesis of hybridized PCP single crystals
by taking the advantage of coordination equilibrium at the crystal
interfaces and determined the structural relationship between the shell
and the core by using surface X-ray diffraction analysis. Furthermore,
we demonstrated the integration of size selectivity with high storage
based on this concept.

A-7:L08 Size and Morphology Controlled Formation of Porous
Coordination Polymers

S. DIRING, S. FURUKAWA, S. KITAGAWA, Institute for Integrated
Cell-Material Sciences, Kyoto University, Kyoto, Japan

Porous Coordination Polymers (PCPs) are an intriguing class of hybrid
materials intensively investigated for their potential applications in gas
sorption, molecular separation and catalysis. While most of the property
studies are based on materials obtained largely as microcrystalline
powders, a growing interest in the particles size and shape control has
recently emerged. Controlling the crystal size and morphology is indeed
a key feature not only for a better understanding PCPs growth
mechanism but also to facilitate their application in various emerging
fields such as porous membranes, thin film devices and sensors or
even drug delivery. Recently we have proposed a novel "coordination
modulation method" for the fabrication of PCP nanocrystals, by
influencing the coordination equilibrium at the crystal surface during the
growth process. This method, further combined with microwave-assisted
heating provides PCPs with finely controllable size and morphology,
ranging from few tenths of nanometers up to several micrometers. As a
demonstration of the advantage of nanosized PCPs, nanocrystals were
immobilized on gold electrodes and could be further integrated in a
highly sensitive solvent vapor sensing device.
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A-7:L10 Comparative Study of Automated Adsorption of
Commercial Dyes Using Metal-organic Frameworks (MOFs)
D. LOPEZ MALO, KA. WANDERLEY, G.F. DE SA, S.A. JUNIOR,
Departamento de Quimica Fundamental, CCEN - UFPE, Cidade
Universitaria, Recife, PE, Brazil

Questions related with the quality of river waters have been arisen due
to their use as source for human supply, irrigation for agriculture and
leisure activities. One of the factors influencing the quality of the water
is the color. A very low concentration of dye can color a large amount of
water making it undesirable; in addition some dyes are toxic and/or
carcinogenic. The removal of dyes from the industrial dumpings has
importance due to the negative impact on the quality of the waters and
on environmental health. This work is dealing with the use of Metal
Organic Frameworks (MOFs); namely, MIL-53(Al) and [Zn(BDC)(H20)2]n
as adsorbent materials for different dyes used in the Brazilian textile
industry. The choice of employing MOFs is mostly due to the capability
of tuning their pore size and shape, and because of its known
applications as adsorbent material in different fields. The aim of this
work is to monitor the process of adsorption by means of an automated
system employing the technique known as multicommutation to handle
the different solutions and UV/Vis detection. The results obtained with
MOFs will be compared with C18 solid phase extraction cartridges and
activated carbon adsorption on the same conditions. The influence of
temperature and flow rate will be studied.

Session A-8

Adaptive/Responsive Surfaces and
Multifunctional Smart Coatings

A-8:IL07 Growing Integration Layer [GIL] Strategy: Direct
Fabrication of Compositionally, Structurally and Functionally
Graded Ceramic Films and/or Coatings from Mother Materials
in Solution

M. YOSHIMURA, Materials Science and Engineering, National Cheng
Kung University, Tainan, Taiwan; Prof. Emeritus, Tokyo Institute of
Technology, Japan

In the fabrication of graded [Compositionally, Structurally and
Functionally] ceramic materials and/or ceramic/metal coating and joining,
the most difficult problem is how to overcome weak interfacial bonding
and poor adhesion of ceramic layers by their cracking and /or peeling
arising from their intrinsic brittleness. On the basis of accumulated results
and discussion, we have proposed a novel concept and technology of
the formation “Growing Integration Layer” [GIL] between ceramics and
metallic materials to improve the adhesion performance. Those GIL(s)
can be prepared via integration of ceramic film formation from a
component of the metallic materials by chemical and /or electrochemical
reactions in a solution at low temperature of RT-200 °C. They have
particular features:1)Widely diffused interface(s),2)Continuously graded
layers grown from the bulk(substrate),3)Low temperature process,etc.
They are quite different from Layer-by-Layer[LBL] strategy,where every
layer is deposited from the Top. BaTiO, or SrTiO/TiO, GIL films on Ti
plates formed by hydrothermal-electrochemical method showed good
adhesion. CaTiO,/Al,O,/Ti, Al GIL films on TiAl exhibited excellent
adhesion and anti-oxidation performances: they could be sustained for
10 times cyclic oxidation test at 900 C in air for 5 hrs.! The GIL strategy
is effective for many metallic alloys and bulk metallic glassed because
they generally contain active component(s). On a Ti-base Bulk Metallic
Glass, we could succeed to prepare bioactive titanate nano-mesh
layer by hydrothermal-electrochemical techniques at 90-120°C2.
Similarly, bioactive oxide layers could be prepared on different Bulk
Metallic Glasses. Carbon film formation on SiC®can be regarded as
one of GIL methods. The GIL methods are typical “Soft Process” and
"Green Process” using aqueous solutions, and applicable for various
functional and structural ceramics layers.

1. M. Yoshimura et al, Mater. Sci. Eng. B, 148, 2-6 (2008)

2. N. Sugiyama, M. Yoshimura et al, Acta Biomaterialia, 5, 1367-1373
(2009), Mater. Sci. Eng. B, 161, 31-35 (2009)

3. Y. Gogotsi and M. Yoshimura, Nature, 367, 628-630 (1994)

The author is thankful to Prof. A. INOUE et al, Tohoku Univ., Prof. K.
NAKATA et al, Osaka Univ., and Prof. N. MATSUSHITA and Dr. N.
SUGIYAMA, Tokyo Inst. Tech., in the project on Bulk Metallic Glasses.



A-8:/L03 Bio-inspired, Smart, Multiscale Interfacial Materials
L. JIANG, Institute of Chemistry, Chinese Academy of Sciences, Beijing,
China

Learning from nature, we revealed that a super-hydrophobic surface
needs the cooperation of micro- and nanostructures. Considering the
arrangement of the micro- and nanostructures, the surface structures
of the water-strider's legs were studied in detail. Accordingly, a series of
super-hydrophobic surfaces have been fabricated. Under certain
circumstances, a surface wettability can switch between
superhydrophilicity and superhydrophobicity, Most recently, we
developed a superoleophobic and controllable adhesive water/solid
interface which opens up a new strategy to control self-cleaning
properties in water. To expand the "switching" concept of the smart 2D
surface, we also did a lot of interesting work in 1D system. For example,
we discovered the water collection ability of capture silk of the cribellate
spider Uloborus walckenaerius and then prepared artificial spider silk
which will have great applications in water collection. In addition, we
developed the novel biomimetic ion channel systems with a variety of
intelligent properties, which were controlled by our designed
biomolecules or smart polymers responding to the single external stimulus,
provided an artificial counterpart of switchable protein-made
nanochannels. These intelligent nanochannels could be used in energy-
conversion system, such as photoelectric conversion system inspired
by rhodopsin from retina or bR, and concentration-gradient-driven
nanofluidic power source that mimic the function of the electric eels.

A-8:IL04 Stimuli-responsive Periodic Micro Structures on Oxide-
polymer Hybrid Films

M. TAKAHASHI, Y. TOKUDOME, Graduate School of Engineering,
Osaka Prefecture University, Sakai, Osaka, Japan

Titania-polymer hybrid films with hierarchical microstructures were
fabricated under non-equilibrium state by combining mesophase
formation and photo induced wrinkling of the surface organic polymer
layer. The wrinkles in micrometer scale were formed by mismatch of
elastic constant between the surface organic layer formed by UV
polymerization of acrylamide and titania gel layer under the surface
skin. The wrinkled surface, which shows a periodicity on micrometer
scale, was responsive to the surrounding atmosphere. The spontaneous
deformation of the surface wrinkles is due to the swelling of gel layer by
absorbing water molecules in hydrophilic mesophase of titania gel.
Hierarchical structured hybrid titania film opens great potentiality to
realize smart devices such as lab-on-a-chip, optical sensor for
environmental monitoring and biological materials.

A-8:IL05 Responsive Materials Based on Silicone Elastomer
Networks
J. GENZER, North Carolina State University, Raleigh, NC, USA

Silicone elastomer networks (SENSs) represent a promising new class of
materials that enable fabrication of soft material surfaces with tunable
characteristics. The functionality of SENs will be demonstrated through
1) the formation of responsive soft surfaces with ultrafast (seconds)
response time and 2) fabrication of flexible photochromic films with
tunable color. Responsive soft surfaces will be demonstrated that are
made by chemical modification of parent SEN based on
poly(vinylmethylsiloxane) (PVMS) networks via thiol-ene chemistry.
Attaching hydrophilic thiol moieties will endow the networks with
environmental responsiveness. We will present various avenues towards
tailoring the response time by varying the chemistry of thiol molecules.
Photochromic films with tunable color are fabricated by impregnating
PVMS networks with spyropiran. We will demonstrate that the color
response of the networks after UV irradiation depends on the chemical
composition of the PYMS matrix (modified via thiol-ene chemistry) and
addition of external salts.

A-8:L06 Hydrophilic and UV-shielding Protective Films
Containing TiO2@SiO2 Hybrid Nanoparticles

JUNG WHAN YOO, Korea Institute of Ceramic Engineering and
Technology, Korea; HYEONG SEOK LEE, Hanyang University, Korea;
SE MI IM, Inha University, Korea

Recently, the protection films of advertisement pictures have been greatly
concerned due to decolorization by sun light including UV light, distortion
by water drop, and organic dust on the film surface. To solve these
problems, dual functions with increase of hydrophilicity and decrease

of photo-catalytic activity using TiO2@SiO2 hybrid nanoparticles are
applied to the filler of the protective films. In this study, we report the
hydrophilic and UV-shielding films containing TiO2@SiO2 hybrid
nanoparticles to decrease decomposition of organic substrates. The
properties of TIO2@SiO2 hybrid nanoparticles were evaluated by X-ray
diffraction (XRD), Fourier transform infrared (FT-IR), Ultraviolet-visible
spectroscopy (UV-vis), X-ray photoelectron spectroscopy (XPS), and
transmission electron microscopy (TEM). The hydrophilicity of films was
assessed by water contact angle measurement. Moreover, the band
gap energy of TIO2@SiO2 hybrid nanoparticles was estimated by using
valence band XPS and reflection electron energy loss spectroscopy
(REELS).

A-8:L07 Wearable Sensors Based on a pH-responsive Hybrid
Layer from Water Borne Carbon Nanotubes, pH-sensitive
Polymers and Film-forming Latex

V. CASTELVETRO, S. BIANCHI, M. GROSSI, N. CALISI, F. DI
FRANCESCO, Dipartimento di Chimica e Chimica Industriale, Pisa,
Italy

Wearable pH sensors were fabricated by depositing a thin electroactive
coating from water borne (WB) colloidal hybrid dispersions onto
electroplated gold electrodes prepared on a flexible polyimide film.
The active component of the acrylic polymer coating was a nearly
percolating or percolating dispersion of surface-modified multi-walled
carbon nanotubes (MWNTs) combined with a pH-responsive homo- or
block copolymer. The pH-sensitive polymer amplified the changes in
resistivity of the MWNT-loaded (typically around 0.5 wt %) coatings by
enhancing local perturbations originating from the variable swelling which
occurs in agueous solutions at different pH. The hybrid WB systems
were prepared either by blending the three components or by blending
the MWNTs and the film-forming latex particles, previously modified by
covalently attaching a functional polymer. Sensor linearity, reproducibility
and stability, as well as correlation among sensor response, composition
and topological distribution of the various components within the stimuli-
sensitive coatings are discussed.

A-8:L08 Design and Development of Self-stratifying Polymers
and Coatings

J. BAGHDACHI, H. PEREZ, P TALAPATCHAROENKIT, Coatings
Research Institute, Eastern Michigan University, Ypsilanti, MI, USA

Certain coating applications including those used in automotive,
electronics, medical devices, industrial maintenance and aerospace
require a combination of primer/topcoat or basecoat/clearcoat layers.
These multilayered systems require a complex application and curing
procedures. Multiple formulation, application and processing steps not
only contributes to complexity of the composite system it also results in
unnecessary waste generation, differential properties such as adhesion
and thermal expansion coefficient. It would be desirable to reduce the
number of layers to a minimum while providing the same or better
overall performance that current systems provide. In this paper we
report the design and development of thermosetting polyurethane
coatings that self-stratify to two distinct phases upon application and
cure. Prototype pigmented systems were applied and cured and were
characterized by FTIR, SEM/EDX and were evaluated using standard
coating test methods. Microtome and adhesion studies verified that the
stratified layers were presumably linked through a urethane linkage.
This finding may be taken as an evidence of multi-phase, preferential
reactivity, mass transport, and surface tension gradient hypothesis as
the basis of the above self-stratification phenomenon.
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Poster Presentations

A-1:P02 Silver Oxalate Thermal Decomposition Mechanism

K. KIRYUKHINA" 234 H. LE TRONG?®, P TAILHADES? 3, J. LACAZE>
3, V. BACO? 3, F. COURTADE', O. VENDIER?, 'Centre National d'Etudes
Spatiales, Toulouse Cedex, France; 2Universite de Toulouse, UPS, INP,
Institut Carnot CIRIMAT, Universite Paul Sabatier, Toulouse Cedex,
France; *CNRS, Institut Carnot Cirimat, Toulouse, France; “Thales Alenia
Space, Toulouse Cedex, France; SFaculty of Chemistry, University of
Natural Sciences, Vietnam National University-HoChiMinh City,
HoChiMinh, Vietnam

Silver oxalate is a reactive powder that decomposes with an exothermic
reaction during heating. This decomposition produces gaseous CO2
and a network of porous silver. Silver has an excellent thermal
conductivity and is perfectly compatible with common electronics
surface materials such as gold. This makes it an excellent thermal
interface material for use in high power satellite electronics where the
thermal flow is a critical issue. Silver oxalate decomposition proceeds
below 300 °C, i.e. this route produces silver at much lover temperatures
than its bulk melting point (around 962 °C). In our study thermal cycles
up to 300 °C have been used. A Differential Scanning Calorimetry
study showed the kinetic effect of the heating rate and the dependence
of the reaction on particle morphology. Unexpectedly, several distinct
and successive thermal effects were reproducibly observed on the
DSC records. The origin of these steps has been investigated by rapidly
cooling down the material to stop the reaction at various stages during
the decomposition. Scanning Electron Microscopy on the partially
transformed material clearly show crystallographic effect, namely that
the reaction proceeds differently on the surface of the particle,
depending on the local crystallographic orientations.

A-1:P04 Dielectric Properties of Bal-xLaxTi1-x/403 Ceramics
with different La3+ Content

B. WODECKA-DUS, University of Silesia, Department of Materials
Science, Sosnowiec, Poland

In the present research n-doped BaTiO3 compositions, with lanthanum
contents x=0; 0.1, 0.2, 0.3 and 0.4%mol. were prepared by the free
sintering method, at T=1350 °C. The grain size distribution and
morphology of the powders was studied as well as the X-ray diffraction
analysis was performed to confirm formation of the desired crystalline
structure. Influence of La3+ doping on dielectric properties of
Ba1-xLaxTi1-x/403 ceramics was studied in the temperature range
T=20-220 °C, and frequency v=10Hz-10MHz. The measurements in
a large range of temperatures were considered for describing their
interrelation between semiconductor and ferroelectric properties.
Impedance spectroscopy was utilized to analyze the properties of the
intergranular and interfacial regions as well as their interrelations, by the
Quad-tech 1920-type precision LCR meter. In addition, their temperature
and frequency dependences and the dc and ac phenomena in order to
separate the individual contributions of electrode effects were employed.
The bulk effects and the interfaces in the frequency domain from the
total cell impedance as well parameters of the phase transition were
determined. At the end the equivalent circuit method was applied to fit
the experimental data.

A-1:P05 Electrical Properties of CaCu3Ti4012 Films Prepared
by RF Magnetron Sputtering

C.R. FOSCHINI, R. TARARAM, A.Z. SIMOES, E. LONGO, J.A. VARELA,
Sao Paulo State University, UNESP - Physical-Chemistry Department,
Araraquara, Sao Paulo, Brazil

The discovery of the colossal dielectric constant (CDC) in the
CaCu3Ti4012 (CCTO) generates a great scientific interest in this
perovskite type of material. The CCTO, with no dopants, displays also
strong current-tension nonlinear behavior with possibility to be used as
varistor. The CCTO electrical behavior has been intensively discussed
in the literature and has been attributed to intrinsic and extrinsic defects.
However, there is no agreement in the literature about the mechanisms
which allow explaining the origin of these properties. The main objective
of this work was to deposit compact thin films on Si/SiO2/Ti/Pt substrates
by RF sputtering technique using CCTO targets prepared by mixed
oxide method. Post annealing in nitrogen and oxygen atmosphere of
nano-sized CCTO films were evaluated by X-ray Photoelectron
Spectroscopy (XPS) and X-ray Diffraction (XRD). Films morphology was
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characterized by Field Emission Scanning Microscopy (FE-SEM) and
show homogeneous microstructure. The dependence of annealing
atmosphere on the AC and DC transport measurements was analyzed.
Results and electrical properties of the films suggest the existence of
polaronic defects due changes in the chemical composition.

A-1:PO8 The Impact of Titanium Film Properties on the c-axis
Orientation of Sputter-deposited AIN Thin Films

A. ABABNEH', H. SEIDEL?, T MANZANEQUES, J. HERNANDO?, J.L.
SANCHEZ-ROJAS?, A. BITTNER?, U. SCHMID*, 'Yarmouk University,
Electronic Engineering Department, Hijjawi Faculty for Engineering
Technology, Jordan; 2Saarland University, Faculty of Natural Sciences
and Technology II, Chair of Micromechanics, Microfluidic/Microactuators,
Saarbriicken, Germany; °E.T.S.I. Industriales, Universidad de Castilla
La Mancha, Ciudad Real, Spain; “Vienna University of Technology,
Institute of Sensor and Actuator Systems, Department for Microsystems
Technology, Vienna, Austria

Sputter-deposited aluminium nitride (AIN) thin films are an interesting
material due to a CMOS compatible fabrication process and good
piezoelectric properties. Besides the influence of sputter conditions on
the microstructure of AIN thin films the surface-related properties of the
substrate or the underlying metallization are of utmost importance. In
this study, the influence of 350 nm thin titanium films sputter-deposited
on SiO2/Si substrates at varying pressure levels pb,Ti in the range of
2x10-3 to 14x10-3 mbar on the c-axis orientation of 600 nm AIN thin
films is investigated. Both the plasma power for Ti deposition (Pp,Ti=
100 W) and the parameters for AIN synthetization (Pp= 1000 W, pb,AIN=
4x10-3 mbar in 100% N2 atmosphere) are fixed. The surface roughness
of the Ti bottom layer is the dominating factor resulting either in a high
c-axis orientation (i.e. at low pb,Ti values) or in an amorphous AIN
microstructure (i.e. at high pb,Ti values). Under low pressure conditions,
a smooth and dense Ti surface is achieved due to a higher kinetic
energy associated with the adatoms. When reducing the root mean
square roughness by a factor of 1.8 by decreasing the Ti film thickness
to 60 nm, the intensity associated with the AIN (002) peak is increased
by a factor of 1.6.

A-1:PO9 Multilayer Ceramic Capacitors Based on the PMN-PT-
PFN Solid Solution

P WAWRZALA, D. BOCHENEK, R. SKULSKI, J. KULAWIK, D.
SZWAGIERCZAK, University of Silesia, Department of Materials Science,
Sosnowiec, Poland

We present the technology and properties of multilayer ceramic
capacitors (MLCC) based on the PMN-PT-PFN solid solution. PMN-PT-
PFN is the abbreviation of (1-y)[(1-x)Pb(Mg1/3Nb2/3)03-xPbTiO3]-
yPb(Fe1/2Nb1/2)O3. In our work x=0.25, y=0.1. PMN is known as a
classic relaxor. The addition of PbTiO3 (PT) into PMN gives the
(1-x)PMN-xPT solid solution with Tm depending on x, and less diffused
phase transition. Pb(Fe1/2 Nb1/2)03 (PFN) belongs to so called
biferroics, in which antiferromagnetic and ferroelectric/relaxor properties
are observed in some temperature regions. Addition of PFN into PMN-
PT decreases the temperature of final annealing what is important in
MLCC. The powder of 0,9(0,75PMN-0,25PT)-0,1PFN has been
obtained in three steps. In first steps we obtained MgNb206 and
FeNbO4. In final step the 0,9(0,75PMN-0,25PT)-0,1PFN was obtained.
Thick film pastes for obtaining MLCC were prepared by mixing of PMN-
PT-PFN powder with organic vehicle and firing in furnace in the
temperature range up to 1050 °C. Platinum paste has been used as
electrodes. The thickness of one layer was about 45 micrometer
(including electrodes. For obtained ceramics and MLCC, XRD
investigations were performed as well as investigations of microstructure,
EDS and main dielectric properties.

A-1:P09b Synthesis and Electrical Analysis of Nano-crystalline
Barium Titanate and PLZT Nanocomposites

T.P. CHAVEZ, C.B. DIANTONIO, T. MONSON, Sandia National
Laboratories, Albuguerque, NM, USA

Ceramic based nanocomposites have recently demonstrated the ability
to provide enhanced permittivity, increased dielectric breakdown strength,
and reduced electromechanical strain making them potential materials
systems for high energy density applications. A systematic
characterization and optimization of barium titanate and PLZT based
nanoparticle composites employing a glass or polymer matrix to yield a
high energy density component will be presented. This work shows the



systematic characterization and optimization of barium titanate and
lead lanthanum zirconate titanate nanoparticle based ceramics. The
nanoparticles have been synthesized using solution and pH-based
synthesis processing routes and employed to fabricate polycrystalline
ceramic and nanocomposite based components. The dielectric/
ferroelectric properties of these various components have been gauged
by impedance analysis and electromechanical response.

Sandia National Laboratories is a multi-program laboratory managed
and operated by Sandia Corporation, a wholly owned subsidiary of
Lockheed Martin Corporation, for the U.S. Department of Energy's
National Nuclear Security Administration under contract DE-AC04-
94AL85000.

A-1:P70 A Study on the Correlation Between Carrier and Ferro-
magnetism Based on Hydrogen Mediation

JI-HUN PARK, SEUNGHUN LEE, WON-KYUNG KIM, YONG CHAN
CHO, H. KOINUMA, SE-YOUNG JEONG, Department of Cogno-
mechatronics Engineering, Pusan National University, Miryang-si, Korea

Diluted magnetic semiconductor (DMS) has been recently one of the
important research fields in spintronics. ZnO based DMS materials such
as Co doped ZnO (ZnCoO) have been regarded as one of strong
candidates for room temperature DMS. We have reported theoretical
and experimental results about ferromagnetic individual spin unit, Co-
H-Co complex by hydrogen mediation in ZnCoO, but it is still not clearly
evidenced what mediates its interaction with Co-H-Co magnetic units
for macroscopic ferromagnetism. In this work, we investigate the
correlation between carrier and ferromagnetism of ZnCoO. Through
additional doping of Al impurity, carrier concentration increased by about
104 times, but ZnCoO still kept paramagnetic property. However,
ferromagnetism was induced in both samples with/without Al doping
after hydrogen injection process. The difference of ferromagnetic
hysteresis loop was insignificant despite difference by 100 times in
carrier concentration by Al doping. We investigated the magnetization
of the ZnCoOQ in term of carrier concentration and studied the correlation
between its mobility and ferromagnetism for use as high efficient spin
injection layer.

A-1:P12 Influence of the Medium Composition on Aggregation
of Titania Nanocrystals

0. PAVLOVA-VEREVKINA, Karpov Institute of Physical Chemistry,
Moscow, Russia

TiO2 hydrosols are used as precursors for preparation of various
nanomaterials. The structure of nanomaterials can be modified through
the morphology of nanosized TiO2 aggregates in the hydrosols. This
work is devoted to the study of slow aggregation of monodisperse TiO2
nanocrystals in acidic hydrosols. The long-term behavior of
monodisperse TiO2 hydrosols with various pH and electrolyte
concentration was studied by static and dynamic light scattering as
well by small angle X-Ray scattering. It was established that the most
stable sols exist in narrow intervals of pH depending on nanoparticles
structure, temperature and impurities. The additions of electrolytes with
concentrations below the thresholds of fast coagulation induce slow
growth of nanoparticles which is reflected in the change of turbidity
spectra and sometimes sedimentation. The rate of the process generally
accelerates strongly with electrolyte concentration. The obtained results
reveal that the electrolyte induced particles growth was mainly due to
aggregation of primary TiO2 nanocrystals but not to the Ostwald ripening.
The structure and stability of aggregates depended on the pH and ionic
strength of the medium.

A-2:P14 Polyvinyl Butyral from Laminated-glass Waste for
Encapsulating Photonic Molecular Nanodevices

D.R. SIQUEIRA, P. SANTA-CRUZ, Federal University of Pernambuco
- UFPE, DQF, Recife, PE, Brazil

Polyvinyl butyral (PVB) resins are widely employed as core polymer in
most laminated glasses. In the present work, we have prepared and
characterized PVB films obtained from discarded laminated automotive
windshield glasses, aiming to explore the properties of the PVB to cover
and preserve photonic molecular nanodevices patented in our group',
contributing, at the same time, to remove these wastes from the
environment. Spectroscopic characterization and thermochemical
characterization of the PVB was performed by IR, UV-vis absorption
spectroscopy and TGA analysis. The PVB film obtained from the recycled
by-product is very transparent for visible radiation and, in addition, they

act as a perfect filter for UV A and B, in the same way that the commercial
polymer. A hybrid system was obtained by a double thermal evaporation,
performed in a BOC Edwards Auto 306 evaporator activating a carousel
to move from an active photonic Eu(lll) complex to the PVB encapsulating
polimer without break of vacuum. We presented a single film device,
but sandwich-based nanodevices like OLEDS were also tested as
potential molecular devices to be protected.

1. G.F. de S4, O.L. Malta, C. Donega, A.M. Simas, R.L. Longo, P Santa-
Cruz, E.F. Silva Jr, Coordination Chemical Review,196, 2000, 165.

A-2:P15 Calix[4]arenes Appended with Thioamide and
Hydroxamic Acid Moieties: Powerful Tools for Heavy Metals
Recognition

J. KULESZA, S. ALVES JUNIOR, Depto de Quimica Fundamental,
Universidade Federal de Pernambuco; M. GUZINSKI, M. BOCHENSKA,
Dept. of Chemical Technology, Chemical Faculty, Gdansk University of
Technology, Gdansk, Poland; V. HUBSCHER-BRUDER, F. ARNAUD-
NEU, Laboratoire de Chimie-Physique, IPHC-DSA, UDS, CNRS,
ECPM, Strasbourg Cedex, France

The need of monitoring, controlling and removal of heavy metal cations
such as Pb2+ or Cd2+, which have toxic effects on all living organisms
inspires chemists to synthesise more and more selective compounds.
Modified calix[4]arenes are the object of great interest for many years
due to their remarkable binding ability. Two classes of p-tert-
butylcalix[4]arene derivatives: thioamides and hydroxamic acids are
presented and tested as selective extractants or ionophores for heavy
metal cations. Hydroxamic acids of calix[4]arene extract selectively
Pb2+ in the presence of Cd2+ in solution and Cu2+ in the presence
of Ni2+ and Zn2+ which are often found together. Those results are
very important in the context of the removal and separation of heavy
metal cations. Selectivity of thioamide derivatives was assessed using
those ligands as sensor materials in ion-selective membrane electrodes
and tested towards Pb2+ - selectivity. The influence of the nature of
the thioamide function (secondary or tertiary) on their ionophoric
properties was also tested. Electrodes based on tertiary thioamides are
promising analytical tools for monitoring Pb2+ concentration in natural
and drinking waters.

A-5:P19 Tristriazaolotriazines with pi-conjugated Segments:
Solvatochromic Fluorophors and Discotic Liquid Crystals

S. GLANG, D. BORCHMANN, T. RIETH, H. DETERT, Institute for
Organic Chemistry, Johannes Gutenberg-University, Mainz, Germany

Planar polycyclic hydrocarbons with high symmetry are important
materials in organic electronics and as mesogenes for discotic liquid
crystals. C/N exchange allows a tuning of electrical and optical
characteristics, therefore aza-analogous aromatic polycycles gained
considerable attention in these fields. Recently, Gallardo and we
discovered the ability of the tristriazolotriazine (TTT) to be a new core for
discotic liquid crystals. A convergent synthesis, following the Huisgen
procedure connects three aryl-tetrazoles to cyanuric chloride. A 3-fold
ring transformation generates the TTT. We report the synthesis, optical
and thermal properties of TTTs with a 3-fold alkoxy- or dialkylaminophenyl
substitution and higher conjugated analogues. These planar
fluorophores can form broad mesophases, typically with a hexagonal
columnar structure. Whereas the TTT core acts as an acceptor, lateral
alkoxy and amino groups are donors on the C3-symmetrical p-system.
Pronounced solvatochromism and a high pH-sensitivity of optical
properties are reported.

A-5:P21 Light-induced Phase Collapse in a Rubidium Manganese
Hexacyanoferrate

H. TOKORO" 2, SHIN-ICHI OHKOSHI" 3, 'Department of Chemistry,
School of Science, The University of Tokyo, Tokyo, Japan; 2NEXT, JSPS,
Tokyo, Japan; *CREST, JST, Tokyo, Japan

Research associated with the photo-induced phase transition
phenomena is an attractive topic in the field of solid state material. A
rubidium manganese hexacyanoferrate, is an attractive material since
it shows various functionalities, e.g., photomagnetic effects, ferroelectric-
ferromagnetism, and so on'®. In this paper, we report a new type of
photoinduced phase transition, light-induced phase collapse (LIPC),
using rubidium manganese hexacyanoferrate
Rbl0.43MnlI[Felll(CN)6]0.81-3H20, which does not exhibit a phase
transition upon changing the temperature.When the material is irradiated
with blue light at 100-200 K, the Mnll-Felll phase collapses and the

33



valence isomer Mnlll-Fell phase appears. The Mnll-Felll phase is
perfectly recovered as the temperature increased. Theoretical analysis
suggests that the initial Mnll-Felll phase is a thermodynamically
metastable phase, while the photogenerated Mnlll-Fell phase is the
true thermodynamically stable phase.

1. H.Tokoro, et al, Inorg. Chem. 43, 5231 (2004); 2. H.Tokoro, et al,
Phys. Rev. B 73 172415 (2006), 3. S.Ohkoshi, et al, Angew. Chem. Int.
Ed. 46, 3238 (2007); 4. H.Tokoro et al, Chem. Mater. 20, 423 (2008);
5. H.Tokoro & S. Ohkoshi, Appl. Phys. Lett. 93, 021906 (2008).

A-6:P24 Production and Characterization of Ti-27Nb-13Zr Alloys
by Powder Metallurgy

M.W.D. MENDES, A.H.A. BRESSIANI, J.C. BRESSIANI, Institute of
Energetics and Nuclear Researches - IPEN, Center of Science and
Technology of Materials - CCTM, Sao Paulo, Brazil.

Titanium alloy are widely used in biomedical applications due to their
excellent properties such as high strength, good corrosion resistance
and excellent biocompatibility. Researches are being developed with
elements such as Nb and Zr that reach all criterions for excellent
biocompatibility and provide titanium alloys with low Young's modulus.
The aim of this paper was to produce and characterize Ti-27Nb-13Zr
alloy by powder metallurgy process. The mixtures were performed by
high energy milling and sintering in high vacuum furnace with
temperature of 1300 °C / 3 h. The microstructures of samples were
analyzed by SEM and XRD, while the mechanical behavior was evaluated
by elastic modulus and Vickers hardness test. The diffraction results of
treatment at 1300 °C indicate that the alloys are composed of o and 8
phases. Images gotten by SEM indicate the formation of bimodal
structures. Vickers hardness measurements taken for the samples
sintered at 1300 °C / 3 h (2 hours of milling) indicate average values
around 400 HV. Vickers hardness measurements are also determined
for the other treatment conditions.

A-6:P26 Influence of Hydrochloric Acid Concentrations on the
Formation of AgCl-doped Iron Oxide-Silica Coreshell Structures
N. MAHMED, S-P. HANNULA, Aalto University School of Chemical
Technology, Dept. of Materials Science and Engineering, Aalto, Finland;
0. HECZKO, Institute of Physics, Academy of Sciences, Czech Rep.,
Praha, Czech Republic

It was found that silver chloride (AgCl) particles with cubical morphology
exist together with silver (Ag) nanoparticles during the chemical reduction
of silver ions onto the surface of iron oxide-silica coreshell powder in
ethanol-containing polyvinypyrrolidone (PVP) at room temperature, due
to the contamination of the powder during the synthesis. To confirm the
formation of the particles, immobilizing of AgCl particles onto the surface
of the iron oxide-silica coreshell powders has been studied by using the
same reduction process, with injection of small amount of hydrochloric
acid at room temperature. The concentration of acid was varied from
0.012 M to 12.0 M of concentrations. Results showed that acid
concentration greatly influenced the formation of AgCl particles where
the uniform with cubic morphology was obtained with lower
concentration of acid used. Based on scanning electron microscope
(SEM) study, the size of AgCI particles also varied with the acid
concentrations and amount of the precursor used. The uniform size
with cubic morphology of AgCl-doped iron oxide-silica coreshell process
might have a good potential to become a mobile plasmonic photocatalyst
when was put under light irradiation to induce the Ag formation on the
surface of AgCI structures.

A-6:P28 Multifunctional Carbon-magnetite Nanocomposite
Using Polyaniline as a Precursor

A.C. VAZ DE ARAUJO, EH.L. FALCAO, S. ALVES JR., WM. DE
AZEVEDO, Universidade Federal Rural de Pernambuco - UAG,
Garanhuns, PE, Brazil Universidade Federal de Pernambuco, Recife,
PE, Brazil

Due to their high surface area and morphological diversity, activated
carbons find applications as filters, catalyst supports and adsorbing
media. Combining these properties with additional functionality will
expand current applications and give rise to new ones. We prepared
novel porous carbonaceous materials by pyrolyzing polyaniline (PAni) in
the presence of Fe304 nanoparticles. Pyrolysis was carried out at
several temperatures, yielding fine dark powders that were attracted by
a magnet. SEM showed that the base morphology was globular
agglomerates, with an increase in the occurrence of short fibrilar structures
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with the synthesis temperature. Accordingly, the BET surface area of
the material reached up to 400 m2/g, while still containing a fraction of
iron oxide. Porosimetry and microscopy results suggest that the final
porosity develops around 800 °C for that precursor mixture. The observed
fibrilar morphology is possibly due to the use of PAni as the carbon
source, and it is likely that some nitrogen remains in the material. In
summary, a new magnetic composite material was obtained, which
has a reasonable porosity, and shows interesting morphological features.

A-6:P29 The Oxidation Mechanism of Si1-xGex Nanowires
JUNGMIN BAE', WOO-JUNG LEE', JIN WON MA', MANN-HO CHO?,
JAE PYUNG AHN2?, HYUNGSUB KIM?, 'Dept. of Physics and Applied
Physics, Yonsei University, Seoul, Korea; 2Nano Materials Analysis Center,
Korea Institute of Science and Technology, Seoul, Korea; 3School of
Advanced Materials Science and Engineering, Sungkyunkwan
University, Suwon, Korea

The Silicon-Germanium system is known for its complete miscibility
which, in turn, enables compositional modulation through the entire
range, which can have an influence on physical properties, such as
electron and hole mobility, band gap, and lattice parameters.
Conventional strained-SiGe films are thought to be an attractive material
for attaining superior properties when used in ultrafast electronic devices
and optoelectronic devices. In addition, in recent, as devices are
becoming increasingly miniscule, conventional 2-D planar-SiGe are
being replaced by 1-D SiGe nanostructures such as nanobelts,
nanorods, and nanowires(NWs) due to their possible applications in
new kinds of nanoscale devices. Accordingly, this increased interest in
SiGeNWs has led to further interest in understanding the process of
thermal oxidation on cylindrical SiGeNWs. Si1-xGex NWs were prepared
by a Vapor-Liquid-Solid (VLS) procedure using Au as the catalyst at a
fixed growth temperature of 400 °C. They were investigated the thermal
oxidation at a temperature from 300 °C to 600 °C. We systematically
analyzed the oxidation mechanism of the Si1-xGexNWs as a function
of oxidation time by using scanning electron microscope (SEM) and
transmission electron microscope (TEM).

A-6:P31 Characterization of Novel Materials, Biogenous Iron
Oxide, Produced by Iron-Oxidizing Bacteria

H. HASHIMOTO', H. ASAOKA', Y. KUSANCO?, H. KUNOH', Y. IKEDA?,
M. SENO', M. NAKANISHI', T. FUJII', M. TAKANO*, J. TAKADA',
'Graduate School of Natural Science and Technology, Okayama
University, Okayama, Japan; 2Department of Applied Arts and Design,
Kurashiki University of Science and the Arts, Kurashiki, Okayama, Japan;
3Institute of Chemical Research, Kyoto University, Uji, Kyoto, Japan;
“Institute for Integrated Cell-Material Sciences, Kyoto University, Yoshida-
Ushinomiyacho, Kyoto, Japan

A variety of iron oxides are produced by iron-oxidizing bacteria living in
natural aquatic environment1. Leptothrix ochracea produces an
extracellular iron oxide having unique tubular shape of ~1 um in diameter.
In addition to this kind of morphological uniqueness, its compositional
and structural features are very intriguing. We have regarded this
microbial ceramics as a novel functional material, which we call
"L-BIOX" (BIOX: biogenous iron oxide). Here we will exhibit the
compositional and structural characteristics which are vitally important
for future material scientific developments. The present L-BIOX
microtubules were obtained from an enrichment culture tank using
groundwater as the Fe source. The outer surface of the tubular wall is
made of fibrillar particles, about 20 nm wide and 50-100 nm long, while
the inner surface is made of globular particles of 20-120 nm in diameter.
The EDX spectroscopy showed that not only Fe and O but also Si and
P are contained considerably, at an atomic ratio of Fe: Si: P=73: 22: 5.
The XRD pattern is similar to that of 2-line ferrihydrite but, unlike
ferrinydrite, L-BIOX is completely amorphous; the Fourier-transformed
HAADF-STEM image showed a halo pattern without any spot, expelling
a possibility of nano-scaled structural ordering.

A-6:P32 Incorporation of Carbon into Silicon Nanowires Grown
with Au Catalyst

WOO-JUNG LEE', JIN WON MA", JUNG MIN BAE', SAN HAN PARK?,
MANN-HO CHO', BONGYOUNG YOO?, JAE PYUNG AHNZ2
'Department of Physics and Applied Physics, Yonsei University, Seoul,
Korea; 2Nano Materials Analysis Center, Korea Institute of Science and
Technology, Seoul, Korea

C-containing group-IV semiconductor alloys are of intense technological



and scientific interest due to the potential such as bandgap and strain-
state engineering of layers used in microelectronic and optoelectronic
devices. Conventionally complete incorporation of C atoms into
substitutional sites in Si1-yCy has only been achieved at C concentration
only up to ~2 at.%. This could be explained by the lattice mismatch
between C and Si (~52 %) and very low equilibrium solid solubility of C
in Si (10* at.% C at 1400 °C). On the other hand, semiconductor
nanowires are considered to be an interesting topic in new electronic
and optoelectronic nanodevices due to their structure with high surface-
to-volume ratio, and physical properties. In this study, to observe the
possibility of C incorporation into 1-dimensional nanostructure SiNWs
were synthesized by Vapor-Liquid-Solid procedure using Au as a catalyst,
injecting CH3SiH3 gas as a C precursor in conjunction with SiH4 gas
during wire growth. The morphological characteristics and crystalline
structures of C-incorporated SiNWs were investigated by FE-SEM and
FEI TEM. To verify the concentration C atoms and chemical states in
the wire X-ray photoelectron spectroscopy (XPS) is employed.

A-6:P34 Surface Modification of High Internal Phase Emulsion
Foam as a Scaffold for Tissue Engineering Application via
Atmospheric Pressure Plasma Treatment

P PAKEYANGKOON, Department of Mechanical Engineering
Technology, College of Industrial Technology, King Mongkut's University
of Technology North Bangkok, Bangkok, Thailand; R. MAGARAPHAN,
PH. MALAKUL, M. NITHITANAKUL, Center for Petroleum,
Petrochemical, and Advanced Materials, Bangkok, Thailand and The
Petroleum and Petrochemical College, Chulalongkorn University,
Bangkok, Thailand

Atmospheric pressure plasma treatment was used to improve hydrophilic
properties and scaffold/cell interaction of poly(S/EGDMA)polyHIPE highly
porous foam, prepared from poly(styrene/ethylene glycol dimethacrylate)
using a high internal phase emulsion technique. With our synthesis
procedure and surface treatment, this bioactive material, featuring a
highly porous structure and good mechanical strength, can be applied
as a scaffold for tissue engineering applications. The treatment time
and external plasma parameters were investigated in regards to the
polyHIPE foam surface's appropriate for fibroblast implantation. The
changes in surface properties were characterized by SEM, FT-IR, and
contact angle measurement, showing that the exposure to air-plasma
induced polyHIPE foam with hydrophilic surfaces, as observed by a
decrease in contact angle degree. Moreover, the characteristic peaks
of various functional groups were found in the FT-IR spectrum of poly(S/
EGDMA)polyHIPE foam modified with plasma surface treatment.
Enhancement of the interaction between the polyHIPE foam and the
L929 fibroblast-like cells would imply the hydrophilic improvement of
the polyHIPE foam surface due to the polar-like property of the biofluid
cell medium.

A-6:P35 Development of Porous Carbon Derived from
Polybenzoxazine and its Application as an Electrode for
Supercapacitors

T. CHAISUWAN, N. MAHINGSUPAN, S. WONGKASEMJIT, The
Petroleum and Petrochemical College and the National Center of
Excellence for Petroleum, Petrochemicals, and Advanced Materials,
Chulalongkorn University, Bangkok, Thailand

Novel porous carbon was prepared by using polybenzoxazine, a new
type of phenolic resins, through a sol-gel process before carbonization
in an inert atmosphere at 800 °C. The BET surface area of the resulting
porous carbon was approximately 360 m2/g. The activation of this
porous carbon was also investigated in order to compare the physical
and electrochemical properties. The BET surface area of the activated
porous carbon was increased more than twice in comparison with that
of the unactivated porous carbon. The electrochemical behaviors were
studied by cyclic voltammetry, galvanostatic charge-discharge, and
electrochemical impedance spectroscopy. The results showed that the
polybenzoxazine-based porous carbon exhibited good electrochemical
performance. The best electrochemical behaviors with the specific
capacitance of 109 F/g were obtained from the electrode prepared
from porous carbon which underwent heat treatment at 300 °C in air.

A-6:P36 Lectinhistochemistry Evaluation of Bone after
Implantation with Macroporous Titanium Samples

K.B. VIOLIN, TS. GOIA, J.C. BRESSIANI, A.H.A. BRESSIANI, Instituto
de Pesquisas Energeticas e Nucleares, Sao Paulo, SP, Brasil

Titanium and its alloys are widely used as biomaterials and interacts
well with bone tissue. In order, to evaluate more than just morphological
osseointegration by histological slides our work aimed to approach a
molecular evaluation of bone implant interaction using lectinhisto-
chemistry (LHC), which bond to and mark carbohydrates presents in
membrane glycoproteins with lectins. The implanted samples were
commercially pure titanium (cpTi) and Ti-13Nb-13Zr alloy both with and
without pores obtained by powder metallurgy, the pores were achieved
by adding natural polymers to the hydrogenated metallic powder, after
near net shape, the samples were thermal treated (350 °C/1h) and
sintered. The samples were characterized for porosity (content 40%),
and then were implanted in animal models bone and LHC were
performed in histological slides using the lectins PNA, sWGA and RCA1.
All samples osseointegrated well with the bone, no fibrous capsule was
present between the bone-implant interface, besides this
osseointegration feature the implants allowed bone ingrowth inside the
pores towards the center of implant. With the molecular approach of
osseointegration, adjustments in the processing and structure of
macroporous titanium based implants can be performed to achieve
friendly structure.

A-7:P38 Synthesis, Characterization and Spectroscopic
Properties of Calix[4]arenes Derivatives of Lanthanides ions
under Solvothermal and Hydrothermal Conditions

C.A. FERNANDES OLIVEIRA, J. KULESZA, S.A. JUNIOR, DQF,
Universidade Federal de Pernambuco, Recife, Brazil; B.S. BARROS,
ECT, Universidade Federal do Rio Grande do Norte, Natal, Brazil; M.
BOCHENSKA, DCT, Gdansk University of Technology, Poland

In recent decades the chemistry of calixarenes has been investigated
in order to study the separation technology, catalysts, biomimetic, sensors
and others. Reactions of calixarenes with various ions Ln(lll) have been
published, but the supramolcular chemistry of these compounds has
been littler explored. Calixarenes are highly preorganized compounds,
showing a controllable conformational behavior, which could be
beneficial for the construction of metal coordination polymers. In recent
newspaper was published that some conformational changes of the
calix[4]arene core could be controlled by regulating reaction temperature
under solvothermal conditions, which may lead to the generation of
various coordination polymers with different poly-dimensional topological
structures. In the present work we report the reactions of p-tert-
butilcalix[4]arene tetracarboxylic acid with Eu3+ and Tbh3+
(hydrothermal) and Tm3+ (solvothermal). The compounds were
characterized by infrared and luminescence spectroscopy, elemental
analysis, X-ray single crystal and scanning electron microscopy.

A-7:P39 Understanding the Doxorubicin Interaction with Zeolite
Imidazolate Frameworks (ZIF-8): A Theoretical and Experimental
Investigation )

I.B. VASCONCELOS', TA. SOARES', R.O. FREIRE?, N.B.C. JUNIOR?,
G.F. DE SA', S. ALVES JUNIOR', 'Universidade Federal de
Pernambuco, Recife, PE, Brazil, 2Universidade Federal de Sergipe,
Recife, PE, Brazil

Metal Organic Frameworks (MOFs), extensive class of crystalline and
porous materials, have been continuously outlined as platform for drug
delivery which offer the possibility of continuous release of the drug in
the plasma environment within the therapeutic range increasing the
activity of the drug. This fact minimizes potential side effects by improving
the welfare of the patient during treatment. We wish to report a detailed
experimental and theoretical study of the interaction between the Zeolite
Imidazolate Frameworks (ZIF-8) and the doxorubicin drug. The adsorbed
amount of doxorubicin into the porous solids was 99%. This result was
estimated by elemental analysis, UV-Vis spectroscopy, thermogravimetric
analysis, Fourier transform infrared, scanning electron microscopy, X-
ray diffraction and photoluminescence spectroscopy. The viability of
inclusion through comparison of size pores and dimensions of the drugs
was investigated and the inclusion simulation was analyzed theoretically
by AM1, PM3 and PM6 semiempirical methods. We observed that the
AM1 method reproduce reasonably the crystallographic unit cell.
However, the considerable increase of the unit cell volume, about 15%,
suggests that this method causes stretching of chemical bonds in this
structure. This increase is less pronounced, about 10%, when the unit
cellis calculated using the PM3 structure. If we analyze all cell parameters
the PM6 structure is the most accurate.
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A-7:P39% Zeolitic Imidazolate Framework (ZIF-8) for Anticancer
Drug Delivery: Fluorescence Study

I. BEZERRA VASCONCELOS, T7.G. DA SILVA, R.C.B.Q.
FIGUEIREDO, G. F. DE SA, S.A. JUNIOR, Universidade Federal de
Pernambuco, Recife, PE, Brazil

Metal-organic frameworks (MOF) or coordination polymers are crystalline
solids assembled by the connection of metal ions or clusters through
tunable organic linkers whose structures are held together either by
strong metal-ligand bonding or by weaker bonding forces (e.g. hydrogen-
bonding and p-p interactions). Its modular nature coupled to an infinity
of different types of bridging ligands allows for a multitude of frameworks
with desirable topologies, architectures, and properties inherent to the
building blocks, such as geometric rigidity, chemical functionality, or
chirality. The versatility of MOFs led to its broad application in gas
separation and/or storage, sensors, non-linear optics, catalyses, forensic
chemistry and drug carriers. Doxorubicin (Dox) is a cytostatic drug of
first choice in many malignancies with a high efficacy rate and unwanted
side-effects. In this report, we describe the incorporation of the anti-
cancer drug doxorubicin into the ZIF-8 with high-load and progressive
release, and characterize the antitumoral potential and citotoxicity of
the doxorubicin-ZIF-8 conjugate towards the HL-60 cell line. In order to
address host-guest interactions from a microscopic perspective.

A-8:P40 Infrared Thermochromic Properties of VO2 Thin Films
Prepared through Aqueous Sol-gel Process

D.Q. LIU, H.F. CHENG, WW. ZHENG, C.Y. ZHANG, Key Laboratory of
Advanced Ceramic Fiber and Composites, College of Aerospace and
Materials Engineering, National University of Defense Technology,
Changsha, China

Vanadium dioxide(VOZ2) is one representative thermochromic material,
and it can change its optical properties reversibly at about 68 °C,
especially in the IR region, depending on environmental temperature. A
relatively simple aqueous sol-gel method followed by vacuum annealing
was proposed to prepare IR thermochromic VO2 thin films. The
thermochromic phase transition and the IR thermochromic property of
400nm and 900nm VO2 thin films in the 7.5-14 um region were discussed.
The derived VO2 thin film samples were characterized by Raman, XRD,
XPS, AFM and SEM. The resistance and infrared emissivity under
different temperature were measured, and the thermal images of films
were obtained using infrared imager. The results show that the VO2 thin
film annealed at 550 °C for 10 hours through agueous sol-gel process
is pure and uniform. The resistance of 900nm VO2 film can change by
4 orders of magnitude and the emissivity can change by 0.6 during the
phase transition, suggesting outstanding IR thermochromic property.
The derived VO2 thin film can control its infrared radiation intensity and
lower its apparent temperature actively when the real temperature
increases, which is very promising in the fields of energy saving, thermal
control and camouflage.

A-8:P42 Development of Superhydrophobic Surface Morphology
N. KUNDURACI, Anadolu University, Eskisehir, Turkey

A surface on which water contact angle is greater than 150°, and
sliding angle less than 10° is called a superhydrophobic surface. To
exhibit superhydrophobic feature, a surface should have nano/micron
scale roughness on an inherently hydrophobic material. This extreme
water-repellency feature attracted much attention for many applications
in industry and in daily-life. In this study, we use a nano/micron powder
system that can form needle/plate shapes after calcination. Surface
rougness on ceramic was aimed to be obtained. Morphology evolution
of powders was examined by scanning electron microscopy, and the
effect of surface roughness on superhydrophobic behaviour was
investigated.

A-8:P45 Study on the Fabrication of Visible Light Response
Type N-doped TiO2 Photocatalyst by SPS

N. KIKUCHI, T. ASAOKA, Tokyo Denki University, Ishizaka, Saitama,
Japan

Photocatalyst has attracted a wide attention in these years as a promising
material for environmental use. However, it is recognized that TiO2, the
most popularly used photocatalyst, has a disadvantage that it only
reacts with ultraviolet light. In this study, nitrogen-doped TiO2 was
selected as strategy for promoting the absorption of visible light, and
SPS(spark plasma sintering) method was tried to fabricate a dense
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specimen without using of binder materials. Preparation methods of
specimen are as follows; yellow-colored N-doped TiO2 powders were
synthesized from a mixed aqueous solution containing TiCI3(50ml) and
an NH3(70ml). The precipitate was air dried for 1 week. Then dried in a
drying oven the day (50 °C). And heat-treated at 400 °C (1h). N-doped
TiO2 powder and non-doped TiO2 powder were sintered by SPS in the
temperature range of 400 or 700 °C. N-doped TiO2 fabricated by SPS
showed a favorable crystal structure of anatase, and successful
existence of doped nitrogen was confirmed by XPS analysis. UV-vis
results showed that N-doped TiO2 response to visible light, which
indicates an increasing possibility of this type of photocatalyst. Further
study to extend the range of adsorption wavelength is being carried out.
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A-10:IL07 Towards Charge Storage Memory Devices Based on
Electroactive Organic Molecules

J. VECIANA', C. SIMAO‘, M. MAS-TORRENT', N. CRIVILLERS', V.
LLOVERAS', J.M. ARTES?, P GOROSTIZA?, C. ROVIRA", "Institut de
Ciéncia de Materials de Barcelona (CSIC)-Networking Research Center
on Bioengineering, Biomaterials and Nanomedicine (CIBER-BBN),
Bellaterra, Spain; 2Institute for Bioengineering of Catalonia (IBEC),
Institucié Catalana de Recerca i Estudis Avancats (ICREA), Barcelona,
Spain, Networking Research Center on Bioengineering, Biomaterials
and Nanomedicine (CIBER-BBN), Universitat de Barcelona, Barcelona,
Barcelona, Spain

The increasing interest in miniaturizing electronic devices to achieve
denser memories will eventually entail the utilization of molecules as
active components. In particular, self-assembled monolayers attached
to substrates appear as suitable candidates in Molecular Electronics for
the development of switchable and memory devices based on
electroactive molecules grafted on surfaces. Polychlorinated
triphenylmethyl (PTM) radicals and tetrathiafulvalenes TTF derivatives
are persistent electroactive organic compounds that can be easily
reduced/oxidized to the corresponding anionic/cationic species which
also show a high stability in solution. All such species exhibit different
optical and magnetic properties and can be reversibly interconverted in
solution by electrochemical techniques. We will report efforts addressed
to functionalize transparent and conducting ITO and Gold surfaces
with appropriately functionalized PTM radicals and TTF derivatives. Such
hybrid organic/inorganic surfaces behave as chemical and
electrochemical redox switches with bistable optical (absorption and
fluorescence), magnetic, and wetting responses exhibiting an
exceptionally high long-term stability and excellent reversibility and
reproducibility. Moreover, such hybrid surfaces can be patterned as well
as electrochemically locally addressed enabling to write-store-read
information reversibly on the patterned clusters of electroactive
molecules.

A-10:/L02 Nanosecond Timescale Characterization of FeRAMs
with Fast-speed Charge Injection

A.Q. JIANG, State Key Lab of ASIC & System, Department of
Microelectronics, Fudan University, Shanghai, China

Binary information in capacitive ferroelectric random access memories
is destructively readable through polarization charge difference between
switching and non-switching events of the cells. Nondestructive readout
is possible from high- and low-conductance bipolar switching of a
ferroelectric diode with a large on/off current ratio. Fundamental



understanding of both memories needs short-time characterization of
imprint and depolarization under writing/reading pulses. With our
improved characterization technique, we can transfer domain switching
currents under pulses into P-V hysteresis loops from which both remanent
polarization and coercive voltage can be derived with time as short as
35 ns. The imprinted coercive voltage is evidenced to decay with time
in a semi-log behavior due to the fast-speed charge injection across
interfacial layers. After separation of film leakage current from domain
switching current, we measured P-V hysteresis loops in a leaky BiFeO3
semiconducting film. Finally, we can control domain switching speed
by inputting a resistor with variable resistance in the circuit. From field
dependence of domain switching speeds at different temperatures, we
derived an ultimate domain switching time of 0.47 ps in Pb(Zr0.4Ti0.6) O3
thin films.

A-10:L04 Organic and Oxide Ferroelectric Transistor and Diode
Arrays for Non-volatile Memories

A. VAN BREEMEN, F. GONZALEZ-RODRIGUEZ, B. VAN DER
PUTTEN, G. GELINCK, Holst Centre/TNO, Eindhoven, The Netherlands;
A. MARRANI, M. BASSI, Solvay Specialty Polymers s.p.a.,Bollate (MI),
Italy

Flexible and organic electronics has emerged as a promising technology
for low-cost, large-area micro-electronic applications. Most of these
applications require memory, preferable non-volatile memory -
semiconductor memory that does not lose its data when the power is
turned off - that can be programmed, erased and read electrically.
Ferroelectric polymers based on copolymers of vinylidene fluoride and
trifluoroethylene (P(VDF-TrFE), Solvay Specialty Polymers), possess a
large remnant polarization. The use of this ferroelectric polarization field
allows for extremely large modulation of the charge carrier density and
electronic properties of semiconducting materials. In this presentation
we will show the potential of the ferroelectric effect to control and
manipulate in a reversible fashion charge transport in diodes and thin-
film transistors, and its relevance in non-volatile memory applications.
Key device parameters for memory application like switching time, cycle
endurance, and data retention will be discussed. Careful optimization
of processing conditions has allowed us to integrate ferroelectric
polymers with organic an oxide semiconductors towards fabrication of
flexible non-volatile memory arrays.

A-10:IL05 Working Model for Electronic Polymer Memory Devices
S. PAUL, Emerging Technologies Research Centre, De Montfort
University, Leicester, UK

The growth in the usage of organic materials in the fabrication of
electronic devices owes to the ease of fabrication of organic electronic
devices as well as the applicability of inexpensive substrates in such
configurations. Polymer Memory Devices is a recent addition to the
organic or plastic electronic field. Polymer memory devices are fabricated
by depositing a blend (an admixture of organic polymer, small organic
molecules and nanoparticles) between two metal electrodes. These
devices show two electrical conductance states ("1" and "0") when
voltage is applied, thus rendering the structures suitable for data retention.
These two states can be viewed as the realisation of non-volatile
memory. The progress in the polymer memory devices over the last one
decade will be presented, and invoke the conundrums that scholars of
this field are currently faced with, such as questions about the electrical
charging mechanism and stability of devices, proposed theories
explaining the experimental data, contradictions in the published work
by different groups. The proposed answers to the puzzles, wherever
applicable, will be presented. On the basis a various measurements by
different techniques, a working model for polymer memory devices will
also be presented.

A-10:IL08 Self-rectifying Unipolar HfOx Based RRAM
HONGYU YU, South University of Science and Technology of China;
X.A. TRAN, Nanyang Technological University, Singapore

In this talk, we report the effect of highly-doped n+ /p+ Si as bottom
electrode on unipolar RRAM with Ni-electrode /HfOx structure. With
heavily doped p+-Si as bottom electrode, RRAM devices illustrate
coexistence of bipolar and unipolar resistive switching. Meanwhile,
substituting by heavily doped n+-Si, the switching behavior changes to
self-rectifying unipolar device. The asymmetry and rectifying reproducible
behavior in Ni/HfOx/n+ Si device results from the Schottky barrier of
defect state level in SiOx/HfOx junction and n+ Si substrate, but this is
not seen for the p+-Si electrode case. With rectifying characteristics

and high forward current density observed in Ni/HfOx/n+ Si device, the
sneak current path in conventional cross-bar architecture was effectively
eliminated. We believe that the proposed structure is a promising
candidate for future cross-bar type RRAM applications.

A-10:IL09 Ultrafast MRAM Data Storage
S. SERRANO-GUISAN, N. LIEBING, H.W. SCHUMACHER,
Physikalisch-Technische Bundesanstalt, Braunschweig, Germany

Spin transfer torque (STT) is an alternative mechanism to induce
magnetization reversal in magnetic nanostructures. The main advantage
of this technique in comparison to field-induced magnetization reversal
is its scalability allowing the development of ultra fast high-density
magnetic random access memory (MRAM) devices with low power
consumption. However, STT magnetization reversal by ultra short current
pulses can leave the magnetization in an excited state after reversal.
Such excitations result in a precessional motion of the magnetization
after the decay of the current pulse (the so-called magnetization ringing)
which can take several nanoseconds. Therefore, for ultrafast and reliable
non volatile STT memories it is essential to ensure the suppression of
magnetization ringing after the decay of the current pulse. Here we
present time and frequency resolved magneto transport measurements
in MgO based magnetic tunnelling junction (MTJ) nanopillars. Time-
resolved measurements allow us to determine optimum conditions for
coherent control of the free layer magnetization dynamics and for reliable
ultrafast ballistic STT magnetization reversal by a single precessional
turn'. By comparison to STT ferromagnetic resonance experiments
different magnetization dynamic regimes are identified.
This study will allow determination of optimum parameter range for
reliable ultra fast and low power consumption STT magnetization reversal
for future STT-MRAM devices.

1. S. Serrano-Guisan et al, PRL 101, 087201 (2008)

A-10:/L77 Inorganic Nanoparticles for either Charge Storage or
Memristance Modulation

D. TSOUKALAS'" 2, E. VERRELLI', 'National Technical University of
Athens, Zographou, Greece, 2Institute of Microelectronics, NCSR
Demokritos, Agia Paraskevi, Greece

We present electronic memory applications of nanoparticles prepared
by a room temperature vacuum technique based on sputtering and
atom condensation. We have first investigated nanoparticles as charge
storage elements embedded in an insulating matrix of silicon oxide,
used as tunneling layer and a hafnium oxide used as the control insulating
film. We investigate platinum nanoparticles of different size and density
distributions as measured by Transmission Electron Microscopy in order
to conclude for the most promising distribution in terms of memory
window, retention and endurance characteristics of the proposed
nanoparticle flash type memory. Using the same method of nanoparticle
fabrication we grow Titanium oxide nanoparticles to form a resistive
memory device using the nanoparticle layer in between two metal
electrodes. We present electrical results of this memristive device
showing an ON/OFF resistance ratio that depends on nanoparticle film
porosity that we are able to tune through process parameter variation.
Electrical results are supported by structural analysis of the TiO fim
using Field Emission Scanning Electron Microscopy and X-Ray
Diffraction measurements.

A-10:L72 Memristive Memory: a Fundamental Shift

J. NICKEL, J. JOSHUA YANG, M. PICKETT, M. ZHANG, J.P.
STRACHAN, G. RIBEIRO, R.S. WILLIAMS, HP Laboratories, Palo Alto,
CA, USA

Memristors, the fourth fundamental circuit element, were predicted in
the early 1970's . Memristors have recently been reduced to practice
and are promising for applications from digital memory to analogue or
digital computation. Memristor devices operate significantly different
than other known systems: the doping profile (typically charged
vacancies) is dynamic, controllable, and repeatable. This presents
advantages and challenges not seen in other memory technologies.
For instance, the dynamical nature provides highly non linear behavior
of some memristive systems, negating the need for access devices.
This will allow true cross-point memory architectures resulting in random
access to individual bits, 3D stacking of memory, and the ability to
integrate NVM on core processor chips. This talk will define the memristor
and discuss its physical operation. | will touch on a few of the possible
applications this fundamental circuit element enables. For memory

37



applications, data on devices showing thermodynamic stability, high
endurance (> 10”10 cycles), fast switching and low power operation
will be presented. Memristors are compatible with, and have been
fabricated in, CMOS compatible Back End of Line processes. Results
from 300 mm fabricated wafers will be presented.

A-10:IL13 Phase Change Memory Technology
R. BEZ, Micron, Agrate Brianza (MB), Italy

At the beginning of last decade, in early 2000, few disruptive technologies
had been proposed to replace the standard Non-Volatile Memory
technology in the semiconductor industry and to enlarge the memory
application. As a fact any new technology takes long time to be accepted;
after the concept demonstration and the technology validation it must
enter into the production phase, demonstrating to be solid for
manufacturing and strongly reliable for the product specification. Another
key aspect of a new technology is the medium-long term scalability
with the perspective to realize a memory cell and array that can be
miniaturized following the leading edge roadmap. PCM technology is
demonstrating the capability to enter the broad memory market and to
be a mainstream memory thanks to a new set of features interesting for
novel applications, combining components of NVM and DRAM and
being at the same time a sustaining and a disruptive technology. Moreover
there are intense efforts on the PCM technology development. On one
side the industry is focused on the increase of the memory density
through the scalability and the 3-dimensional integration. On the other
side the chalcogenide material research is devoted to facilitate the
scaling path and to enlarge and open new application field. In this
paper we will show the status of the Phase Change Memory (PCM) in
the semiconductor industry and the perspectives of the most important
research lines for the near future.

A-10:IL15 Recent Progress and Applications of PRAM
HONGSIK JEONG, Memory Division of Samsung Elctronics, Yongin-
city, Korea

PRAM is a promising next generation memory due to its advantages of
scalability, reliability and compatibility with Si technology. First product
of PRAM has been introduced by Samsung electronics for cellular
phone. This is the first step of PRAM business, which has to be considered
a big business. Therefore, we have to develop technologies for PRAM,
considering applications. In this presentation, the technologies and
applications for PRAM will be discussed emphasizing the big chance
for PRAM business. Especially, recent progress of technologies beyond
20nm node in leading edge will be presented. In conclusion, | will
suggest novel cell structures, materials and device technologies for
PRAM.

A-10:IL16 Phase Transformations in PCMs

F. HIPPERT, LMGP (CNRS, Grenoble-INP), Minatec, Grenoble, France;
G. GHEZZI, S. MAITREJEAN, CEA LETI, Minatec campus, Grenoble,
France; J.Y. RATY, Physics Department, University of Liege, Sart-
Tilman, Belgium

Phase change materials (PCMs), such as GeTe and Ge2Sb2Te5, are
excellent candidates for use in non volatile memories thanks to rapid
phase transformation (10th of ns) between amorphous and crystalline
states and to large variation of resistivity between the two structures. In
memory cells, switching from the crystalline (low resistivity) to the
amorphous (high resistivity) phase is obtained by applying a short and
high current pulse that locally melts the material. A longer and lower
pulse is used for crystallization. Memories based on PCMs offer high
scalability, fast programming and good cyclability. To allow operation at
relatively high temperatures, it is crucial to improve the stability of the
amorphous phase. Carbon doping has been shown to increase
significantly the crystallization temperature. Understanding the change
of electronic properties and the mechanisms of the phase transformation
requires to compare the local order in the amorphous and crystalline
phases. Recent results on the structure of carbon doped GeTe will be
presented. By combining X-ray total scattering experiments and ab
initio molecular dynamics we show that carbon induces a strong
structuration of the amorphous phase through long carbon chains and
tetrahedral and triangular units centered on carbon.
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A-10:P46 Memory Effect of a Different Materials as Charge
Storage Elements for Memory Applications

I. SALAORU, S. PAUL, Emerging Technologies Research Centre, De
Montfort University, Leicester, UK

In recent years, the interest in the application of organic materials in
electronic devices (light emitting diodes, field effect transistors, solar
cells), has shown a rapid increase. Polymer memory devices (PDMs) is
a very recent addition to the organic electronics. The polymer memory
devices can be fabricated by depositing a blend (an admixture of organic
polymer, small organic molecules and metal or semiconductor
nanoparticles) between two metal electrodes’. We demonstrate the
memory effect in the device with simple structure based on blend of
polymer with different materials like ionic compound (NaCl), ferroelectrical
nano-particles (BaTiO3) and small organic molecules In 2007 * Paul
has proposed a model to explain memory effect a switching between
two distinctive conductivity states when voltage is applied based on
electrical dipole formation in the polymer matrix. Here, we investigate if
our memory devices based on different types of materials are fitted with
the proposed model.

1. S. Paul, A. Kanwal, M. Chhowalla, Nanotechnology, 17, (2006),145.
2. D. Prime and S. Paul, Mater.Res.Soc.Symp.Proc., 0997-103-01, (2007).
3. I. Salaoru, S. Paul, Mater.Res.Soc.Symp.Proc, 1114-G12-09, (2009).
4. Shashi Paul, IEEE Transactions on Nanotechnology, 6, (2007), 191.

A-10:P47 Multilevel Resistance Switching in TaOx-based RRAM
Device

YING-CHIUAN CHEN, YU-LUNG CHUNG, BO-TAO CHEN, JEN-SUE
CHEN, Department of Materials Science and Engineering, National
Cheng Kung University, Tainan, Taiwan

In this study, a Ta/TaOx/Pt MIM structure is investigated as a resistance
random access memory (RRAM) device. The device exhibits both bipolar
and unipolar resistive switching characteristics. With bipolar operation
mode, multilevel resistance states can be obtained by controlling the
high resistance state by varying the sweeping-stop-voltage (Vreset-
stop) during the reset process; nevertheless, the multilevel states are
not achievable with unipolar operation mode. To understand the multilevel
resistance switching mechanism, the electrical conduction in the Ta/
TaOx/Pt device is investigated using impedance spectroscopy. Based
on the impedance measurement, the degree of conduction of the Ta/
TaOx/Pt device depends on the competition between field-driven oxygen
vacancy migration and local Joule-heating effect, which leads to the
multilevel resistance states for RRAM application.

A-10:P48 Charge Retention in Low Temperature Poly-Si
Rewritable Memory on Glass
T.A. MIH, S. PAUL, Emerging Technologies Research Centre, De
Montfort University, Leicester, UK

We have developed a low temperature method of growing silicon
structures for applications in flash memory. Memory behaviour on glass
substrates has been observed with these silicon structures as storage
medium grown at less than 400 °C. We report on the influence of
various factors of this novel technique on the retention and reliability of
the rewritable memory fabricated on glass. This will be investigated
through various electrical measurements on metal-insulator-
semiconductor (MIS) and metal-insulator-meta (MIM) devices containing
these films, as well as other physical characterization techniques. The
new growth method is highly promising for use in vertically stacked 3-
dimensional memory.

A-10:P49 Modulation of Biopolar Resistive Switching for Fuel-
assisted NiOx Film via Tailoring of its Interface with Al Electrode
KUN-KENG CHIANG', JEN-SUE CHEN?, JIH-JEN WU, 'Department
of Chemical Engineering, National Cheng Kung University, Tainan,
Taiwan; 2Department of Materials Science and Engineering, National
Cheng Kung University, Tainan, Taiwan

In this work, the resistive switching behaviors of the devices composed
of the glycine-assisted NiOx films on ITO substrates with Al top electrodes
(AI/NIOX/ITO) were investigated. The glycine-assisted nickel oxide fims
were deposited on ITO substrates by spin coating using an agueous



solution of nickel acetate hydrate, hydrogen peroxide and glycine (fuel),
followed by high-temperature calcination. Transmission electron
microscopy and X-ray photoelectron spectroscopy (XPS) analyses
indicate that the glycine-assisted NiOx film consists of nanocrystalline
NiO embedded in a porous and amorphous Ni/Ni2O3 matrix. Unlike
unipolar switching in the reported NiO RRAMSs, the AI/NiOx/ITO devices
demonstrate the bipolar resistive switching behaviors. In addition, the
resistive switching behaviors of the device are strongly influenced by
the thickness of the Al electrode. XPS analyses suggest that it is
attributed to the composition of the active layer modulated by the
interfacial reactions with the Al top electrode. We propose that the
conducting channels in the Al/NiOx/ITO device are composed of the
interconnected Ni atoms and the adjunct oxygen vacancies. The resistive
switching mechanism of the Al/NiOx/ITO device will be proposed and
discussed in this presentation.

FOCUSED SESSION A-11
Multiferroics

Oral Presentations

Session A-11.1
Theory, Modeling, Processing

A-11.1:ILO7 Electronic Ferroelectricity: Modeling and Understanding
S. PICOZZI, CNR, Istituto CNR-SPIN L'Aquila, Italy

Electronic magnetic ferroelectrics, i.e. complex insulating magnets in
which ferroelectricity is driven by non-centrosymmetric spin- or charge-
or orbital-arrangements, have recently attracted great interests. By
means of density functional studies, possibly complemented by
symmetry analysis and/or model Hamiltonian approaches, we will focus
on the presence and efficiency of different microscopic mechanisms
for multiferroicity (i.e. coexistence of long-range dipolar and magnetic
orders) and magnetoelectricity (i.e. control of magnetism via electric
fields and of ferroelectricity via magnetic fields), based on the interplay
between electronic and structural degrees of freedom. In closer detall,
we will present examples based on transition metal oxides as well as on
organic-inorganic hybrids, such as metal-organic frameworks.

A-11.1:/L03 From Magneto-Elasto-Electric Device to Ultra-low
Noise Magnetic Sensor

CH. DOLABDJIAN', X. ZHUANG', S. SAEZ', M. LAM CHOK SING",
C. CORDIER, C. DOLABDJIAN', J.F. LI?, D. VIEHLAND?, 'Groupe de
Recherche en Informatique, Image, Automatique et Instrumentation
de Caen (GREYC), CNRS UMR 6072-ENSICAEN and the University of
Caen, Caen Cedex, France; 2Department of Materials Science and
Engineering, Virginia Tech, Blacksburg, VA, USA

Laminate composite Magneto(elasto)Electric (ME) devices can be used
as very sensitive magnetic field sensors. Usually, a laminated ME sensor
is made with two elastically coupled proof bodies, a magnetostrictive
layer and a piezoelectric layer. They convert the sensed magnetic field
as elastic strain or stress and the elastic strain or stress as an electric
signal, respectively. Usually, the intrinsic magnetic sensor sensitivity to a
small magnetic field variation could be evaluated by an equivalent
magnetic noise spectral density in T/sqrt(Hz), the sensor resolution. In
that way, we will present the best development of ME sensor, give their
equivalent magnetic noise spectral density measurement and compare
their performance to our theoretical model. This model based on
constitutive equation of magneto-electro-elastic material and main ME

device noise sources, is compared well to our experimental results.
From our best developments, we achieve a noise spectral density close
and down to pT/sqrt(Hz) at 1 Hz and at high frequencies, respectively.
Some techniques of magnetic field modulation will be outlined. They
allow to extend the sensor performances in term of noise and sensitivity
down to DC signal measurement.

A-11.1:IL04 First-principles Design of Multiferroics with Novel
Functional Properties
J. INIGUEZ, ICMAB-CSIC, Bellaterra, Barcelona, Spain

In the past decade a lot of experimental and theoretical work has
focused on room-temperature multiferroic bismuth ferrite (BiFeO3 or
BFO). Yet, BFO continues to surprise us, and novel results are being
obtained on a regular basis in both bulk and thin-film forms of this
material. Interestingly, many of the new results seem related with BFO's
ability to present atomic arrangements of very diverse nature (e.g., the
so-called super-tetragonal phases in thin films or the structures observed
at the skin of bulk samples). In this talk | will present recent first-principles
results that corroborate what we may call BFO's polymorphism. Indeed,
we found that BFO presents many local energy minima that are almost
as stable as the ground state of the compound. | will discuss the origin
of such a multiple-minima character and its implications as regards
current experimental and theoretical work on BFO. | will also argue that
the existence of many robustly (meta)stable phases can be used to our
advantage: If we were able to switch between such minima by means
of external electric fields, large functional responses of various kinds
would be obtained. | will illustrate such "phase-change responses" with
first-principles results for BiFeO3-BiCoO3 multiferroic solid solutions.

A-11.1:/L07 Textured Ferroelectrics and Magnetoelectrics
S. PRIYA, YONGKE YAN, Center for Energy Harvesting Materials and
Systems (CEHMS), Virginia Tech, Blacksburg, VA, USA

Ferroelectric single crystals such as Pb(Mg1/3Nb2/3)03-PbTiO3 (PMN-
PT) and Pb(Zn1/3Nb2/3)03-PbTiO3 (PZN-PT) with compositions near
the morphotropic phase boundary exhibit high piezoelectric coefficients
(d33 > 2000 pC/N), large strains (> 1%), and high electromechanical
coupling factors (k33 > 92%). These excellent piezoelectric property
arise largely from the "engineered" domain states that facilitate the
polarization rotation under external electric field drive. However, the
application of PMN-PT and PZN-PT single crystals has been limited to
niche applications such as medical transducers and sonars where cost
is not an issue. High production cost is often related to use of platinum
crucibles and small size of useful sample due to compositional
heterogeneity across the ingot. Ceramic processing is low-cost
technique, but superior properties of single crystals are not observed in
polycrystalline ceramics because they are averaged out as each grain
possesses different crystallographic orientation. In order to exploit the
anisotropic properties of single crystals, <001> textured ceramics with
similar compositions are expected to be a cost-effective way to achieve
enhanced properties comparable to that of single crystal. We present
here our progress in developing textured ceramics.

A-11.1:IL08 Manipulating Charge and Spin Interactions Across
multiferroic BiFeO3 and Ferromagnetic La0.7Sr0.3Mn0O3
Interfaces

PU YU, RIKEN-Advanced Science Institute, Saitama, Japan

In this talk, | will present our recent studies of the reconstruction/interplay
between the charge and spin degrees of freedom in an all-oxide model
heterostructure system consisting of the ferromagnet (FM)
La0.7Sr0.3Mn0O3 (LSMO) and the multiferroic (ferroelectric (FE) and
antiferromagnetic (AFM)) BiFeO3 (BFO). Firstly, | will demonstrate that
the interfacial valence mismatch (charge reconstruction) between BFO
and LSMO layers can be employed to influence the electrostatic potential
step across interfaces and control the ferroelectric state of BFO layer.
One the other hand, a novel ferromagnetic state has also been revealed
in the AFM BFO sublattice at the interface due to the spin reconstruction,
and is responsible for the existence of exchange bias coupling across
the interface. Finally, we demonstrate that the interplay between charge
and spin degrees of freedom across the interface can lead to a
fascinating realm, called magnetoelectric coupling. The measurement
clearly shows a reversible switch/control between two distinct exchange
bias states by isothermally switching the FE polarization of BFO. This is
an important step towards controlling magnetization with electric fields,
and may enable a new class of electrically controllable spintronic
devices.
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A-11.1:L09 Ex-situ Solid-phase Epitaxy of MOCVD-deposited
LuFe204 Thin Films

A. PLOKHIKH, A. AKBASHEV, A. KAUL, MSU, Moscow, Russian
Federation

The compounds from the MeFe204 (Me = rare earth element) family
are among the most promising multiferroic materials. The properties of
these substances in bulk state, for example LuFe204, have been
described in many articles, however, there are no data about the
synthesis of MeFe204 thin films, although it is in the thin film form that
these materials will most likely find application. The goal of our work was
to synthesize LuFe204 epitaxial thin films in a two-stage process. At
the first stage we deposited Lu-Fe-O thin films by MOCVD on substrates
of several types: (111) ZrO2(Y203), (111) MgO, (111), MgAl204, and
(0001) Al203. At the second stage, the films were annealed ex-situ in
an atmosphere with low concentration of oxygen. According to XRD
data, the films with optimized Lu : Fe = 1 : 2 composition contained two
phases: hexagonal ferrite LuFeO3 and iron oxide Fe2083. After the
second stage, partial reduction of iron from Fe(ll) to Fe(lll) and formation
of the LuFe204 phase was observed. After the anneals, LuFe204,
FeO and Lu203 phases were observed in the XRD patterns. We studied
the kinetics of phase formation during the ex-situ anneals. Notable is
the phenomenon, which we call ex-situ solid-phase epitaxy: the
LuFe204 phase grows epitaxially on the (111) YSZ substrate.

Session A-11.2
Magnetoelectric Characterization

A-11.2:/L07 New Multiferroic Manganite and Ferrite with Strong
Magnetoelectric Coupling

Y. TAGUCHI, H. SAKAI, D. OKUYAMA, D. HASHIZUME, Y. TOKURA,
RIKEN, Wako, Japan; J. FUJIOKA, F. KAGAWA, Univ. of Tokyo, Tokyo,
Japan; T. FUKUDA, JAEA/SPring-8, Hyogo, Japan; H. NAKAO, Y.
MURAKAMI, CMRC-PF, IMSS, KEK, Tsukuba, Japan; T. ARIMA, Univ.
of Tokyo, Kashiwa, Japan; A.Q.R. BARON, RIKEN SPring-8 Center,
Hyogo, Japan

We discuss two multiferroic materials showing strong magnetoelectric
coupling: One is perovskite-type manganite (Sr,Ba)MnO3 and the other
is rare-earth ortho-ferrite RFeO3. In the manganite, magnetic Mn4+
ions with S=3/2 are found to exhibit off-centering, independently from
the magnetic ordering. In this sense, this material is quite different from
the known multiferroic materials, such as BiFeO3 with off-center non-
magnetic Bi ions and ToMnO3 in which ferroelectricity is driven by
magnetic ordering. The ferroelectric transition in (Sr,Ba)MnO3 is governed
by a soft phonon mode, and its dynamics is revealed in detail by far-
infrared reflectivity and momentum-resolved inelastic x-ray scattering
measurements. Strong coupling between spin and polarization is also
found in the temperature-dependent crystal structure. In the rare-earth
ferrite, polarization is induced by the symmetric exchange striction
working between the rare-earth moment and iron spin. We succeed in
reversing the weak-ferromagnetic moment associated with the
antiferromagnetically ordered iron spins only with the electric field.

This work was in part supported by JSPS through "Funding Program for
World-Leading Innovative R&D on Science and Technology (FIRST
Program)".

A-11.2:/L02 Magnetoelectric Coupling and Isostructural Phase
Transitions in the Solid Solutions of the Multiferroic BiFeO3
with BaTiO3 and PbTiO3

D. PANDEY, School of Materials Science and Technology, Institute of
Technology, Banaras Hindu University, Varanasi, India

In this talk | shall present results of our work on the study of
magnetoelectric coupling due to an isostructural phase transition (IPT)
in two solid solution systems (1-x)BiFeO3-xBaTiO3 (BF-xBT) and (1-
x)BiFeO3-xPbTiO3 (BF-xPT) on the basis of the analysis of the x-ray
and neutron powder diffraction data as a function of temperature. The
IPT is accompanied with a change in the atomic positions leading to
excess polarization below Tn which scales linearly/quadratically with
magnetization in the BF-xBT/ BF-xPT systems. Our work provides the
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first unambiguous and atomic level evidence for linear/quadratic
magnetoelectric coupling in the two solid solutions of BiFeO3. In addition,
we have recently discovered an IPT between two ferroelectric phases
with P4mm space group in the BF-xPT system and established the
complete phase diagram showing the existence of a critical point at
T ~ 677 K for x=0.63.

This work is based on the PhD thesis work of Mr Shuvrajyoti Bhattacharjee
and Mr Anar Singh.

1. A. Singh, V. Pandey, R.K. Kotnala and D. Pandey, Phys. Rev. Lett. 101,
247602 (2008); 2. A. Singh, A. Senyshyn, H. Fuess and D. Pandey,
Phys. Rev. B. 83, 054406 (2011); 3. S. Bhattacharjee, K. Taji, C. Moriyoshi,
Y. Kuroiwa and D. Pandey, Phys Rev B 84,104116 (2011)

A-11.2:/L03 Isothermal Electric Control of Exchange Bias near
Room Temperature

C. BINEK', XI HE', Yl WANG', N. WU', A. WYSOCKI', T. KOMESU?, U.
LANKE?, AN. CARUSO?®, E. VESCOVO*, K.D. BELASHCHENKO!, PA.
DOWBEN?, 'Department of Physics & Astronomy and Nebraska Center
for Materials and Nanoscience, University of Nebraska, Lincoln, NE,
USA; 2Canadian Light Source Inc., University of Saskatchewan,
Saskatoon, Saskatchewan, Canada; *Department of Physics, University
of Missouri, Kansas City, KS, USA; “Brookhaven National Laboratory,
National Synchrotron Light Source, Upton, NY, USA

Voltage-controlled spintronics promises continued progress in information
technology. Controlling magnetism at thin-film interfaces by electrical
means is a key challenge to better spintronics. | report on the
antiferromagnetic (AF) magnetoelectric (ME) Cr203 (chromia) for
voltage-controlled magnetism. Specifically, robust isothermal electric
control of exchange bias (EB) is achieved at room temperature in
Cr203(0001)/CoPd. Our findings serve as macroscopic evidence for
equilibrium boundary magnetization (BM) in ME antiferromagnets. BM
is a generic property at interfaces of ME single domain antiferromagnets.
In chromia, an AF single domain can be magnetoelectrically selected
out of two degenerate AF 180 degree domains. First-principles and
symmetry considerations provide theoretical insight. Measurements of
spin-resolved UPS, magnetometry, and detailed investigations of the
unique voltage-controlled EB offer macroscopically averaged
information. Laterally resolved X-ray PEEM and temperature dependent
MFM reveal microscopic information of the chromia surface
magnetization. In concert, our data provide a coherent interpretation of
our results on isothermal electric control of EB.

Financial support by NSF through CAREER, MRSEC, SRC/NSF Suppl.
to MRSEC, NRI, & Cottrell Research Corp.

A-11.2:L04 Exchange Biasing of Magnetoelectric Thin Film
Composites

E. LAGE, C. KIRCHHOF, D. MEYNERS, E. QUANDT, Christian
Albrechts University Kiel, Kiel, Germany

This presentation demonstrates the successful implementation of an
intrinsic bias field in magnetoelectric magnetic field sensors via exchange
bias. This intrinsic biasing allows the operation at the optimum working
point without the application of an external magnetic bias field. Thin film
magnetoelectric composites were fabricated by magnetron sputtering
on Si-cantilever substrates'. The composites consist of piezoelectric
AIN and multilayers with the sequence Ta/Cu/Mnlir/FeCo or Ta/Cu/
Mnlr/FeCoSiB serving as magnetostrictive component of the composite.
The layer thickness of the magnetostrictive FeCo or FeCoBSi layers
and the angle dependency of the exchange bias field is used to adjust
the shift of the magnetostriction curve in a way that the maximum
piezomagnetic coefficient is found at zero magnetic bias field.
Accordingly, such self-biased composites show a high sensitivity to AC
magnetic fields with a ME coefficient of 21 V/cmOe for its mechanical
resonance at 1011.5 Hz in the case of the FeCo samples. Consequently,
this internal bias field opens the path to individually biased sensor array
components and the realization of a three-dimensional vector ?eld
Sensor.

1. H. Greve et al, Appl. Phys. Lett. 96, 182501 (2010).
The authors acknowledge funding via DFG SFB 855.

A-11.2:L05 Magnetoelectric Properties of Layered Thin Film
Composites
HEE YOUNG LEE, Yeungnam University, Gyeongsan, Korea

Magnetoelectric properties of PZT-Terfenol-D composite will be reviewed.



The structure of the composite showed a strong impact on
magnetoelectric coupling between ferroelectric and magnetostrictive
films. The effect of the film processing variables on microstructure,
ferroelectric and magnetic properties will be discussed in some detail.

ferroelectric phases. The first principles studies reveal that the
piezoelectric responses of these two lowest-symmetry phases are not
significantly large, and further suggest that the ease of phase transition
between these two energetically close triclinic phases is responsible for
the large piezoelectric response in the BiFeO3 films near its MPB.

Session A-11.3

Dynamics of Multiferroics & Structural
Characterization

A-11.3:IL0O7 Terahertz Emission from BiFeO3 Thin Films
M. TONOUCHI, Institute of Laser Engineering, Osaka University, Suita,
Japan

Terahertz (THz) radiation has been observed from multiferroic BiFeO3
(BFO) thin films via ultrafast modulation of spontaneous polarization
upon carrier excitation with illumination of femtosecond laser pulses.
The radiated THz pulses from BFO thin fims were clarified to directly
reflect the spontaneous polarization state, giving rise to a memory effect
in a unique style and enabling THz radiation even at zero-bias electric
field. The emission mechanism is explained by the direct modulation of
spontaneous polarization. We also find strong photoassist effect on
polarization switching of BFO films. On the basis of our findings, we
demonstrate potential approaches to ferroelectric nonvolatile random
access memory with nondestructive readability and ferroelectric domain
imaging microscopy using THz radiation as a sensitive probe.

A-11.3:ILO3 Ferroelectric and Multiferroic Tunnel Junctions

A. CRASSOUS', V. GARCIA'" 2, M. BIBES', A. CHANTHBOUALA', S.
FUSIL', K. BOUZEHOUANE', E. JACQUET', L. BOCHER?, A. GLOTER?,
C. DERANLOT', S. XAVIER?, S. ENOUZ-VEDRENNE*, N. MATHUR?,
A. BARTHELEMY?, "Unité Mixte de Physique CNRS/Thales, Palaiseau,
France; 2University of Cambridge, Cambridge, UK; 3Laboratoire de
Physique des Solides, Université Paris Sud, Orsay, France; “Thales
Research and Technology, Palaiseau, France

To overcome the scarcity of multiferroic materials researchs focuss on
artificial multiferroics obtained by combining ferroelectric and
ferromagnetic materials. | will show esults on a particular type of artificial
multiferroics composed of a magnetic tunnel junction with a ferroelectric
barrier (MFTJs). In these ferroelectric tunnel junctions, large changes in
the resistance are observed and correlated with the direction of the
ferroelectric polarisation of the barrier'. This give rise to large
electroresistance phenomena (TER) that amounts to 75000% for a
3nm BaTiO3 tunnel barrier. When a ferromagnetic counter electrode of
Fe is added to obtain a ferroelectric magnetic tunnel junction, a
modulation of tunnel magnetoresistance reflecting changes in the spin
polarisation of the electrode when the ferroelectric polarisation is
switched have been observed?. These junctions provide an interesting
opportunity to obtain a robust room temperature magnetoelectric effect
and to achieve an electric control of the spin polarisation.

1. V. Garcia et al, Nature 460, 81 (2009); A. Gruverman et al, Nanoletters
9, 3539 (2009); A. Crassous et al, Appl. Phys. Lett. 96, 042901 (2010).
2. V. Garcia et al, Science 327, 1106 (2010); S. Valencia et al, Nat. Mat
2011 (Nat. Mat. 3098).

A-11.3:/L04 Study of Strain-induced Morphotropic Phase
Boundary in Multiferroic BiFeO3 Thin Films

LANG CHEN, School of Materials Science and Engineering, Nanyang
Technological University, Singapore

A morphotropic phase boundary driven by epitaxial strain has been
observed in a lead-free multiferroic BiFeO3 thin films and the strain-
driven phase transitions were widely reported to be iso-symmetric Cc-
Cc ones by recent works. In this talk, we suggest that the tetragonal-
like BiFeO3 phase identified in epitaxial films on (001) LaAIO3 single
crystal substrates is monoclinic MC. This MC phase is different from MA
type monoclinic phase reported in BiFeO3 films grown on low mismatch
substrates, such as SrTiO3. Our recent results also demonstrate that
the mixed-phase regions are mainly made up of two highly tilted triclinic

Session A-11.4
New Effects

A-11.4:IL01 Electrically-controlled Atomic Spin-valve at a
Complex Oxide Interface

J.D. BURTON, E.Y. TSYMBAL, Department of Physics and Astronomy,
University of Nebraska, Lincoln, NE, USA

Artificial multiferroic materials are interesting, in particular, due to a large
magnetoelectric effect which may occur at the ferroelectric-
ferromagnetic interfaces. Recently, we have predicted a possibility of
the ferroelectric control of the magnetic order within a few atomic layers
at the interface between a hole-doped manganite, La1-xAxMnO3
(LAMO, A is a divalent cation), and the ferroelectric BaTiO3 (BTO).
[Phys. Rev. B 80, 174406 (2009)]. The effect arises due to "electrostatic
doping" associated with the screening charge in LAMO that can be
changed by reversing the ferroelectric polarization of BTO. Our first-
principles calculations predict that magnetic tunnel junctions with a
ferroelectric barrier allow the control of spin transport by ferroelectric
polarization. When LAMO is used as one of the electrodes, those few
atomic layers near the interface sensitive to the ferroelectric polarization
act as an atomic scale spin-valve in series with the ferroelectric tunnel
barrier. We find that switching the ferroelectric barrier induces more
than an order of magnitude change in the conductance due to the
interfacial spin-valve effect in the highly spin-polarized LAMO,
constituting a new spin-dependent transport phenomenon. [Phys. Rev.
Lett. 106, 157203 (2011)]

A-11.4:I1L02 Functionally Graded Magnetoelectric Composites
G. SRINIVASAN, G. SREENIVASULU, V.M. PETROV, Physics
Department, Oakland University, Rochester, MI, USA

Novel magnetoelectric (ME) phenomena in multiferroic bilayer
composites consisting of functionally graded ferromagnetic and
ferroelectric phases are discussed. The grading involves piezomagnetic
(9) and piezoelectric (d) coefficients and is achieved with the use of Fe,
Co, Ni, Metglas, or ferrites with different q and oppositely poled
piezoelectrics. Significant findings include the following. (i) Observation
of ME effect under zero-magnetic bias with the ME coefficients as high
as 1.6 V/cm Oe at low frequency. (i) With a biasing field, it is shown that
the bending moment due to grading counteracts the asymmetry related
flexural strain and enhances the strength of ME coupling. (iii) A factor of
40 increase in the ME voltage is measured at bending resonance.
Theoretical estimates of ME coefficients are in general agreement with
the data.

S.K. Mandal, G. Sreenivasulu, V.M. Petrov, and G. Srinivasan, Phys.
Rev. B 84, 014432 (2011).

A-11.4:/L03 Domain Walls and Photovoltaic Effect in BiFeO3
M. ALEXE, Max Planck Institute of Microstructure Physics, Halle,
Germany

BiFeO3 thin films with periodically ordered ferroelectric domains have
shown to generate open circuit photovoltages as large as 15 V by
illumination with light having the photon energy above the band gap.
Ferroelectric domain walls were paying a major role in a model developed
to explain this anomalous photovoltaic effect. In order to closely
investigate this nanoscale photovoltaic mechanism, we have developed
an AFM-based local measurement of photoelectric and photovoltaic
effects. We have shown using photoelectric AFM that, besides a
significant tip-enhancement, the photovoltaic currents BFO single
crystals are rather uniformly distributed at the crystals surface, suggesting
that there is no strong electron-hole recombination within the ferroelectric
domains. (M. Alexe and D. Hesse, Nature Communications 2011, 2:256)
Moreover, to unveil the role of the domain walls we have developed
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novel measurement methods such as photo-induced transient
spectroscopy (PITS) scanning probe microscopy (SP-PITS), to evaluate
and locally map the generation and recombination rates.

The present talk will address general aspects of photovoltaic effect in
BFO single crystals and thin films as well as the role of the domain walls
in generation mechanism of the anomalous photovoltaic effect.

A-11.4:L04 Free Charge Contribution to Dielectric Behavior of
Oxides

R. ANAND THEERTHAN, M. MAGLIONE, ICMCB, University Bordeaux
1, Pessac, France

Free charges (electronic or ionic) can influence the dielectric properties
of the ferroelectric material to a great extent. Catalan has reported that
magnetoresistive artifacts can invoke large magnetodielectric coupling.
The interface and core of the dielectric has difference in resistance.
This gives rise to Maxwell - Wagner effect and eventually to
magnetodielectric effect caused by change of resistance under magnetic
field. Here we show that for Fe doped BaTiO3 domain walls can act as
such a interface and electron mobility due to oxygen vacancies as an
artifact which can be tuned under magnetic field and give rise to artificial
magneto capacitance at high temperature and to magnetodielectric
losses at low temperature. Where as in the case of KTiOPO4(KTP) ionic
mobility of potassium ions at low temperature undergoes a drastic change
due to superionic transition which eventually influences the mechanical
resonance of the system and splits the single piezoresonance at high
temperatures into two at 200K and at the same temperature polarization
start to appear. Based on these findings we established here a coupling
between ionic conductivity and piezoresonance based on buildup of
space charges at lower temperature (below 200K).

Session A-11.5
Devices

A-11.5:IL07 Progress in Magnetoelectric Devices Based on
Piezoelectric/piezomagnetic Laminated Composites
SHUXIANG DONG, Peking University, Beijing, China

Magnetoelectric (ME) effect is a magnetic field-to-electric field coupling
via elastic strain in ferroelectric and ferromagnetic composites. Currently,
the strongest ME effect observed from ferroelectric and ferromagnetic
composites is one type of piezoelectric/piezomagnetic layered laminates.
This presentation reviews current progress in ME devices based on
piezoelectric/ piezomagnetic laminated composites. ME devices are
mainly utilized as high-sensitivity magnetic sensors, current sensors,
transformers and gyrators, microwave devices, tunable inductors and
filters, energy harvesters, ME actuators, and ME memories, et al. The
working principle and properties of ME devices are introduced, and
their future development are also discussed in this presentation.

A-11.5:L02 Tunable BiFeO3-BaTiO3 Thin Film Bulk Acoustic
Wave Resonators for Microwave Applications

A. VOROBIEV, S. GEVORGIAN, Department of Microtechnology and
Nanoscience, Chalmers University of Technology, Gothenburg, Sweden;
N. MARTIROSYAN, State Engineering University of Armenia, Teryan,
Yerevan, Armenia; M. LOFFLER, E. OLSSON, Department of Applied
Physics, Chalmers University of Technology, Gothenburg, Sweden

The electrically tunable thin film bulk acoustic wave resonators (FBARSs),
utilizing electric field induced piezoelectric effect in paraelectric phase
ferroelectrics have been demonstrated recently. They enable
development of novel reconfigurable/adaptable microwave circuit
architectures. One may expect enhanced functionalities in the FBARs
utilizing multiferroic materials due to the coupling interaction between
ferroelectric and ferroelastic order parameters. Additionally, coupling
with magnetic phenomenon would allow development of the FBARs
tunable by both electric and magnetic field which enable a variety of
other advanced applications. In this work the single-phase 0.67BiFeO3-
0.33BaTiO3 multiferroic thin film solidly mounted FBAR test structures
have been fabricated and characterized. The FBAR test structures

42

reveal resonance at 4.5 GHz, 3% tunabilty of the resonant frequency
and an electromechanical coupling coefficient of 6% at 10 V dc bias.
These parameters are highest for the electrically tunable FBARs reported
so far. The irreversible changes of the resonant frequency with electric
field are less than 0.1%. The relatively low Q-factor, below 100, is
associated with wave scattering from rough interfaces and may be
improved by the design/technology optimization.

A-11.5:L03 Strain-dependent Magnetoelectric Properties of
Epitaxial CoFe204/Pb(Zr1-xTix)O3/SrRuO3 Heterostructures on
PMN-PT Substrates

A. PETRARU', N. HOEFT', S. ROHIT', R. DROOPAD?, N. PERTSEV?,
H. KOHLSTEDT!, 'Nanoelektronik, Technische Fakultat, Christian-
Albrechts-Universitat zu Kiel, Kiel, Germany; 2Texas State University,
Dept. of Physics, San Marcos, TX, USA; °A.F. loffe Physico-Technical
Institute, Russian Academy of Sciences, St. Petersburg, Russia

Strong enhancement of magnetoelectric (ME) voltage coefficients at
strain-induced transitions between different ferroelectric phases was
predicted for epitaxial Pb(Zr1-xTix)O3 (PZT) films in Phys. Rev. B, vol.
80, art. 054102 (2009). To observe this enhancement experimentally, a
precise strain engineering of the film is necessary because the misfit
strain has to be adjusted with a high accuracy. This adjustment can be
greatly simplified by a post-fabrication fine tuning of misfit strain, which
can be realized in films deposited on "active" substrates, such as
ferroelectric relaxors PMN-PT and PZN-PT subjected to a bias electric
field. In this work, ME epitaxial CoFe204/PZT/SrRuO3 composite films
were deposited on polished 150-micrometer-thick PMN-PT single crystals
by pulsed laser deposition and high-pressure sputtering. The X-ray
analysis showed that a tuning of the misfit strain in the range of 0.2%
was realized at a bias voltage of 300 V. Strain-dependent ME properties
of these heterostructures were investigated for several compositions of
PZT films. In addition, we present first results on epitaxial ME
heterostructures grown on SrTiO3-buffered Si substrates. This approach
might offer interesting perspectives for CMOS-compatible ME devices
based on epitaxial complex oxides.

Poster Presentations

A-11:P52 Multi-component Oxide Thin Films and Heterostructures
for Electronics: Growth Principles

K. ENDO, Kanazawa Institute of Technology, Hakusan, Japan; P,
BADICA, National Institute of Materials Physics, Bucharest-Magurele,
Romania

In the last years oxide materials for electronics show significant progress.
However, many physical details and technological aspects have to be
solved. For electronics, thin films and heterestructures are important
taking advantage of integration and synergetic concepts leading to
new types of devices and functionalities. It is notable that, while
fabrication of new devices and materials showing new phenomena are
booming, the growth principles and concepts are somehow developing
slowly within this general trend. This is because in many cases, growth
of materials is very personalized. Understanding of the bi-directional
relationship between the general and particular principles deserves
attention. The immediate benefit is that knowledge on growth for one
material can be transferred to another one. In our work we have analyzed
such relationships for some oxide multicomponent perovskites. Materials
used in our examples are Bi-Sr-Ca-Cu-O and YBa2Cu307, La-Sr-Mn-O,
(Ca, Sr)CuQ2, (Ca, Ba)CuO2 and Bi4Ti3012. Presented thin films or
heterostructures are with c-axis and non-c-axis orientations. We discuss
film-substrate lattice relationships, control method of growth mechanism,
morphology/roughness, uniformity and precipitates/segregates removal,
stability domain and inter diffusion.

A-11:P54 Ferroic and Structural Study of High-dense
Polycrystalline ToMnO3 Ceramics )

G.S. DIAS, R A.M. GOTARDO, I.A. SANTOS, L.F. COTICA, Universidade
Estadual de Maringé - Parana - Brazil; L. ZABOTTO, D. GARCIA, J.A.
EIRAS, Universidade Federal de Sao Carlos - Sao Paulo - Brazil

TbMnOS3 is a multiferroic magnetoelectric material at cryogenic
temperatures due to a transition between two distinct magnetic states.
TbMnQO83 single crystals exhibit a para-antiferromagnetic transition at



TN ~ 41 K. The magnetic wavenumber k is incommensurate at TN,
and decreases with the decrease of the temperature until be locked to
a constant value where a polarization vector arises in the ¢ - axes
direction. In TbMnO83 single crystals the polarization flops into the a
direction when a magnetic field (higher than 4 T) is applied along the a
or b directions. In this work, high-dense ToMnO3 polycrystalline samples
were obtained through high-energy ball milling. Microstructural, structural,
dielectric and magnetic characterizations were carried out. Dielectric
and magnetic transitions, as those reported for single crystals, were not
observed in polycrystalline samples, which exhibited three dielectric
relaxation processes at distinct temperatures. Two of them, thermally
activated, were related to dipolar effects of hopping carriers. A third
relaxation process was observed in the temperature range where
TbMnO3 shows magnetic transitions, which could be associated to a
distribution of relaxation times due to the formation of ferroelectric
domains or clusters.

A-11:P55 Magnetostrictive and Magnetoelectric Properties in
Nickel Ferrite - Niobate Relaxor Structures

P. GUZDEK, Institute of Electron Technology, Cracow Division, Cracow,
Poland

Magnetoelectric effect in multiferroic materials is widely studied for its
fundamental interest and practical applications. This paper investigates
the magnetostrictive and magnetoelectric properties of multilayer
structures consisting of 6 nickel ferrite (Ni0.3Zn0.62Cu0.08Fe204) and
7 relaxor (Pb(Fe0.5Nb0.5)0O3) layers. The magnetic properties of
composites show a dependence typical of such composite materials,
i.e. it consists of a dominating signal from ferrimagnetic (ferrite) and a
weak signal from paramagnetic (antiferromagnetic) phase (relaxors).
The parallel and perpendicular magnetostriction measurements of the
composites were performed at room temperature as a function of the
external DC magnetic field, by the standard strain gauge technique.
The piezomagnetic coefficient for composites were calculated from
the measured magnetostriction. Magnetoelectric effect at room
temperature was investigated as a function of static magnetic field
(800-7200 Oe) and frequency (10 Hz-10 kHz) of sinusoidal modulation
magnetic field. The magnetostriction and magnetoelectric effect
increase slightly before reaching a maximum at HDC = 750 Oe and
then decrease.

A-11:P56 Magnetic Properties of the Bi9Fe5Ti3027 Aurivillius
Phase Doped with Samarium

M.M. BUCKO, C. KAPUSTA, J. POLNAR, J. LIS, AGH - University of
Science and Technology, Faculty of Materials Science and Ceramics,
Krakow, Poland

Bismuth layer-structured compounds in the Bi4Ti3012-BiFeO3 system
known as Aurivillius phases are single phase multiferroics. It was stated
that substitution of some rare earth elements for bismuth ions in such
structure can modify its magnetic properties. Powders of Bi9Fe5Ti3027
and Bi8.1Sm0.9Fe5Ti8027 were prepared by wet chemical method
and then were sintered to dense polycrystalline materials. Low field DC
susceptibility was measured in the zero field cooled (ZFC) and field
cooled (FC) modes at 10 - 400 K. For selected temperatures
magnetisation curves and hysteresis loops were also measured. For
the pure sample the FC and ZFC curves diverge at lower temperatures
indicating a spin glass-like behaviour. The compound with samarium
exhibits one order of magnitude higher low field magnetization. The FC
and ZFC curves diverge and the spin glass-like phase appear even at
400 K. The samarium doped sample shows a hysteresis with coercive
field of 650 Oe at 100 K. At 10 K the magnetization curve exhibits a
nonlinearity similar to paramagnets at low temperatures. The low
temperature hysteresis loops are shifted with respect to zero field what
can be attributed to "exchange bias" of the samarium sublattice by the
iron one, which possibly orders antiferromagnetically at above 300 K.

A-11:P57 Reflection of Electromagnetic Waves from Multiferroic
TbMnO3

I.V. BYCHKOV, L.N. BUT'KO, S.Y. LAMEKHQOV, V.V. SHADRIN,
Chelyabinsk State University, Chelyabinsk, Russia

It is known, that in terbium manganite (TbMnO3) at low temperatures
the modulated magnetic structures and the strong magnetoelectric
interaction are observed. These are sinusoidal and cycloidal structures.
The spectrum of coupled spin and electromagnetic waves and dynamic
properties manganites are studied not enough. The spectrum of coupled
spin and electromagnetic waves is explored theoretically in our paper.

We use approach when L >> a, where L - period of modulated
structures, a - lattice constant. The joint solution of equations of motion
for a magnetic subsystem in the form of Lagrange and the Maxwell
equations yields us a spectrum of the coupled waves in the multiferroic
TbMnQ83. Interaction of spin and electromagnetic waves depends of
magnitoelectric interaction magnitude and external fields. In spectrum
of coupled waves (segnetomagnons, electromagnons) appears the
forbidden band, their width depends on constant of magnitoelectric
interaction. Calculations of reflection coefficient R as a function of
frequency shows that R vary from 0 to 1. Investigations have shown
that forbidden band width in a spectrum of the coupled waves and a
reflexion coefficient of electromagnetic waves can change external
electrical and a magnetic fields.

A-11:P59 Structural Relationship in BiFeO3 - Based Compounds
L.F. COTICA', |.B. CATELLANI', G.S. DIAS', F. YOKAICHIYAZ?, |.A.
SANTOS?, 'Depto de Fisica, Universidade Estadual de Maringa, Maringa
- Parand, Brazil; 2Laboratério Nacional de Luz Sincrotron, Campinas -
Séo Paulo, Brazil

Multiferroic magnetoelectric are materials that present potential
applications where the ferroelectric and magnetic ordered materials
have been used. Among these materials, the BiFeO3 is a very promising
candidate. Due to the difficult to synthesize this material, nanometric
grains are desirables in a powder preparation route. In this sense,
nanostructured powders of the BiFeO3-XTiO3 (X = Ba or Pb) compounds
were prepared by mechanosynthesis and sol-gel synthesis. Their
structural and ferroic properties have been improved by the formation of
two-phase compounds and, in some cases, the formation of a
monoclinic solid solution (Cm or Cc space group). The crystal structure
of the samples was studied by X-ray powder diffraction and sincrotron
radiation - high resolution X-ray powder diffraction. Structural parameters
were refined through Rietveld analysis (FULLPROF program). The
refinements were conducted with a rhombohedral (R3c space group)
single phase or a monoclinic (Cc or Cm space group) single phase.
Using a model with a single phase, the refinement did not yields good
results. However, by using a two phases model (rhombohedral and
monoclinic phases) the refinements showed the better agreement
between the experimental diffraction pattern and the theoretical one.

FOCUSED SESSION A-12
Progress iIn
Metamaterials Research

Oral Presentations

Session A-12.1
Microwave & THz Metamaterials

A-12.1:IL01 Terahertz Metamaterial Response at High Fields
R.D. AVERITT, Department of Physics, Boston University, Boston, MA,
USA

Recent developments in the generation of high field terahertz pulses
enable new regimes in far-infrared nonlinear optics to be explored. This
is of particular interest with regards to metamaterials, since, on the
subwavelength scale, dramatic field enhancement occurs. This can, in
turn, lead to dramatic nonlinearities up to and including catastrophic
irreversible damage. In the talk, | will present our recent results exploring
the electrodynamic response of metamaterials excited by THz pulses
with peak electric fields of several hundred KV/cm. Within the active
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region of split ring resonators - the canonical metamaterial "atom" - the
electric field can be enhanced by more than a factor of ten corresponding
to local fields of several MV/cm. Several examples will be discussed
including the metamaterial enhanced THz field driven insulator to metal
transition in the vanadates.

A-12.1:IL02 Analytical Modelling of Microwave/Millimeter Wave
1D and 2D Gratings and Fishnets

F. MEDINA, Dept. of Electronics and Electromagnetism, University of
Seville, Seville, Spain; F. MESA, R. RODRIGUEZ-BERRAL, Dept. of
Applied Physics 1, University of Seville, Seville, Spain

Since the discovery of extraordinary transmission (TW. Ebbesen et al,
Nature, 391, 667, 1998) hundreds of papers have been published in
the technical/scientific literature on the topic. They provide physical
explanations for many subtle details of the phenomenon or report on a
wide variety of structures exhibiting such exotic electromagnetic behavior.
Surface plasmon polaritons (SPP) supported by the periodically
structured screens (otherwise fully opaque) were identified as the causal
agent explaining the phenomenon. However, an alternative, but
compatible, interpretation of the observed results has been developed
along the last few years. This interpretation is based on the analogy of
the actual periodic structures and equivalent waveguide problems (F.
Medina et al, [EEE Trans. on Mic. Theory Tech., 56, 3108, 2008; ibid.
58, 105, 2010). The advantage of this point of view is that leads itself to
analytical models based on circuit analogs of the electromagnetic
phenomenon, which have just a few parameters to be determined. This
talk will report on the applications of this model to a number of periodic
structures (1D and 2D) that have been solved since the first proposal of
this methodology. These include extraordinary transmission, anomalous
transmission and fishnet systems.

A-12.1:L03 On the Lateral Confinement of Surface Waves in the
Microwave Regime

E.M.G. BROCK, E. HENDRY, A.P. HIBBINS, Electromagnetic Materials
Group, Physics Building, University of Exeter, Exeter, England

There have been extensive studies into the excitation of surface waves
in the optical regime, and in particular of surface plasmon polaritons
(SPPs). Extension of this surface wave concept to the microwave regime
might seem problematic at first sight, since at these frequencies metals
behave as near-perfect conductors, completely screening the incident
field. However the addition of a sub-wavelength corrugation introduces
an artificial boundary condition, producing a "meta-surface" that supports
a strongly bound mode, similar in character to SPPs. We present work
undertaken at Exeter investigating the lateral and sub-wavelength
confinement of surface waves in the microwave regime. In particular,
the experimental validation of a recent theoretical study suggesting that
a chain of closely spaced metallic cuboids (‘dominos") in contact with
a metallic surface can support laterally confined modes ("domino
plasmons") is discussed. The dispersive limit of the mode is shown to be
insensitive to the lateral width of the chain. The electric field profile is
experimentally measured for these modes and the mode supported by
a tapered chain of metallic cuboids of comparable periodicity.
Furthermore, the group velocity of the domino plasmon is experimentally
measured to explore slow waves.

A-12.1:L04 Design and Optimization of Microwave Triangular
Meta-material Resonators in Coplanar Configuration

R. MARCELLI', E. PROIETTI', G BARTOLUCCI"2, A. LUCIBELLO" 2,
G. DE ANGELIS" 2, G. MUZE®, J. SOLYMOSI#; 'CNR-IMM Roma, ltaly;
2University of Roma "Tor Vergata', Dept. of Electronic Engineering, ltaly;
SVMC Engineering, Rieti, ltaly; “Bohn Electronic Ltd, Budapest, Hungary

Metamaterial (MM) structures exhibit phase and group velocities having
opposite sign and negative effective permittivities, making them good
candidates for novel applications in microwave sub-systems. Several
analytical and experimental results are available concerning the shape
optimization of resonating MM configurations. In this paper, a
Complementary Sierpinksi Triangular Resonator (C-TSR) in coplanar
waveguide (CPW) has been studied for C and X Band applications. The
peculiarity of the triangular structure to exhibit multiple resonances is
proposed for dual and three-band purposes, to obtain efficient unit cells
for high performance microwave tunable oscillators. The MM nature of
the resonators has been studied deriving the effective dielectric and
magnetic permittivity by means of the Y- and Z- electrical parameters.
Single and back-to-back triangles, even including the presence of inner
small triangular resonators, have been simulated, optimizing the
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performances of the notch response in terms of quality factor Q and
impedance matching. As a result, a proper shape and number of inner
triangles can change the frequency of resonance of the entire structure.
Q-values up to 10000 have been predicted, and an isolation better than
30 dB between the resonance peaks has been evaluated.

A-12.1:L05 Electromagnetic Shielding using Nanoparticles
Embedded in Polymer Matrix Composites

N. MORA!, F. RACHIDI, Swiss Federal Institute of Technology-EPFL,
Lausanne Switzerland; M. DADRAS, Centre Suisse d'Electronique et
de Microtechnique - CSEM, Neuchétel, Switzerland

Composite materials with multifunctional requirements have been
developed with increasing demand as a new technique for
electromagnetic shielding. In this work we consider an electrically
nonconductive polymer matrix that is mixed with conductive nano-
reinforcements to form a new dielectric material. In this work we present
an experimental evaluation of the complex permittivity of a polymer
matrix composite (PMC) material with nickel (Ni) nanoparticles as the
conductive reinforcement, between 10 MHz and 1GHz. Particles size
distribution and particles density was be observed by Transmission
Electron Microscopy. The complex effective permittivity of the Ni-PMC
was also theoretically estimated by considering a quasistatic
approximation. We have measured the complex permittivity of the first
fabricated samples from 10MHz to 1GHz. The results show that the
complex permittivity of the Ni-PMC is significantly increased. The
measured effective complex permittivity was compared with the one
obtained from the theory, with a high degree of agreement. The shielding
effectiveness of the Ni-PMCs can be estimated from the complex
effective permittivity measurement. The effect of the geometrical
parameters of the NPMCs on the shielding effectiveness will also be
studied in this work.

A-12.1:IL0O6 Enhanced Microwave Transmission at Microwave
Frequencies through Omega Particles

F. BILOTTI, L. DI PALMA, D. RAMACCIA, A. TOSCANO, "Roma Tre"
University, Rome, ltaly; D. ATES, E. OZBAY, Bilkent University, Turkey

Enhanced transmission through sub-wavelength apertures is an hot
topic in science. This phenomenon is typically obtained by using two
different approaches: excitation of either perturbed leaky modes or
localized resonances at the aperture. The former approach requires the
presence of a large material cover or extended corrugations on top or
around the aperture. The latter approach, instead, requires an electrically
small resonator placed in close proximity of the aperture. In this talk, we
present the results obtained when using single or double, connected or
non-connected, omega resonators. We describe the physics behind
the operation, present a quasi-static equivalent-circuit model, and, finally,
show the validation of the model through proper full-wave numerical
simulations and experimental results. Several examples of circuit (e.g.
filters, dual-band combiners, power splitters, impedance matching
devices, etc.) and radiating components (e.g. sensor antennas, horn
antennas) based on the enhanced transmission obtained by using
omega particles will be presented and discussed.

A-12.1:IL07 Bulk Millimeter Wave and Terahertz Metamaterial
Design

M. BERUETE, Millimeter and Terahertz Waves Laboratory, Public
University of Navarre, Pamplona, Spain

The terahertz range is gradually becoming one of the most fertile
investigation fields. It is the natural limit where two important research
topics such as metamaterials and plasmonics converge. Standard
metals at terahertz still retain a high conductivity characteristic, so that
metamaterial structures designed in the microwave/millimeter-wave
range can be easily extrapolated to terahertz. Plasmonic techniques to
steer surface currents at a metal dielectric interface can also be
successfully applied in terahertz. Therefore, techniques from both
branches can coexist at this frequency range to provide a fast
development. Nowadays terahertz frequencies are finding a great deal
of relevance in important applications such as security, biosensing,
material engineering, and communications to cite just a few. In the
presentation metamaterials and plasmonics (in particular, extraordinary
transmission) will be mixed together to obtain several volumetric devices
such as frequency selective surfaces with regular and anomalous
extraordinary transmission, polarizers, negative refraction and bi-
refringent prisms, metallodielectric lenses, quantum-cascade laser
antennas and so on.



A-12.1:L08 Surface Wave Resonances Supported on a Square
Array of Square Metallic Pillars

S.J. BERRY', A.P HIBBINS', T. CAMPBELL?, J.R. SAMBLES",
'Electromagnetic Materials Group, Physics Building, University of Exeter,
Exeter, England; 2BAE Systems, Warton Aerodrome, Warton, Preston,
England

Surface waves have been extensively studies throughout the majority
of the electromagnetic spectrum between radio and ultraviolet on both
planar metal-dielectric interfaces, structured metal dielectric interfaces
and more recently at the surface of a metamaterial. At optical frequencies
the unstructured metal surface supports a localised Surface Plasmon
Polariton with electromagnetic fields that exponentially decay into both
media. However, at microwave frequencies, similarly strong surface
wave confinement can only be achieved with subwavelength structuring
of the interface. These structured metamaterials are of particular interest
at microwave frequencies since they provide tuneability of the bound
surface wave dispersion. Here we present results for a metamaterial
structure in the form of a square array of subwavelength square cross-
section metal pillars on a conducting ground plane which supports a
family of surface waves. The nature and dispersion of these surface
waves has been explored using a novel experimental technique, involving
the use of collimated surface waves, and the results obtained show
excellent agreement with finite element method modelling.

A-12.1:L09 Influence of Dielectric Loss and Permittivity Variation
on Metamaterial Performance

P CLEM', M.P RYE', EUNG SOO KIM?, CHANG JUN JEON?, 'Sandia
National Laboratories, Albuquerque, NM, USA; 2Kyonggi University,
Suwon, Korea

As an alternative to metal-based metamaterials, magnetodielectric
metamaterials have recently been developed using resonant dielectric
spheres and cubes of high permittivity microwave ceramics. Conventional
approaches for obtaining metamaterial properties (*¢, +u) are based
on orientation-dependent, lossy metallic structures, such as split ring
resonator/wire pairs, fishnet- and omega-shaped structures. This
alternative dielectric route, via Mie resonances of magnetodielectric
structures, provides a mechanism for engineered electrical and magnetic
response. In this presentation, experimental results will be presented
demonstrating an approach for achieving an isotropic, double negative
(DNG) metamaterial composite at Ku band frequencies. In particular,
the influence of microwave ceramic resonator properties, including Q,
permittivity variation, ceramic microstructure, and dimensional tolerances
will be discussed. Microwave ceramic properties and metamaterials
comprised of MgTiO3, (Zr,Sn,Ti)O2, SrTiO3 and Ba(Zn,Ta)O3 will be
presented. It is observed that resonator Q tracks closely with dielectric
Q, and that low Q materials may prevent useful metamaterial
development.

A-12.1:L10 Reflectionless Ultra-thin Wave-plate Based on
Metamaterials

WUJIONG SUN, QIONG HE, JIAMING HAO, LEI ZHOU, State Key
Laboratory of Surface Physics and Key Laboratory of Micro and Nano
Photonic Structures, Fudan University, Shanghai, China

It is highly desirable to efficiently control the polarization of
electromagnetic(EM) waves. Conventional methods to manipulate light
polarization suffers the energy loss problem or size issue (which is
inconvenient especially for low frequency applications). We design an
anisotropic ultrathin metamaterial, which can manipulate EM wave
polarizations efficiently in transmission geometry with perfect
transmittance, including polarization conversion and rotation. Our system
is a laterally anisotropic ABA structure consisting of three metamaterial
layers, which allow perfect transmissions of EM waves for two incident
polarizations within a common frequency interval. The transparencies
are governed by different mechanisms (ABA tunneling effect' and EOT
mechanism?), resulting in significant differences in transmission phase
changes for two polarizations. The proposed device is much thinner
than wavelength at the working frequency. Microwave experiments
performed on realistic samples are in excellent agreement with numerical
simulations®.

1. L. Zhou, W. Wen, C.T. Chan, and P Sheng, Phys.Rev.Lett. 94, 243905
(2005); 2. TW. Ebbesen, H.J. Lezec, H.F. Ghaemi, T. Thio, and PA. Wolff,
Nature 391, 667 (1998); 3. Wujiong Sun, Qiong He, Jiaming Hao, and
Lei Zhou, Opt.Lett. 36, 927 (2011).

A-12.1:L117 Tuning Extraordinary Transmission by Meander-lines
in Hole Arrays

V. TORRES, P. RODRIGUEZ-ULIBARRI, M. BERUETE, F. FALCONE,
M. SOROLLA, Millimeter and Terahertz Waves Lab., Universidad Publica
de Navarra, Pamplona, Spain; M. NAVARRO-CIA, Experimental Solid
State Group, Dept. of Physics, Imperial College London, London, UK

In this work we systematically analyze the frequency tuning of the
extraordinary transmission peak as we gradually increase the inductance
by adding turns to a meander line connecting consecutive holes of a
doubly periodic hole array. This brings about three important
consequences: the aperture is more subwavelength, which opens novel
possibilities for realistic metamaterials, great increment in the fractional
bandwidth of the resonance and the phenomenon emerges away from
the onset of higher-order modes. The structure is studied from equivalent
circuit perspective that fits with a high degree of accuracy with numerical
results obtained with a commercial simulator even for structures with
non negligible thickness, where two sharp peaks emerge. A discussion
on the origin of each lumped element of the equivalent circuit is also
done for two different polarizations. Moreover, a parametric study of
serveral design parameters of the strucure is performed in order to
obtain the electromagnetic features of the meander-line. These results
could be useful in the design of frequency selective surfaces, spatial
filters, polarizers, etc.

A-12.1:L12 Novel Pseudo-plasmonic Surfaces in the Microwave
Regime

H.J. RANCE, A.P HIBBINS, J.R. SAMBLES, Electromagnetic Materials
Group, University of Exeter, School of Physics, Exeter, Devon, UK

We present a summary of current microwave studies being undertaken
at Exeter, reviewing our work on structurally-dictated surface modes on
metals. Employing a combination of experimental, and numerical and
analytical techniques, we extend the concept of pseudo-plasmonic
surfaces beyond the original 'spoof' plasmon studies'. The propagation
of surface waves on a range of structures will be discussed, including
their excitation on ultra-thin substrates formed from printed circuit
boards?® and patterned surfaces with a high degree of surface anisotropy*
and low surface symmetry. Furthermore, we investigate a 'zig-zag'
geometry with both arrays of slits® and holes, both of which mediate
enhanced transmission via diffractively coupled surface waves. High-Q
Fano-shaped resonances are observed in the former while the originality
of the latter lies in its polarisation-selective excitation of the different
surface wave bands.

1. J.B. Pendry et al, Science 305, 847 (2004); 2. M.J. Lockyear et al,
Phys. Rev. Lett. 102, 073901 (2009); 3. A. P Hibbins et al, Phys. Rev. B,
84, 11 (2011),; 4. H.J. Rance et al, "Structurally-dictated anisotropic
'designer surface plasmons", accepted, Appl. Phys. Lett. (2011),; 5. H.J.
Rance et al, Appl. Phys. Lett. 95, 4 (2009)

Session A-12.2

Photonic, Nanophotonic, Plasmonic and
Infrared Metamaterials

A-12.2:/L07 Taming the Blackbody with Infrared Metamaterials
XIANLIANG LIU, W.J. PADILLA, Boston College, Newton, MA, USA

Metamaterials have been demonstrated which are able to achieve
nearly 100% absorption of incident radiation, over a narrow band. By
Kirchoff's law of Radiation, we demonstrate that these absorbers may
also be modified to control the emissivity spectrum of a body at a
particular temperature over a bandwidth of 50%. Thus these metamaterial
surfaces may be applied as coatings nearly any material to control their
blackbody emission spectra. We highlight the theory, simulation and
present experimental results of metamaterials controlling both absorption
and emission, and present several potential applications.
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A-12.2:IL02 Enhancement of Light-matter Interactions in Slow-
wave Meta-surfaces

LElI ZHOU, State Key Laboratory of Surface Physics and Physics
Department, Fudan University, Shanghai, China

Light-matter interactions (LMIs) have generated lots of fascinating
phenomena in condensed matter physics and optics. However, such
effects are typically weak in conventional materials due to short LMI
time, caused by the fact that light travels too fast. Available approaches
to slow down light typically require an optically thick medium. Recently,
Metamaterial(MTM)-based slow-wave structures were proposed,
including photonic structures with negative-refractive components or
Fano-resonance-based MTMs. Still, these systems were built upon
bulk slow-wave mechanisms. In addition, using such structures to
enhance LMIs has not yet been explicitly demonstrated. In this talk, we
show that an ultra-thin metamaterial can trap photons for a long time,
with measured effective wave speed ~ ¢/382 in a A/27-thick
microwave sample. The slow-wave effect is governed by the anomalous
dispersion and surface plasmon excitations, which is more significant in
thinner samples owing to stronger mode hybridizations.Light-matter
interactions are remarkably enhanced inside the slow-wave structures,
leading to perfect omni-directional light absorption and dramatically
enhanced nonlinear generations, which are demonstrated by microwave
experiments and full wave simulations.

A-12.2:1L04 Active Nanodevices: the Next Challenge for
Plasmonics

G. WURTZ, AV. ZAYATS, Department of Physics, King's College
London, London, UK

Plasmonic nanomaterials show promise to revolutionize nano-
technology, in particular in the area of information technology. In particular,
their potential in the design of active nanodevices with the speed of
photonic devices and the nanoscale dimension of semiconductor
electronics, will open a new technological era not constrained by the
limitations in size and speed photonics and electronics devices currently
show." In this presentation we will discuss the potential of complementary
plasmonic structures made of assemblies of strongly interacting
nanorods? as well as plasmonic crystals® in providing effective solutions
in the development of active nanodevices.

1. M.L. Brongersma and V.M. Shalaev, Science 328, 440 (2010);
2. G.A. Wurtz, R. Pollard, W. Hendren, et al, Nature Nanotechnology 6,
107 (2011); 3. G.A. Wurtz, R. Pollard, and A.V. Zayats, Phys. Rev. Lett.
97, 057402 (2006).

A-12.2:L07 Imaging the Local Field Enhancements in Metamaterial
Unit Cells with Femtosecond Laser Pulses

V.K. VALEV, T. VERBIEST, Molecular Electronics and Photonics, INPAC,
K.U. Leuven, Belgium; A.V. SILHANEK, V.V. MOSHCHALKOQOV,
Superconductivity and Magnetism & Pulsed Fields Group, INPAC,
Katholieke Universiteit Leuven, Belgium; B. DE CLERCQ, M. AMELOOT,
University Hasselt and Transnational University Limburg, BIOMED,
Diepenbeek, Belgium; O.A. AKTSIPETROV, Dept. of Physics, Moscow
State University, Russia; A.l. KUZNETSOV, C. REINHARDT, B.N.
CHICHKOV, Laser Zentrum Hannover e.V., Germany; E.J. OSLEY, PA.
WARBURTON, London Centre for Nanotechnology, University College
London, UK; Dept. of Electronic and Electrical Engineering, University
College London, UK; X. ZHENG, V. VOLSKIJ, G.A.E. VANDENBOSCH,
SAT-TELEMIC, Katholieke Universiteit Leuven, Belgium

The technological challenges of the future can be summarized as
follows: energy, transport, nanotechnology, information/communication
technology, health care, and environment. All of these can be developed
from the bottom-up, by means of nanoengineering suitable
metamaterials. Just as natural materials derive their properties from
those of their constituent atoms and molecules, artificial metamaterials
derive their properties from those of their nanoengineered unit cells. We
have developed novel methods for visualizing the localized field-
enhancements of metamaterials' unit cells. Based on optical second
harmonic generation and ultrafast hydrodynamics of metal nano-
structures, these methods combine user-friendliness and high resolution.

We acknowledge financial support from the Fund for scientific research
Flanders (FWO-V), the University of Leuven (GOA), the tUL Impuls plan
Il, IWT, Methusalem Funding by the Flemish government and the Belgian
Inter-University Attraction Poles IAP Programmes.
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A-12.2:IL09 Controlling Radiation Using Dark Plasmon Modes
N.X. FANG, KIN HUNG FUNG, A. KUMAR, JUN XU, Massachusetts
Institute of Technology, Cambridge, MA, USA

In this talk we present our recent progress towards controllable stimulated
light emission using plasmonic nanostructures. In particular we are
interested in dark plasmon modes associated with to "forbidden" photon
transition in nanoantennas and nanolasers. In our approach, a focused
electron spot is used to selectively excite bright and dark modes in
single metal bowtie nanoantenna with precisions better than 20nm.
The measured high resolution spectrum shows unexpected high photon
counts associated with signatures of the dark modes, in contrast to
common wisdom that such dark modes only couple weakly to the far
field. With an eigendecomposition response theory, the phenomena
can be successfully explained as a result of hybridization between
localized plasmons. These probes could provide brand new insight of
solid state lighting with unprecedented fine spectral and spatial resolution.

A-12.2:L11 Ferromagnetism in Cr Doped Indium Oxide for
Homogeneous Negative Index Materials

A. AKYURTLU, A.-G. KUSSOW, Electrical and Computer Engineering
Department, University of Massachusetts Lowell, MA, USA

Thin films of optically transparent magnetic semiconductor Cr doped
Indium Oxide to be used as very low-loss homogeneous negative index
of refraction materials are fabricated and characterized. We have
experimentally investigated the electric and magnetic properties of thin
films of Cr-doped Indium Oxide, In2-xCrxO3-3. The ferromagnetic
behavior of Cr-doped indium oxide critically depends on the oxygen
deficiency concentration, or parameter, 8, which is supposed to be
within narrow range, 1.6e-4 to 1e-2. These thin films are fabricated by
DC-RF sputtering deposition technique. Cr-doped indium oxide thin
films were deposited on p-Si(100) substrate at room temperature. Due
to narrow range of required oxygen deficiency, 9, it is a challenge to
fabricate viable material with ferromagnetic properties. In this work, we
demonstrate how one can fabricate Cr-doped IO with desirable stable
ferromagnetic properties, with magnetic saturation up to 0.6 muB/Cr.

A-12.2:L12 Strong Coupling Effects in Fabricated Tunable Layers
of Metal Nanoparticles

S. MUHLIG, C. ROCKSTUHL, F. LEDERER, Institute of Condensed
Matter Theory and Solid State Optics, Abbe Center of Photonics,
Friedrich-Schiller-Universitat Jena, Jena, Germany; A. CUNNINGHAM,
T. BURGI, Département de Chimie Physique, Université de Geneve,
Geneva, Switzerland; D. CIALLA, K. WEBER, Institute of Physical
Chemistry, Friedrich-Schiller-Universitat Jena, Jena, Germany

Bottom-up metamaterials (MMs) have attracted considerable attention,
since for their fabrication robust self-assembly processes can be
exploited. Here, we introduce a bottom-up MM made of stacks of
strongly coupled layers of randomly arranged metallic nanoparticles
(NPs). NPs in individual layers are made from gold or silver and the
material can vary from layer to layer. Each layer is fabricated by employing
electrostatic forces between negatively charged NPs and positively
charged polymers. This avoids cluster formation and is the key to
achieving high density NP layers. Control over the distance of
consecutive layers is achieved by separating them with a discrete number
of polymer layers. The minimal distance is in the order of one nm;
enabling extraordinary optical properties due to the strongly coupled
plasmonic resonances. The emergence of symmetric and asymmetric
eigenmodes is revealed and a huge splitting is witnessed. Fabricated
samples are used for sensing devices exploiting the huge field
enhancement in narrow spatial domains between consecutive layers.
Direct evidence for the field enhancement is put forward by measuring
surface enhanced Raman scattering signals from molecules adsorbed
to the samples. All measurements are entirely supported by numerical
simulations.



Session A-12.3
Nonlinear, Tunable & Active Metamaterials

A-12.3:/IL01 Shaping of Light in Metamaterials and Plasmonic
Structures

Y.S. KIVSHAR, Nonlinear Physics Center, Australian National University,
Canberra, Australia

We review our recent theoretical and experimental results on the light
shaping in plasmonic structures and nanostructured metamaterials. In
particular, we discuss several effects associated with the subwavelength
nanofocusing and shaping of light in plasmonic waveguides,
nanofocusing of polychromatic plasmon beams, and the generation of
Airy plasmons. First, we study nonlinear transverse self-action of plasmon
beams propagating in tapered metal-dielectric-metal waveguides with
the Kerr-type nonlinear dielectric. We demonstrate that in contrast to
light focusing in straight waveguides, an appropriate choice of the taper
angle allows an effective compensation of attenuation with the
propagation of a spatial plasmon soliton. Next, we introduce the concept
of polychromatic plasmonics and demonstrate several functionalities of
the so-called broadband plasmonic lens based on a metal-dielectric-
metal curved structure. We develop analytical descriptions and employ
simulations to show capability of three-dimensional subwavelength
manipulations and beam shaping, including nanofocusing, self-
collimation, and optical pendulum effects. Finally we demonstrate the
generation, shaping, and near-field mapping of the propagating Airy
plasmons.

A-12.3:/L03 Making Stable Plasmon Solitons
D. SKRYABIN, A. MARINI, A. GORBACH, C. MILIAN, University of
Bath, Bath, UK; B. MALOMED, University of Tel-Aviy, Israel

Using a combination of numerical and analytical techniques we
demonstrate that a metal stripe (or arrays of those) surrounded by the
active and passive dielectrics supports propagation of stable spatial
surface-plasmon solitons and vortices. Our analysis demonstates
existence of both one- and two-dimensional structures. The latter are
possible in the regime of slow plasmons with group velocities being far
less than speed of light. The solitons we discuss is a substantial qualitative
step beyond previously know plasmon-solitons decaying over the
distances of only few tens of microns. Our analytical methods are
rigorous and based on the multiple scale reduction of the Maxwell's
equations and nonlinear boundary conditions to the system of coupled
Ginzburg-Landau equations.

A-12.3:IL04 Magnetically Controllable Metamaterials
SHIYANG LIU, Institute of Information Optics, Zhejiang Normal
University, Jinhua, Zhejiang, China; ZHIFANG LIN, Surface Physics
Laboratory and Department of Physics, Fudan Univeristy, Shanghai,
China; S.T. CHUI, Bartol Research Institute, University of Delaware,
Newark, Delaware, USA

Metamaterials are composite materials composed of sub-wavelength
building blocks designed with state-of-the-art configurations, which
exhibit novel and unique electromagnetic (EM) properties. For the
metamaterials including metallic constituents, the surface plasmon
polaritons can also be excited. The building blocks are usually made of
metallic materials, accompanied with the drawbacks of intrinsic loss,
narrow working frequency, and tunability limitation. We have designed a
class of metamaterials composed of building blocks made of ferrite
materials, it is accordingly termed as the magnetic metamaterials (MM).
In present talk, we are going to demonstrate that with the MM we can
construct a magnetically tunable negative index material with the
impedance matched to the air. The excitation of the magnetic surface
plasmon (MSP) resonance can also be observed in the MM. Due to the
MSP resonance and the time reversal symmetry breaking nature of the
MM, the unidirectional waveguiding of the EM wave is demonstrated.
In the honeycomb lattice consisting of the ferrite rods, the self-guiding
unidirectional zigzag edge states can also be induced at the edge of
the zigzag ribbon. With the further investigation, we can expect even
more interesting phenomenon realized in the MM system.

A-12.3:IL05 Nonlinear Optical Properties of Plasmonics Materials
M. KAURANEN, G. GENTY, R. CZAPLICKI, H. PIETARINEN, H. HUSU,
M. ZDANOWICZ, K.O. KOSKINEN, R. SIIKANEN, Department of
Physics, Tampere University of Technology, Tampere, Finland; J.
LEHTOLAHTI, J. LAUKKANEN, M. KUITTINEN, University of Eastern
Finland, Department of Physics and Mathematics, Joensuu, Finland

The optical properties of metal nanoparticles are dominated by the
plasmon resonances of conduction electrons. The resonances give
rise to strong local fields, which can enhance nonlinear interactions.
Defects can also support their own plasmonic modes and lead to highly
local nonlinear responses. In earlier work, we have shown that local but
mutually retarded nonlinear sources lead to effective quadrupole effects
in second-harmonic generation (SHG) from arrays of metal
nanoparticles. Here, we show that such higher-multipole effects are
suppressed by significantly improved sample quality. This is a prerequisite
for metamaterials with tailorable nonlinear properties. We demonstrate
tailorabe nonlinear properties by ordering L-shaped nanoparticles in a
lattice with sub-wavelength period. By varying the mutual orientation of
the particles, we modify the symmetry of the structures. We find that the
tensorial SHG responses of two samples with similar orientational particle
distributions vary by a factor of up to 50 depending on detailed particle
ordering. The results are explained by long-range diffractive coupling
between the particles. Such resonance-domain effects provide new
ways to control the optical responses of metamaterials.

A-12.3:L06 Nonlinear Backward-wave Photonic Metamaterials
A.K. POPOV', M.I. SHALAEV?; S.A. MYSLIVETS?; V.V. SLABKO?, I.S.
NEFEDOV*, 'University of Wisconsin-Stevens Point, Stevens Point, WI,
USA,; 2Siberian Federal University, Krasnoyarsk, Russian Federation;
SInstitute of Physics of Russian Academy of Sciences, Krasnoyarsk,
Russian Federation; *Aalto University, Aalto, Finland

Novel concepts of nonlinear-optical photonic metamaterial are proposed.
They concern photonic materials that provide coherent nonlinear-optical
energy exchange between ordinary and backward waves as applied to
three- and four-wave mixing processes. Three different classes of
materials which support backward waves will be considered: plasmonic
negative-index metamaterials (NIMs), metamaterials with specially
engineered spatial dispersion, and crystals that support optical phonons
with negative group velocity. The possibility to exploit ordinary crystals
instead of plasmonic nonlinear-optical metamaterials that are very
challenging to engineer is very attractive. It will be shown that
extraordinary nonlinear optical frequency-conversion propagation
processes attributed to NIMs can be mimicked in some of the readily
available crystals, if optical phonons with negative group velocity are
implemented as one of the coupled counterparts instead of backward
electromagnetic wave. Comparative review of unparallel properties of
coherent energy exchange between ordinary and backward
electromagnetic waves in NIMs and between ordinary electromagnetic
waves coupled through backward vibration waves will be given. Unique
photonic devices will be proposed.

Session A-12.4

Cloaking, Transformation Optics, Antennas,
Superlenses

A-12.4:IL02 Transformation Electromagnetics
M. McCALL, Imperial College, London, UK

Transformation electromagnetics has opened up a multitude of
possibilities based around the concept that coordinate transformations
can be actualized in real physical space be designing a suitable
inhomogeneous electromagnetic medium. The most striking example
is the electromagnetic cloak via which light can be caressed around
objects to prevent them being seen. Recently we extended the idea of
a spatial object cloak to that of a so-called spacetime or event cloak in
which light is selectively slowed down and speeded up to prevent
certain events from being observed. This requires both spatial and
temporal inhomogeneity of the host medium. Both of these generic
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cloak types can be described using the mathematics of general relativity.
However, the exact relationship between coordinate transformations
and curvature has only recently been clarified. Drawing on topical
examples, | will show how the connection between coordinate
transformations and curvature can be used to define generic device
types such as artificial black holes. Prospects for extensions of the
formalism beyond electromagnetics will also be discussed.

A-12.4:L03 Double-negative Negative Index Metamaterial
Composed of a Silver Nanowires Structure at Visible Light
Spectrum

YONGXIANG ZHAQ', FEI CHEN' 2, QIANG SHEN', LING LI', XIAOGUI
WANG', ZHIXIONG HUANG?, LIANMENG ZHANG" 2, 'State Key Lab
of Advanced Technology for Materials Synthesis and Processing, Wuhan
University of Technology, Wuhan, China; 2Key Laboratory of Advanced
Technology for Specially Functional Materials, Ministry of Education,
Wuhan University of Technology, Wuhan, China

A novel double-negative negative index metamaterial (NIM) composed
of silver nanowires structure at visible light spectrum with high FOM and
low loss is presented. The geometrical parameters of the proposed NIM
of silver nanowires structure were optimized by differential evolution
(DE) in order to decrease the transmission loss of material to the greatest
degree. By using numerical simulation of a wedge-shaped model and
S-parameter retrieval method, we found that the DE-designed silver
nanowires structure can exhibit a low loss LH frequency band with
simultaneously negative values of effective permittivity and permeability
at the yellow-light wavelength of 595 nm. The figure of merit is 45.8
(n = -0.9993 + 0.0218 i), that means the developed nanomaterial may
have practical applications because of its low loss and high transmission.

A-12.4:L04 Trapped Rainbow Techniques for Spectroscopy on a
Chip and Fluorescence Enhancement

V.N. SMOLYANINOVA', |.I. SMOLYANINOV?, A.V. KILDISHEV?®, V.M.
SHALAEVS, 'Department of Physics Astronomy and Geosciences,
Towson University, Towson, MD, USA; 2Department of Electrical and
Computer Engineering, University of Maryland, College Park, MD, USA,;
3Birck Nanotechnology Centre, School of Electrical and Computer
Engineering, Purdue University, IN, USA

We report on the experimental demonstration of the broadband "trapped
rainbow" in the visible range using arrays of adiabatically tapered optical
nano waveguides. Being a distinct case of the slow light phenomenon,
the trapped rainbow effect could be applied to optical signal processing,
and sensing in such applications as spectroscopy on a chip, and to
providing enhanced light-matter interactions. As an example of the
latter applications, we have fabricated a large area array of tapered
nano-waveguides, which exhibit broadband "trapped rainbow" effect.
Considerable fluorescence enhancement due to slow light behavior in
the array has been observed.

A-12.4:IL05 To Invisibility and Beyond
U. LEONHARDT, University of St. Andrews, St. Andrews, UK; YUNGUI
MA, Zhejang University, China

In 2010 Science listed metamaterials and transformation optics among
the top ten research insights of the last decade. What is special about
this research area and how might the story continue? The lecture
explains what the characteristic features of transformation optics are
and endeavours to make predictions for future directions of research.

A-12.4:IL06 Dirac-cone Dispersion at k=0 and its Implications
X.Q. HUANG, Y. LAI, ZH. HANG, EM. LIU, C.T. CHAN, Department of
Physics, Hong Kong University of Science and Technology, Clear Water
Bay, Hong Kong

We show that by employing accidental degeneracy, dielectric photonic
crystals can be designed and fabricated that exhibit Dirac cone dispersion
at the centre of the Brillouin zone at a finite frequency. In addition to
many interesting properties intrinsic to a Dirac cone dispersion, we can
use effective medium theory to relate the photonic crystal to a material
with effectively zero permittivity and permeability. We then numerically
and experimentally demonstrate in the microwave regime that such
dielectric photonic crystals with reasonable dielectric constants can
manipulate waves as if they had nearly zero permittivity and zero
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permeability at and near the Dirac point frequency. The concept can be
extended to acoustic and elastic wave. For the case of elastic waves,
we show that Dirac cone dispersion at zone center can be related to a
special kind of elastic crystal in which only longitudinal wave is allowed
in one direction and only acoustic wave is allowed in some other direction.
Such materials may be useful for cloaking which in many cases require
certain components of permittivity and permeability to be zero.

A-12.4:IL08 Superlensing with Arrays of Metallic Nanorods
P. BELOV, Queen Mary University of London, UK & National Research
University ITMO, St. Petersburg, Russia

Tailoring the parameters of silver nanorods array for subwavelength
imaging of arbitrary coherent sources has been discussed recently in
[Phys. Rev. B 82, 113408 (2010)]. In this paper we examine the
performance of the proposed superlens. In particular, we evaluate the
operational bandwidth of the device. The impact of source-offset is
also investigated and this provides an idea about the level of tolerance
offered by the superlens with regard to source location. The performance
of device is analyzed numerically both through analysis of transmission
and reflection coefficients and by full-wave simulation for a particular
sample source arrangement. Also, we analyze capabilities and
functionalities of a multi-segment superlens suggested by S. Kawata et
al. [Nature Photonics 2, 438 (2008)] for long-distance transport of color
images with subwavelength resolution. We study the performance of
three- and six-segment nanolens structures by analyzing numerically
both transmission and reflection coefficients and by employing the full-
wave simulations for a particular source arrangement. We observe that
such a stacked structure offers limited subwavelength imaging
performance due to operation with coherent sources only within narrow
frequency band, typically 3-5% wide.

A-12.4:/L09 Near-field Mapping of (Slow) Light
L.(K.) KUIPERS, FOM Institute for Atomic and Molecular Physics
(AMOLF), Amsterdam, The Netherlands

Manipulating light at the nanoscale forms the central theme of
nanophotonics. Photonic crystals can exert a huge control over light at
the nanoscale. In particular, their ability to slow down light over
appreciable bandwidth offers the potential to influence light-matter
interactions. W have used a phase-sensitive, time-resolved, near-field
microscope that is able to distinguish different components of the in-
plane electric field to investigate the local properties of light in photonic
crystal structures, like waveguides and cavities.We experimentally show
the existence of an evanescent mode at the interface of a fast-light to
a slow-light section of waveguide. The gradual increase in the width
and intensity of the slow mode are fingerprints of the existence, which
is confirmed by an detailed modal analysis of the measurements.
Interestingly, the near-field probe used is also a metallic nanostructure.
We have used its cylindrical symmetry to induce a light-matter interaction
mediated by the magnetic field rather than by the electric field, which
usually dominates light-matter interaction at optical frequencies. The
circular current induced by the magnetic field impinging on the metallic
ring in effect results in a “diamagnetic” light matter interaction which
allowed the tuning of the resonance frequency of a photonic crystal
nanocavity.

A-12.4:L.70 On Conformal Lenses
HUANYANG CHEN, School of Physical Science and Technology,
Soochow University, Suzhou, Jiangsu, China

In this talk, We will present a new class of gradient index lenses from
multivalued optical conformal mapping. We shall call them the conformal
lenses. Such lenses have several magical properties. For example,
they can transform one source into many or many into one. Rather than
using negative index materials, implementation here only needs isotropic
positive index materials.



Session A-12.5
Acoustic and Seismic Metamaterials

Session A-12.6
Novel Concepts in Metamaterials

A-12.5:IL017 Acoustic Magnifying Hyperlens
JENSEN LI, Department of Physics and Materials Science, City
University of Hong Kong, Hong Kong

In this lecture, we review the basic concepts of using metamaterials for
acoustic imaging and wave manipulation. Starting from periodically
layered structures, we can easily construct metamaterials with large
anisotropy which is very useful to obtain sub-wavelength resolution in
acoustic imaging. By geometric scaling the layered structure in the
radial direction, an acoustic hyperlens can be obtained so that the
image with subwavelength details can be progressively magnified and
exit the lens as far-fields. We have further developed different geometric
transformations on the periodically layered structures to achieve a variety
of wave manipulations including negative refraction in the effective
medium regime, acoustic cloaking, and tunneling with a density-near-
zero material.

A-12.5:1L02 Zero Acoustic Transmittance through Holey Structures
J.S. BELL, A.R.J. MURRAY, E. HENDRY, A.P. HIBBINS, |.R. SUMMERS,
J.R. SAMBLES, University of Exeter, Exeter, UK

The acoustic transmittance of an "acoustic double fishnet", which
comprises a pair of closely-spaced, periodically perforated plates, is
explored. Experimental measurements are matched with analytical
models that show the extraordinary acoustic properties are due to
hybridization between the two-dimensional resonance supported in the
gap between the plates, and pipe modes within the holes. Complete
reflection of sound occurs at a frequency dictated by the periodicity of
the holes. At this frequency the input impedance is purely imaginary.

A-12.5:IL03 Negative Effective Gravity in Water Waves

X.H. HU', C.T. CHAN?, K.M. HO?3, J. ZI*, 'Department of Materials
Science, Laboratory of Advanced Materials, and Key Laboratory of
Micro and Nano Photonic Structures (Ministry of Education), Fudan
University, Shanghai, China; 2Department of Physics, Hong Kong
University of Science and Technology, Clear Water Bay, Kowloon, Hong
Kong, China; *Ames Laboratory and Department of Physics and
Astronomy, lowa State University, Ames, lowa, USA; “Department of
Physics and Key Laboratory of Surface Physics, Fudan University,
Shanghai, China

Based on analytic derivations and numerical simulations, we show that
near a low resonant frequency water waves cannot propagate through
a periodic array of resonators (bottom-mounted split tubes) as if water
has a negative effective gravitational acceleration ge and positive
effective depth he. This gives rise to a low-frequency resonant band
gap in which water waves can be strongly reflected by the resonator
array. For a damping resonator array, the resonant gap can also
dramatically modify the absorption efficiency of water waves. The results
provide a mechanism to block water waves and should find applications
in ocean wave energy extraction.

1. X.H. Hu, C.T. Chan, K.M. Ho, and J. Zi, Phys. Rev. Lett. 106, 174501
(2011); 2. J. Yang, Y.F. Tang, C.F. Ouyang, X.H. Liu, X.H. Hu, and J. Zi,
Appl. Phys. Lett. 95, 094106 (2009); 3. X.H. Hu and C.T. Chan, Phys.
Rev. Lett. 95, 154501 (2005); 4. X.H. Hu, Y. Shen, X. Liu, R. Fu, and J.
Zi, Phys. Rev. E 68, 066308 (2003).

A-12.6:1L02 Generalized Framework for Designing PhoXonic
(x=n,t) Metamaterial Networks: Defects, Edge, Surfaces and More
CHEONG YANG KOH, DSO National Laboratories, Singapore

The manipulation and control of phoXons (x=t, n) is both fundamentally
and technologically extremely important, manifesting themselves in
different areas such as in probing light-matter interactions, sound
insulation, heat management and opto-mechanics. PhoXonic crystals
and metamaterials (PnCM) are artificially structured materials (at certain
length scales) that provide promise in controlling the propagation of
phoXons. For example, the “effective” material constitutive properties
now depend on the detailed spatial distributions of the eigenmodes,
which are tailorable in these metamaterials. This affords exciting
possibilities in tailoring interactions between specific phoXonic eigen-
modes and suggests new fundamental limits in performance e.g.
generalized selection rules in photon-phonon coupling. However, the
vector nature of the phonon makes the development of a governing
framework with which to guide the design of these PnCM complicated
and no coherent framework currently exists for the design of phononic
structures. By utilizing a combination of “global” and “local” governing
principles, we present a design framework allowing us to exactly treat
the vector nature of phonons, photons and other waves; this unifies the
design of PnCM, both finite and infinite, within the same framework. In
the first part of the talk, we discuss the fundamental principles, adopted
from a combination of group, representation theory, conservation and
broken symmetry concepts, governing the framework. In particular, we
discuss the choices of physical topography for a particular desired
band structure/dispersion relation, demonstrating new structures such
as a polychromatic phononic metamaterial possessing multiple complete
in-plane spectral gaps (totaling over 100% in normalized gap size) and
a phononic metamaterial which exhibits a single complete in-plane
spectral gap of 102% and a complete spectral gap of 88%. In the
second part of the talk, by generalizing the concept of defect states
(cavities, interfaces, edges etc) within the same symmetry framework,
we discuss new methods for providing unprecedented control over the
manipulation of phoXons vis a vis their propagation, spatial interactions
and localization, as well as obtain new classes of defects. The generality
of the framework allows extension to interactions with other waves,
such as in opto-mechanical structures, as well as corrections to intrinsic
material constitutive relations, by virtue of the length scales of their
interactions. This provides a promising route forward to the development
of integrated platforms that allow for the rational manipulation and
interactions of phonons with other waves, such as photons, phonons
and spin waves.

A-12.6:IL03 Metamaterials with Conformational Nonlinearity and
Tunability

M. LAPINE, Nonlinear Physics Centre, Australian National University,
Canberra, Australia; Dept. Photonics and Optoinformatics, NRU ITMO,
St.Petersburg, Russia

We review the novel concepts for metamaterial design, which were
recently developed aiming at nonlinear, tunable and reconfigurable
materials. One of the approaches leads to magnetoelastic metamaterials,
based on offering a mechanical degree of freedom to metamaterial
structure. The nonlinearity arises from elastic displacement of the strongly
interacting structural elements. This type of nonlinearity relies on the
counterplay between the electromagnetic attraction and the elastic
repulsion, and the induced deformation alters the electromagnetic
response of the entire structure. Another approach offers self-active
conformational changes and nonlinear behaviour within specially
designed metamaterial elements. The self-activity results from an
interplay between three realms of physics: electrodynamics, mechanics
and thermodynamics. We achieve such behaviour by combining the
responses of a different nature in a flexible spiral resonator. In addition,
this opens a route towards nonlinear chirality. We are certain that the
general concepts of magnetoelastic and self-active metamaterials
provide a starting platform for the future research on microwaves, THz
and optics, as well as for the development of useful applications.
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A-12.6:L04 Patterned Ferrimagnetic Thin Films of Spinel Ferrites
Directly Obtained by Laser Irradiation: A Way to Prepare Magnonic
Crystals?

I. PASQUET, L. PRESMANES, C. BONNINGUE, PH. TAILHADES,
Université de Toulouse, UPS, INP, Institut Carnot CIRIMAT, Toulouse
cedex, France and CNRS, Institut Carnot Cirimat, Toulouse, France

Mixed copper cobalt spinel ferrites can be prepared, by radio frequency
sputtering, in the form of thin films made of small crystallites having an
average size close to 20 nanometers. Due to their small size, these
spinel ferrite crystallites can be quite easily oxidized or sintered by heating.
Both oxidation and sintering, can be done locally by a laser beam
focused at their surface, for only some tens of nanoseconds. The
irradiated zones display different magnetic properties than the other
parts of the films. By a proper monitoring of the laser beam it is then
possible to prepare periodically structured films, which could display the
specific collective properties of a magnonic crystal. Such a magnonic
crystal processing could be very interesting because it does not require
a conventional photolithographic procedure, to built the periodic
structure. Moreover, it was shown that not only micronic, but also
submicronic periodic patterns, can be obtained directly with a blue
laser spot.

A-12.6:/L05 Quantum Levitation
S. MASLOVSKI, Instituto de Telecomunicagoes, Universidade de
Coimbra, Polo Il, Coimbra, Portugal

The Casimir-Lifshitz forces between metal and dielectric bodies in
vacuum that originate from quantum fluctuations of electromagnetic
field in the space surrounding the bodies are known to be prevalently
attractive. Even when metamaterials are involved, flipping the sign of
the force and obtaining the so-called Casimir repulsion and stable
levitation in air-filled passive metal-dielectric structures is not trivial. In
this talk an overview of the current state of art will be given, followed by
examples of systems in which stable quantum levitation is achievable.
Practical approaches to the calculation of Casimir energy and forces in
metamaterials will be also presented. A special attention will be paid to
Casimir-Lifshitz interactions in arrays of metallic nanowires in which the
fluctuation-induced forces are known to be extremely strong and long
range.

A-12.6:/L06 Modeling of Time with Metamaterials
I. SMOLYANINOV, University of Maryland, College Park, MD, USA

Metamaterials have been already used to model various exotic optical
spaces. Here we demonstrate that mapping of monochromatic
extraordinary light distribution in a hyperbolic metamaterial along some
spatial direction may model the flow of time. This idea is illustrated in
experiments performed with plasmonic hyperbolic metamaterials.
Appearance of the "statistical arrow of time" is examined in an
experimental scenario which emulates a Big Bang-like event.

A-12.6:L07 Experimental Evidence of Negative Refractive Index
in Homogeneous Cr-doped Indium Oxide

A.-G. KUSSOW" 2, A. AKYURTLU?, 'Department of Physics, University
of Connecticut Storrs, Connecticut, USA; 2Electrical and Computer
Engineering Department, University of Massachusetts Lowell, MA, USA

Thin films of optically transparent magnetic semiconductor In2-xCrxO3
(Cr-doped indium oxide) are fabricated, characterized and ferromagnetic
behavior was proven within the specific range of Cr-doping. The accurate
measurements of the angle-dependent reflection and transmission
behavior, within 20-40 wavelength range, proves, after the extraction,
the low-loss refractive index with negative real component n =~ -5.0
This effect was theoretically predicted previously within the same infrared
frequency range near the boundary of the magnon spectra, with figure
of merit FOM >~ 5.0. Some conclusions regarding the specific usage
of the metamaterial in applications are drawn, and similar effects in
transition metals, Fe and Ni, are discussed

A-12.6:L08 Use Light to Levitate
CHENG-WEI QIU, Department of Electrical and Computer Engineering,
National Univeristy of Singapore, Singapore

We demonstrate how light can be manipulated to levitate particles and
virtual images. In particular, We have experimentally verified optical
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analogue of dynamic elevation, in which the light can be elevated
vertically while preserving the optical phase. Using affine transformation
and natural crytals, a reflecting sheet can effectively float above the
original altitude, making any cutting on the sheet outstanding and hence
more visible from the surrounding environment. It is important to note
that the phase is verified to be always preserved during the light elevation.
We have also observed that a light can levitate a particle and drive it as
a levitating "train".

Poster Presentation

A-12:P63 Method of CRLH Antenna Impedance Measurement
by Means of On-wafer Characterization Equipment

G.l. SAJIN, National Research Institute for Microtechnologies, IMT
Bucharest, Microwave Laboratory, Bucharest, Romania; .A. MOCANU,
Politechnica University of Bucharest, Faculty of Electronics,
Telecommunications and Informations Engineering, Bucharest, Romania

This contribution deals with the measuring of CRLH zeroth-order
resonating antenna impedance using the transmission line stubs.
Antenna structure is placed on the plate of the on-wafer equipment
and the probe-tip is moved along the antenna feedline until the minimum
S11 is reached. Knowing antenna geometrical dimensions, and the
position of probe-tip an equivalent open-circuit matching stub are
obtained. After S11 on-wafer measurement and using relationships
derived from the transmission lines theory, real and imaginary parts of
the unknown antenna impedance are computed. To illustrate this
method we will use a CPW CRLH zeroth-order resonant antenna with
the following geometrical dimensions of the CRLH: Interdigital
capacitors: width = 8 um; space = 7 um; length = 250 pm; number of
digits = 10; Inductive stub: length = 212 um; width = 42 um; space =
10 um. Antennas were processed on 5 kQcm silicon substrate (epsilon-
r.Si = 11.9). The technology consists of a wet etching photolithographic
process of 0.6 um Au / 500 A Cr metallization obtained by evaporation
on the silicon wafer surface. The measured values for three samples of
antenna structures were: Antenna #1 48.5326 - jx16.9639 Ohms;
Antenna #2 48.6053 - jx16.8143 Ohms; Antenna #3 48.1786 -
jx16.3707 Ohms.
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A-13:KL Graphene-based and Graphene-derived Materials
R. RUOFF, Cockrell Family Regents Chair, The University of Texas at
Austin, USA; L. COLOMBO, Texas Instruments, Dallas, USA

Graphene-based materials are promising because of their electronic
and thermal transport, mechanical properties, high specific surface
area, that they can act as an atom thick layer, barrier, or membrane,
among other reasons. Our micromechanical exfoliation approaches'-2
conceived of in 1998 yielded multilayer graphene and one paper
described in detail how monolayer graphene could be obtained'. We
have 3 main areas of research pertaining to graphene: (i) Growth of
large area graphene on metal substrates, characterization and physical
properties, and studies of devices having graphene as a central
component; (i) Generation, study, and use of graphene-based platelets
(to date, typically derived from graphite oxide) including as dispersed in
liquids, and powders derived from such colloids or generated by
microwave or thermal treatment of graphite oxide; (i) Generation and
study of new types of carbon derived from graphene-based precursors,
such as “activated microwave expanded graphite oxide”, or 'aMEGO’ 2.
Time permitting, | will briefly present our pioneering studies that have
already been published (composites, thin films, transparent conductive
films, electrical energy storage, large area monolayer CVD growth on
copper, graphene as a protective coating,) as well as discuss our on-
going research in other areas such as thermal transport in isotopically-
labeled graphene. A recent talk given at Harvard may be of use to those
audience members wanting to familiarize themselves with research
from my group; it also provides a (brief) history of the experimental
discovery of graphene: http://bucky-central.me.utexas.edu/RuoffsPDFs/
Ruoff Master 2011

Support of our work by the W.M. Keck Foundation, NSF, DARPA ‘iMINT’,
DARPA ‘CERA’, ONR, SWAN NRI, ARO, AEC, SRC, Graphene Materials
LLC, and previously by Graphene Energy, Inc., is appreciated.

1. Lu XK, Yu MF, Huang H, and Ruoff RS, Tailoring graphite with the goal
of achieving single sheets, Nanotechnology, 10, 269-272 (1999).

2. Lu XK, Huang H, Nemchuk N, and Ruoff RS, Patterning of highly
oriented pyrolytic graphite by oxygen plasma etching, Applied Physics
Letters, 75, 193-195 (1999).

3. Zhu, Yanwu; Murali, Shanthi; Stoller, Meryl D.; Ganesh, K.J.; Cai,
Weiwei; Ferreira, Paulo J.; Pirkle, Adam; Wallace, Robert M.; Cychosz,
Katie A.; Thommes, Matthias; Su, Dong; Stach, Eric A.; Ruoff, Rodney
S. Carbon-Based Supercapacitors Produced by Activation of Graphene.
Science (2011), DOI: 10.1126/science.1200770.

Session A-13.1

Graphene Production, Processing and
Chemistry

A-13.1:IL02 Assembly of Graphene-Based Two-dimensional
Nanosheets

XINLIANG FENG, Max-Planck Institute for Polymer Research, Mainz,
Germany & Shanghai Jiao Tong University, Shanghai, China

Two-dimensional (2D) nanomaterials, which possess nanoscale
dimension only in thickness and infinite length in the plane, have attracted
tremendous attention owing to their unique properties and potential
applications in the fields of electronics, sensors as well as energy storage

and conversion. Recent investigations of graphene, a 2D "aromatic"
monolayer of carbon atoms, have demonstrated exceptional physical
properties including ultrahigh electron mobility and ballistic charge carrier
transport. These have triggered wide interest in 2D nanosheets other
than carbons. Here we present a bottom-up assembly approach to the
fabrication of 2D nanosheets based on chemically derived graphene.
The graphene sheets can be assembled on the surface to make
conductive graphene films which can serve as transparent electrodes
in a number of organic electronic devices. Other 2D nanosheets based
on graphene will be produced to possess the features including a large
aspect ratio, mesoporous structure, high surface area and high
monodispersity. As the consequence, these 2D nanomaterials may
hold great potential in the areas of catalysis, sensors, supercapacitors
and batteries.

A-13.1:ILO3 Preparation of Graphene and lts Electronic Properties
YUNQI LIV, Institute of Chemistry, Chinese Academy of Sciences,
Beijing, China

Graphene is currently the most promising potential successor to silicon
for use in next-generation electronic devices due to its fascinating
physical properties. In this presentation, | will report the preparation of
graphene by chemical vapor deposition and its applications in electronic
devices.

(1) Chong-an Di, Dacheng Wei, Gui Yu, Yungi Liu, Yunlong Guo, and
Daoben Zhu, Adv. Mater., 2008, 20, 3289. (2) Dacheng Wei, Yungi Liu,
Yu Wang, Hongliang Zhang, Liping Huang and Gui Yu, Nano Lett.,
2009, 9, 175271758. (3) Dacheng Wei, Yungi Liu, Hongliang Zhang,
Liping Huang, Bin Wu, Jianyi Chen, and Gui Yu, J. Am. Chem. Soc.,
2009, 131, 11147. (4) Dacheng Wei and Yungi Liu, Adv. Mater., 2010,
22,3225, (5) Jian Zheng, Hongtao Liu, Bin Wu, Yunlong Guo, Ti Wu, Gui
Yu, Yungi Liu, and Daoben Zhu, Adv. Mater., 2011, 23, 1460. (6) Bin Wu,
Dechao Geng, Yunlong Guo, Liping Huang, Yunzhou Xue, Jian Zheng,
Jianyi Chen, Gui Yu, Yungi Liu, Lang Jiang, and Wenping Hu, Adv.
Mater., 2011, 23, 3522. (7) Yunlong Guo, Bin Wu, Hongtao Liu, Yonggiang
Ma, Ying Yang, Jian Zheng, Gui Yu, and Yungi Liu, Adv. Mater., 2011,
23, 4626. (8) Jianyi Chen, Yugeng Wen, Yunlong Guo, Bin Wu, Liping
Huang, Yunzhou Xue, Dechao Geng, Dong Wang, Gui Yu, and Yungi
Liu, J. Am. Chem. Soc., DOI:10.1021/ja2063633.

A-13.1:L04 Epitaxial Graphene Grown by High-temperature
Sublimation on 3C-SiC

V. DARAKCHIEVA', A. BOOSALIS?, T HOFMANN?, M. SCHUBERT?,
T. IAKIMOV!, R. VASILIAUSKAS', Y. REZA', C. BOUHAFS', R.
YAKIMOVA', 'Linkdping University, Sweden; 2University of Nebraska-
Lincoln, USA

In this work we explore the properties of epitaxial graphene (EG) grown
by high temperature sublimation on the Si face of 3C SiC(111) in relation
to the substrate surface status and defects. We used spectroscopic
ellipsometry mapping from 0.73 eV to 6 eV on a 0.2 cm2 area in order
to probe the uniformity of the graphene thickness and properties. Our
results revealed that homogeneous large scale 1 to 2 monolayer (ML)
graphene can be grown on polished 3C-SiC substrate. The polished
surface also enabled elimination of the puckers and reduction of strain
in the EG. We also observed few areas where the carbon bunched up
on the surface of the substrate and formed islands of multilayer graphene.
In these areas the energy of the main van Hofe singularity transition at
~ 4.5 eV increased as compared to 1ML graphene. The maps further
revealed that low scattering times of the free carriers corresponds to the
thick carbon bunches. The reduction of scattering time indicates lower
carrier mobility across the graphite-like islands, while the large area of 1
to 2 ML graphene show high mobilities and good graphene-like band
energy. We also find correlation between the number of graphene ML
and the buffer layer coverage and surface roughness, which may be
associated with substrate defects.

A-13.1:IL0O6 Exploring the Synthesis and Applications of Graphene
J. WASSEI, S. DUBIN, J. TORRES, R.B. KANER, Department of
Chemistry & Biochemistry, Department of Materials Science and
Engineering and California NanoSystems Institute, University of
California, Los Angeles, California

Graphene is the ultimate two-dimensional material consisting of a single
layer of sp2 hybridized carbon. Here we explore different approaches to
synthesize this carbon allotrope, ranging from chemical conversion to
vapor phase deposition. Briefly, graphite can be converted into graphene
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oxide (GO) sheets, which readily disperse in water, and then can be
reduced by various methods.'* Due to its unique ability to be solution
processed and patterned, GO and chemically converted graphene
(CCQG) hold promise for applications ranging from distributed ignition to
transparent conducting electrodes for flexible solar cells, touch screens,
etc.*8 Chemical vapor deposition of graphene onto metal substrates
enables the growth of continuous, large-area graphene.® The challenges
of growing graphene, controlling the number of layers, transferring
graphene and some exciting new uses such as flash memory will be
discussed.'® Characterization includes optical microscopy, AFM, SEM,
TEM, STM and Raman spectroscopy.

1. Nano Lett. 2007, 7, 3394, 2. Nature Nanotech. 2008, 3, 101, 3.
Nature Nanotech. 2009, 4, 25; 4. Adv. Mater. 2009, 21, 1, 5. Adv. Mater.
2010, 22, 897; 6. Nano Lett., 2009, 9, 1949, 7. Adv. Mater. 2009, 21, 1;
8. Materials Today, 2010, 13, 52, 9. Nano Lett., 2011, 11, 251, 10. ACS
Nano, 2011, 5.

A-13.1:L07 Graphene Growth on Non-metallic Substrates:
Approaches and Perspectives

H. SACHDEV, R. RENNER, K. MULLEN, Max Planck Institute for
Polymer Research, Mainz, Germany

The deposition of graphene from the gas phase by CVD is of great
interest to develop large scale coatings for electronic applications. So
far the CVD routes mainly utilize growth from hydrocarbons on transition
metal substrates which reveal a more or less pronounced carbon affinity
and solubility as well as a catalytic activity for dehydrogenation reactions.
In contrast to these substrates, inorganic glasses and glass like materials
are ideal supports for graphene based transparent electrodes, but do
reveal a different chemical affinity to carbon films. Therefore CVD
approaches towards such coatings have to deal with a different growth
chemistry, which will be discussed in this presentation. Also the
preparation of other 2D materials will be presented. The controlled
growth of graphene based films from selective precursors on nonmetallic
substrates, especially on the structural analogue boronitrene films
(monolayers of hexagonal boron nitride, BN) resemble an ideal model
system for such studies.

A-13.1:L08 Systematic Comparative Study of Thermally and
Extreme-UV Reduced Graphene Oxide

F. PERROZZI, S. PREZIOSO, M. DONARELLI, F. BISTI, M. NARDONE,
S. SANTUCCI, L. OTTAVIANO, Dipartimento di Fisica, Universita
dell'Aquila, L'Aquila, Italy; E. TREOSSI, V. PALERMO, CNR-ISOF,
Bologna, ltaly

In this work we present a systematic study on graphene oxide (GO)
reduced by thermal annealing at different temperatures in ultra-high
vacuum (UHV). Standard Optical Microscopy, X-ray Photoemission
Spectroscopy (XPS), and micro-Raman Spectroscopy (URS)have been
used to characterize the samples. All the experimental information have
been merged using the annealing temperature as a unifying parameter
in order to provide an overall view of the mechanisms involved in the GO
reduction. The cross-correlation of the collected data allows the use of
the optical contrast as an easy-to-use tool to access a more complete
information (chemical, electronic and vibrational properties). Furthermore
we propose a photolithographic approach operating on large area (100's
um ” 2) graphene oxide (GO) films via space-resolved photoreduction
with 46.9 nm coherent light produced by a table top capillary discharge
plasma source. XPS data show that a dose of 200 mJ/cm ™2 UV light
significantly reduces pristine GO, with a good spatial modulation
investigated by uRS.

A-13.1:L10 Study of Na Intercalation of Ex-situ Grown Graphene
on 6H-SiC(0001) by SPELEEM

C. XIA', S. WATCHARINYANON', A A. ZAKHAROV?, L.I. JOHANSSON',
R. YAKIMOVA!, C. VIROJANADARA!, 'Department of Physics, Chemistry,
and Biology (IFM), Linkoping University, Linkdping, Sweden; 2MAX-lab,
Lund University, Lund, Sweden

Numerous investigations have been done on graphene owing to its
peculiar electronic and transport properties. Epitaxially grown graphene
on SiC(0001) is considered as one of the most promising methods for
fabrication of graphene based electronic-devices. The properties of
graphene can be modified by adsorbing, intercalating, atoms/molecules
on, or in between, the graphene and the substrate. The interaction of
Na with graphene was recently studied using STM and conventional
LEED and XPS. Intercalation of Na was proven but no information
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about the surface morphology or of local changes in the chemical
composition after Na deposition was provided. Therefore, we performed
a detailed study of the interaction between Na and graphene using
LEEM, p-LEED, u-PES and XPEEM. This allowed us to extract
information about the surface morphology and changes in the local
atomic structure and chemical composition after Na deposition and
also after heat treatment at different temperatures. A furnace grown
graphene sample prepared on SiC(0001) with mainly monolayer
graphene coverage and islands of 2 ML was used. The intercalation of
Na could be investigated in detail on the 1ML and 2 ML graphene areas
and was found to begin from the domain boundaries. These findings
will be presented and discussed.

Session A-13.2
Electronic and Optical Properties

A-13.2:IL0O7 Electronic Structure of Nanographene; Edge State
and Electron Wave Interference
T. ENOKI, Tokyo Institute of Technology, Tokyo, Japan

Graphene edges affect seriously the electronic structure depending on
edge chirality. We investigated the edge-inherent electronic features by
STM/STS, AFM observations and Raman spectra. STM/STS
observations demonstrate the presence of edge states in zigzag edges.
In the vicinity of an armchair edge, an STM hexagonal pattern was
observed together with a 3-fold symmetry fine structure at the individual
superlattice spots. This is understood as a consequence of the intervallery
scattering with interference taking place at an armchair edge. The 3-
fold symmetry fine structure suggests the antibonding coupling between
the adjacent spots in the hexagonal superlattice. The intervalley
scattering at an armchair edge gives specific dependence of the Raman
G-band intensity on the polarization direction of the incident beam as
expressed by cos2(theta). A graphene nanoribbon of 8 nm >1 um
prepared by heat-treatment of graphite step edges shows this angular
dependence, being demonstrated to consist of pure armchair edges.
Single sheet graphene oxide is found to form a 2D arrangement of
linear corrugations of oxidized lines running along the zigzag direction
with an interline spacing of ca.10 nm. This suggests that zigzag edged
graphene nanoribbons with a width of ca.5 nm are created.

A-13.2:1L02 Molecular Functionalization for Engineering
Transport Properties of Graphene

REN-JYE SHIUE', HUNG-CHIEH CHENG?2, SHAO-YU CHEN!, PO-
HSUN HO?, CHUN-WEI CHENZ, YIT-TSONG CHEN'" 2 WEI-HUA
WANG', 'Academia Sinica, Taiwan; 2National Taiwan University, Taiwan

Among all two-dimensional electronic systems, graphene exhibits a
unique characteristic that all of its material - carbon atoms - is on its
surface. Although it usually means more complexity in practical
circumstances, the all-surface property actually provides a rare
opportunity to exquisitely engineer electronic transport in graphene by
molecular functionalization. First, | will discuss the realization of high-
quality graphene p-n junctions by non-covalent chemical
functionalization. A generic scheme for the graphene p-n junction
fabrication is established by combining the resist-free approach and
spatially-selective chemical modification process. The modification is
confirmed by surface potential and spatially-resolved Raman imaging.
The transport measurements show high quality of graphene p-n junctions
with observations of Fermi energy difference and distinct quantum Hall
effect. Second, we demonstrate a facile method to achieve high mobility
graphene on organic self-assembled monolayer (SAM). Ultrasmooth
topography and hydrophobic surface property of the organic SAM are
confirmed by surface characterizations. We show high carrier mobility
of graphene on organic SAM, which can be attributed to low residual
doping, small charge inhomogeneity, and the smoothness of graphene.

A-13.2:ILO3 Electronic Structure Calculations of Self-assembled
Monolayers on Graphene and Graphene Nanoribbons

D. BELJONNE, S. OSELLA, LIPING CHEN, University of Mons, Mons,
Belgium



To take full advantage of the remarkable electronic properties of
graphene in semi-conductor applications, different strategies have been
applied that aim at opening a suitable bandgap. Among these, chemical
doping of graphene can be achieved by decorating the graphene layers
with strong electron-withdrawing molecules. We will discuss the results
of Density Functional Calculations (DFT) showing hybridization of the
frontier molecular orbitals and partial charge transfer between graphene
and the molecular acceptors in the hybrids, as a function of the nature
of the adlayer and coverage density. Another approach is based on the
design of graphene nanoribbons (GNRs) with suitable widths and edge
structure. DFT and TDDFT calculations have been performed to assess
the electronic structure and optical properties of armchair and zigzag
GNRs. These calculations allow the design of GNRs featuring both
one-electron energy diagram and light absorption properties compatible
with their use as donors in organic solar cells.

A-13.2:IL04 Chemical Potential Jumps, Bistability, and Electron-
plasmon Interactions in Bernal-stacked Bilayer Graphene

M. POLINI, NEST, Istituto Nanoscienze-CNR and Scuola Normale
Superiore, Pisa, ltaly

In this talk | will review a series of intriguing many-body effects that
occur in doped (Bernal-stacked) graphene bilayers including i) chemical
potential jumps in heavily-doped samples, which are technologically
relevant for the realization of bistable devices, and ii) satellite "plasmarons"
bands, which can be detected by angle-resolved photoemission
spectroscopy and/or scanning tunneling spectroscopy. If time allows, |
will also discuss current-carrying broken symmetry states associated
with Pomeranchuk instabilities that might occur in biased bilayer
graphene.

A-13.2:/L05 Band Gap Opening by B and N Co-doping in Graphene
CHUN-CHIANG KUOQO', JEONG-YUAN HWANG?, LI-CHYONG CHEN?,
KUEI-HSIEN CHEN' 2, 'Institute of Atomic and Molecular Sciences,
Academia Sinica, Taipei, Taiwan; 2Center for Condensed Matter
Sciences, National Taiwan University, Taipei, Taiwan

Performance of electronic and photonic devices based on graphene is
limited because of its gapless semi-metal nature. To create a band gap,
several theoretical studies showed the possibility via doping of B and N
atoms into graphene. Here, we report the synthesis and characterizations
of large-scale B and N co-doped graphene (BN-G) films grown by low-
pressure chemical vapor deposition method. Doping of B and N into
graphene lattice has been achieved via in-situ doping during growth.
By varying the heating temperature of BN precursor, the doping
concentration could be tuned from 3 to 50 atomic percent. As-grown
samples were mainly 1-2 layers, and exhibited well-distributed B-N
dopants in graphene lattice for BN-G with ~3 at.% BN (low-BN-G),
whereas segregation of h-BN domains occurred for BN-G with high BN
content (>20 at.% BN). Optical band gap measurement suggests more
than one adsorption edge at 2.2 and 3 eV in low-BN-G, and the field-
effect characterization supports the band gap opening in BN-graphene.

A-13.2:/L06 Inhomogenous Electronic Structure and Transport
Gap in Disordered Bilayer Graphene

E. ROSSI, Department of Physics, College of William and Mary,
Williamsburg, VA, USA

Bilayer graphene is an extremely interesting material from both a
fundamental and a technological point of view. This is due to the strictly
two-dimensional nature of its charge carriers, its high room-temperature
mobility, and the fact that a band-gap can be opened in its band
structure via an external electric field. In this talk | will present a transport
theory for disordered gapped bilayer graphene. | will show that in graphene
and bilayer graphene the disorder can induce strong carrier density
inhomogeneities and how these inhomogeneities affect the transport
properties of these systems. | will show that in gapped bilayer graphene
an increase of the disorder, by increasing the density fluctuations, can
drive the system from being an insulator to being a metal. This is the
opposite of what happens in conventional two-dimensional electron
gases in which an increase of the disorder makes the system more
insulating, not less. In recent experiments the activated transport-gap
of bilayer graphene has been found to be orders of magnitude smaller
than its band-gap. Our results offer an explanation for the large
discrepancy between the transport-gap and the band-gap in bilayer
graphene providing a compelling resolution to this outstanding puzzle in
the physics of graphene.

A-13.2:L07 On the Possibility of Ultra-low Power Switching in
Multilayer Graphene Nanostructures

B. DELLABETTA, Micro and Nanotechnology Laboratory, University of
lllinois, Urbana, IL, USA; J. SHUMWAY, Dept. of Physics, Arizona State
University, Tempe, AZ, USA; M.J. GILBERT, Dept. of Electrical and
Computer Engineering, University of lllinois, Urbana, IL, USA

A particularly attractive way to solve the power consumption problem in
next generation logic devices is by harnessing collective motion of
electrons. While collective phenomena are normally found at low
temperatures, recent work suggests it possible to find spontaneous
coherence at and above room temperature in closely spaced monolayers
of graphene separated by a thin tunnel dielectric. This occurs when
electrons in the top layer bind with vacancies in the bottom layer via a
strong Coulomb interaction to form "indirect excitons", which in turn
organize into a Bose-Einstein condensate. This type of behavior may
be viewed as spontaneous interlayer coherence or a selection of a
particular superposition of states in the two layers for the entire system.
Despite the potential applications, the superfluid phase of multilayer
graphene remains a controversial and poorly understood quantity. In
this contribution, we theoretically examine the materials properties, length
scales and transport conditions required to realize and manipulate this
state at room temperature. Additionally, we present results of static and
dynamic quantum Monte Carlo calculations detailing the ability of the
exciton condensate to screen the additional fermion flavors found in
graphene.

A-13.2:/L08 Raman Spectroscopy of Pristine, Defected and
Strained Graphene

C. CASIRAGHI, School of Chemistry and Photon Science Institute,
University of Manchester, UK, & Physics Dept., Free University Berlin,
Germany

Raman spectroscopy is the most common and informative characterization
technique in graphene science and technology. | will discuss the use of
Raman spectroscopy to determine the number of layers, doping, strain,
defects, functional groups, quality and type of edges'®. In particular, |
will show a detailed analysis of the Raman intensities of graphene and
their dependence on doping, type of substrate, amount of defects and
excitation energy®®. | will then focus on the effect of biaxial (e.g. isotropic)
strain on the Raman spectrum of graphene by using graphene bubbles
and balloons®. In particular, bi-layer balloons have been used to avoid
the effect of the substrate and to study the dependence of the inter-
layer interactions on the strain. Finally, | will show the possible use of a
graphene bubble as optical element to make an adaptive-focus lens'™.

1. Ferrari et al, PRL 97, 18740 (2006); 2. Pisana et al, Nature Mat. 6, 198
(2007); 3. Casiraghi et al, APL 91, 233108 (2007); 4. Casiraghi, RRL-
PSS 3, 175 (2009); 5. Casiraghi et al, Nano Lett., 9, 1433 (2009); 6.
Casiraghi, PRB, 80, 233407 (2009); 7. Casiraghi, PSS(b) DOI:10.1002/
pssb.201100040; 8. Klar et al, submitted; 9. Zabel et al, submitted, 10.
T Georgiou et al, APL 99, 093103 (2011).

A-13.2:/L09 Resonance Raman Scattering in Graphene

M.A. PIMENTA, A. RIGHI, S.D. COSTA, D.L. MAFRA, A.O. COIMBRA,
L.M. MALARD, C. FANTINI, L.G. MOURA, E.A. MOUJAES, H.
CHACHAM, R.W. NUNES, Departamento de Fisica, Universidade
Federal de Minas Gerais , Belo Horizonte, Brazil

Raman spectroscopy is a very useful tool to study graphene, since it
furnishes information about the atomic structure, presence of disorder,
number of layers, defects, charges and strain. However, important
information about electrons can be also obtained in a resonance Raman
investigation, where the energy of the laser excitation can be tuned. We
will present experimental results of the dispersion of electrons and
phonons in graphene devices, where an applied electric field and
changes in the Fermi level can be controlled by an external gate voltage,
showing that Raman spectroscopy is useful to quantify the interaction
of graphene with its surrounding environment. We will also show that
Raman spectroscopy can be useful to characterize Moiré patterns
graphene layers, due to the unklapp double resonance (U-DR) Raman
process. Finally, we will present results of the electronic dispersion in
uniaxial strained bilayer graphene.
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A-13.2:IL10 Tailoring the Electronic Properties of Epitaxial
Graphene on Metallic Substrates

M. PAPAGNO, C. CARBONE, Istituto di Struttura della Materia,
Consiglio Nazionale delle Ricerche, Trieste, ltaly

The low energy excitations in graphene behave as massless Dirac
fermions and obey the relativistic Dirac equation where the speed of
light is replaced by the Fermi velocity. New electronic properties result
from epitaxial growth of graphene on metallic surfaces, due to electron
hybridization and structural modifications. Selected studies making use
of synchrotron radiation-based spectroscopic techniques will illustrate
aspects of the electronic interactions of graphene with metal substrates
of diverse electronic and crystal structure. We will show how the electron
group velocity, chirality, and bandgaps can be tailored by periodic
perturbing potential, doping, intercalation, and hybridization with the
supporting substrate. Moreover, we will illustrate how the structural and
electronic properties of epitaxial graphene are modified by the interaction
with magnetic layers and self-assembled magnetic clusters. Finally, the
implications of these results and their potential applications for graphene
based devices will be discussed.

Session A-13.3

Electronic, Spintronic, Optical and Sensing
Applications

A-13.3:IL02 Graphene-based Transistors with Tunable Band Gap
D. NEUMAIER, AMO GmbH, Aachen, Germany

The emergence of graphene with its unique electrical properties has
triggered hopes in the electronic devices community to utilize it as a
channel material in field effect transistors. It is especially promising for
devices working at frequencies in the 100 GHz range. So far, graphene
field effect transistors (GFETs) have shown cut-off frequencies of up to
300 GHz. However, the low on/off ratio and the poor voltage gain are
limiting factors utilizing graphene transistors in analog and digital
applications. Here an already small band would already help especially
for analog high frequency applications. In this talk | will discuss
opportunities to introduce a band gap to graphene by using bilayer
graphene with a perpendicular applied electric field. Transistors based
on bilayer graphene having a rather small band gap of order 100 meV
show significantly improved switching behavior and voltage gain
compared to monolayer graphene transistors and are therefore ideal
suited for analog high frequency electronics. The intrinsic
transconductance, defining the cut-off frequency of bilayer graphene
transistors is not reduced by the introduction of a band gap.

A-13.3:IL03 Graphene Field Effect Transistors for Bioelectronics
J.A. GARRIDO, Walter Schottky Institut, Technische Universitat
Munchen, Garching, Germany

For medical applications in neuroprostheses as well as for fundamental
research on neuron communication, it is of utmost importance to
develop a new generation of electronic devices which can effectively
detect the electrical activity of nerve cells. Due its maturity, most of the
work with field effect transistors (FETs) has been done based on Si.
However, the high electronic noise and poor stability associated to Si
technology have motivated the search for more suitable materials. In
this respect, the outstanding electronic and electrochemical performance
of graphene holds great promise for bioelectronic applications. Here,
we report on arrays of CVD-grown graphene FETs (G-FETs) for cell
interfacing. The high carrier mobility in graphene together with the large
interfacial capacitance at the graphene/electrolyte interface leads to
very high device sensitivities. Furthermore, G-FETs exhibit very low
electronic noise with an RMS value that is equivalent to gate signals of
less than 8 uV. Further, the biocompatibility of graphene will be also
demonstrated, by showing the healthy growth of several cell cultures
on graphene layers. Finally, we will demonstrate the ability of graphene
FETs to transduce with high resolution the electrical activity of individual
electrogenic cells.
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A-13.3:L04 Two Dimensional Graphene/h-BCN Based Devices
with Large lon/loff Ratio for Digital Applications

G. FIORI, S. BRUZZONE, G. IANNACCONE, Dipartimento Ingegneria
delllnformazione, University of Pisa, Pisa, Italy

Despite graphene has revealed to be a material with outstanding
electrical properties, such peculiarities are hard to be exploited in
electronic applications, due to the lack of a band-gap, which prevents
to completely switch-off the channel as desired in digital electronics.
The scenario would drastically change, if we could find a way to block
one of the main stream of the particles, either electrons or holes. Here
we propose a new device concept, based on two-dimensional graphene
intercalated with h-BCN (hexagonal boron carbon nitrogen), able to
suppress the ambipolar behavior and to block one of the type carrier, as
well as to fully modulate the current due to the carriers of the other type.
The followed approach is based on a multiscale method coupling density
functional calculations (DFT) with the Non- equilibrium Green's functions
(NEGF) formalism and the 3D Poisson equation. Both two dimensional
graphene/h-BCN based devices with in-plane transport, as well as
vertical transport through graphene/h-BCN/graphene multilayers will
be investigated, in order to assess performance and limits against industry
requirements. We will show that the proposed devices manages to
comply with technological requirements for next generation transistors.

A-13.3:/L06 Graphene Nanostructures for Building Blocks of
Quantum-dot Based Nanodevices

S. MORIYAMA, International Center for Materials Nanoarchitectonics,
National Institute for Materials Science (NIMS), Tsukuba, Ibaraki, Japan;
Y. MORITA, Faculty of Engineering, Gunma University, Kiryu, Gunma,
Japan; K. ISHIBASHI, Advanced Device Laboratory, RIKEN, Saitama,
Japan; E. WATANABE, D. TSUYA, Nanotechnology Innovation Center,
NIMS, Tsukuba, Ibaraki, Japan

Graphene, single atomic-layer of graphite, is one of the attractive two-
dimensional conducting materials for building blocks of novel quantum
electronics. The corresponding energy dispersion adopts the so-called
Dirac cone, which leads to a rich physics inherited from quantum
electrodynamics. In terms of applications, 2-dimensional sheet structure
and its properties of ballistic transport and high mobility make it a
candidate for future quantum devices and even integrated quantum
nanodevice systems. Here, we present several methods for fabricating
graphene-based quantum dot devices and report an experimental
demonstration of their electrical transport properties. Graphene sheets
can be carved out to form nanostructures such as quantum wires and
quantum dots. The performance of such nanodevices depends on the
chemical nature of sample edges, the detail of constrictions, and so on.
We fabricated novel graphene nanostructures, and the electrical
transport measurements through our single-dot graphene nanostructures
indicated single-electron-transistor characteristics at low temperatures
in a magnetic field. At the Conference, we will report the details of the
fabrication and transport characteristics of the graphene-based
nanostructures.

A-13.3:IL07 Graphene Quantum Systems
S. DROSCHER, A. JACOBSEN, D. BISCHOF, T. IHN, K. ENSSLIN,
ETH Zurich, Switzerland

Graphene quantum structures are prepared by electron beam
lithography and subsequent dry etching. This way high-quality quantum
dots, rings and constrictions have been fabricated. In this talk we study
the electronic properties of graphene constrictions and the details of
their local potential landscape. Using three-terminal quantum dots the
tunnel coupling of graphene to their environment is investigated and
the importance of the dot's wave function with respect to resonance in
the leads is analyzed.

A-13.3:L09 In-situ CCVD Grown Graphene Transistors with Ultra-
high On/Off-Current Ratio in Silicon CMOS Compatible
Processing

PJ. WESSELY, F. WESSELY, E. BIRINCI, U. SCHWALKE, Technische
Universitat Darmstadt, Darmstadt, Germany; B. RIEDINGER, Fraunhofer-
Institut fir Werkstoffmechanik, Freiburg, Germany

We invented a novel method to fabricate graphene transistors on oxidized
silicon wafers without the need to transfer graphene layers. By means
of catalytic chemical vapor deposition (CCVD) the in-situ grown
monolayer graphene field-effect transistors (MoLGFETs) and bilayer



graphene transistors (BiLGFETs) are realized directly on oxidized silicon
substrate, whereby the number of stacked graphene layers is determined
by the selected CCVD process parameters. In-situ grown MoLGFETs
exhibit the expected Dirac point together with the typical low on/off-
current ratios between 16 (hole conduction) and 8 (electron conduction),
respectively. In contrast, our BiLGFETs possess unipolar p-type device
characteristics with an extremely high on/off-current ratio up to 1E7
exceeding previously reported values by several orders of magnitude.
We explain the improved device characteristics by a combination of
effects, in particular graphene-substrate interactions, hydrogen doping
and Schottky-barrier effects at the source/drain contacts as well. Besides
the excellent device characteristics, the complete CCVD fabrication
process is silicon CMOS compatible. This will allow the usage of
BiLGFETs for digital applications in a hybrid silicon CMOS environment.

A-13.3:IL10 Graphene-based Molecular Spintronics

M. AFFRONTE, A. CANDINI, C. ALVINO, S8, Istituto Nanoscienze -
CNR, Modena, ltaly; S. KLYATSKAYA, M. RUBEN, Institute of
Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), Germany;
W. WERNSDORFER, Institut Néel, CNRS, Grenoble Cedex, France

We present viable molecular paths to fabricate novel spintronic nano-
architectures. As a first step, we explored different strategies to efficiently
graft molecular nanomagnets on carbon surfaces'. We also employed
TbPc2 molecules appositely functionalized with pyrene groups that
selectively graft to graphene on SiO2 2. Secondly, we characterized the
low temperature magnetoconductance of pristine graphene devices.
Interestingly we found that below 1 K a magnetic hysteresis appears
from structural defects when the field is swept at high enough rates
(dB/dt>10 mT)3. Finally, we present the design and the realization of
hybrid devices made by graphene nano-constrictions with sizes down
to 10nm decorated with TbPc2 magnetic molecules. The magnetization
reversal of the molecules in proximity with graphene is detected by the
magnetoconductivity of these hybrid devices, which shows the uniaxial
magnetic anisotropy typical of the TbPc2 SMMs. These results depict
the behaviour of multiple-field-effect nano-transistors with sensitivity at
the single-molecule level*.

1. Adv. Funct Mat. 20, (2010), 1552; 2. ACS Nano 4, (2010), 7531, 3.
Physical Review B 83, (2011), 121401; 4. Nano Letters 11 (2011) 2634.

A-13.3:IL11 Efficient Spintronics with Graphene

P. SENEOR', B. DLUBAK', M.-B. MARTIN', A. ANANE', C. DERANLOT',
B. SERVET?, S. XAVIER?, R. MATTANA'!, M. SPRINKLE?, C. BERGER® *4,
W. DE HEER?®, F. PETROFF', A. FERT, "Unité Mixte de Physique CNRS/
Thales, Palaiseau and Université Paris-Sud, Orsay, France; ?Thales
Research and Technology, Palaiseau, France; 3School of Physics,
Georgia Institute of Technology, Atlanta, USA; “Institut Néel, CNRS,
Grenoble, France

Spintronics is a paradigm focusing on spin as the information vector,
ranging from quantum information to zero-power non-volatile magnetism.
Several spintronics devices (logic gates, spin FET, etc) are based on
spin transport in a lateral channel between spin polarized contacts. We
will discuss the potential of graphene for such types of devices. We will
present magneto-transport experiments on epitaxial graphene multilayers
on SiC. The spin signals are in the MQ range in terms of AR = AV/I, well
above the spin resistance of the graphene channel. The analysis in the
frame of drift/diffusion equations leads to spin diffusion length in graphene
in the 100 um range for a series of samples having different lengths and
different tunnel resistances. The high spin transport efficiency of
graphene can also be acknowledged up to 75% in our devices. The
unique combination of long spin life times and large electron velocity of
graphene (compared to classical semiconductors and metals) results
in long spin diffusion length. It appears as a material of choice for large
scale logic circuits and the transport/processing of spin information.
Understanding the mechanism of spin relaxation, improving the spin
diffusion length and also testing concepts of spin gate are the next
challenges.

A-13.3:IL12 Novel Graphene Based Materials in Optics, Opto-
electronics and Photovoltaics

CHUN-WEI CHEN, Department of Materials Science and Engineering,
National Taiwan University, Taipei, Taiwan

In this talk, | would like to present the implementation of graphene-
based materials in optical, optoelectronic and photovoltaic applications.
Graphene oxide (GO) is an atomically thin sheet of graphene and

covalently decorated with oxygen-containing functional groups. GO
contains a mixture of sp2 and sp3 hybridized carbon atoms. Recently,
we are able to vary the sp2/sp3 ratio of GO through reduction by photo
or chemical ways. By controlling reduction state of GO, the PL emission
of GO can be tuned from blue to red color with a wide spectrum.” 2 In
addition, we would also like to demonstrate that chemically derived
graphene-oxide (GO) from solution processes or epitaxial graphene
obtained from chemical vapor deposition (CVD) to replace the ITO
electrode. GO could be also a simple solution processable alternative
to PEDOT:PSS as the effective hole transport and electron blocking
layer in polymer photovoltaics,® suggesting that future polymer solar-cell
devices could be "all-carbon" by roll-to-roll or solution processes for
large area.*®

1. Blue photoluminescence from chemically derived graphene oxide",
Advanced Materials, Vol. 22, 505, (2010), 2.Tunable photoluminescence
of graphene oxide, (submitted), 3. Solution processable graphene oxide
as an efficient hole transport layer in polymer solar cells" ACS Nano, Vol.
4, 3169, (2010),; 4. Solution processable nanocarbon platform for
polymer solar cells", Energy and Environmental Science, 4.3521. (2011);
5. Top laminated graphene electrode in a semitransparent polymer
solar by simultaneous thermal annealing/releasing method", ACS Nano,
8,6564,(2011).

A-13.3:L13 Dielectric-tuned Diamondlike Carbon Materials for a
Ultrahigh-speed Self-aligned Graphene Channel Field Effect
Transistor

S. TAKABAYASHI, M. YANG, S. OGAWA, Y. TAKAKUWA, T.
SUEMITSU, T. OTSUJI, Tohoku University, Sendai, Japan

The authors present diamondlike carbon (DLC) films prepared "directly”
onto graphene using our original photoemission plasma-enhanced
chemical vapor deposition (PA-CVD). We have succeeded to prepare
DLC films having different dielectric constants in a large extent from 1
(low-K) to 7 (high-k) by tuning composition ratio, pressure and temperature
of the reaction gases. A graphene-channel field effect transistor (GFET)
is a promising electronic device because graphene exhibits outstanding
carrier transport property. However, the ungated region between the
gate electrode and the source/drain electrodes in which the carrier
density cannot be controlled by gate modulation has a high resistance
because of low intrinsic carrier density of graphene. Thus a GFET
having a self-aligned structure which minimizes the ungated regions is
desired. Herein using PA-CVD we present a self-aligned graphene-
channel field effect transistor (SA-GFET) with a high-k DLC fiim as a
top-gate dielectric and a low-k DLC film as a side-wall to isolate
electrodes and to passivate the device. "One carbonaceous material"
can realize a SA-GFET suitable for ultrahigh-speed and ultrahigh-
frequency applications having a high gate capacitance (a high
transconductance) and a low parasitic capacitance.

Session A-13.4
Energy Applications

A-13.4:/L07 Graphene Layers for Hydrogen Storage
V. PELLEGRINI, NEST, Istituto Nanoscienze-CNR and Scuola Normale
Superiore, Pisa, Italy

Graphene epitaxially grown on the silicon face of silicon carbide resides
on top of a carbon layer, known as zerolayer graphene whose structural
properties are controversially debated. In the first part of the talk | shall
discuss scanning tunnelling microscopy (STM) studies of the zerolayer
and of the zerolayer decoupled from the substrate by hydrogen
intercalation, known as quasi-free standing monolayer graphene.
Atomically-resolved STM images of the zerolayer reveal that, within the
periodic structural corrugation of this interfacial layer, the arrangement
of the atoms is topologically identical to that of graphene. In the second
part of the talk | will argue that such graphene layers can be used to
develop an hydrogen storage device in which storage and release of
hydrogen is obtained by exploiting and controlling the corrugation of
individual layers of graphene. Il present simulations of hydrogen
chemisorption on corrugated graphene and release under the
application of time-dependent mechanical deformations. The
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corrugated graphene device can reversibly store and release hydrogen
by external control of the local curvature at room conditions and with
fast kinetics.

In collaboration with: S. Goler, C. Coletti, V. Tozzini, K. V. Emtsev, U.
Starke, S. Heun, F. Beltram

A-13.4:I1L02 Fabrication of Graphene-based Flexible Energy
Storage Devices

FENG LI, WENCAI REN, HUI-MING CHENG, Shenyang National
Laboratory for Materials Science, Institute of Metal Research, Chinese
Academy of Sciences, Shenyang, China

Graphene and its composite materials are expected to be used in high-
performance energy storage devices. At the same time, the increasing
demand for flexible energy storage devices has arisen due to their
applications for wearable and portable electronic products, typically
roll-up displays, electronic papers, and flexible systems for personal
multimedia. Therefore, graphene-based materials (graphene/oxide,
graphene/polymer, etc) can be developed for flexible energy storage
devices such as lithium ion batteries (LIBs) and electrochemical
capacitors (ECs). Synergetic effects between graphene sheets and
metal oxides or conductive polymers are found to improve the capacity
or capacitance, rate capability, cyclic performance, and flexibility of
these energy storage devices. It is demonstrated that, compared to the
individual constituents, graphene-based composites as electrode
materials for LIBs and ECs have a common and great improvement in
their electrochemical properties. In particular, because of the good
flexibility of graphene, it can be used to fabricate graphene-based
membranes which can be used as free-standing and binder-free
electrodes for flexible energy storag devices.

A-13.4:L03 Enhanced Infrared Light Harvesting of PbS Quantum
Dot Photovoltaic and Photodetector on Graphene Electrode
CHIA-CHUN CHEN' 2, DI-YAN WANG?, CHIH-CHENG LIN®, YOU-
TING JIANG', CHUN-WEI CHEN?, 'Dept. of Chemistry, National Taiwan
Normal University, Taipei, Taiwan; 2nstitute of Atomic and Molecular
Sciences, Academia Sinica, Taipei, Taiwan; *Dept. of Materials Science
and Engineering, National Taiwan University, Taipei, Taiwan

We fabricated PbS colloidal quantum dot (QD)-based photovoltaic and
photodetector using a transparent graphene as electrode. The high
infrared transparency of graphene electrode with respect to indium tin
oxide (ITO), so the infrared photoresponse of the graphene-based device
is superior to the ITO-based counterpart, in spite of a higher sheet
resistance of the graphene electrode. The devices were illuminated at
wavelength of 1500 nm (0.368 mW/cm2), the graphene-based PbS
solar cell exhibits a PCE of 1.17%, which is higher than the 0.55% of the
ITO-based solar cell. The outstanding infrared characteristics of the
devices based on the graphene electrode make it a promising candidate
for infrared optoelectronic applications such as solar cells, imaging and
sensing, or optical communication.

Session A-13.5
Graphene Composites

A-13.5:/L07 The Potential of Graphene Composites: Interfacial
Stress Transfer in an Ideal System

I. KINLOCH, L. GONG, A. RAJU, I. RIAZ, R. JALIL, K. NOVOSELOV,
R.J. YOUNG, School of Materials and the School of Physics and
Astronomy, University of Manchester, UK

Graphene is one of the stiffest and strongest known materials making it
an ideal reinforcement in high-performance composites. We have
prepared model composites consisting of single graphene flakes
(monolayer and thicker) sandwiched between polymer films and
employed Raman spectroscopy to monitor stress transfer from the
polymer matrix to the graphene during deformation'-2. The rate of peak
shift of the G' peak with applied strain is proportional to the effective
modulus of the reinforcement and the shift of 60 cm-1/% obtained for
monolayer graphene corresponds to a modulus of 1 TPa. The polymer-
graphene interface was found to fail at high strains but would heal upon
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relaxation. Mapping the G' peak shift across the flake showed that the
strain in a flake could be modelled using continuum shear-lag theory.
The critical length of the graphene required to obtain efficient
reinforcement was found to be 30 microns, implying that in order for
graphene to be used in structural composite, the graphene flakes either
need to be large (>30 microns long) or chemically functionalised to
improve the interfacial strength with the matrix.

1. L. Gong et al, Advanced Materials, DOI: 10.1002/adma.200904264,
2. RJ. Young et al, ACS Nano, DOI: 10.1021/nn2002079.

A-13.5:L02 Shape Memory Polyurethane with Graphene-iron
Hybrid Nanoparticles for Helical Stents

JUNG-HWAN JUNG, IL-KWON OH, School of Mechanical, Aerospace
and Systems Engineering, KAIST, Daejeon, Republic of Korea

A helical stent capable of controlling the diameter was developed with
shape memory polyurethane reinforced with graphene-iron nano
particles. The graphene nanoflakes decorated with ferromagnetic
nanoparticles were synthesized with a foaming agent method integrated
with microwave radiation. The ferromagnetic shape memory polymer
films were made with the incorporation of graphene-iron nano particles
into the polyurethane matrix. Also it was actuated with an induction
heating system that can generate alternating magnetic fields. The
reinforcement of magnetite nano-particles influences the thermo-
mechanical properties of the shape memory polymer films and the
helical shapes of the bio-medical stents were fabricated through the
thermal treatment process. Present results show that the diameter and
the length of the shape memory polymer stents with graphene-iron
nanoparticles can be controlled by the induction heating system.

A-13.5:L03 Multifunctional Spark Plasma Sintered Graphene
Nanoplatelets / Ceramic Composites

C. RAMIREZ, P MIRANZO, E. GARCIA, M.l. OSENDI, Instituto de
Ceramica y Vidrio (ICV-CSIC), Madrid, Spain; F. FIGUEIREDO, Centre
for Research in Ceramics and Composite Materials (CICECO), Aveiro,
Portugal

The use of carbon nanostructures has opened new possibilities for
research in the field of ceramic composite materials. In this work we
report the fabrication of dense graphene nanoplatelets (GNPs) /Si3N4
composites (1-18 wt% GNPs) by the spark plasma sintering technique
without damaging the nanoplatelets. Their particular geometry and the
effect of the applied pressure induced the preferential orientation of the
platelets. Composites showed different electric/thermal conductivity
responses for measurements done under two unlike geometric
orientations, namely parallel and perpendicular to the ab plane (graphene
plane) of the platelets. The degree of orientation, level of exfoliation of
GNPs and the matrix characteristics were determined using SEM, TEM
and Raman spectroscopy tools. The electric and thermal conductivities
for in-plane measurements showed an enhancement as compared to
the cross results. Up to 60% increase over the monolithic for the thermal
conductivity was observed and peak electric conductivity of 40 S/cm
was obtained for 18 wt% GNP composite. These results are quite
relevant as they demonstrate how the addition of relatively low amounts
of C nanostructures renders multi-functional ceramic composites, without
compromising other properties of these ceramics.

Poster Presentations

A-13:P65 Breakdown of the Quantum Hall Effect in Graphene
Y. MORITA, Gunma University, Kiryu, Japan

Our focus is on graphene in the quantum Hall regime with a finite
electric field. In our theoretical analysis, this model can be mapped into
the problem of the Harper equation, which has a close connection to
the physics of quasicrystal. In our theoretical study, we reveal the global
phase diagram of the system and the fate/breakdown of the quantum
Hall effect. Further, we have discovered a multifractal structure hidden
in this system, which can lead to a novel transport property. A possible
candidate of this kind of system is a graphene nanotransistor. We shall
also discuss on these experimental settings and propose theoretical
predictions. It is a generalization of the experimental results which we
have reviewed in 'Fabrication of quantum-dot devices in graphene',
Science and Technology of Advanced Materials, 11, 054601-054605
(2010).



A-13:P67 Graphene Based Cathode for Dye Sensitized Solar
Cells

L. KAVAN, J. Heyrovsky Institute of Physical Chemistry, v.v.i., Academy
of Sciences of the Czech Republic, Prague, Czech Republic

Commercial graphene nanoplatelets (GNP) in the form of optically
transparent thin films on F-doped SnO2 (FTO) exhibited fair
electrocatalytic activity towards 13-/I- redox couple and excellent activity
towards Co(lll)/(I)-bipyridine complexes. The latter are particularly
promising for the next generation of dye sensitized solar cells with high
voltage. The cathode exchange current densities scaled linearly with
the GNP film's optical absorbance. Depending on optical transmission,
the electrocatalytic activity of GNP films is outperforming the activity of
platinized FTO. Dye-sensitized solar cells with Y123 dye adsorbed on
TiO2 photoanode and Co-based redox shuttle achieved energy
conversion efficiencies between 8 to 10% for both GNP and Pt-based
cathodes. However, the cell with GNP cathode is superior to that with
Pt-FTO cathode particularly in fill factors and in the efficiency at higher
illumination intensities.

A-13:P70 Graphene-chitosan Nanocomposite Film by Reduction
of Graphene Oxide within Chitosan Networks

CHANG KEE LEE, JIN KIE SHIM, SANG BONG LEE, Korea
Packaging Center, Korea Institute of Industrial Technology, Bucheon,
Korea

Dispersion state of graphene in a polymeric matrix has been considered
as a key for formation of the composite. Oxide form of graphene has
been used to "good dispersion state" however reduction of the oxide
form disturbs the graphene's dispersion. It is mean that properties of
graphene composite are changed due to the alteration of its internal
structure induced by the reduction. In this study, the internal structure of
graphene composite was controlled by reduction step during composite
preparation and then the effect of the alteration of internal structure
was investigated. The graphene-chotosan nanocomposite film was
obtained via reduction of graphene oxide that was carried out in the
chitosan networks using hydrazine. The GO was dispersed in 2 wt% of
chitosan solution prepared by 2 wt% of aqueous acetic acid and then
the GO-chitosan mixture was casted into a film. The GO-chitosan
composite film was reduced by hydrazine monohydrate at 950C. We
confirmed the reduced GO and alteration of amorphous region in the
nanocomposite film using X-ray diffraction. The morphology and internal
structure were characterized by scanning electron microscopy and
transmission electron microscopy respectively.
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A-14.1:IL01 Carbon Nanotube-organic Hybrid Solar Cells for
Energy Harvesting

S.R.P. SILVA, Nanoelectronics Centre, Advanced Technology Institute,
University of Surrey, Guildford, UK

The use of organic-hybrid solar cells for energy harvesting is examined
as a route to enhance the performance of the OPV structures. The

hybrid or inorganic component used in our structures is carbon
nanotubes. We show that we can obtain enhanced dissociation of
excitons, enhanced transport of carriers and evidence for broadband
absorption by using the nanotubes to create triple junction structures
within the OPV cells. Upto 25% enhancements in the energy conversion
parameters such as short circuit currents with respect to virgin OPV
cells is demonstrated, with better stability and robustness of devices.
Self assembled semiconducting carbon nanotube networks are
demonstrated in the hole extraction layer which is believed to present
the ideal band alignment for hole collection allowed by the tuning of the
electronic and chemical properties through the self assembly process.
This is without the need for commonly used hole transport layers. IPCE
data is analysed critically for the devices, and compared to the virgin
OPV cells.

A-14.1:IL02 Light Harvesting Schemes for High-performance
Polymer Solar Cells

FANG-CHUNG CHEN, JYH-LIH WU, CHIA-LING LEE, YI HONG,
MING-KAI CHUANG, KIM-SHIH TAN, Department of Photonics and
Display Institute, National Chiao Tung University, Hsinchu, Taiwan

Organic photovoltaic devices (OPVs) have received much attention
because they are promising alternative tools for harnessing renewable
energy. Recently the power conversion efficiencies (PCEs) of these
OPV devices have reached as high as 9%, opening up the possibility for
their practical use as flexible, light-weight, low-cost energy systems.
While the internal quantum efficiency of OPVs can approach almost
100%, efficient light harvesting in OPVs remains one of the major
limitations toward realizing high PCEs. In this work, we blended metal
nanoparticles (NPs) into the buffer layer to trigger localized surface
plasmon resonance for enhancing the device performance. The PCE
of the OPV device incorporating the NPs can be improved. The
mechanism of the plasmonic-enhanced OPVs will be discussed. Finally,
we recently found that the direct excitation of charge-transfer excitons
in the donor-acceptor blends of the OPVs can lead to substantially
photovoltaic response. The device probably will become a promising
wireless electrical source for biological nanodevices. Further, the results
might open up new avenues for harvesting the long-wavelength spectrum
of solar irradiation to provide even higher-efficiency solar cells.

A-14.1:L03 Cobalt Doped ZnO Nanorods Fabricated by Chemical
Bath Deposition Technique

P. HARI', J. SEAY', K. FARMER?, K.P ROBERTS?, 'Department of
Physics, University of Tulsa, Tulsa, OK, USA; 2Department of Chemistry,
University of Tulsa, Tulsa, OK, USA

ZnO nanorods are currently studied for a variety optoelectronic
applications. Typically, thin film and bulk ZnO show a strong light
absorption in the ultra violet range. For devices that operate in the
visible and infrared range such as optoelectronic sensors and
photovoltaic cells, it is necessary to modify the absorption profile from
UV to higher wavelengths in the visible region. In this study we investigate
optical absorption of ZnO nanorods doped with cobalt using a modified
chemical bath deposition technique. The light absorption properties of
Cobalt doped ZnO nanorods were studied using Photoluminescence
(PL) and Raman Spectroscopy. For doping of Cobalt ranging from 1 to
5 percentage of the total weight, the PL intensity shows a suppression
of the prominent UV peak at 385 nm with increase in doping
concentration. This reduction in PL intensity at 385 nm is accompanied
by an increase in the PL intensity at 429 nm and 469 nm. Scanning
Electron Microscopy measurements of nanorod morphology reveal that,
higher level of cobalt doping results in larger diameters for ZnO nanorods
ranging from 600nm to 1.5 microns. We will discuss details of ZnO-
Cobalt structures using Raman spectroscopy and X-ray analysis on
cobalt doped ZnO nanorod samples of 1 -20% doping concentration.

A-14.1:L04 Effective Harvesting of Photons Using Smart Material
Systems for Solar Energy Conversion
I.M. DHARMADASA, Materials & Engineering Research Institute,
Sheffield Hallam University, Sheffield, UK

Various ways to harvest photons from the solar spectrum and energy
from the surroundings have been considered and combined according
to solid state physics principles. A graded bandgap multi-layer solar cell
has been designed to absorb UV, visible and infrared radiation minimizing
thermalisation losses, and combining impact-ionisation and impurity
photovoltaic effect to enhance number of photo-generated charge
carrier generation and collection. The above theoretical device design
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was experimentally tested using well researched material,
AlxGa(1-x)As. The highest reported Voc~1175 mV together with highest
possible fill factor in the mid 80%'s, have been achieved for initial devices.
The highest efficiency achieved after two growth runs is over 20%. As
expected from this design, impurity PV effect is experimentally observed
producing Voc values in the range (600 - 900) mV in complete darkness
for AlxGa(1-x)As based devices. When this effect is active in solar cell
devices, the combination of impurity PV effect and impact-ionization
under illumination can enhance the number of photo-generated charge
carriers producing large values of Jsc.

1. Third Generation Multi-layer Tandem Solar Cells for Achieving High
Conversion Efficiencies. IM Dharmadasa, Solar Energy Materials & Solar
Cells 85 (2005) pp 293-300; 2. Third Generation Multi-layer Graded
Bandgap Solar Cells for Achieving High Conversion Efficiencies - II: IM
Dharmadasa, JS Roberts and G Hill, Solar Energy Materials & Solar
Cells, 88 (2005) pp 413-422; 3. The reproducibility, Uniformity and
Scalability of Multi-layer Graded Bandgap solar cell structures based on
GaAs/AlGaAs System, IM Dharmadasa, GJ Tolan, JS Roberts, G Hill, S
Ito, P Liska and M Grétzel, Proc. of 21st EU photovoltaic conference,
Dresden Germany, June-2006, pp 257-262; 4. Solar Cells Active in
Complete Darkness, IM Dharmadasa, O Elsherif and GJ Tolan, Journal
of Physics: Conference Series 286 (2011) 012041, doi:10.1088/1742-
6596/286/1/012041.

A-14.1:L05 Bi2S3 Nanoparticles Supported on CNT-TiO2 Matrices
for Photovoltaic Applications: a Comparative Study of Preparation
Methods .

M.E. RINCON, J.C. CALVA, M. SOLIS, Centro de Investigacion en
Energia- UNAM, Temixco, Morelos, Mexico

Bismuth sulfide (Bi2S3) nanoparticles were supported on CNT-TiO2
matrices to improve both the characteristic of the Bi2S3 absorbing layer
and the transport and collection of photogenerated carriers. CNT-TiO2
matrices were prepared by two distinctive methods rendering CNT/
TiO2 composite and CNT-TiO2 hybrid electrodes, whereas Bi2S3
deposition was carried out by chemical bath. The as obtained
photoanodes were subjected to thermal annealing previous to their
application in a photoelectrochemical cell. Photoelectrochemical
performance in both systems was correlated to the microstructural and
optical differences observed by various conventional techniques (SEM,
TEM, XRD, UV-Vis), while the interfacial interaction between CNT and
TiO2, and the bonding of Bi2S3 to TiO2 was explored by Scanning
Kelvin Probe Microscopy. The relevance of these data to explain the
best photoactive material for emerging solar cells will be discussed.

A-14.1:/L07 Organic Solar Cells: How They Work and How to
Improve Them

D. FICHOU, Université Pierre et Marie Curie - Paris 6, Institut Parisien
de Chimie Moléculaire, UMR CNRS 7201, Paris, France

During the last two decades several families of small conjugated organic
molecules and polymers have been developed in view of photovoltaic
(PV) solar energy conversion. When integrated into thin film PV devices
these organic materials can either play the role of interfacial layers for
charge injection/collection or be constitutive of the heterojunction itself
as p- or n-type semiconductors. In both cases, parameters as diverse
as the bandgap, energy levels, exciton binding energy, morphology,
charge transport, etc, have to be taken into account for a proper
molecular design. In this presentation we introduce the basic principles
of organic solar cells and draw a state-of-the-art of the main families of
organic molecules and polymers that have been synthetized today.

A-14.1:L09 Influence of the Indium Precursors on ITO Properties
Grown by Metal-organic Chemical Vapor Deposition

P.D. SZKUTNIK, M. CARRILLO, F. WEISS, C. JIMENEZ, Laboratoire
des Matériaux et du Génie Physique, UMR 5628 CNRS - Grenoble INP,
Grenoble, France; V. LAHOOTUN, Advanced Materials for Semiconductor
and Photovoltaics - AMSP Air Liquide - R&D CRCD; X. MESCOT,
Institut de la Micréolectronique, Electromagnétisme, Photonique,
Hyperfréquences UMR5130 CNRS - Grenoble INP Grenoble, France

The influence of the deposition parameters on the electrical and optical
properties of ITO thin films grown by MOCVD has been studied by the
investigation of different indium and tin precursors. Studied indium
precursors were two commercially available, In(acac)3 and In(TMHDS,
and a new one, 'InAL', produced especially by the industrial partner
AirLiquid. For tin precursor we used Dibutyltin diacetate (DBTD) and

58

Sn(acac)2. The precursors were solubilized in the same solvent, and
the mixed liquid solution was injected in an evaporator by the pulsed
injection method [Materials Science and Engineering B 118 (2005)
105-111]. After optimization of the evaporation parameters, growth
conditions were varied to establish the deposition kinectics. The studied
parameters were deposition temperature, pressure in the reactor and
oxygen ratio in the deposition atmosphere. Indium oxide, tin oxide and
ITO layers were structurally characterized by XRD, SEM and FTIR.
Optimized ITO films from the different precursors were evaluated by
measuring their optical and electrical properties.

Acknowledgements: This study has been financially supported by the
European funded (FEDER) Precinov project.

A-14.1:IL11 All-polymer Solar Cells Based on Perylene-diimide
Copolymers: From Material Design to Photovoltaic Performances
S. LUZZATI, E. KOZMA, D. KOTOWSKI, M. CATELLANI, Istituto per lo
Studio delle Macromolecole, CNR, Milano, Italy

Polymer solar cells are attractive in view of their potential application for
low-cost solar energy conversion. Polymeric solar cells generally consist
of a bulk heterojunction made upon blending a light absorbing donor
and hole-conducting conjugated polymer to an acceptor and electron-
conducting material. The most successful acceptors to date are soluble
fullerene derivatives that are characterised by good accepting properties
and high electron mobilities. The replacement of fullerene by a polymer
acceptor has raised the attention due to the potential advantages
connected to the good absorption and to the easier tailoring of the
electronic properties of conjugated polymer materials respect to
fullerenes. However the difficulty in designing n-type polymers with
good accepting properties and good electron mobilities to compete
with fullerene is an issue that is limiting the power conversion efficiencies
of all-polymer solar cells. In this contribution we present a series of
acceptor perylene-diimmide copolymers with good accepting properties
and good electron mobilities that we have designed and tested in all-
polymer solar cells, in combination to poly-3-hexylthiophene. The solar
cells exhibit encouraging power conversion efficiencies (1.6%) and
show remarkably good charge transport properties in the active blend,
comparable to optimised polymer/fullerene devices.

A-14.1:IL14 New Catalysts for Production of Solar Fuels
IB CHORKENDORFF, Danish National Research Foundation's Center
for Individual Nanoparticle Functionality (CINF), Department of Physics,
Technical University of Denmark, Kongens Lyngby, Denmark

The production of fuels directly or indirectly from sunlight represents
one of the major challenges to the development of a sustainable energy
system. Hydrogen is the simplest fuel to produce and while platinum
and other noble metals are efficient catalysts for photoelectrochemical
hydrogen evolution, earth-abundant alternatives are needed for large-
scale use. We show that bioinspired molecular clusters based on
transition metal sulfides mimics nature's enzymes for hydrogen evolution
when deposited on various supports. It will be demonstrated how these
catalyst deposited on p-type Si can harvest the red part of the solar
spectrum and potentially be coupled to CO2 hydrogenation. Such a
system could constitute the cathode part of a tandem dream device
where the red part of the spectrum is utilized for solar fuel evolution,
while the blue part is reserved for the more difficult oxygen evolution.
Similarly investigation of photocatalysts using a recently developed
microreactor platform will be discussed. It will be demonstrated how
such devices allows for following the activity for water splitting as a
function of relative humidity and how it can be used to investigate for
example the undesired effect of back reactions from H2 and O2.

A-14.1:L15 Polarizing Field Effect on Charge Transfer in Hybrid
Photovoltaic Cells with Ferroelectric Bi-layers

SOUMEN DAS, DAAN LIU, YOON BONG HAHN, School of
Semiconductor and Chemical Engineering, Chonbuk National University,
Jeonju, South Korea

Stoichiometric and polycrystalline ferroelectric Ba, .Sr, . TiO, and BiFeO,
thin films were deposited on glass and silicon substrates by wet chemical
synthesis method. The qualitative assessment of the solution-processed
dielectric layers was performed by concentrating on number of issues
such as phase stability, electronic structures, band alignment, transport
properties including carrier concentrations and conductivity by X-ray
diffractometer, X-ray and ultraviolet photoelectron spectroscopy, Raman
spectroscopy and capacitance-voltage measurements. These films



were introduced in the studied hybrid photovoltaic cells to form
Ba, Sr, . Ti0,/ZnO/P3HT-PCBM/Ba, Sr  TiO, and BiFeO,/ZnO/P3HT-
PCBM/BiFeQ, assembly. The effect of these ferroelectric layers on the
overall electrical performance of these all solution processed bipolar
devices was studied.

Session A-14.2
Smart Materials for Self-power Generators

A-14.2:IL07 Energy Harvesting on Vibration: A Performance
Comparison Between Ferroelectric and Electrostricive Polymer
Material

D. GUYOMAR, P-J. COTTINET, M. LALLART, L. LEBRUN, Universite
de Lyon, INSA-LYON, Villeurbanne, France

The current trend in electronics is its integration in day to day devices or
portable equipments in order to extend the number of functions and to
improve their reliability. This paper addresses the problem of the electrical
to mechanical energy conversion in electroactive materials in a general
manner and more specifically on ferroelectric materials and
electrostrictive polymers that can be used to design energy harvesters.
The ferroelectric are brittle and contain lead. Oppositely the polymers
are light, flexible, eco-friendly and their properties can be tuned by
introducing nano-particles in the polymer matrix. These polymer
composites exhibit a good capability to convert elastic energy into
electrical energy once a DC electrical field is applied. The proposed
energy conversion improvement is an extension, to polymers, of the so-
called "non-linear voltage processing, or "SSHI" previously developed
for ferroelectric materials which leads to a1000% increase of the
harvesting capability. Due to the bias field, a direct extension of the
SSHI techniques is not feasible. The needed adaptations will be
discussed. The paper will present and discuss experimental and
theoretical data.

A-14.2:IL02 Highly Efficient Power Generation Using Piezoelectric
and Semiconducting Coupled Properties

SANG-WOO KIM, Sungkyunkwan University (SKKU), Suwon, South
Korea

Nanopiezotronics is an emerging area of nanotechnology with a variety
of applications that include piezoelectric field-effect transistors and
diodes, self-powered piezoelectric power generator (nanogenerator),
and wireless nano/biosensors. By exploiting coupled piezoelectric and
semiconducting characteristics, it is possible for nanowires, nanobelts,
or nanorods to generate rectifying current and potential under external
mechanical energies such as body movement, muscle stretching,
vibrations, and hydraulic forces. Various energy harvesting systems can
be designed and developed based on the different physical mechanisms
of each energy generator. | will present a flexible hybrid architecture
designed to harvest mechanical and solar energies, either separately or
simultaneously. By using ZnO with intrinsically coupled piezoelectric
and n-type conductive properties, a flexible hybrid energy scavenger is
naturally created without any crosstalk and an additional assembling
process, thus totally differing from a simple integration of two different
energy generators. The piezoelectric output signals from our hybrid
cells are originally alternating current (AC) type, but they can be controlled
to direct current (DC)-like type by tailoring mechanical straining
processes both in a dark and under a light illumination. Based on such
controllability of a piezoelectric output behavior, the performance of the
hybrid cell is synergistically enhanced by the contribution of piezoelectric
generator, compared with the output power generated independently
from the solar cell part under normal indoor level of illumination.

A-14.2:L04 Thermoelectric Generating Properties of Aurivillius
Compounds
H. KOHRI, T. YAGASAKI, Kogakuin University, Hachioji, Tokyo, Japan

Thermoelectric generator is expected as an energy converter for co-
generation with Refuse Derived Fuel (RDF). Thermoelectric materials
were required high Seebeck coefficient, low electrical resistivity and
low thermal conductivity. Thermoelectric oxides are suitable at the high
temperature range because of chemical stability. Authors focus attention

on Aurivillius compounds. The Aurivillius compounds consist of Perovskite
layers and Bi-O layers. It is expected that nanolayered structure shows
high Seebeck coefficient due to the quantum confinement of electron
in Perovskite layers. It was reported that the Seebeck coefficient of
Aurivillius phase Bi2V0O5.5 was as high as -28.3 mVK-1 at 1010 K, and
the electrical resistivity of the one was also as high as 0.033 Qm at 1010
K. We investigated about element substitution effects at V site on
thermoelectric properties. Bi2V1-xCux05.5(x=0, 0.1, 0.2) was prepared
by solid-state reaction and hot pressing. The resistivities of Bi2V1-
xCux05.5(x=0.1, 0.2) were one order higher than the one of Bi2V0O5.5.
From the results of the resistivities and the Seebeck coefficients, it is
presumed that Cu behaves as an acceptor. Thermoelectric generating
properties of Bi2V1-xCux05.5(x=0, 0.1, 0.2) will be reported in the
presentation.

A-14.2:IL06 Epitaxial Pb(Zr,Ti)O3 on Silicon for Energy Harvesting
Devices

A. SAMBRI', S. GARIGLIO?, D. ISARAKORN?, D. BRIAND?®, A. TORRES
PARDO?, J.W. REINER®, C.H. AHN®, J.-M. TRISCONE?, 'Dipartimento
di Scienze Fisiche & CNR-SPIN, Universita degli Studi di Napoli Federico
II, Napoli, Italy; 2Dept. of Condensed Matter Physics (DPMC), University
of Geneva, Geneva, Switzerland; ®Ecole Polytechnique Fédérale de
Lausanne (EPFL), SAMLAB, Switzerland; “Lab. de Physique des Solides,
Université Paris-Sud, CNRS-UMR 8502, Orsay, France; *Dept. of Applied
Physics, Yale University, New Haven, Connecticut, USA

Energy harvesting devices are attractive as an energy source for
powering micro-devices, such as small wireless sensors, biomedical
implants, environmental condition monitoring systems and structural
health monitoring systems. In our work, we focus on energy harvester
structures based on epitaxial Pb(Zr0.2Ti 0.8)03 (PZT) thin films grown
on (001) silicon wafers. The integration on silicon is achieved via a thin
buffer layer of epitaxial SrTiO3 grown through a complex multi-step
procedure by molecular beam epitaxy. The physical properties of the
PZT layer are investigated by piezoelectric force microscopy and P-E
loop measurements, revealing excellent ferroelectric and piezoelectric
properties at room temperature. From the structural point of view, TEM
investigation reveals the perfect epitaxy of the multilayer, while
temperature dependent x-ray diffraction measurements suggest an
increase of the ferroelectric critical temperature with respect to the
bulk, in agreement with theoretical predictions for two-dimensional
clamping. The potential of such epitaxial PZT thin films for energy
harvesting devices will also be discussed, by presenting the
performances of epitaxial PZT-based harvesters.

A-14.2:IL07 ZnO Nanowires for Energy Harvesting and Piezotronics
ZHONG LIN WANG, School of Materials Science and Engineering,
Georgia Institute of Technology, Atlanta, GA, USA

Piezoelectricity, a phenomenon known for centuries, is an effect that is
about the production of electrical potential in a substance as the pressure
on it changes. For wurtzite structures, such as ZnO, GaN, InN and ZnS,
due to the polarization of ions in a crystal that has non-central symmetry,
a piezoelectric potential (piezopotential) is created in the crystal by
applying a stress. For materials such as ZnO, GaN, InN in the wurtzite
structure family, the effect of piezopotential to the transport behavior of
charge carriers is significant due to their multiple functionalities of
piezoelectricity, semiconductor and photon excitation. By utilizing the
advantages offered by these properties, a few new fields have been
created. Electronics fabricated by using inner-crystal piezopotential as
a "gate" voltage to tune/control the charge transport behavior is named
piezotronics, with applications in strain/force/pressure triggered/
controlled electronic devices, sensors and logic units. Piezo-phototronic
effect is a result of three-way coupling among piezoelectricity, photonic
excitation and semiconductor transport, which allows tuning and
controlling of electro-optical processes by strain induced piezopotential.

A-14.2:/1L08 Highly Efficient, Flexible Thin Film Nanogenerator
KEON JAE LEE, Department of Materials Science and Engineering,
KAIST, Daejeon, Korea

Energy harvesting technologies converting external sources (such as
thermal energy, vibration and mechanical energy from the nature
sources of wind, waves or animal movements) into electrical energy is
recently a highly demanding issue in the materials science community
for making sustainable green environments. In particular, fabrication of
usable nanogenerator attract the attention of many researchers because
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it can scavenge even the biomechanical energy inside the human
body (such as heart beat, blood flow, muscle stretching, or eye blinking)
by converging harvesting technology with implantable bio-devices.
Herein, we describe procedure suitable for generating and printing a
lead-free microstructured BaTiO3 thin film nanogenerator on plastic
substrates to overcome limitations appeared in conventional flexible
ferroelectric devices. Flexible BaTiO3 thin film nanogenerator was
fabricated and the piezoelectric properties and mechanically stability of
ferroelectric devices were characterized. From the results, we
demonstrate the highly efficient and stable performance of BaTiO3 thin
film nanogenerator and the integration of bio-eco-compatible ferroelectric
materials may enable innovative opportunities for artificial skin and
energy harvesting system.

A-14.2:L10 The Synthesis of In-Se by Vapor Transport Method
N. TAKANO, Graduate School, Kogakuin University, Hachioji, Tokyo,
Japan; H. KOHRI, T. YAGASAKI, Faculty of Engineering, Kogakuin
University, Tokyo, Japan

The o and B phase of In2Se3 have attracted attention as photovoltaic
or thermophotovoltaic (TPV) materials because of the band gap, which
is 1.3 eV. We investigated about the deposition of In-Se onto the Si
substrate by vapor transport method. The Si substrates were etched by
HF solution to remove the surface oxide layer of the one and rinsed by
water. The quartz ampoule encapsulated bulk In2Se3 and Si substrates
was heated in a temperature gradient furnace. During the heating, the
bulk In2Se3 was placed at the hot side in ampoule, and the Si substrates
were placed at alternative side. The temperatures of Si substrates were
approximately 850 K and 950 K. The surface morphology was observed
by SEM. Phase identification of deposits on the surface was achieved
by XRD. The nanoparticles with diameter of 50 nm were sparsely
deposited on the substrate surface. The textured surface, which was
compactly-arranged square pyramid, was observed at the surface of
the substrate. It seems that texture surface formed by etching and
eutectic reaction between Si and deposited In. From the results of
XRD, the deposits on the substrates were contained B-In2Se3, In, Se
and InSe. The deposits of other conditions are now under investigation.

A-14.2:L11 Piezoelectric Properties of Crystallized PZT Thin Films
on Flexible Substrate for Energy Harvesting

CHONG-YUN KANG, MIN-GYU KANG, YOUNG-HO DO, SEUNG-
MIN OH, SAHN NAHM, SEOK-JIN YOON, Electronic Materials Center,
Korea Institute of Science and Technology, Seoul, Korea; Department
of Materials Science and engineering, Korea University, Seoul, Korea

The goal of piezoelectric energy harvesting is to improve the power
efficiency of devices. One of the approaches for the improvement of
power efficiency is to apply a large strain on piezoelectric materials and
then many scientists used thin films or nano-structured piezoelectric
materials to obtain flexibility. However, the conventional thin film
processes available for the fabrication of piezoelectric materials as
PbZr0.52Ti0.4803 (PZT) are not compatible with flexible electronics
because they require high processing temperatures (>7000C) to obtain
piezoelectricity. Excimer laser annealing (ELA) is an attractive heat
process for low-temperature crystallization, because of its material
selectivity and short heating time. In this study, amorphous PZT thin
films were deposited on polymer substrate by rf-sputtering. To crystallize
the amorphous films, ELA was carried out under various conditions in
function of the applied laser energy density, the number of pulse, and
the repetition rate. To evaluate the piezoelectric characteristics,
piezoelectric force microscopy (PFM) and electrometer are used. As a
result, we obtained crystallized PZT thin film on flexible substrate and
obtained a flexible piezoelectric energy harvester.

A-14.2:L12 Hybrid Photovoltaic-piezoelectric Flexible Device for
Energy Harvesting from Nature

D. VATANSEVER, R.L. HADIMANI, T. SHAH, E. SIORES, Institute for
Materials Research and Innovation, University of Bolton, Bolton, UK

Photovoltaic energy can be expensive if the solar radiation in a particular
region is not abundant. When the solar radiation is scarce in a region,
there is presence of winds and rainfall. If flexible solar cells are coupled
with flexible piezoelectric films then the hybrid structure can generate
energy from solar radiation, wind and rainfall. Hybrid piezoelectric-
photovoltaic devices have been developed which are capable of
generating electricity from solar as well as wind and rain energy. This
work focuses on non-transparent hybrid structure which contains copper
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and aluminium electrodes and eliminates the used of costly indium tin
oxide (ITO).These hybrid films are made by depositing organic
photovoltaic cell based on P3HT and PCBM on a commercial PVDF
film. The hybrid piezoelectric-photovoltaic film was first tested under a
solar simulator with 1.5 AM filter at one sun solar intensity. The film
produced an open circuit voltage, V. of 0.43V and a short circuit current
density, | of 4.48mA/cm?. It was then subjected to a turbulent wind
speed of 10m/sec (36km/hour) in a custom built wind tunnel. A peak
voltage of 52V was generated by the PVDF substrate due to the
oscillations created by the wind. Peak power was also measured using
a variable resistor and was recorded to be 85 uW. In order to check if the
film was not damaged when it was subjected to the turbulent wind
speed, the film was again tested under the solar simulator and did not
show any changes in its open circuit voltage or short circuit current.

Session A-14.3
Interfacial Characterization

A-14.3:IL07 Interfacial and Electrical Properties of Reliable p-
TiO2 for Optoelectronic Devices Application

S. DAS, D. LIU, YOON-BONG HAHN, School of Semiconductor and
Chemical Engineering, WCU Department of BIN Fusion Technology,
Chonbuk National University, South Korea

Researches in dye-sensitized-solar-cells (DSSCs) are focused on the
sensitization of n-type TiO2. However, a rational design of efficient solar
cells demands understanding the mechanism of p-DSSC as well. Study
revealed that wet chemically processed metal ion (Al+3, Cr+3, Ni+2)
doped TiO2 thin films could switch its conducting nature from n-type to
extrinsic p-type. The p-type conductivity was examined from
Ag/ZnO/p-TiO2/ITO structures. X-ray photoelectron spectroscopy
showed shifting of valence band edges with increasing doping
concentrations, and optical absorption spectroscopy showed shifting
of the absorption edges, indicating effective doping in TiO2 lattice. The
doped TiO2 film was employed as active component in bipolar
heterojunction devices, which recorded low turn-on voltage and showed
rectification behavior. Conclusive results revealed that among various
dopants studied, consistent, reliable and reproducible p-type conductivity
was obtained in case of Ni+2 ion. The Ni-doped TiO2 showed mobility
of 0.1-2.9 (1/cm2Vs) and hole diffusion coefficient of 0.001-0.1
(cm2/s), better than the previously reported. Further incorporation of p-
TiO2 into solar cells is discussed in terms of conversion efficiency.

A-14.3:L02 Graphene Composite Materials for Supercapacitor
Electrodes

J. LAKE, Z. TANAKA, BIN CHEN, NASA Ames Research Center, Moffett
Field, CA, USA; Dept. of Mechanical Eng., Columbia University, NY,
USA; Dept. of Electrical Eng., University of California, CA, USA

This study presents materials interfacial studies of composite electrode
materials of graphene to metal oxide nanostructures. We focus on
nanocomposite electrodes combining nanostructures of Co304 and
MnO2 with graphene. The processing of these electrode materials is
based upon a facile, electrophoretic deposition (EPD) process and
self-assembled thin film process. Graphene oxide (GO) is deposited
onto the nanocomposite layers and then reduced in situ. The presence
of the metal oxides Co304 and MnO2 allows and graphene layers
increase charge storage and transport ayer at the electrode/electrolyte
interface. The supercapacitor device has increased energy density
while still remaining stable after extensive cycling. With the addition of
graphene layers to Co304 and MnO2 nanowire arrays, we have observed
marked increases in electrode conductivity, greatly surpassing that for
metal oxides, on the order of 1 S/cm. The cycling stability increased as
the mechanical integrity of the metal oxides' phase change during
redox reactions by the presence of the graphene layers. The presented
process for these nanocomposite electrodes is both scalable and facile.
We will demonstrate the interfacial interaction plays critical role in high
electrical conductivity of the composite electrode.
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A-14:P72 Structural and Photovoltaic Properties of CuO/ZnO
Nanocomposite Solar Cells

R. SHARMA, JIN-HWAN KIM, YOON-BONG HAHN, School of
Semiconductor and Chemical Engineering, WCU Department of BIN
Fusion Technology, Chonbuk National University, South Korea

Nanocomposite solar cells of ZnO/CuO 'core-shell' with CuO deposited
layers have been fabricated on ITO by electroless deposition (ELD)
technique. The ZnO/CuO NRs nanocomposite PVs have wurtzite n-
type ZnO (~200 nm) as the 'core' and monoclinic p-type CuO (5-27
nm) as the 'shell' structure. Further ELD CuO layers of 65-205 nm have
been deposited onto the nanocomposite 'core-shell' structure. The
fabricated nanocomposite structures have been extensively examined
by X-ray diffraction (XRD), field emission electron microscope (FESEM),
atomic force microscope (AFM) and transmission electron microscopy
(TEM). The most significant improved J-V characteristics has observed
with a short current (JSC) of 126 pA/cm2, open circuit voltage (VOC) of
206 mV, fill factor (FF) of 34%, and power conversion efficiency (PCE)
of 3.3 x 10-2% under AM1.5 illumination. Such improvement has been
attributed to the quality and uniformity of the CuO/ZnO nanocomposite
'core-shell' with optimized CuO thickness of 178 nm. Such smaller
band gap nanocomposite semiconductors with larger absorption
coefficients, longer diffusion lengths, and higher mobilities attribute for
improved performance of solar cell devices.

A-14:P74 1TO-free Low-cost Organic Solar Cells with Highly
Conductive Poly(3,4 ethylenedioxythiophene): p-toluene Sulfonate
Anodes

KIYEUL YANG, M. ARIFUR RAHMAN, A. RAHIM, MD. MANIRUZZAMAN,
C. LEE, H. NAM, H. SOH, J. LEE, Kookmin University, Seoul, South
Korea

Currently a significant emerging energy industry has been highlighted.
There are various solar cells under development or in mass-production.
Among them, flexible organic solar cell (OSC) has attracted significant
attentions due to its low cost and flexibility. Consequently, a transparent
conductive electrode such as Indium tin oxide (ITO) has its limitation for
the use as an electrode due to its brittleness and high cost. Therefore,
it needs to be replaced by flexible high conductive electrodes in flexible
OSC. We have fabricated an ITO-free OSC by developing highly
conductive and transparent tosylate-doped poly(3,4-
ethylenedioxythiophene: p-toluene sulfonate) (PEDOT.PTS). The final
OSC consisted of Glass/PEDOT:PTS/PEDOT:PSS/P3HT:PCBM/LIF/AI.
The PEDOT:PTS was fabricated by vapor-phase oxidative polymerization
of EDOT on the patterned UV-exposed octadecyltrichlorosilane (OTS)
using Fe(PTS)3 as an oxidant. The stability of the PEDOT:PTS-
PEDOT:PSS interface was analyzed and successfully controlled. In
addition, the optimization of the thickness in terms of transmission and
conductivity has been done with a power conversion efficiency of 1.4%.

A-14:P76 The Influence of Anatase Crystal Orientation on its
Electro-chemical Properties and Performance in Dye-sensitized
Solar Cell

M. ZUKALOVA', B. LASKOVA" 2, L. KAVAN'"2 A. CHOU?, P LISKA?,
ZHANG WE, LIU BINS, M. GRATZEL®, 'J. Heyrovsky Inst. of Physical
Chemistry, v.v.i.,, Academy of Sciences of the Czech Rep., Prague,
Czech Rep.; 2Dept. of Inorganic Chemistry, Faculty of Science, Charles
University, Hlavova, Prague, Czech Rep.; LIARC Centre of Excellence
for Functional Nanomaterials, The University of Queensland, St Lucia,
Queensland, Australia; ‘Lab. of Photonics and Interfaces, Inst. of
Chemical Sciences and Eng., Swiss Federal Institute of Technology,
Lausanne, Switzerland; °Dept. of Chemical and Biomolecular Eng.,
National University of Singapore, Singapore

The electrochemical behavior of TiO2 anatase with a predominant
(001) face (ANAOO1) was studied by cyclic voltammetry of Li insertion
and chronoamperometry. Both methods proved its higher activity toward
Li insertion compared to that of reference materials. The lithium diffusion
coefficient of ANAQO1 calculated from cyclic voltammetry is by 1 order
of magnitude higher than those of reference materials with a dominating
(101) face. The same tendency, although not so large difference,
exhibited the chronoamperometric diffusion coefficients and rate
constants of ANAOO1 and reference samples. The enhanced activity of
the anatase (001) face for Li insertion stems from synergic contributions
of a faster interfacial charge transfer at this surface and a facile Li

transport within a more open structure of the anatase lattice in the
direction parallel to the c-axis. The performance of ANA0OO1 as a
photoanode material in dye sensitized solar cells was studied and
compared with that of reference material. The anatase (001) face adsorbs
smaller amount of the used dye sensitizer (C101) per unit area than the
(101) face. The corresponding solar cell with sensitized (001)-nanosheet
photoanode exhibits smaller photocurrents and larger open circuit voltage
than the reference cell.
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Session A-15.1
Shape Memory Polymers

A-15.1:IL017 Shape Memory Elastomers Based on lonomer
Compounds
R.A. WEISS, J. DONG, University of Akron, Akron, OH, USA

Shape memory elastomers were prepared from mixtures of a fatty acid
or salt (FAS) with a sulfonated EPDM, SEPDM, ionomer. The ionic
groups provide compatibility of the FAS with the ionomer, but they also
can provide the "permanent" crosslinked network. Strong dipolar
interactions between the ionomer and a crystalline FAS provided the
thermally reversible, temporary network. Shape fixity of >90% was
achieved, but creep recovery of the temporary shape occurred over a
2 week period. The source of the creep was the ionic "permanent”
network, not the temporary network, and that problem was resolved by
covalently crosslinking the ionomer. High shape recovery efficiencies
were achieved. This design of a shape memory polymer (SMP) produced
afamily of materials, based on a single SEPDM ionomer, with controllable
actuation temperature between 20 and 100 °C, depending on melting
point of the FAS. The stiffness of the compound can also be controlled,
without significantly changing the actuation temperature, by varying
the concentration of FAS. Although, this study focused on elastomeric
SMP the design concept has also been demonstrated with thermoplastic
and high temperature SMPs.

A-15.1:/L02 Tunable Shape-Memory Media from Physically
Modified Thermoplastic Elastomers

R.J. SPONTAK, Depts of Chemical & Biomolecular Engineering and
Materials Science & Engineering, North Carolina State University,
Raleigh, NC, USA

Triblock copolymers behave as thermoplastic elastomers when the
endblocks are either glassy or semi-crystalline and the midblock is
rubbery. Upon microphase separation due to thermodynamic
incompatibility between the chemically dissimilar blocks, these materials
tend to form rigid microdomains dispersed in a continuous rubbery
matrix. Because a fraction of the copolymer midblocks form bridges
and connect adjacent microdomains, such copolymers inherently form
networks stabilized by physical cross-link sites, or netpoints. Previous
studies have established that block, or segmented, copolymers with
vitrifiable or crystallizable midblocks can be used as shape-memory
polymers (SMPs) insofar as the midblocks serve as the switching
segments and the transition temperature corresponds to the glass
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transition or melting point, respectively, of the midblock species. Such
systems often rely on single macromolecules, in which case variation in
shape-memory attributes requires the synthesis of new materials.
Building on our previous studies of thermoplastic elastomer gels, we
have designed multi-programmable SMPs from commercially available
thermoplastic elastomers with a soft midblock. The tunability of these
systems, as well as other SMPs developed from similar copolymers, will
be presented.

A-15.1:L03 Multiple Shape-memory Behavior of Polyethylene/
Polycyclooctene Blends Cross-linked by Electron Irradiation
H.-J. RADUSCH', |. KOLESOV', U. GOHS?, G. HEINRICH?, 'University
of Halle-Wittenberg, Department of Engineering Sciences, Halle (Saale),
Germany; 2Leibniz Institute of Polymer Research Dresden, Dresden,
Germany

Comparative investigation was performed on the thermo-induced
unconstrained shape-memory (SM) recovery of a multi-phase semi-
crystalline covalent network using cross-linked blends of linear (HDPE)
and/or short-chain branched polyethylenes (EOC) as well as
polycyclooctene (PCO). Different phase morphologies of the blends
were generated by means of variation of blend composition and different
pathways for sample preparation: Melt mixing of blends, compression
molding of films, slowly cooling or quenching of fims and subsequent
cross-linking by electron irradiation at room temperature. Well developed
triple- and partly quadruple SM behavior after one-step programming
process was demonstrated for binary and ternary HDPE/EOC/PCO
blends, exhibiting a morphology with well segregated phases, where
the matrix has the lower melting and correspondingly switching
temperature (Tm and Tsw) in comparison to the disperse phases. These
blends evince pronounced steps of SM strain recovery and modulus as
well as distinct DSC melting peaks. The quenching procedure resulted
in a better phase separation at nano-level and correspondingly in a
more pronounced triple-shape behavior of the blends. All HDPE/EOC/
PCO blends showed high values of strain fixing and strain recovery
ratios of 95 to 99%.

A-15.1:1L04 Biocompatible and Degradable Polydepsipeptide
based Multiblock Copolymers with Shape-memory Capability
M. BEHL" 2, Y. FENG?* 3, A. LENDLEIN" 2, '"Center for Biomaterial
Development and Berlin Brandenburg Center for Regenerative
Therapies, Institute of Polymer Research, Helmholtz-Zentrum
Geesthacht, Teltow, Germany; 2Tianjin University-Helmholtz-Zentrum
Geesthacht, Joint Laboratory for Biomaterials and Regenerative
Medicine, Tianjin, China; *School of Chemical Engineering and
Technology, Tianjin University, Tianjin, P R. China

Recently polydepsipeptides, alternating copolymers of an a-amino acid
and an a-hydroxy acid, have gained attention as matrix materials for
controlled drug release systems, for TE scaffolds or for biofunctional
implants." In contrast to aliphatic polyesters an improved biocompatibility
during degradation time period is expected. Thermoplastic phase-
segregated multiblock copolymers with polydepsipeptide and poly(e-
caprolactone) or poly(p-dioxanone) segments were prepared via
coupling of the macrodiols using an aliphatic diisocyanate.?® The
obtained multiblock copolymers showed good elastic properties and
combined degradability with shape-memory capability. In the biological
evaluation of material samples according to ISO10993 the samples did
not show incompatibilities with L929 cells.* The results suggest the
investigated copolymers as promising candidates of soft substrates
applied in cell culture devices or of in vivo implants.

1. YK. Feng, J. Lu, M. Behl, A. Lendlein, Macromol Biosci 2010, 10,
1008; 2. Y.K. Feng, M. Behl, S. Kelch, A. Lendlein, Macromol Biosci
2009, 9, 45; 3. Y.K. Feng, J.A. Lu, M. Behl, A. Lendlein, Int J Artif Organs
2011, 34, 103, 4. A. Battig, B. Hiebl, Y.K. Feng, A. Lendlein, M. Behl, Clin
Hemorheol Micro 2011, 48, 161.

A-15.1:L06 Mechanically-driven Recovery in Amorphous Polymer
Networks Programmed for Shape Memory

C.M. YAKACKI, The University of Colorado at Denver, Denver, CO,
USA; K.A. GALL, The Georgia Institute of Technology, Atlanta, GA,
USA; TD. NGUYEN, Johns Hopkins University, Baltimore, MD, USA

This study proposes a novel method of shape recovery by exploiting the
meta-stable programmed state of amorphous shape-memory polymer
(SMP) networks and utilizing mechanical stresses to drive shape change.
Programming of SMPs can influence the polymer's mechanical
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properties via stretching (mechanical anisotropy) and quenching (non-
equilibrium structure). This study hypothesized that the programmed
samples would experience shape recovery at lower forces compared
to non-programmed samples. Three networks were synthesized from
tert-butyl acrylate and poly(ethylene glycol) dimethacrylate and were
tailored to a glass transition temperature of 52 °C, while varying the
crosslinking density. Thin-walled cylindrical samples were programmed
to 3.55 mm (25%) axial elongation. A second set of samples was then
manufactured to match the geometry of the programmed cylinders to
act as non-programmed controls. Both sets of samples were then
compressed 3.55 mm at a rate of 1 mm/s at temperatures of 20, 27, 34,
and 41 °C. Programmed samples demonstrated compressive strength
and deformation energies at 62 and 52% of their non-programmed
counterparts, respectively. This study discusses how this mechanism
can be used in biomedical devices such as cardiovascular stents and
orthopedic fixation devices.

A-15.1:L07 On the Validity of Time-Temperature Equivalence for
Wide Frequency Band Analysis of Shape Memory Polymers
X. GABRION, E. FOLTETE, V. PLACET, M. COLLET, M. OUISSE,
FEMTO-ST Applied Mechanics, Besangon, France

Mechanical properties of Shape Memory Polymers (SMP) can exhibit
decades of variations for everyday ambient conditions and classical
frequency ranges of interest in the context of smart structures. For
conventional polymers, the time-temperature equivalence is a very
efficient tool to restrain the range of tests to be performed through the
use of master curves. Dynamical Mechanical Analyses (DMA) are
classically used for testing samples with various frequency and
temperature values. The purpose of this study is to validate the time-
temperature equivalence on a SMP sample, by performing a wide
frequency band analysis combining DMA and modal tests on a structure
made from the same material. Modal tests have been performed for
various temperature values, and resonance frequencies have been
measured and correlated to a finite element model to estimate the
material elastic properties. By combining results from both tests, a poor
correlation between parameters estimated from DMA and modal tests
is observed, which tends to indicate that the time-temperature
equivalence is not valid for the material of interest (the whole process
has been successfully validated with a PP sample). Several ways are
investigated to understand whether the equivalence is valid or not for
the tested SMP.

A-15.1:L08 Synthesis and Characterization of Monofunctionalized
Poly(w-pentadecalactone) with Isocyanato Ethylmethacrylate
and Polymers based thereof

M. BALK, U. NOCHEL, M. BEHL, A. LENDLEIN, Centre for Biomaterial
Development, Institute of Polymer Research, Helmholtz-Zentrum
Geesthacht, Teltow, Germany

Multifunctional shape-memory polymers (SMP), which are biodegradable
and have a shape-memory capability have attracted interest for
biomedical applications."? So far only short aliphatic side chains have
been used as dangling chain segments contributing to the fixing phase
in dual-shape SMP.2 Here we report about the synthesis of a
monofunctionalized poly(w-pentadecalactone)-IEMA (PPDL-IEMA)
(Mn = 2600 g.mol-1, Tm = 89 °C) obtained by ring-opening
polymerization of w-pentadecalactone (PDL) and subsequent reaction
of the terminal hydroxyl group with 2-isocyanato ethylmethacrylate
(IEMA). When the PPDL-IEMA was polymerized using azobis
(isobutyronitrile) (AIBN) as initiator, a polymer with a comb architecture
was obtained. The addition of polyethylenglycoldimethacrylate
(PEGDMA, Mn = 370 g.mol-1) to the reaction mixture enabled formation
of a polymer network with PPDL side chains. The obtained polymers
were characterized by DSC, NMR, GPC and WAXS. In the case of the
polymer networks the shape-memory properties were quantified.

1. A. Lendlein, M. Behl, B. Hiebl, C. Wischke, Expert Rev. Med. Devic.
2010, 7, 357-379; 2. A. Lendlein, S. Kelch, Mat. Sci. Forum 2005, 492-
493, 219-224; 3. W.G. Reyntjens, FE. Du Prez, E.J. Goethals, Macromol.
Rapid Commun. 1999, 20, 251-255.

A-15.1:L09 Molecular Dynamics Simulations for Micro-vascular
Shape Memory Composites

J.D. DAVIDSON, Y. LI, N.C. GOULBOURNE, Aerospace Engineering,
University of Michigan, Ann Arbor, MI, USA

Molecular dynamics simulations are used to study the shape memory
behavior of a representative amorphous polymer undergoing very large



deformations in the rubbery elastic regime. A physics based micro-
macro constitutive model is shown to fit the simulation data under
uniaxial, biaxial, and shear loading. The model accounts for nonaffine
tube mechanics extended to large deformations by integrating Langevin
chain statistics. The model parameters vary consistently with known
simulation input parameters. Physical and covalent mechanisms are
investigated as sources of shape memory behavior, that is to say, strain
fixing and shape recovery. In addition, we introduce a new multifunctional
microvascular polymer composite capable of undergoing large
deformations. The material is based on the biological concepts of thermo-
regulation and muscle activation. The composite is an actively heated
and cooled shape memory polymer with embedded microchannels for
fluid flow. The active heating/cooling by this local mechanism significantly
increases the response time of the material, which to date has been a
major drawback. We have successfully fabricated multifunctional
microvascular polymer composites with stable hollow channels (100
um in diameter). Thermomechanical characteristics of the microvascular
composite with different fiber architectures will be presented.

Session A-15.2
Shape Changing Polymers

A-15.2:/L07 A Continous Flow Synthesis of Micrometer Sized
Actuators from Liquid Crystalline Elastomers

E. FLEISCHMANN, C. OHM, R. ZENTEL, Chemistry, University of
Mainz, Mainz, Germany

Using microfluidics, we realized a continuous flow synthesis of spherically
shaped particles from a crosslinked liquid crystalline polymer (LC-
elastomer). In this approach, a mixture of a liquid crystalline monomer
with crosslinker and UV-initiator is melted and injected through a very
thin needle into a co-flowing stream of silicon oil. The size of the particles
can be controlled by several parameters, mainly the viscosity of the
silicon oil and the flow rate ratio between oil and monomer. Thus we
obtained particles with a diameter between 200 and 500 micrometers
with a size variation coefficient as low as 1%. Upon heating them into
the isotropic phase under a microscope the particles change their
shape from a spherical to a rod like conformation. Thereby length
changes of more then 70% can be observed. The actuation is completely
reversible and very fast, which was shown by rapidly cooling particles in
the stretched conformation by a flow of cold air. We also show that the
intensity of the shape change strongly depends on the flow rate at
which the particles were polymerized. The same conformational change
can be achieved by swelling the particles with a suitable solvent, which
also induces a phase transition.

A-15.2:IL02 Thermosensitive Helical Shape of Twist Nematic
Elastomer Ribbons

K. URAYAMA, Department of Materials Chemistry, Kyoto University,
Kyoto, Japan

We investigate the thermally induced shape-change of twist nematic
elastomer (TNE) ribbons where the local directors continously rotate by
90 degrees between the top and bottom surfaces'. In the cases where
the director in the midplane is along the long or short axis, the narrow
TNE ribbon forms a straight helicoid with Gaussian saddle-like curvature,
while the shape in the wide case is a spiral ribbon with cylindrical
curvature. In both cases, the temperature (T) variation greatly influences
the structural parameters of the ribbons such as twist pitch, helical pitch
and diameter, involving a reversal of handedness. The pronounced T
effects on the ribbon shape result from a large change in local nematic
order induced by T variation. We also show that the TNE ribbons where
the midplane director has a finite angle relative to both the long and
short axes always form spiral ribbon, even in the narrow case.

1. Y. Sawa, F. Ye, K. Urayama, T. Takigawa, W. Gimenez-Pinto, R.L.B.
Selinger, J.V. Selinger, Proc. Natl. Acad. Sci. USA, 108, 6364 (2011).

A-15.2:L03 Electro-actuation of Responsive Polyelectrolyte
Hydrogel: Role of pH Propagating Front

PJ. GLAZER, A. EMBRECHTS, E. MENDES, Chemical Engineering,
Delft University of Technology, The Netherlands; S.G. LEMAY, MESA+
Institute for Nanotechnology, University of Twente, The Netherlands

Polyelectrolyte gels are able to mimic artificial muscles and act as an
accurate valves and active drug delivery systems. Control over swelling,
shrinking and bending behavior of a polyelectrolyte gels in response to
environmental stimuli enables us to achieve direct conversion of
electrostatic energy into a mechanical energy. Although many theoretical
models have been proposed to describe actuating phenomena their
experimental validation has not been carried out. Here, we present four
different models found in the literature which describe the actuating
mechanism of hydrolyzed polyacrylamide gels and try to verify them
experimentally.The main purpose of this research was to characterize
the role of pH changes, originating from water electrolysis occurring on
the electrodes, in relation to electroresponsivness of polyelectrolyte
hydrogel.To characterize the contraction or expansion of the gel without
affecting it we employed a pH indicator dye as a probe. By using this
technique we were able to visualize the dynamics of the pH gradient in
situ during actuation, and thereby deduce its role in actuation.In addition
we were able to directly visualize ion depletion at cathode facing side of
the gel as theoretically predicted.

A-15.2:L04 Plasma Treatment of LCE Affects Thermal Properties
of Shape-changing Materials

C. MELCHERT, M. BEHL, A. LENDLEIN, Center for Biomaterial
Development, Institute of Polymer Research, Helmholtz-Zentrum
Geesthacht, Teltow, Germany

Liquid crystalline elastomers (LCE) are a class of actively moving
polymers, which have the ability to change their shape caused by an
induced disorder in the liquid crystalline structure' while the LCE is
heated above the phase transition of the mesogens, e.g. from the
nematic to the isotropic state (TNI).2 Here we report about the influence
of plasma treatment on the thermal properties of such LCE's. The
mainchain LCE was prepared in a two step reaction of divinyl monomers
and 2,4,6,8,10-Pentamethylcyclopentasiloxane acting as crosslinking
agent. When the surface of the LCE's was treated with O2-plasma, we
observed a significant decrease of TNI, which was attributed to a
disruption of the order of the mesogens due to polymer scission. The
length of the time intervals of plasma treatment were varied and the
influence on the thermal properties as well as shape change capability
was investigated by DSC, WAXS, and cyclic, thermomechanical
measurements. This finding might be useful for applications, in which a
lower Ttrans is requested, e.g. biomedical application.

1. M. Bispo et al, Macromolecules, 2008, 41, 3098-3108.
2. M. Behl et al, Adv. Polym. Sci, 2010, 226, 1-40.

A-15.2:L05 Shape Memory Polymer Systems with Independent
Control of Material Properties Before and After Deployment
C.N. BOWMAN, D.P NAIR, N.B. CRAMER, J.C. GAIPA, R.
SHANDAS, University of Colorado, Boulder, CO, USA

There are distinct advantages to designing shape memory polymer
systems that affords two sets of material properties - an intermediate
polymer that would enable optimum handling and processing of the
material, while maintaining the ability to tune in a set of final properties
that would enable the optimal functioning of the polymeric material. We
have formulated and characterized shape memory polymer networks
that retain the ability to achieve two distinct sets of material properties
.By designing a series of non-stoichiometeric thiol-acrylate systems, a
shape memory polymer network is initially formed via an amine catalyzed
Michael addition reaction that proceeds stoichiometrically via the thiol-
acrylate ‘click' reaction. This self-limiting reaction results in a polymer
with excess acrylic functional groups within the network. At a later point
in time, the photo-initiated, free radical polymerization of the excess
acrylic functional groups results in a highly cross-linked, robust material
system. The thiol-acrylate shape memory networks have intermediate
rubbery moduli and glass transition temperatures that range from 2
MPa and -10 °C to 20 MPa and 30 °C respectively. The same polymer
networks can then attain rubbery moduli of up to 200 MPa.
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Session A-15.3
Light-sensitive Polymers

A-15.3:IL07 Photomobile Polymer Materials

T. IKEDA', T. UBE', M. YAMADA?, M. KONDOQO?, Y. NAKA?, A.
SHIMAMURAZ?, J. MAMIYA2, M. KINOSHITA2, A. SHISHIDO?, 'Chuo
University, Tokyo, Japan; 2Tokyo Institute of Technology, Yokohama,
Japan

In this presentation we will show photomobile polymer materials that
can convert light energy directly into mechanical work and exhibit various
3-dimensional movements by irradiation with light'2. Large deformations
can be generated in the crosslinked liquid-crystalline polymers,
contraction, expansion, and bending, by incorporating photochromic
molecules, such as an azobenzene, with the aid of photochemical
reactions of these chromophores'®. Laminated films fabricated from a
crosslinked LC polymer and a polymer film show photomobile properties
successfully such as a light-driven plastic motor, inchworm and robotic
armsS’7.

1. T Ikeda, T. Ube, Mater. Today, 2011, 14, 480; 2. T. Ikeda, J. Mamiya,
Y. Yu, Angew. Chem. Int. Ed., 2007, 46, 506, 3. T lkeda, M. Nakano, Y.
Yu, O. Tsutsumi, A. Kanazawa, Adv. Mater, 2003, 15, 201; 4. Y. Yu, M.
Nakano, T. Ikeda, Nature, 2003, 425, 145; 5. M. Kondo, Y. Yu, T. Ikeda,
Angew. Chem. Int. Ed., 2006, 45, 1378; 6. M. Yamada, M. Kondo, J.
Mamiya, Y. Yu, M. Kinoshita, C.J. Barrett, T. Ikeda, Angew. Chem. Int.
Ed., 2008, 47, 4986; 7. M. Yamada, M. Kondo, R. Miyasato, Y. Naka, J.
Mamiya, M. Kinoshita, A. Shishido, Y. Yu, C. J. Barrett, T. lkeda, J. Mater.
Chem., 2009, 19, 60.

A-15.3:IL02 Photoresponsive Liquid Crystal Polymer Networks:
Glassy Adaptive Materials

T.J. WHITE', KYUNG MIN LEE?, D.H. WANG?, LOON-SENG TAN',
M.L. SMITH4, H. KOERNER?, R.A. VAIA", TJ. BUNNING', "AFRL/RX;
2AFRL/RX, Azimuth Corp.; *AFRL/RX, UES; “AFRL/RX, NRC, USA

Transducing light energy into mechanical work has profound utility - as
a remote actuation source, a quick means to impart a temporary shape
(shape memory), or a method to induce spatially varying surface
roughness useful in optics. Researchers ranging from Lovrien to
Eisenbach to Finkelmann, in addition to a burgeoning present-day
community, have realized varying magnitudes of light-to-work
transduction in soft materials. This talk will focus on our recent work
examining glassy, azobenzene-functionalized liquid crystalline polymer
networks (LCNs). The talk will focus on the exploitation of the unique
self-organized properties of liquid crystalline polymeric materials to yield
compliant, multi-dimensional shape adaptations. Results observed in
liquid crystalline systems will be contrasted to those observed in non-
liquid crystalline, high performance (Tg ~ 220-350 °C) azobenzene-
functionalized polyimides (Pls). The talk will end by contrasting the
unique opportunities afforded to each system (LCNs and Pls) with
respect to optically fixable shape memory.

A-15.3:L03 Photo-responsive Polymeric Structures Based on
Spiropyran

L. FLOREA, D. DIAMOND, F. BENITO-LOPEZ, CLARITY: Centre for
Sensor Web Technologies, National Centre for Sensor Research, School
of Chemical Sciences, Dublin City University, Dublin, Ireland

Spiropyrans are one of the most popular classes of photochromic
compounds in science due to their potential applicability in new
technologies like data recording and storage and optical switching
displays'. Spiropyrans offer new routes for the fabrication of
multifunctional materials that take advantage of their photo-reversible
interconversion between two thermodynamically stable states: a
spiropyran form, and a merocyanine form, which have dramatically
different charge, polarity and molecular conformations?. In this work,
polymer brushes based on spiropyran were synthesised on the interior
of micro-capillaries to study the control of solvent flow through a confined
space as well as the spiro-brushes sensing capabilities. We demonstrate
that using "grafting from" approach we obtained a 3D arrangement of
polymer brushes covalently attach to the inner wall of the micro-capillary
where the spiropyran moiety has the freedom to open and close in
response to light (ultraviolet, white light). This type of manipulation of
capillary surface properties using light aims to develop new modes of
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controlling liquid transport in micro-confinements as well as to generate
micro-integrated optical sensors.

1. G. Jiang et al, Adv. Mater., 2008, 20, 2888.
2. H.Tian et al, J. Mater. Chem., 2008, 18, 1617.

A-15.3:IL04 Photoresponsive Liquid Crystalline Polymeric
Materials

D.J. BROER, Eindhoven University of Technology, Eindhoven, The
Netherlands

In-situ photopolymerization of liquid crystalline (LC) monomers has
proven to be a valuable technique for the formation of well-ordered
polymer networks. Their anisotropic properties led to a variety of
applications in optics, electronics and mechanics. The use of light to
initiate polymerization enables lithographic approaches for patterning.
The LC behavior enables formation of complex morphologies on
molecular level. Controlling the director profile of an LC network film in
transversal direction gives geometrical morphing upon minor changes
in order parameter. Examples of suited profiles of molecular orientation
are twisted or splayed director configurations tied up in the network
configuration. Reversible order parameter changes can be induced by
a variety of means. It can be simply induced by temperature changes
resulting in gradients in thermal expansion over the cross-section of the
film. But more sophisticated and of interest for applications is a light
induced change as a result of the E-Z isomerization of a built-in azo
group. In the presentation various complex light-induced morphing
figures will be discussed as being controlled by orientation patterns of
the LC network molecules. Examples are the formation of surface
topologies in thin film coatings, light-source tracking in bending beams
and controlled folding and wrinkling of flat films.

A-15.3:L05 Azobenzene-containing, High Tg, Crosslinked &
Linear Aromatic Polyimides: Photo-mechanically Bendable and
Twistable Cantilevers

LOON-SENG TAN, D.H. WANG?, KYUNG MIN LEEP, ZHENNING
YU°, H. KOERNER?, R.A. VAIA, TJ. WHITE, Materials & Manufacturing
Directorate, Air Force Research Lab., Wright-Patterson Air Force Base,
OH, USA; @UES, Inc. Dayton, OH, USA; *Azimuth Corp. Dayton, OH,
USA; °Dept. of Chemistry, Wright State University, Dayton, OH, USA

We report the synthesis and photodirected bending and twisting
behaviors of amorphous, high glass-transition temperature (Tg: 220-
246 °C) polyimides crosslinked by a novel tris(azobenzene-amine)
crosslinker (5-30 mol%). In parallel with Tg, the modulus also increases
with increasing crosslinker concentration. Cantilevers composed of these
azobenzene polyimide networks (azo-CP2), upon exposure to linearly
polarized 442 nm light, have shown photodirected bending that is
governed by the orientation of polarization, and ranges from +20° to -
20°. The polarization-controlled forward/backward, symmetrical/
asymmetric bending motions are shown to be strongly dependent on
azobenzene/crosslinker concentration as well as thickness and aspect
ratio of the cantilevers. Upon removal of the incident light, the cantilevers
are photoelastic, restoring to the original vertical position. This is in
contrast to the photo-fixing behavior observed for polydomain glassy,
azobenzene-containing liquid crystalline network (azo-LCN) polymers
when exposed to 442 nm light previously reported. Synthesis and
photomechanical properties of several structurally related linear
polyimides with varied degree of semicrystallinity will also be presented.

A-15.3:L06 Light Responsive Polyolefins by Post-Reactor
Modification

F. CICOGNA, S. COIAI, S. MONTI, E. PASSAGLIA, Istituto di Chimica
dei CompostiOrganometallici (ICCOM-CNR) UOS PISA, Pisa, ltaly; G.
PRAMPOLINI, V. BARONE, Scuola Normale Superiore, Pisa, ltaly

Smart polyolefins displaying photophysical properties, such as
fluorescence emission and response to light stimuli, are very attractive
materials for a broad range of applications, as the advanced/functional
packaging. Completely apolar matrices like polyolefins are not miscible
with the majority of colorant and chromophores, which are polar and/or
aromatic molecules. A valuable alternative to the physical mixing is the
chemical grafting of the colorant/chromophore onto the polyolefin
backbone. Recently, a new radical post-reactor modification method,
based on the reaction between nitroxide derivatives and polyolefin
macroradicals generated by peroxides, offers the possibility to prepare
functionalized polyolefins with a good control of the macromolecular
architecture and functionalization degree. The simple esterification of



HO-TEMPO with carboxylic acid derivatives bearing chromophoric
groups allows the preparation of smart polyolefins, by transferring the
optical properties from the functionality to the polymer The
functionalization of a copolymer ethylene/1-octene with different
chromophoric TEMPO derivatives and the photophysical properties of
the functional materials are here discussed.

This research is funded by the Project "POLOPTEL" La Fondazione
CARIPISA conv. 167/09.

Session A-15.4
Magneto-sensitive Materials

A-15.4:]L01 Magnetic Heating of Polymer-SPION Hybrid
Materials: From Fundamental Studies to Externally Triggered
Drug Delivery

R. HOOGENBOOM, Supramolecular Chemistry Group, Dept. of
Organic Chemistry, Ghent University, Ghent, Belgium; S. ROVERS, J.
KEURENTJES, Process Development Group, Dept. of Chemical
Engineering and Chemistry, Eindhoven University of Technology,
Eindhoven, The Netherlands

Drug release from a polymeric matrix has been externally triggered
using an alternating magnetic field in order to develop an on-demand
drug delivery implant. Fundamental studies on the heating of
superparamagnetic iron oxide nanoparticles (SPION) in an alternating
magenitc field have been performed revealing that the Néel relaxation
is the predominant heating mechanism for small SPION using an
oscillation frequency of 745 kHz. Furthermore, it was demonstrated
that a better distribution of SPION in a poly(methyl methacrylate) (PMMA)
matrix leads to faster and more efficient heating in an oscillating magnetic
field. Finally, a SPION containing PMMA core was coated with a thermo-
responsive layer of poly(butyl methacrylate-stat-methyl methacrylate)
containing ibuprofen as a model drug. The release rate of ibuprofen
reversibly increased upon exposure to the magnetic field and was found
to increase with higher iron oxide loading. Finally, magnetically triggered
on-demand drug release was demonstrated under physiologically
relevant conditions, namely 37 °C in PBS buffer with high ibuprofen
content in the implant and only 15 minutes triggering time.

A-15.4:IL02 Electrically- and Magnetically Induced Motility of
Polymer Gels and Smart Composites

M. ZRINYI, Semmelweis University, Laboratory of Nanochemistry,
Department of Biophysics and Radiation Biology, Budapest, Hungary

Electric-, and magnetic field sensitive polymer gels and elastomers are
soft smart materials whose elastic- and thermodynamic properties are
strong function of the field strength imposed upon them. Colloidal (nano-)
particles with special electric and magnetic properties are built into
flexible polymer matrix. The particles couple the shape of the gel (or
elastomer) to the external fields. Shape distortion occurs instantaneously
and disappears abruptly when electric- or magnetic field is applied or
removed, respectively. Giant deformational effect, field controlled elastic
modulus, non-homogeneous deformation and quick response to
magnetic- and electric field open new opportunities for using such
materials for various applications. The development of smart polymer
composites that show spinning in static uniform field will also be
presented. The rotating disk acts like micro sized motors with tuneable
angular frequency.

A-15.4:L03 Magnetic lonogels for Fluid Handling in Microfluidic
Devices

B. ZIOLKOWSKI, K.J. FRASER, R. BYRNE, D. DIAMOND, CLARITY:
The Centre for Sensor Web Technologies, National Centre for Sensor
Research, Dublin City University, Dublin, Ireland

Designing robust, reliable and calibration-free chemical sensors was,
and still is, an unrealised dream of for analytical chemistry.
Miniaturisation, lower cost and self maintenance of sensors can be
achieved by the use of smart, stimuli responsive materials. Such material
that actuates only when the desired event occurs would increase the

lifetime of sensors.! Those sensors could then be deployed ubiquitously
to monitor environment conditions in many places at the same time,
building a chemical sensor network. Here we present, novel "ionogels"
that respond to magnetic stimuli. Magnetic susceptibility is provided by
means of surface-functionalised magnetic particles. This
functionalisation allows the particles to be covalently attached to the
gel polymeric matrix. Consequently the particles are permanently trapped
in the gel. Moreover, due to the hydrophobic nature of the incorporated
ionic liquid, the ionogels can swell but do not leach out into water.
Mechanical and magnetic properties of the gels are presented. The
inherent properties of these "magnetic ionogels" make them an ideal,
low-power actuator material for fluid handling in microdevices.

1. R. Bymne, F. Benito-Lopez, D. Diamond, Materials Today 2010, 13, 9.

A-15.4:L04 Deformation Mechanisms in Iron-particle Magneto-
rheological Elastomers: Experiments and Theory

K. DANAS, N. TRIANTAFYLLIDIS, LMS, Ecole Polytechnique,
Palaiseau, France; S.V. KANKANALA, BD Technologies, Salt Lake
City, NC, USA

Magnetorheological elastomers (MRESs) of this study are ferromagnetic
particle impregnated rubbers whose mechanical properties are altered
by the application of external magnetic fields. Due to their coupled
magnetoelastic response, MREs are finding an increasing number of
engineering applications. In this work, we present a combined
experimental, numerical and theoretical study of the response of a
particular MRE consisting of a rubber matrix phase with spherical carbonyl
iron particles. The MRE specimens used in this work are cured in the
presence of strong magnetic fields leading to the formation of particle
chain structures and thus to an overall transversely isotropic composite
material. The mechanism of deformation in the MRE is studied
numerically and experimentally using simple microstructural systems of
particles subjected to uniformly applied magnetic fields. The effect of
the initial particle chain orientation with respect to the mechanical and
magnetic loading direction is analyzed.

Session A-15.5
Degradable, Stimuli-sensitive Polymers

A-15.5:IL017 Redox-responsive Degradation of Poly(ethylene
glycol) (PEG) Based Cryogels
F. DU PREZ, T. DISPINAR, L. DE COCK, B. DE GEEST, Polymer
Chemistry Research Group, Ghent University, Ghent, Belgium;
Laboratory of Pharmaceutical Technology, Dept. of Pharmaceutics,
Ghent University, Ghent, Belgium

Cryogels are macroporous hydrogels that are produced in a partially
frozen medium in which the reactants are concentrated in the unfrozen
regions and then polymerize to a dense polymeric matrix in between
the frozen regions. Compared to hydrogels, cryogels have large
interconnected pores with pore sizes ranging from 10-100 micrometer.
Cryogels as macromolecular scaffolds have attracted widespread
attention from areas in both biology and material sciences. In particular,
their similarities to the natural extracellular matrices make them promising
materials as synthetic scaffolds for tissue engineering. In this study,
redox-responsive degradable poly(ethylene glycol) based cryogels were
prepared via a step-growth polymerization process. A Michael addition
strategy involving the reaction between maleimide double bond and
amine group has been investigated for the synthesis of cryogels. Low
molecular weight PEG-based building blocks with amine end groups
and disulfide containing building blocks with maleimide end groups
were combined to synthesize such cryogels. A toxicologic analysis
showed that the degradation products do not have any negative effect
on the cell viability. Cell seeding experiments demonstrated the potential
of these cryogels as scaffolds in tissue engineering.
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A-15.5:1L02 Biodegradable Shape Memory Polymeric Composites
LIN WANG, HONGMEI CHEN, SHAOBING ZHOU, School of Materials
Science and Engineering, Key Lab. of Advanced Technologies of
Materials, Ministry of Education, Southwest Jiaotong University,
Chengdu, PR. China

Shape memory polymeric composite can be defined as that the
composite can be fabricated by mixing one filler having some specific
functions with the other shape memory polymer via a physical or chemical
reaction, and thus the composite possesses not only the original shape
memory property of polymert but also some new properties from fillers.
They, as emerging active materials, whose shape can be changed in a
predefined way under a certain external stimulus, have been drawing
more and more attention due to their potential applications in
medicine'®. During the last 5 years, our group have also investigated
the shape memory effect of biodegradable polymer composites such
as poly(D,L-lactide)/hydroxyapatite (PLA/HA)>4 crosslinked poly(e-
caprolactone) (c-PCL)/Fe304 %6,and c-PCL/multiwalled carbon
nanotubes (MWNTs)”®.The nature of shape memory effect for these
polymer composites belongs to thermal response although the effect
was stimulated with heat, alternating magnetic fields and electrical fields.

1. A. Lendlein et al, Science, 2002, 296: 1673; 2. A. Lendlein et al,
Angew Chem. Int. Ed. 2002.41: 2034; 3. X. Zheng et al, Biomaterials,
2006, 27, 4288; 4. S. Zhou et al, Chem Mater. 2007, 19: 247; 5.X.
Zheng et al, Colloid Surface B. 2008, 71: 67.

A-15.5:/L03 Smart Multifunctional Polymers from Polymerisation
of Multi-vinyl Monomers

WENXIN WANG, Science Foundation Ireland (SFI), Network of
Excellence in Functional Biomaterials, National Centre for Biomedical
Engineering Science, Dept. of Mechanical and Biomedical Engineering,
National University of Ireland, Galway, Ireland

To develop advanced hydrogel system for tissue engineering application,
PEG based in situ crosslinking hybrid hydrogel composed of
thermoresponsive copolymer and natural extracellular matrix (ECM)
has been developed. A well defined PEG based hyperbranched
thermoresponsive copolymer with high content of acrylate vinyl groups
was synthesized via a 'one-pot and one-step' deactivation enhanced
atom transfer radical polymerisation (DE-ATRP) approach, which
provided an injectable and in situ crosslinkable system via Michael-type
thiol-ene reaction with a thiol modified Hyaluronan biopolymer. The
Lower Critical Solution Temperature (LCST) of this copolymer is close
to body temperature, which can result in a rapid thermal gelation at
37°C. The SEM analysis of crosslinked hydrogel showed the network
formation with porous structure and 3D cell culture study demonstrated
the good cell viability after the cells were embedded inside the hydrogel.
This injectable and in situ crosslinking hybrid hydrogel system offers
great promise as a new class of hybrid biomaterials for tissue engineering.

A-15.5:L04 Tailoring the Thermo-Mechanical Properties of
Biodegradable Poly(beta-amino ester) Shape-Memory Polymers
D.L. SAFRANSKI, K. GALL, Georgia Institute of Technology, Atlanta,
GA, USA and MedShape Solutions, Atlanta, GA, USA; D. WEISS, W.R.
TAYLOR, Emory University, Atlanta, GA, USA

A novel class of biodegradable shape memory polymers (SMP) has
been developed by combining biodegradable poly(beta-amino ester)s
(PBAE) with methacrylate monomers. These networks degrade due to
the hydrolytically cleavable PBAE crosslinkers, display shape-memory
due to the crosslinked network, and exhibit enhanced stiffness and
toughness by adding methyl methacrylate. The objective was to tailor
the degradation, shape-memory, and mechanical properties of PBAE
networks for specific biomedical applications. The degradation rate is
controlled by changing the chemical structure of the PBAE, where
increasing the hydrophilicity of the diacrylate increases the degradation
rate. The activation temperature (Tg) was tuned by adding methyl
methacrylate to the PBAEs, where the Tg can range from -40°C to
80°C. The networks displayed near 100% free-strain shape recovery
when heated above their Tg. Select networks showed an increase in
mechanical properties with time during in vitro degradation due to
changes in thermo-mechanical properties. Further in vivo testing has
verified the temporally tunable mechanical properties and with favorable
biocompatibility. These tailorable biodegradable SMP have potential for
cardiovascular and orthopedic applications.
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Session A-15.6
Multimaterial Systems

A-15.6:IL07 Shape Memory Polymer Nanocomposites Research
and Applications

I.S. GUNES', G.A. JIMENEZ?, F. CAO?, S.C. JANA?, 'Currently at 3M,
Minneapolis, USA; 2Currently at National University of Costa Rica;
SCurrently at Lubrizol, Brecksville, USA; “Department of Polymer
Engineering, University of Akron, Akron, OH, USA

Shape memory polymers find numerous applications as surgical sutures,
stents and implants, breathable fabrics, packaging materials, and
polymeric smart antenna. This talk aims to present a review of recent
progress made on shape memory polymers (SMPs), particularly on the
development of shape memory polymer nanocomposites. A major
drawback of shape memory polymers is low recovery stress, of the
order of 10 MPa, compared to 500 MPa for shape memory metal alloys
and ceramics. This limits the effectiveness of shape memory polymers
in applications requiring shape recovery under constraining stress. In
this paper, we exploit nanotechnology to obtain large enhancements in
shape recovery stress from shape memory polymer nanocomposites.
We capitalize on a set of heuristics that has emerged as the field of
polymer nanocomposites matured substantially in last decades. It is
now well-established that small quantities - often less than 10 wt% - of
nanoscopic inorganic fillers are combined with host polymers to obtain
large enhancements in mechanical and thermal properties. This paper
evaluates the potential of several nanofillers on enhancement of shape
recovery stress of shape memory polyurethanes.

A-15.6:/L02 Laminated Shape Memory Elastomeric Composites
E.D. RODRIGUEZ', D.C. WEED?, P.T. MATHER?, 'Mechanical and
Aerospace Engineering, Syracuse University; 2Biomedical and Chemical
Engineering, Syracuse University, Syracuse, NY, USA

Recently, we reported on shape memory elastomeric composites (SMEC)
based on thermoplastic nanofibers embedded in a crosslinked
elastomeric matrix. In this report, we have prepared anisotropic films of
the same materials by orienting the nanofibers prior to matrix
incorporation. Moreover, anisotropic shape memory elastomeric
composites (A-SMEC) were fabricated using a three step process by
electrospinning nanofibers, infiltrating with a rubber matrix, and
crosslinking. Mechanical testing was conducted to investigate the
change in Young's modulus, strength, and strain-to-failure as functions
of fiber orientation direction. Shape memory characterization was
conducted, revealing that shape fixing (decreased substantially as the
fiber orientation approached the transverse direction. Near complete
shape recovery (Rr) for all composites tested, regardless of fiber
orientation, was observed. In a second phase of the research, we have
prepared laminated shape memory elastomeric composites (L-SMEC)
in which stacks of A-SMEC plies are assembled to yield tailored SMPs
with quite unique characteristics, including chiral response. We will
reveal a number of new shape memory phenomena observed for the L-
SMEC materials and suggest applications.

A-15.6:IL03 Multifunctional Shape-memory Polymers

A. LENDLEIN, Center for Biomaterial Development and Berlin-
Brandenburg Center for Regenerative Therapies, Institute of Polymer
Research, Helmholtz-Zentrum Geesthacht, Teltow, Germany

Shape-memory polymers are an example for converting stimuli-
responsive effects on the molecular/morphological level into
macroscopic movement. They can be designed to be histo-compatible
and biodegradable resulting in multifunctional materials. Potential
biomedical applications have been described, as these demand different
combinations of properties and functionalities of the applied biomaterials.
Polymer systems are developed, which allow tailoring of macroscopic
properties by only small changes in molecular parameters. Non-contact
triggering of shape changes was realized by incorporating magnetic
nanoparticles in shape-memory polymers. These compounds are
heated inductively when they are submitted to alternating magnetic
fields. Furthermore, triple-shape materials are introduced, which are
able to perform two subsequent shape changes. Finally, the temperature-
memory polymers and shape-memory polymers, whose apparent
switching temperatures can be magnetically adjusted, are presented.

M. Behl et al, Adv Mater (2010) 22, 3388, A. Lendlein et al, Expert Rev



Med Devic (2010) 7,357; J. Zotzmann et al, Adv Funct Mater (2010) 20,
3583, J. Zotzmann, et al, Adv Mater (2010) 22, 3424, U. Narendra
Kumar et al, Adv Mater (2011) 23, 4058; K. Kratz et al, Adv Mater (2011)
23, 4058.

A-15.6:1L04 Mechanically Assisted Photolithography

C. KLOXIN, University of Delaware; Department of Materials Science
and Engineering, and Department of Chemical Engineering; Newark,
DE, USA

Mechanophotopatterning (MPP) on a covalent adaptable elastomeric
network enables the fabrication of well-defined topographical surface
features or textures by exposure to light without the need for solvents,
molding, or physical contact'. MPP is a unique patterning approach
whereby deformation is applied to an elastomeric material capable of
photoinduced structural modification to alter its equilibrium geometry.
This material responds to MPP by continuously and locally deforming
via polymer network connectivity rearrangement, enabling three-
dimensional control of its geometry. Unlike conventional photolitho-
graphic approaches, MPP forgoes any wet chemistry or surface
deposition/modification processing and simplifies multi-tiered feature
fabrication. Furthermore, in contrast with mechanically assisted patterning
techniques that utilize buckling phenomena, MPP on a photoresponsive
elastomer allows an arbitrary-sized and designed feature to be written
into the material multiple times, while also being able to change the
overall shape of the material.

1. Kloxin, Scott, Park, Bowman, Adv. Mater. 23 (17) 1977 (2011).

A-15.6:L05 Magnetic Field Induced Formation of Magnetic Wires
into Thin Elastic Membranes with Controlled Properties

D. LORENZO, D. FRAGOULI, G.C. ANYFANTIS, Center for
Biomolecular Nanotechnologies (CBN) - Italian Institute of Technology
(IT)@UniLe, Arnesano (LE), Italy; C. INNOCENTI, INSTM-RU of
Florence and Dept. of Chemistry, University of Florence, Sesto F.no (FI),
ltaly; G. BERTONI, Italian Institute of Technology (IIT), Genova, ltaly; R.
CINGOLANI, A. ATHANASSIOU, Center for Biomolecular
Nanotechnologies (CBN) - ltalian Institute of Technology (IIT)@UniLe,
Arnesano (LE), Italy, Italian Institute of Technology (IIT), Genova, Italy

We present the formation of magnetic polymeric membranes containing
periodically aligned magnetic wires. The membranes are formed by
spin coating a homogeneous solution containing an elastomeric polymer
and colloidal super-paramagnetic nanoparticles on glass substrates.
The application of a homogeneous magnetic field during the curing of
the polymer, results in the alignment of the nanoparticles parallel to the
magnetic lines forming thus wire like structures. The length and the
width of the wires and the periodicity between them can be effectively
controlled by the external magnetic field, as revealed by detailed
microscopy studies. The study of the magnetization of the structured
membranes using SQUID, showed a strong directional dependence
with the wires, revealing anisotropic magnetic properties with the degree
of anisotropy to depend on their dimensions and period. Monte Carlo
simulations confirmed the experimental results revealing thus the
mechanism of the wires formation. In this way the ability to manipulate
the distribution of wires by magnetic field into the polimeric matrix offers
significant prospects for the improvement of the properties of this novel
class of materials.

A-15.6:1L06 Mechanically Adaptive Polymer Nanocomposites
for Biomedical Implants and other Applications

C. WEDER, Adolphe Merkle Institute, University of Fribourg, Marly,
Switzerland

Motivated by the objective to create mechanically adaptive implants,
which are sufficiently rigid to allow for implantation, but soften thereafter
to match the stiffness of their environment, we developed a new
approach to chemically-responsive, mechanically adaptive polymer
nanocomposites. These materials are inspired by the architecture and
function of the skin of sea cucumbers, which can change its stiffness
'on command". Our artificial nanocomposites adopt the architecture of
this adaptive tissue and are comprised of low-modulus polymer matrices
and rigid cellulose nanofibers. The non-covalent interactions between
the percolating cellulose nanofibers can be mediated by exposure to
water. Through modest swelling under physiological conditions the
reinforcing cellulose network is disrupted, resulting in a dramatic modulus
reduction. A detailed understanding for the structure-property
relationships in these materials is being developed and the current

understanding will be discussed. The new materials were used to probe
the hypothesis that the formation of a glial scar, which has been identified
as a problem for cortical interfacing, is related to the mechanical
mismatch between the soft brain tissue and rigid cortical implants.

A-15.6:L07 Thermally-Induced Shape-Memory Effect of
Nanocomposites with Poly(omega-pentadecalactone) Switching
Segments Under Constant Stress

M.Y. RAZZAQ, M. BEHL, A. LENDLEIN, Centre for Biomaterial Develop-
ment, Institute of Polymer Research, Helmholtz-Zentrum Geesthacht,
Teltow, Germany

Shape-memory polymers (SMP) are stimuli-responsive materials, which
change their shape upon application of an external stimulus such as
heat or light." Incorporation of magnetite nanoparticle (mNP) in the
SMP matrix enables remote actuation of the shape-memory effect by
inductive heating.2® Here, we report on the thermally-induced SMP
nanocomposites based on poly(w-pentadecalactone) and mNP
actuated under constant stress conditions. The shape-memory
properties of the nanocomposites were quantified after a one step
programming procedure in cyclic thermomechanical experiments, in
which the stress was held constant during cyclic temperature variation.
Here, nanocomposites showed crystallization induced elongation (CIE)
and melting-induced contraction (MIC). A restraining effect of the mNP
on the chain mobility, which resulted in a decreased CIE with increasing
mNP content was observed. This enables SMPs, in which the extent of
elongation or contraction caused by temperature change under stress
can be controlled by the mNP content.

1. M. Behl et al, Adv. Mater. 2010, 22, 3388; 2. M.Y. Razzaq et al, Mater.

Res. Soc. Symp. Proc. 2009, 1140. 185; 3. R. Mohr et al, Proc. Natl.
Acad. Sci. USA 2006, 103, 3540.

Session A-15.7
Applications of Actively Moving Polymers

A-15.7:IL017 Shape Memory Polymers for Biomedical Applications
D.J. MAITLAND, Texas A&M University, College Station, TX, USA

Our experience with shape memory polymers (SMP) began with a
project to develop an embolic coil release actuator in 1996. This was
the first known SMP device to enter human trials. Recent progress with
the SMP devices include multiple device applications (stroke treatments,
stents, other interventional devices), functional animal studies, synthesis
and characterization of new SMP materials, in vivo and in vitro
biocompatibility studies and device-tissue interactions for the laser,
resistive, or magnetic-field activated actuators. The CIMTEC 2012 paper
will highlight our most recent work in SMPs and SMP devices: foam
scaffolds for treating aneurysms, healing pathology of implanted foams,
clotting dynamics in the foam, new SMP materials, and modeling SMP
devices.

A-15.7:1L02 Synthesis of Shape Memory Polymers for Structural
Applications
I.A. ROUSSEAU, General Motors Company, Warren, MI, USA

Epoxy resins are not widely used as shape memory polymers (SMP's)
even though their intrinsically advantageous physical properties and
ease of processing are conducive to making them promising base
materials for highly demanding shape memory (SM) applications.
Although proven to show excellent shape memory effect, the main
disadvantage of SM epoxies resides in their inherently low ultimate
strains, which translates to low deformation strains compared to those
reachable by conventional SMP's. Recently developed SM epoxies are
discussed with an emphasis on synthetic and engineering routes usable
for improving their deformability range, strength while maintaining their
intrinsically good thermal and chemical stability, their high thermal
transition (i.e., SM transformation temperature), and their excellent SM
properties. The shape memory behavior of these epoxies is therefore
discussed in lights of their composition, structure and shape memory
'programming'.
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A-15.7:L03 Soft Microorigami: Stimuli-responsive Self-folding
Polymer Films
L. IONOV, Leibniz Institute of Polymer Research, Dresden, Germany

Asymmetry is intrinsic to natural systems and is widely used by living
organisms for efficient adaptation, mimicry and movement. Polymer
bilayers are the example of synthetic asymmetric systems, which are
able to generate macroscopic motion and fold by forming different 3D
objects such as tubes and capsules. Similar to bimetal films, the polymer
bilayer consists of two substances with different swelling properties.
One polymer is non-swellable and hydrophobic. Another polymer is
water-swellable hydrogel. The folding, which might occur in response
to temperature or pH, is caused by swelling of the hydrogel layer. The
formed tubes and capsules can be manipulated using magnetic field.
Reversible folding and unfolding of the polymer films is applied for
reversible capture and release of cells in response to change of
temperature and other signals. This novel biomimetic approach can be
used for controlled encapsulation and release of microparticles, cells
and drugs as well as fabrication of 3D scaffolds for tissue engineering.

A-15.7:1L04 Shape-Memory Polymers as Drug Carrier - Points to
be considered

C. WISCHKE, A. LENDLEIN, Center for Biomaterial Development and
Berlin-Brandenburg Center for Regenerative Therapies, Helmholtz-
Zentrum Geesthacht, Teltow, Germany

Novel polymer matrices are demanded in modern medicine such as
minimally-invasive procedures, which require implants that can be
inserted in a compact shape and acquire their functional shape on
demand. Drug release could help to provide the required dose only
locally, e.g., to treat infections or to attract specific cells. A well controlled
degradation of implants may be desired to allow for a functional tissue
regeneration. Degradable shape-memory polymer networks (SMP)
exhibit the capability for active movement upon exposition to stimuli
such as heat, can incorporate drugs, and can degrade hydrolytically.
For combining these capabilities resulting in a multifunctional material,
independence of the functionalities has to be shown. Based on examples
of semi-crystalline and amorphous copolyester SMP networks, the
associated challenges are reported including the effect of drug loading
on SMP functionality and degradability as well as the effect of network
breakdown on material properties/functions including drug release'.

1. Wischke et al, J. Contr. Rel. 138: 243-250 2009; 2. Wischke et al,
Macromol. Biosci. 10: 1063-1072 2010, 3. Wischke et al, Eur. J. Pharm.
Sci. 41: 136-147 2010

A-15.7:L05 Electrostrictor with Monolithically Integrated CMOS
TFT Control

F. CARTA, YU-JEN HSU, J. SARIK, I. KYMISSIS, Columbia University,
New York, NY, USA

We present an electrostrictive polymer unimorph controllable with low
voltage through an integrated CMOS TFT control system. The
electrostrictor material can reach a strain up to 4% with an applied
electric field of 150V/um. We have actuated the device by applying a
voltage of 400V to the control system, and can actuate the control with
30V switching. The electrostrictor material was used both as the substrate
for the transistors and as the dielectric layer for the control circuitry. The
electroactive polymer used has a thickness of 5um and a relative
dielectric constant of 45. The transistors show good performance with
mobility of 0.1 cm ™ 2/(V*s), and lon/loff=100-1000 (primarily due to
gate leakage). The NFET (F16CuPc) had a Vt of approximately 6V, and
the PFET (pentacene) had a Vt of approximately -3 V. Using this
architecture, we were successfully able to repeatedly actuate a
unimorph bender under 30V control, and can scale this architecture to
larger systems wi th more controlled sites.

A-15.7:L06 Ethanol Induced Shape Recovery and Swelling in
Poly(methyl methacrylate) and Application in Fabrication of
Microlens Array

Y. ZHAO, C.C. WANG, W.M. HUANG, H. PURNAWALI, School of
Mechanical and Aerospace Engineering, Nanyang Technological
University, Singapore

Ethanol transportation in pre-deformed poly(methyl methacrylate)
(PMMA) is systematically investigated. Two different phenomena occur
simultaneously during this process. One is shape recovery, which results
from ethanol induced softening and plasticization of PMMA. The other
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is swelling, which results from ethanol induced molecular relaxation.
Based on this study, a new surface patterning method is proposed to
fabricate PMMA microlens arrays in a simple and cost-effective manner.

A-15.7:L07 Self-softening, Self-positioning 3D Flexible
Bioelectronics Enabled by Shape Memory Polymers

W. VOIT, The University of Texas at Dallas, Materials Science and
Engineering, Mechanical Engineering, Richardson, TX, USA

Shape memory polymers (SMPs) are shape-changing, stiffness-
changing, smart materials that recover imparted strains with tuned
recoverable forces at specific, tailorable temperatures. SMPs are utilized
as substrates for a new generation of 3D implantable flexible electronics
in which devices can be manufactured on a temporarily flat metastable
SMP surface. Upon heating the devices above the glass transition
temperature (Tg) of the SMP substrate, the devices recover into a
predefined 3D shape. To accommodate this shape change, local
deformations cannot exceed the strain capacity of the embedded
electrodes made from among other materials, gold and chrome, carbon
nanotubes (CNTs), and aluminum. For instance, 300 nm gold electrodes
with a 50 nm chrome adhesion layer on acrylic SMPs already show
permanent structural damage below strains of 15% while the underlying
substrate can be tuned to show recoverable strains of 800%. We use
photolithography to pattern specific electrode geometries on SMPs to
allow for the fabrication of high-strain capacity multi-electrode arrays,
cortical brain probes, RFID antennas and cochlear implant electrodes
with increased biocompatibility, tailorable mechanical properties, and
the ability to respond controllably to a wide variety of stimuli.

A-15.7:L08 Multi-functional Shape-memory Polymers and their
Composites

YANJU LIU', LIWU LIU', HAIBAO LV2, JINSONG LENG?, 'Department
of Astronautical Science and Mechanics, Harbin Institute of Technology
(HIT), Harbin, China; 2Centre for Composite Materials, Science Park of
Harbin Institute of Technology (HIT), Harbin, China

Shape-memory polymers undergo significant macroscopic deformation
upon the application of an external stimulus (e.g., heat, electricity, light,
magnetism, solvent and even a change in pH value). These unique
characteristics enable Shape-memory polymers to be used in a myriad
of fields, including clothing manufacturing, automobile engineering,
medical treatment, and aerospace engineering. Shape-memory
polymers can be applied in smart textiles and apparels, intelligent medical
instruments and auxiliaries, optical reflectors, intravascular delivery
system, self-disassembling mobile phones, shape-memory toys, and
automobile actuators and many more. This paper presents some recent
progress of multi-functional shape memory polymer smart materials
and their applications, for aerospace engineering such as space
deployable structures and morphing aircraft, which has highlighted the
need for development of these materials. A detailed overview of
development in these smart materials, of which the undergoing and
future applications are used in adaptive structures and active control, is
presented. The paper concludes with a short discussion for multi-
functional shape memory polymer smart materials and their composites
that are expected to extend the range of development and applications
available to the related researches and engineers.

Poster Presentations

A-15:P80 Epoxy Based Shape Memory Polymer Composites
with Different Textile Reinforcements

M. FEJOS, J. KARGER-KOCSIS, Department of Polymer Engineering,
Faculty of Mechanical Engineering, Budapest University of Technology
and Economics, Budapest, Hungary

Effects of different reinforcements on the shape memory behaviour of
an amine hardened epoxy resin were investigated. As reinforcing
materials textile fabrics and plies with unidirectional fiber alignment
were used. The reinforcing structures contained glass, carbon and
natural fibres. The shape memory behaviour (i.e. shape fixing, recovery
stress) of the reinforced epoxy composites was mostly characterized by
dynamic mechanical thermal analysis. The project was aimed at
contributing to deduce a straightforward reinforcing strategy to enhance
the recovery stress of epoxy-base shape memory polymer composites.



A-15:P83 Tailored One-way and Two-way Shape Memory
Response of Poly(e-caprolactone)-based Systems for Biomedical
Applications

S. PANDINI', S. PASSERA', T. RICCO', A. BORBONT', I. BODINI, D.
VETTURI', L. DASSA', D. CAMBIAGHI', K. PADERNI?, M. DEGLI
ESPOSTI?, M. MESSORI2, M. TOSELLI?, F. PILATI?, 'Dipartimento di
Ingegneria Meccanica e Industriale, Universita degli Studi di Brescia,
ltaly; 2Dipartimento di Ingegneria dei Materiali e dellAmbiente, Universita
degli Studi di Modena, Reggio Emilia, Italy

Towards a potential employ of shape memory polymers in applications,
such as smart medical devices and minimally invasive surgery implants,
biomaterials studies have focused the attention on biodegradable
polymers, like poly(e-caprolactone) (PCL). These researches are typically

aimed at developing materials with tailored properties, such as the
activation of the shape memory on desired temperature regions, typically
slightly above human body temperature. A series of crosslinked PCL
materials were obtained starting from linear, three- and four-arm star
PCL functionalized with methacrylate end-groups, allowing to tune the
melting temperature (Tm) on a range between 36 and 55 °C. After
deforming the specimens at 50% above Tm, the materials are seen to
fully restore their original shape by heating them on a narrow region
close to Tm; further, when the shape memory effect is triggered under
fixed strain conditions, the materials are able to exert stress on a range
between 0.2 and 7 MPa. The materials also display two-way shape
memory features, reversibly moving between two shapes when cooled
and heated under a fixed load. Finally, to investigate the application of
the PCL materials as self-expandable stent, shape memory experiments
are currently carried out on tubular specimens.
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B-1:/L01 Development of Ni-free Beta-Titanium Shape Memory
Alloys

S. MIYAZAKI, HEE YOUNG KIM, Division of Materials Science,
University of Tsukuba, Tsukuba, Japan

The Ti-Ni alloys have been successfully applied as biomaterials such as
orthodontic arch wires, guide wires and stents in addition to many
engineering applications. However, it has been pointed out that pure Ni
is a toxic element and causes Ni-hypersensitivity. Although the Ti-Ni
alloys are considered as safe in the human body based on experience
and scientific consideration, in order to solve the psychological problem
on the risk of Ni-hypersensitivity, Ni-free B-Ti SM and SE alloys have
been recently developed. There have been many attempts to improve
the superelastic properties of B-Ti alloys. Low temperature annealing
and aging have been shown to be effective in increasing the critical
stress for slip through sub-grain structural refinement and precipitation
hardening. Alloying is another useful method to increase the critical
stress for plastic deformation. Among various alloying elements the
most effective for increasing the critical stress for plastic deformation
are interstitial alloying elements such as oxygen and nitrogen. In this
presentation, the development of B-Ti SM and SE alloys is reviewed
including the basic characteristics such as the martensitic transformation
and shape memory properties in addition to recent reserch results of
these alloys.

B-1:/1L02 Nanostructured Shape Memory Alloys: Processing,
Martensitic Phase Transformations, Properties

T. WAITZ, C. MANGLER, G. STEINER, A. KOMPATSCHER, University
of Vienna, Physics of Nanostructured Materials, Vienna, Austria; M.
PETERLECHNER, University of Munster, Institute of Materials Physics,
Munster, Germany; T. ANTRETTER, F.D. FISCHER, Montanuniversitat
Leoben, Institute of Mechanics, Leoben, Austria; P MULLNER, Boise
State University, Materials Sciende & Engineering, Boise, Idaho, USA

Grain size at the nanoscale can strongly affect the unique
thermomechanical properties of shape memory alloys that are based
on a martensitic phase transformation. With decreasing grain size the
martensitic transformation is hindered; thermally and stress induced
transformations might be suppressed completely in grains smaller than
a corresponding critical value. On the other hand, the grain size might
be optimized to achieve a combination of tailored functional properties
and enhanced mechanical strength. Bulk shape memory alloys with
grain sizes in the range of several tens to several hundreds of nanometer
were processed by methods of severe plastic deformation followed by
annealing. The studied nanomaterials include NiTi shape memory alloys,
Ni-Ti-Hf high temperature shape memory alloys and Ni-Mn-Ga high
temperature ferromagnetic shape memory alloys. Different pathways
of the evolution of the small grains that might involve the formation of an
intermediate amorphous phase were encountered. The phase stability
and the martensitic morphology of the small grains were systematically
investigated. Considering a size dependent energy barrier opposing the
transformation the results were modeled using the general
thermodynamic framework of martensitic phase transformations.

B-1:/L03 High Temperature Shape Memory Alloys
J. PONS, R. SANTAMARTA, C. PICORNELL, E. CESARI, Dept. Fisica,
Universitat de les llles Balears, Palma de Mallorca, Spain

Since decades ago large research efforts have been devoted to develop
SMAs with stable behaviour above 150-200 °C, being of great interest
for the automotive, aerospace and energy industries, among others. In
the first part of the presentation, the main achievements in different
alloy systems will be reviewed, like Cu-Al-Ni-based alloys, ternary Ni-Ti-
X (X = Pd, Pt, Hf, Zr) and other systems with ultra-high transformation
temperatures (Zr- and Ru-based alloys). The second part will be devoted
to the author's recent work on ferromagnetic SMAs, like Ni-Mn-Ga, Ni-
Fe-Ga and Co-Ni-Ga. These systems have been worldwide intensively
studied for their capabilities in magnetic actuation, but some alloy
compositions exhibit a reproducible transformation at elevated
temperatures (up to ~620K), which allows to consider them as new
and promising HTSMAs. For instance, compositions around
Ni51Mn33Ga16 at%, transforming at ~580K, present an excellent
stability upon ageing in austenite. Ni-Fe-Ga and Co-Ni-Ga alloys exhibit
perfect superelasticity in a wide temperature interval reaching 720K,
and a very high strength (stress-induced transformation above 1GPa).
Current investigations of superelasticity and shape memory (thermal
actuation under stress) in single and polycrystals will be presented.
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B-1:/L05 New Trends in Research and Applications of SMA
Technologies

K. AKATYEVA, V. AFONINA, F. ALBERTINI, S. VON GRATOWSKI, A.
IRZHAK, S. FABBRICI, R. GIZATULLIN, V. KHOVAYLO, V. KOLEDOV,
V. SHAVROV, A. SHELYAKOV, KOTELNIKOV, IRE RAS, Moscow, Russia

SMA's have found applications in different technologies, but made
greatest impact in medicine. Present report reviews modern trends in
research and application of SMA's. By method of severe plastic
deformation it have appeared possible to obtain nanostructured NiTi
which is not only stronger than coarse grained, but has improved
functional properties. Thus, a medical implant can be made stronger
and thinner at the same time. This can create critical advantages in a
number of clinical cases. For example, dental implant can be installed
into thin jaw bones < 1 mm. By applying the techniques of modern
nanotechnology, the minimal dimensions of machined metal parts can
be made < 1 micron. It is demonstrated the design of nanotweezers
made of the TiNiCu SMA with overall size 10 microns, with size of
manipulated objects, for example CNT being 1000-10 nm. (See on the
web: www.smwsm.org/ll/micropincer.html http://www.youtube.com/
watch?v=pEGL _IcLxDs ). Using nanotools with SME it is possible to
solve such fundamental issues in biology as single cell or viruses
manipulation, though magnetic control of ferromagnetic SMA at constant
temperature would be preferable. The experiments on manifestation of
SME in microsamples of NiMnGa anf NiMnInCo ferromagnetic SMA's
are described.

B-1:/1L06 Development of Ni- and Fe-based Magnetic Shape
Memory Alloys

R. KAINUMA, Department of Material Science, Graduate School of
Engineering, Tohoku University, Sendai, Japan

In the past decade, many kinds of Ni-based magnetic shape memory
alloys, such as Ni-Fe-Ga', Ni-Co-Mn-In?, besides the Ni-Mn-Ga alloy
have been found by some research groups including us. Especially, the
Ni-Co-Mn-In shows a unique transformation from ferromagnetic
austenite to paramagnetic martensite phase and the magnetic-field-
induced shape memory effect (SME), namely the metamagnetic SME,
has been confirmed. On the other hand, our research group has very
recently reported two different kinds of new magnetic shape memory
alloys in ferrous alloy systems, Fe-Ni-Co-Al-Ta® and Fe-Mn-Al-Ni*. The
Fe-Ni-Co-Al-Ta alloy with the transformation from fcc to bct martensite
shows a huge superelastic (SE) strain over 14%, and the Fe-Mn-Al-Ni
alloy transforming from bcc to fcc martensite exhibits a unique SE
property in which the SE stress is almost independent of temperature.
In the presentation, characteristic features of magnetic, martensitic
and mechanical properties for these advanced Ni- and Fe-based
magnetic shape memory alloys will be reviewed.

1. K. Oikawa et al, Appl. Phys. Lett., 81 (2002) 5201; 2. R. Kainuma et al,
Nature, 439 (2006) 957, 3. Y. Tanaka et al, Science, 327 (2010) 1488;
4. T. Omori et al, Science, 333 (2011) 68.

B-1:IL07 Magnetostructural Transition Related Multifunctionality
in Martensitic Heuslers

M. ACET, L. MANOSA, A. PLANES, Experimentalphysik, Universitat
Duisburg-Essen, Duisburg, Germany; Dept. Estructura i Constituents
de la Materia, Facultat de Fisica, Universitat de Barcelona, Barcelona,
Catalonia, Spain

The strong coupling of the lattice and magnetic degrees of freedom in
martensitic Heusler alloys is the cause of a variety of effects such as
magnetic shape memory, magnetocaloric effects, giant magneto-
resistance, exchange bias, etc., which are currently being extensively
investigated. Among these, magnetic shape memory gives rise to large
recoverable strains when a magnetic field is applied and is of particular
interest for actuator applications. Large strains (~10%) can be induced
by a magnetic field within the martensitic state when high twin mobility
is present. Large strains can also be induced when the magnetic field,
applied in the martensitic state, causes a reverse transformation to the
austenitic state. This occurs when the field can lead to a strong shift of
the martensitic transformation temperature. We discuss here the various
types of strain in diverse martensitic Heusler systems probed by
microscopy, magnetization and neutron diffraction.
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B-1:L08 Giant Effects Under High Pressure and High Magnetic
Field in Co- and In- Doped NiMnGa Multifunctional Alloys

F. ALBERTINI, S. FABBRICI, IMEM-CNR, Parma, ltaly; J. KAMARAD,
Z. ARNOLD, Institute of Physics, AS CR, Prague, Czech Republic; L.
RIGHI, University of Parma, Chemistry Dep., Parma, Italy; D. SERRATE,
P ALGARABEL, University of Zaragoza, Inst. de Ciencia de Materiales
de Aragon, Zaragoza, Spain, M. DOERR, Tech University of Dresden,
Inst. Festkorperphys, Dresden, Germany; E. VAN ELFEREN, Radboud
University of Nijmegen, High Field Magnet Lab, Nijmegen, Netherlands

Ni2MnGa ferromagnetic shape memory alloys have drawn a lot of
interest for their multifunctional properties due to the occurrence of a
martensitic transformation (MT) and ferromagnetic states. We have
recently shown that by Co-doping Mn-rich Ni2MnGa alloys it is possible
to obtain a reverse MT between a paramagnetic low temperature phase
and a ferromagnetic high temperature one. The magnetization jump
between the two phases increases and consequently the possibility to
drive the martensitic transformation temperature by a magnetic field is
highly enhanced. In the present paper we show that Co-doping is also
very effective in increasing the sensitivity of the MT to the applied
pressure. A possible explanation to such behavior is related to the huge
volume difference between the parent and product phases that is greatly
enhanced by Co and is higher than any other NiMnY Heusler alloy are
found (Y being a llla-Va element). Recently performed magnetostriction
measurements in magnetic fields up to 30T confirmed the remarkable
structural (AV/V) and magnetic (dTM/dH) changes related to the MT.
Finally, we show how the additional doping of In further improves the
aforementioned functional properties, pushing these materials among
the most promising candidates for future applications.

B-1:L09 Making Smart Materials Smarter

I. KHAN, Chief Technology Officer (CTO), Innovative Processing
Technologies Toronto, Ontario, Canada; N. ZHOU, Canadian Research
Chair, University of Waterloo, Waterloo, Ontario, Canada

Continued advances in shape memory alloys (SMAs) have facilitated
their implementation in countless applications including aerospace,
automotive, medical and micro-electromechanical systems (MEMS)
devices. The ability of SMAs to 'remember' a shape has largely accounted
for their popularity and classification as smart materials. The underlying
mechanism responsible for the shape memory effect is a reversible
thermo-mechanical diffusionless phase transformation. SMAs have been
largely limited to 'remembering' a single shape, which has severely
limited their application. The current work details how binary NiTi (Nitinol)
alloys are made 'smarter' by locally altering phase transformation
characteristics. This was achieved by implementing a high power density
energy source to locally alter microstructure. Phase characterization
facilitated using DSC, XRD and TEM analysis confirmed locally altered
transformation temperatures while revealing metallurgical changes. Proof
of concept will be demonstrated by embedding additional memories
into a monolithic NiTi alloy. Consequently, a novel processing method,
called the Multiple Memory Material (MMM) technology was developed.

B-1:L117 Implications of Twinning Kinetics on the Dynamic
Magneto-mechanical Response in NiMnGa

E. FARAN, D. SHILO, Faculty of Mechanical Engineering, Technion,
Haifa, Israel

FSMA are a promising family of actuating materials, due to their ability
to undergo large magneto-mechanical induced strains, at potentially
high rates. Actuation capabilities are determined by the dynamics of
twinning reorientation, which is the underlying mechanism responsible
for these large strains. Quantitatively, twinning dynamics are described
by a fundamental kinetic relation between the applied driving force and
the resulted velocity of an individual twin wall. Recently, we quantitatively
extracted this relation in FSMA NiMnGa, revealing two distinct kinetic
laws for different ranges of the driving force. At velocities lower than
about 0.3 m/s, twin motion is a thermally activated process, controlled
by few nano-scale properties of the twin wall and by the presence of
defects. At higher velocities, twin wall motion is dictated mainly by the
crystal's viscosity. |dentification of these different governing material
parameters and their origins is important for crystal development and
optimization. For example, our analysis indicates that the quasi static
"twinning stress", commonly used for characterizing the easiness of
twin motion in FSMA is relevant only for actuation rates lower than 1 Hz,
while at higher frequencies different parameters must be considered.



B-1:L12 From Dual-shape/Temperature Memory Effect to Triple-
shape Memory Effect in NiTi Shape Memory Alloys

W.M. HUANG, C. TANG, C.C. WANG, H. PURNAWALI, Nanyang
Technological University, Singapore

Triple-shape memory effect (SME), i.e., recovering the original shape
through one intermediate shape upon heating, has been demonstrated
as an intrinsic feature of thermo-responsive shape memory polymers
(SMPs), but yet been achieved in shape memory alloys (SMAs). In this
paper, we present two programming approaches to realize the triple-
SME in NiTi SMAs. In both approaches, the deformation is uniform
throughout the whole length of samples without involving any permanent
change in material properties. The requirements/conditions for this
phenomenon and the underlying mechanisms are presented, together
with experimental verifications. As revealed, with this technique, now
we are able to achieve step-by-step motion control in SMAs.

B-1:L13 Alloy Design and Superelasticity in Fe-Mn-Al-Ni Alloy
T. OMORI, K. ANDO, I. OHNUMA, K. ISHIDA, R. KAINUMA, Tohoku
University, Sendai, Japan

Recently, we have reported that Fe-Mn-Al-Ni alloy shows the martensitic
transformation from the bcc phase to the fcc phase and superelasticity
with small temperature dependence of the critical stress for the
martensitic transformation’. In this paper, the alloy design from the view
point of phase stability and superelasticity will be presented. The
martensitic transformation in Fe-base alloys is normally from the fcc
phase to the bct or bee phase, but it is estimated from thermodynamic
analysis that the bcc phase can martensitically transform to the fcc
phase under condition that the stabilization of the bcc phase due to its
ferromagnetism is depressed by addition of Mnin Fe-X (X: ferrite stabilizing
element) systems. Actually, Fe-Mn-Al alloys with about 30-40%Mn
exhibit the non-thermoelastic martensitic transformation from the bcc
phase to the fcc phase'. Furthermore, it was found that the martensitic
transformation changes from non-thermoelastic to thermoelastic by
addition of Ni because of the formation of fine NiAl-B2 precipitates?.
Some unique transformation properties in the Fe-Mn-Al-Ni alloys, such
as the small temperature dependence of superelastic stress will be
discussed.

1. K. Ando et al, APL 95 (2009) 212504; 2. T. Omori et al, Science 333
(2011) 68.

Session B-2
Phase Transformation and Microstructure

B-2:IL07 Microstructure, Mechanism and Mesoscopic Modeling
of Shape Memory Alloys
A. SAXENA, Los Alamos National Lab., Los Alamos, NM, USA

Two perspectives on the modeling of shape memory alloys will be
presented. The first one involves a free energy based on the symmetry-
adapted strain tensor components as order parameter for the phase
transformation. A crystal group-subgroup relationship between the parent
and product phase is required in addition to the elastic compatibility
constraint. The latter leads to a long-range elastic interaction between
the order parameter strains and determines the type of microstructure
that is likely to emerge during the phase transformation. Coupling of
strain to other functionalities such as magnetism (e.g. in magnetic
shape memory alloys) will be considered. The second perspective entails
the mechanism of the shape memory phenomenon. In addition to
invoking the group-subgroup relationship, an analysis of orientational
relationship between the parent and product crystal structures as well
as reversible twinning modes will be presented. In particular, it will be
critically assessed as to why some alloys (e.g. NiTi, CuAINi) exhibit
good shape memory characteristics while others do not, e.g. ferrous
alloys. The intent is to demonstrate that most of the shape memory
allows can be understood consistently within a unified framework.

B-2:/L02 Mechanisms of Twinning and Twin Structures in Ni-
Mn-Ga

P. MULLNER, B. MUNTIFERING, Boise State University, Boise, D,
USA; R.C. POND, University of Exeter, UK

Deformation twinning is the lattice-invariant deformation conjunct to
martensitic transformations of shape memory alloys. Inter- and intra-
variant boundaries form between martensite variants with differently
and identically oriented Bain strains respectively. The triple lines of twins
with inter- and intra-variant boundaries host disclinations, which have a
rotational displacement field. Using TEM imaging, we characterize the
disclination structures of inter- and intra-variant boundaries in tetragonal
non-modulated martensite of Ni-Mn-Ga. At both boundaries, the
disclination arrays of twin stacks impose an ancillary tilt of a few degrees.
Inter-variant boundaries are sharp and parallel to {011}. Very thin twins
reach these boundaries, some of which taper away from the interface,
giving rise to a coarser twin structure in the bulk. At intra-variant
boundaries, symmetry-related deformation twins impinge: such
boundaries exhibit sub-micron {101} serrations, with overall orientation
parallel to {100}. The disclinations mutually screen their long-range
strain fields. Bend contours in TEM images reveal the interfacial strain
fields. Their periodicity corresponds to the coarser twin arrangement at
inter-variant boundaries and the wave length of serrations at intra-variant
boundaries.

B-2:/L03 Magnetic Shape Memory Materials: Martensitic
Structures and Transformation Behaviour

L. RIGHI, Dipartimento di Chimica GIAF, Universita di Parma, Parma,
Italy; S. FABBRICI, F. ALBERTINI, IMEM-CNR, Parma, ltaly

Multifunctional ferromagnetic shape memory Heusler Ni-Mn-Ga alloys
are frequently characterized by incommensurate structural modulation
in martensitic phases. In particular, modulated martensitic phases,
showing the higher magnetic field induced strain (MFIS) performance,
are the most promising candidates for technological applications.
Depending on the alloy composition this periodic structural distortion,
consisting of shuffling of atomic layers along defined crystallographic
directions, characterizes the martensitic transformation. So far, different
types of modulated martensitic structures have been observed and
classified depending upon the corresponding ideal nM superstructure.
Recently, structural studies based on a new approach provided a clear
crystallographic description of such incommensurate distorted
martensites. On the other hand martensitic transformation shows a
complex behaviour essentially constituted by two levels: lattice
deformation with structural modulation and occurrence of a particular
microstructure associated to multi-twinning. The detailed knowledge of
the martensitic crystal structures and corresponding microstructure
actually allows to clarify some fundamental aspects related to the MFIS
effect.

B-2:/L04 TEM Analyses of Various Domain Structures in Shape
Memory Alloys
Y. MURAKAMI, D. SHINDO, IMRAM, Tohoku University, Sendai, Japan

This paper reports on our recent transmission electron microscopy (TEM)
studies about complex microstructures observed in shape-memory alloys
and compounds. Lorentz microscopy observations revealed the
unexpectedly narrow magnetic domain walls observed at the positions
of antiphase boundaries (APB) in a Ni50Mn25AI12.5Ga12.5 alloy: the
observations estimated the wall width at 12 nm, which was substantially
smaller than the width at the APB-free position of 48 nm. The result was
reasonably explained by the depression of ferromagnetic interaction in
the neighborhood of APBs subjected to a chemical disorder. We also
mention about the anomalous magnetic phase transformation in a
spinel-type compound MnV204, which exhibits a significant
magnetostriction due to the twin boundary motions. Although this
compound formed well-defined magnetic domains due to long-range
ferrimagnetic order, the magnetic information was dramatically reduced
below 42 K. The results provide useful information for understanding of
the magnetic anomalies, such as the glassy behavior reported in this
temperature range.

These studies were conducted in collaborations with Prof. R. Kainuma,
Prof. T. Arima, and Dr. A. Tonomura.
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B-2:1L05 Self-accommodation of B19' Martensite in Ti-Ni Shape
Memory Alloys

M. NISHIDA, M. MITSUHARA, M. ITAKURA, Interdisciplinary Graduate
School of Science and Engineering, Kyushu University, Japan; T.
INAMURA, Precision and Intelligence Laboratory, Tokyo Institute of
Technology, Japan; T. HARA, National Institute of Materials Science,
Japan

The microstructure of the martensite in shape memory alloys is
characterized by the combination of multiple habit plane variants (HPVs)
to minimize the elastic strain energy upon transformation, which is so-
called self-accommodation (SA). In the present study, the SA morphology
of the B19' martensite is systematically investigated. There are twelve
pairs of the minimum SA unit consisting of two HPVs with V-shaped
morphology connected to a {-1-11}B19' Type-| variant accommodation
twin. It is found that an ideal SA morphology consists of three V-shaped
units, i.e., a total of six HPVs, clustered around one of the {111}B2
traces with hexagonal shape. Triangular and rhombic SA morphologies
are also observed. It is revealed that there are four kinds of characteristic
HPVs interface to complete the SA morphologies. The proposed models
are rationalized by the phenomenological theory of martensite
crystallography and the geometrically nonlinear theory. Three dimensional
SA morphologies are also discussed on the basis of a novel scanning
electron microscopy technique.

B-2:/L06 Elasticity and Damping Characteristics of SMA Single
Crystals, Polycrystals and Thin Films

M. LANDA, H. SEINER, P SEDLAK, L. BODNAROVA, Laboratory of
Ultrasonic Methods, Institute of Thermomechanics, ASCR, Praha,
Czech Republic

We discuss the applicability ultrasonic methods for precise determination
of elasticity and damping characteristics of ferroelastics in the form of
single crystals, polycrystalline materials and thin films. Particular
behaviors of SMAs as are strong elastic anisotropy of single crystals,
anomalous temperature dependence of elastic coefficients, their
change with magnetic field (ferromagnetic SMAs) natural tendency of
martensitic (low-symmetry) phase to form twinned structures as well as
texture and fine grains structure of polycrystalline materials induced by
technological processing are taken into account to the analysis of
mechanical properties of SMAs. It is shown that by using a modal
resonant ultrasound spectroscopy (RUS), the fully anisotropic elastic
tensor (21 independent coefficients) of textured and micro-structured
polycrystals can be determined, from which the symmetry class can be
estimated with a search method of mirrors in the elastic tensor. The
close correlation between the elastic anisotropy and the spatial
arrangement of the grain boundaries in the examined materials is evident.
The modified RUS and surface wave propagation (SAW) methods are
developed for evaluation of elasticity of thin surface layers. The pros
and cons of both approaches are summarized.

B-2:IL07 Isothermal Nature of Martensitic Transformations in
Some SMAs

T. KAKESHITA, T. FUKUDA, Department of Materials Science and
Engineering, Graduate School of Engineering, Osaka University, Osaka,
Japan

Martensitic transformations have been classified into two groups,
athermal and isothermal ones, from the view point of kinetics. Recently,
we found that an isothermal transformation changes to an athermal
one and vice versa by application of external fields such as magnetic
field and hydrostatic pressure. This finding suggests that any martensitic
transformation is intrinsically an isothermal one, but appears to be an
athermal one in many cases because of undetectably long or short
incubation time. In this presentation, we will demonstrate several
examples of isothermal nature observed in alloys which are so far
considered to exhibit an athermal transformation. That is, we show that
thermoelastic transformation in some shape memory alloys (SMAs),
such as Cu-Al-Ni, Ni-Co-Mn-In and Ti-Ni-Fe proceed isothermally after
some incubation time although each alloy has a so-called martensitic
transformation start temperature (Ms) when it is cooled with a constant
rate. These results are explained by a statistical thermodynamic model
derived by the authors.
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B-2:/L08 Twinning in Ni-Mn-Ga Martensites

YANLING GE, |. AALTIO, O. SODERBERG, S-P HANNULA, Aalto
University School of Chemical Technology, Department of Materials
Science and Engineering, Aalto, Finland; N. ZARUBOVA, Institute of
Physics, ASCR v.v.i., Prague, Czech Republic

Ni-Mn-Ga alloy can show up to 10% strain which is induced by external
magnetic field or stress with twinning reorientation mechanism.
Macroscopically comprehensive understanding has been obtained for
the twin boundary motion, and effecting factors such as twinning
morphology, external stress, temperature, and quality of the material.
Microscopically the interface structure, and the twinning mechanism,
i.e., twinning dislocation nucleation and movement in the atomic scale
is still a subject of intensive research. In this paper, the different twinning
systems in various martensite structures are outlined and their related
crystallography, together with their effect on the material properties are
reviewed and discussed.

B-2:]L09 Optimization of Smart Heusler Alloys from First
Principles

P. ENTEL, Faculty of Physics, University of Duisburg-Essen, Duisburg,
Germany

The strong structural and magnetic interrelation in ternary X-Y-Z Heusler
alloys is responsible for the appearance of magnetostructural phase
transitions and related properties. Here, X and Y are transition metal
elements and Z is usually an element from the Ill-V group. In order to
discuss the possibilities to optimize the magnetocaloric and magnetic
shape-memory effects, we use density functional theory calculations
from which the martensitic driving forces can be derived. We find that
the electronic contribution arising from the band Jahn-Teller effect is
one of the major contribution. The ab initio calculations also give a hint
of how to design new intermetallics with higher transformations
temperatures and higher ductility compared to the prototype alloy system
Ni-Mn-Ga. As an example, we discuss the quartenary alloy system Pt-
NiMn-Ga with properties very similar compared to Ni-Mn-Ga but with
higher maximal eigenstrain of 14% which can be reached in a magnetic
field.

B-2:/L70 Highly Mobile Twin Boundary in Ni-Mn-Ga Magnetic
Shape Memory Single Crystal
0. HECZKO, Department of Functional Materials, Institute of Physics
AS CR, Prague, Czech Republic

Magnetic shape memory effect or huge deformation in magnetic field
(up to 10% in Ni-Mn-Ga) is mediated by twin boundary motion. Thus the
mobility of the boundary is crucial for any application and it determines
the efficiency or even the existence of the effect. We investigated
mobility of different twin boundaries in modulated 5M martensite of Ni-
Mn-Ga in magnetic field. It was speculated that the modulated or
adaptive structure is the main reason for the high mobility. We found
that extreme high mobility, i.e. movement of twin boundary at external
stress below 0.1 MPa or in very low field less than 0.05 T or 500 Oe, can
be associated with the twin boundary of Type Il. Previously observed
lower mobility is connected the most probably with Type | twin boundary.
Additionally the temperature dependence of the mobility differs
according the type. Type Il exhibit rather weak dependence of mobility
on temperature whereas the Type | boundary seems to obey exponential
increase of twinning stress with decreasing temperature suggesting
thermal activation. The reasons for this observed different behaviour is
sought and the consequence for applications will be discussed.

B-2:L11 Theoretical Study of Magnetic Properties and Twin
Boundary Motion in Heusler Ni-Mn-X Shape Memory Alloys
Using First Principles and Monte Carlo Method

V.D. BUCHELNIKOV, V.V. SOKOLOVSKIY, M.A. ZAGREBIN, K.I.
KOSTROMITIN, S.V. TASKAEV, Chelyabinsk State University,
Chelyabinsk, Russia

Ferromagnetic Heusler Ni-Mn-X (X=Ga, In, Sn, Sb) alloys and these
alloys with addition other elements, for example Fe and Co, have
attracted much attention in view of their unique properties such as the
shape memory effect, giant magnetocaloric effect, large magneto-
resistence and other interesting magnetic properties like a coupled
magnetostructural and metamagnitostructural phase transitions'3. In
this work we study by fist principles the exchange parameters and
density of state of Heusler alloys for different compositions. The



composition dependences of exchange integrals and density of states
on Fermi level are obtained. It is shown that on these dependences are
peculiarities which agree with ones on the experimental phase diagrams.
The obtained ab initio results were used in an microscopic model
Hamiltonian for description of magnetic, structural and magnetocaloric
properties of Heusler alloys by Monte Carlo method. By the microscopic
model and Monte Carlo method we investigated also the twin boundary
motion in Ni-Mn-Ga Heusler alloys. It is shown that twin boundary
moved at increasing magnetic field.

1. P Entel et al, Mater. Sci. Forum 583 (2008) 21-41.
2. Y. Sutou et al, Appl. Phys. Lett. 85 (2004) 4358-4360.
3. T Krenke et al, Phys. Rev. B 73 (2006) 174413-1-10.

B-2:L12 Isothermal Behaviour of the Martensitic Transformation
in Ferromagnetic Shape Memory Alloys

D. SALAS, S. KUSTOV, J. TORRENS-SERRA, E. CESARI, Dept. de
F|’§ica, Universitat de les llles Balears, Palma de Mallorca, Spain; J.I.
PEREZ-LANDAZABAL, V. RECARTE, V. SANCHEZ-ALARCOS, Depto.
de Fisica, Universidad Publica de Navarra, Campus de Arrosadia,
Pamplona, Spain

Some ferromagnetic shape memory alloys as Ni-Mn-X (X= In, Sn, Sb)
can transform from ferromagnetic austenite to a para-/antiferromagnetic-
like martensite. Relaxation phenomena have been found in these first
order magnetostructural transformations. Time dependences appear
during both direct and reverse transformations in Ni-Mn-In and Ni-Mn-
In-Co alloys. DC resistance and AC impedance measurements have
shown that their evolution after the interruption of cooling, within the
direct martensitic transformation temperature range, follow a logarithmic
dependence’. The same dependence is found in the magnetization vs.
temperature cycles at constant field, upon stopping the temperature
ramps. The logarithmic kinetics corresponds to the relaxation in a system
with a broad distribution of activation energies, as it occurs in the so-
called thermal fluctuation magnetic after effect. The slope Z of the
logarithmic dependence at different temperatures and fields allow
establishing characteristic times (proportional to 1/Z) vs. T and/or field
which form pseudo- TTT diagrams with the characteristic C-shape.
The above mentioned aspects will be discussed mainly through recent
results in Ni-Mn-In and Ni-Mn-In-Co alloys.

1. S. Kustov, I. Golovin, M.L. Corré, E. Cesari, J. Appl. Phys. 107 2010
53525.

B-2:L13 Superelastic Behavior in Single Crystals of Cu-Al-Mn
Shape Memory Alloy

S. KAWATA, T. OMORI, R. KAINUMA, Dept. of Materials Science,
Graduate School of Engineering, Tohoku University, Sendai, Japan

Cu-Al-Mn based shape memory alloys (SMAs) are practically attractive
because of their excellent ductility and superelasticity. In our previous
study, it was found that the Cu-Al-Mn SMA with a coarse grain structure
shows an unstable and complicated behavior in the superelastic
properties. In this study, to investigate the superelastic behavior in various
orientations for single crystals, tensile tests at room temperature were
carried out for Cu-17Al-11.4Mn alloy. It was seen that the obtained
superelastic strain depends on the crystal orientation, being in good
agreement with the calculated value. While the stress hysteresis also
shows orientation dependence as expected from the Clausius-
Clapeyron relation, that in some particular orientations is abnormally
larger than that in the other ones. It was also found from in-situ
observation that in the specimens with the large hysteresis multiple
martensite variants are always induced during tensile test. This
phenomenon can be explained with the Schmid factors of the
preferentially induced variants.

B-2:L15 Martensitic Transformation and Shape Memory Effect
in TiNi Alloy Subjected to Neutrons Irradiation

S.P. BELYAEV'" 2, R.F. KONOPLEVA!, A.V. NAKIN', VA. CHEKANOV",
"Peterburg Nuclear Physics Institute of Russian Academy of Science,
Gatchina, Russia; 2Saint-Petersburg State University, Saint-Petersburg,
Russia

The influence of neutron irradiation on martensitic transformations and
shape memory effect in TiNi alloy were studied. Experiments have
been carried out in low-temperature helium loop of WWR-M reactor in
PNPI RAS. Temperature dependences of resistivity and strain variation
in TiNi alloys were measured during the irradiation process directly.

Irradiation of samples by fast neutron was carried out within a wide
range of irradiation temperatures (120-450K). It was found that irradiation
of TiNi alloy at low-temperature (120-330K) resulted in an increase in
resistivity and a decrease in martensitic transformation temperatures.
Neutron irradiation at 450K led to a small increase in transformation
temperatures and a decrease in resistivity. It was found that these
phenomena were due to by two processes - disordering of a TiNi alloy
at low temperatures and ordering of alloy at high temperatures.
Transformation plasticity and shape memory effect were studied during
iradiation by means of a special device. It was found that in spite of
strong variation in martensitic transformation kinetics, irradiated alloy
kept ability for strain recovery during phase transitions. Moreover, initiation
of shape memory effect by neutron irradiation was found in the
preliminary deformed TiNi sample.

B-2:L19 Small-scale Transformation Behavior of Pseudoelastic
NiTi under Uni- and Multi-axial Loading

I. SEN, Chemnitz University of Technology, Institute of Materials Science
and Engineering, Chemnitz, Germany; R. RAGHAVAN, J. MICHLER,
EMPA Materials Science and Technology, Thun, Switzerland; M.F.-X.
WAGNER, Chemnitz University of Technology, Institute of Materials
Science and Engineering, Chemnitz, Germany

Pseudoelastic NiTi shape memory alloys are finding increasing
applications in miniaturised devices. It is important to develop a thorough
understanding of the underlying microstructural transformation
characteristics at small length scale. In this contribution, we present
experimental results from in-situ SEM micro-pillar compression tests
and from nanoindentation of single grains of Ti-50.8Ni alloy. The micro-
pillar tests reveal unique evolution of stress induced martensite (SIM)
plates at a critical transformation stress of ~850 MPa. The deformation
behavior is characterized over a wide strain range, covering the
pseudoelastic and martensite deformation regime. An attempt is further
made to experimentally determine and map in standard stereographic
triangles, the orientation dependence of SIM with recourse to
nanoindentation using sharp and spherical indenter tips, over a large
number of grain orientations. The multi-axial stress state beneath the
indenter tip alters the orientation dependence significantly in comparison
to that determined experimentally by uniaxial compression of single
crystals. Our experimental results are discussed in the light of
micromechanical models of correspondent variant pair for SIM, to explain
this discrepancy between uni and multi-axial loading.

B-2:L.20 Athermal and Isothermal Transformations in Ni-Ti and
Ni-Ti-X (X=Fe, Cu) Alloys

S. KUSTOV, E. CESARI, D. SALAS, Dept. de Fisica, Universitat de les
llles Balears, Palma de Mallorca, Spain; J. VAN HUMBEECK, Dep.
MTM, KU Leuven, Leuven, Belgium

Martensitic transformations (MT) in Ni-Ti alloys are traditionally considered
as athermal ones. In this work all possible transformation paths in the
Ni-Ti and Ni-Ti-X (X=Fe, Cu) shape memory alloys have been
investigated, using resistivity measurements, in order to determine which
of them demonstrate isothermal accumulation of martensite/austenite
during direct/reverse MTs. The analysis of the experimental data obtained
for the entire set of possible transformations in Ni-Ti and Ni-Ti-X alloys
shows that all transitions to the B19Z phase are isothermal, as well as
the reverse B197-R and B197-B19 MTs. The direct and reverse B2<R
and B2+B19 MTs are athermal. This regularity is analyzed from the
point of view of crystallography and thermodynamics of the MTs. A
conclusion is drawn that the isothermal nature of the transitions to/from
B19Z martensite and athermal nature of all other transitions is related to
the easy self accommodation for B2-B19 and B2-R MTs and complex
accommodation in the case of the transition to B19Z phase. Several
experimental observations strongly support the interpretation of the
observed isothermal effects in Ni-Ti as due to the diffusionless but
thermally activated motion of interfaces during the transformation.

B-2:L21 The Effect of Pressure on Martensitic Phase
Transformations
V. PAIDAR, A. OSTAPOVETS, Institute of Physics AS CR, Prague,
Czech Republic; O. HARDOUIN DUPARC, LSI, Ecole Polytechnique,
Palaiseau, France

Stability of the crystal structure is determined by the competition between

attractive and repulsive interatomic forces. Using many-body exponential
potentials it can be shown that the bcc structure corresponding to
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austenitic phases is more stable for low values of the g-parameter
characterising the attractive forces for a fixed value of the p-parameter
describing the repulsive forces'. The structural stability can be changed
with the acting pressure that may alter the martensitic transformations
from the bcc-austenite to a close-packed structure as it can be affected
by the internal stresses. The effect of pressure will be examined in a
generic model employing many-body potentials and the results will be
compared with ab initio calculations for zirconium and sodium
representing the structures of hcp and bcc types.

1. V. Paidar, A. Ostapovets, Solid State Phenomena 150 (2009) 159.

B-2:L22 Superelasticity in Cu-Al-Mn and Ni-Ti Shape Memory
Alloys at Cryogenic Temperature

K. NIITSU, T. OMORI, R. KAINUMA, Department of Materials Science,
Graduate School of Engineering, Tohoku University, Sendai, Japan

Superelasticity in shape memory alloys (SMAs) has been keenly studied
for several decades and practically applied in the temperature range
near room temperature. On the other hand, there have been less reports
on the mechanical properties of SMAs at cryogenic temperatures in
spite of their importance in the academic and engineering aspects. In
this study, the superelastic behaviors at the temperature ranging from
4.2 to 273 K were investigated in single-crystal Cu-17Al-15Mn (at.%)
and polycrystalline Ni-Ti SMAs. In the Cu-17Al-15Mn alloy, the critical
stress of stress-induced martensitic transformation decreases with
decreasing temperature and its slope becomes gradually smaller at low
temperatures of below about 60 K. The molar entropy difference between
the parent and martensite phases (AS) at 77 K was estimated using the
Clausius-Clapeyron equation as being about -0.49 J/(mol-K), which is
almost one-third of that at 221 K. The superelasticity was also obtained
even at 4.2 K. The results in the Ni-Ti SMA will also be presented.

1. K. Niitsu, T Omori, R. Kainuma, Mater. Trans. 52 (8) (2011) 1713-15.

B-2:L.23 Deformation Twinning in Ni2MnGa
R.C. POND, University of Exeter, Exeter, UK; B. MUNTIFERING, P
MULLNER, Boise State University, Boise, ID, USA

The ground state of the martensitic phase with composition near
Ni2MnGa is thought to be tetragonal. However, several studies have
reported modulated forms with monoclinic symmetry, such as 14M,
due to the intrusion of nano-scale twinning. Using TEM imaging, we
show that this microstructure results from deformation twinning produced
by motion of disconnections with Burgers vector 1/6[{100] and step
height d(002) on the (001) twin plane, where the indexing is referred to
the "monoclinic" 2M structure. Kinematical theory is also used to confirm
our experimental observation that diffraction patterns vary from being
characteristic of the 2M structure at one extreme to the 14M structure
at the other extreme, depending on the extent and spatial configuration
of the twinning. The origin and extent of twinning is addressed using the
topological theory of martensitic transformations. This shows that (001)
twinning is the lattice-invariant mode of deformation necessary to
accommodate one component of the misfit at the austenite-martensite
interface. The other component is accommodated by an array of
disconnections whose motion across the interface produces the
transformation.

B-2:L.24 Magnetic Phase Diagram of NiCoMnGa Metamagnetic
Shape Memory Alloy

X. XU, R. KAINUMA, Department of Materials Science, Graduate School
of Engineering, Tohoku University, Sendai, Japan; W. ITO, Institute for
Materials Research, Tohoku University, Natori, Japan; R.Y. UMETSU,
Institute for Materials Research, Tohoku University, Sendai, Japan

Ferromagnetic and metamagnetic shape memory alloys, represented
by NiMnGa and Ni(Co)MnIn, have attracted much attention due to their
magnetic-field-induced strain and reverse martensitic transformation,
respectively. Recently, for Ni(Co)Mnin alloys, the martensitic
transformation was reported to be interrupted during field cooling and
the two-phases condition is kept up to very low temperatures. This
phenomenon was also reported for NiCoMnGa and NiCoMnAl alloys
but the reported temperatures of arrested austenite remain below 120
K. Although the addition of Co into NiMnIn was found effective of
raising the arrested temperature, an addition of more than 7at% results
in precipitation of gamma-fcc phase. Yu et al. have first doped Co into
NiMnGa, and Fabbrici et al. have also reported the transformation
behaviors of Co-doped NiMnGa around Ga=20. However, it is necessary
to perform a systematic research for the transformation behaviors of
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NiCoMnGa with different Co compositions, including the doping limit of
Co. In this research, we report the Ni_{50-x}Co_xMn_{50-y}Ga_y
magnetic phase diagram in large variations of x and y. The detailed
results and phase diagrams will be shown in this presentation.

Session B-3
Engineering

B-3:/L07 Thermodynamics of One-way Shape Memory Effect in
Alloys under Complex Stress State

B. RANIECKI, A. ZIOLKOWSKI, Institute of Fundamental Technological
Research, Polish Academy of Sciences (IPPT, PAN), Warsaw, Poland

The fundamentals of macroscopic theory rooted in meso-mechanics,
employing the notion of phase potentials are discussed, where the
coherence energy and the elastic complementary energy are expressed
in terms of self-equilibrated stress concentration moduli. On these
grounds the specific model is developed. It regards RVE as a three-
phase, single-component system and uses the concepts of oriented
and self-accommodated martensite compounds. It is conjectured that
forward/reverse austenite-martensite phase transitions are initiated at
states of unstable phase equilibria - relevant phase potentials being
equal. The model reveals yet unknown cross-linking relations between
coherence energy coefficients and measurable quantities characterizing
SMA material. The sceneries - phase diagrams, of phase equilibria in
different subsets of state variables are presented. The special
incremental locking rule for the ultimate phase strain is proposed. The
model is capable for description of a number of 3D strain/stress, and
thermal effects such as pseudoelasticity, hysteresis of quasi-plasticity,
fading phase strain effect, quasi-plastic strain history effect and stress
recovery under constrained deformation. Some experimental evidence
supporting theoretical considerations is presented.

B-3:/L02 Shape Memory Alloys Foams
A. TUISSI, P BASSANI, C. BIFFI, CNR-IENI Lecco Consiglio Nazionale
delle Ricerche, Istituto per I'Energetica e le Interfasi, Lecco, ltaly

Foams and other highly porous metallic materials with cellular structures
are known to have many interesting combinations of physical and
mechanical properties. That it makes these systems very attractive for
both structural and functional applications. Cellular metals can be
produced by several methods including liquid infiltration of leachable
space holder. In this contribution metal foam production routes will be
reviewed with a particular focus on the processing of Cu based shape
memory alloys (SMA) by molten metal infiltration of SiO2 particles. By
using this route, highly homogeneous CuZnAl SMA with a spherical
open-cell morphologies were manufactured and tested; morphological,
calorimetric and thermo-mechanical analyses were reported.

B-3:IL03 Fabrication of Nano-grained Shape Memory Alloys by
Severe Plastic Deformation

K. TSUCHIYA, Q. MEI, D. NOORFAZIDAH BINTI AWAN SHRI, A.
YAMAMOTO, National Institute for Materials Science, Tsukuba, Japan

Nano-grained TiNi shape memory alloy has been attracting much
attention. Reportedly the alloy exhibits the higher shape recovery stress,
linear superelasticity and improved fatigue life. Deformation-induced
amorphization of TiNi shape memory alloys and post-deformation aging
(PDA) lead to the formation of nano-grained structures. This talk
introduces the effect of SPD and PDA on microstructure and various
performances of processed TiNi. High-pressure torsion deformation
produces fully amorphous structures after 10 turns of rotations, and
PDA leads to nano-grained samples with grain size ranging from 25 nm
to 43 nm. The nano-grained structures stabilize the B2 and R phase
with respect to B19' phase. Severe wire drawing produced amorphous/
nanocrystalline composite fiber structure. The mechanical properties
are characterized by ultra-high tensile strength over 2 GPa and linear
superelasticity without stress-plateau. Surface mechanical attrition
produced a nano-grained surface layer of ~ 40 micron. Nanoindentation
revealed a grain size dependence of elastic modulus, which can be



related to the suppression of martensitic transformation temperatures.
The effect of nano-grained structures on biocompatibility will be also
presented.

B-3:IL05 Deformation Processes Responsible for Heat Treatment,
Shape Setting or Actuation Instability of NiTi

P. SITTNER, J. PILCH, L. HELLER, Institute of Physics, Praha, Czech
Republic; C. CURFS, ESRF, Grenoble, France

Superelastic properties and shape of NiTi wires were set using non-
conventional electropulse heat treatment. In case of already heat treated
superelastic alloy, the shape setting takes place at low temperatures
(<300 °C) only in the martensite phase kept in place by external or
internal stress. The process involving simultaneous plastic deformation
and reverse martensite to austenite transformation (Low Temperature
Shape Setting /LTSS/) leaves the alloy in deformed austenitic state
ready for further superelastic cycling. The elevated temperature and
stress required to trigger the LTSS process increases with increasing
strength of the alloy (cold work, precipitate hardening). Alloy design with
respect to LTSS is thus of essential importance not only for the shape
setting but also for the cyclic stability of high temperature NiTi (NiTiX)
actuators. In the limiting case of cold worked alloy, the LTSS process is
suppressed and substituted by dynamic recrystallization of the heavily
cold worked microstructure driven mainly by internal stress and energy
(400 °C - 600 °C) which itself provides sufficient plastic deformability at
very high strain rates while yielding at the same time nanosized
microstructure required for stable superelastic properties of the treated
wire.

B-3:/L06 Some Factors Affecting the Shape Recovery
Characteristics of NiTi Alloys

YONG LIU, School of Mechanical and Aerospace Engineering,
Nanyang Technological University, Singapore

Two-way memory effect is one of the most studied properties of SMAs
and one of the least understood properties. Quantitatively, its mechanism
is related to the internal stress field associated with dislocations that
guides the preferential formation of martensite variants, thus leading to
shape change during forward transformation. However, fundamental
understanding on the details of the mechanism is missing and there
exist various factors that can affect the TWME. In this research, some
new experimental observations on the relation between shape memory
effect and influencing factors are obtained that provide further insight
into the fundamental mechanisms of TWME. Two factors were paid
particular attention including initial microstructural condition and the
mode of pre-straining. A NiTi bar and a NiTi plate of highly textured and
a NiTi ingot of less textured were investigated. Tension, compression,
cyclic deformation and constrained thermomechanical cycling were
conducted. One-way memory effect, TWME, and transformation
characteristics were analyzed with respect to the examined influencing
factors. Results show that the shape recovery properties strongly depend
on the texture distributions and deformation modes. The mechanism of
TWME is further discussed.

B-3:IL07 Mechanical Behaviour of Architectured NiTi Materials
in Complex Loading

D. FAVIER, T. ALONSO, G. CHAGNON, V. DELOBELLE, University of
Grenoble, France; H. LOUCHE, G. MACHADO, L. WALTZ, University
of Montpellier, France; G. RIO, University of Bretagne Sud, France; V.
LIU University of Western Australia, Australia

The aim of the study is to create architectured materials constituted of
NiTi tubes combining the intrinsic and novel properties of Nickel-Titanium
shape memory alloys with purposely engineered topologies. By joining
thin-wall tubes by means of electrical resistance welding, we create
regular cellular materials. The superelastic behaviour of two
architectured materials based on identical tubes but with two topologies
are modelled using finite element approaches. Large transformations
are taken into account or neglected and two constitutive equations are
considered; predicted behaviours are compared by simulating complex
loading with superelastic loops and subloops. The parameters of the
constitutive equations are identified on tensile tests performed on small
dog-bone shaped specimens machined from the tubes by spark cutting.
The results of the modelling are at last compared with experiments
performed on one given architectured NiTi material.

B-3:/L08 Modelling of the Coupling Effect Between Phase
Transformation and Plastic Gliding on the Thermomechanical
Behavior of Iron Based SMA

W. KHALI', C. BOUBY?, A. MIKOLAJCZAK? T. BEN ZINEB', 'LEMTA -
Nancy University - CNRS, Nancy, France; 2ESSTIN - Nancy University,
Nancy, France

A finite element numerical tool adapted to Fe-based SMA structural
analysis is proposed. It is based on a developed constitutive model
which describes the effect of phase transformation, plastic sliding and
their interactions on the thermomechanical behavior. This model is
derived from an assumed expression of the Gibbs free energy taking
into account, in addition of mechanical and chemical quantities, the
non linear interaction related to inter- and intra-granular incompatibilities.
Two scalar internal variables are considered to describe phase
transformation and plastic sliding effects. Hysteretic and specific
behavior of Fe-based SMA during reverse transformation are taken into
account by assuming a dissipation expression. Complex
thermomechanical loading paths are well described by the proposed
model. The numerical tool derived from the implicit resolution of the non
linear partial derivative constitutive equations is implemented in the
Abaqus finite element code via the UMAT subroutine. After verification
tests for homogeneous and heterogeneous thermo-mechanical loading,
an example of Fe-based SMA application is studied. It corresponds to
an Fe-based SMA tightening system composed of fish plates for crane
rails. Obtained results are compared to experimental ones.

B-3:1L09 Nanostructured Ti-Ni SMA: Manufacturing,
Microstructure, Static and Fatigue Functional Properties

V. BRAILOVSKI, S. PROKOSHKIN, Department of Mechanical
Engineering, Ecole de Technologie Superieure, Montreal, Canada;
Department of Plastic Deformation of Special Alloys, National University
of Science and Technology "MISIS", Moscow, Russian Federation

Thermomechanical processing of Ti-Ni SMA consisting in cold rolling
(CR) and post-deformation annealing (PDA) is used to regulate the
alloys' microstructure and functional properties. Low-temperature PDA
of the moderately CR alloy results in a polygonized nano-subgrain (NSG)
substructure, whereas PDA of the severely CR alloy results in the
nanograin (NG) structure. NG alloys are almost free from dislocations,
which favor transformation instead of slip, which is macroscopically
measured as a significant difference between the transformation and
the true yield stresses. NSG alloys with low-angle subboundaries have
both slip and transformation stresses increased, as compared to their
recrystallized (REC) counterparts. As a result, static performance of Ti-
Ni SMA can be ranked as a function of their microstructure as follows:
NG >> NSG >> REC. On the other hand, it appears that NG alloys
have higher resistance to fatigue crack nucleation, but lower resistance
to crack propagation than NSG alloys, which impacts negatively the
overall endurance of the material. That is the rationale beyond our
current work on specific sequences of thermomechanical processing
with the aim of tailoring Ti-Ni alloys with optimum microstructures, from
both the static and fatigue properties points of view.

B-3:L10 Functional Fatigue of NiTi Shape Memory Wires under
Assorted Loading Conditions

G. SCIRE' MAMMANO, E. DRAGONI, DISMI - University of Modena
and Reggio Emilia, Reggio Emilia, Italy

Shape memory alloys (SMAs) are increasingly used for the construction
of simple solid-state actuators characterized by high power density.
The rational design of SMA actuators requires reliable data on the
fatigue strength of the alloy under cyclic thermal activation (functional
fatigue). The technical literature shows scanty test results on SMAs
under functional fatigue and the few data available are mainly limited to
the condition of constant stress applied to the alloy. Since the SMA
elements used within actuators are normally biased by conventional
springs or by another SMA element, their stress condition is far from
constant in operation. The mismatch between actual working conditions
and laboratory conditions leads to suboptimal designs and undermines
the prediction of the actuator lifetime. This paper aims at bridging the
gap between experiment and reality. Four test conditions are planned,
covering most of the actual situations occurring in practice: constant
stress, constant strain, constant stress with prescribed maximum strain
and linear stress-strain path. The paper describes the experimental
apparatus specifically designed to implement the four loading conditions
and presents extensive fatigue results obtained for commercial NiTi
wires under those test arrangements.
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B-3:L12 Influence of Inclusions on Nitinol Fatigue

A. CODA, M. URBANO, SAES Getters S.p.A., Lainate, MI, Italy; D.
NORWICH, Memry Corp., Bethel, CT, USA; M. MERTMANN, Memry
GmbH, Weil am Rhein, Germany; F. SCZERZENIE, SAES Smart
Materials, New Hartford, NY, USA

The recent surge of innovative biomedical applications around the world,
coupled with strict requirements for proving safety and efficacy of medical
devices, has resulted in a push to practically and fundamentally
understand the fatigue and fracture of NiTi-based alloys. The fracture -
and particularly the fatigue - of Nitinol are relatively poorly understood,
even though structural fatigue is the life-limiting behavior of Nitinol medical
devices and approval or clearance of such devices depends on
adequate fatigue resistance. The fracture and fatigue behavior has
been mainly addressed by design improvements. However, it is well
known there are several microstructural parameters that can affect the
fatigue behavior. This is especially true for Nitinol due to its complex
microstructure and material processing cycle. There are a number of
results suggesting that, at least at high alternating strains (low cycle
fatigue), fatigue is associated with inclusions in the raw material which
act as crack initiators. However, there is a general lack of comprehensive
works able to demonstrate and definitely confirm this hypothesis. This
work is focused on the investigation of the influence of inclusions on
fatigue behavior of NiTi pseudoelastic wires. Wires from three different
melting approaches were selected and processed in the same
conditions of final cold work, annealing treatment, and surface finish, in
order to neutralize the main processing effects. Cycling was carried out
using a rotary bending fatigue tester and fracture surfaces were
investigated by scanning electron microscopy. A robust set of data will
be presented, according the strain-life approach, and analyzed by the
most common statistical methods. Type, size and distribution of the
inclusions present in the materials seem to have a different, but strong
influence on fatigue behavior. Therefore, a general reduction of inclusions
may have a beneficial effect in improving lifetime of Nitinol. With the
attempt to pursue this goal, some preliminary data and their significance
will also be presented and discussed.

B-3:L13 Transformation Behavior of Shape Memory Alloys in
Multiaxial Stress State

T. YAMAMOTO, A. SUZUKI, H. CHO, T. SAKUMA, Faculty of
Engineering, Oita University, Oita, Japan

Experimental and numerical investigations for the phase transformation
behavior of shape memory alloys were conducted. Experimental studies
were carried out at room temperature by using a testing machine which
was controlled by a hydraulic servo mechanism. Cylindrical specimens
of TiNi were examined under axial and torsion loadings. Loadings were
applied in strain controlled conditions which were represented by
proportional paths or non-proportional paths in the axial and shear
strain space. Relations of stress and strain were obtained in the
transformation and the reverse transformation conditions. It was revealed
that the stress-strain behaviors were very complicated especially in the
case of non-proportional loadings. Numerical studies were also performed
for the same conditions as those of experiments. A constitutive model
which was developed before by the authors considering the
accommodation behavior of the transformation strain was used for
numerical studies. It was shown that calculated results by the constitutive
model were reasonable in comparison with experimental results. But it
was left for the future work to analyze the anisotropy nature of the
material observed in the experiment.

B-3:L14 Structure and Properties Modification in NiMnGa Single
Crystals

E. PAGOUNIS, M. HELMER, M. MAIER, M. LAUFENBERG, ETO
MAGNETIC GmbH, Stockach, Germany

Over the past years considerable effort has been given in the production
of single crystalline NiMnGa alloys with magnetic shape memory
properties. These alloys have been produced mainly in the laboratory
scale, using self-made equipment, thus their wider utilization in practical
applications has been limited. Recently, a more industrial type approach
towards MSM alloy production has been introduced'. In the present
paper the structure and magnetic shape memory properties of single
crystal NiMnGa alloys are described at temperatures from 40°C until
70°C. The development of new NiMnGa compositions, towards high
temperature structures, the appropriate thermo-mechanical treatment,
and the subsequent magneto-mechanical training have also been
studied in the present work. In these studies a Design of Experiment
(DoE) and various statistical approaches have been introduced. The
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first results are very promising, which will help us to better understand
the structure-property relationship of this new class of smart materials.
This will further improve their acceptance in practical applications.

1. E. Pagounis and M. Laufenberg, Proc. of ACTUATOR 2010, Bremen,
731 (2010)

B-3:L15 Modelling of Shape Memory Alloy Negator Springs for
Long-Stroke Constant-Force Actuators

A. SPAGGIARI, E. DRAGONI, DISMI - University of Modena and
Reggio Emilia, Reggio Emilia, Italy

Shape memory alloys (SMA) are increasingly used for the construction
of compact solid-state actuators with high power density. When based
on SMA elements of conventional design (wires, helical springs, etc.),
the force-displacement curve of SMA actuators is a sloped line ranging
from zero to peak force over the stroke of the device. This characteristic
does not fit well with the fact that the external load is often constant,
which results in reduced stroke and output force of the actuator. This
paper contributes to overcoming these drawbacks by envisaging SMA
elements in the form of Negator constant-force springs. A Negator
spring is a spiral spring made of strip metal wound on the flat with an
inherent curvature such that, in repose, each coil wraps tightly on its
inner neighbour. In use the strip is extended with the free end loaded
and the inner end supported on a drum. The unique characteristic of
Negator springs is the nearly-constant force needed to unwind the strip
for very large deflections. Moreover the flat shape, having a high area
over volume ratio, grants improved bandwidth compared to any solution
with solid wires. This paper models mathematically the mechanical
behaviour of SMA Negator springs performing as active elements in
constant-force, long-stroke actuators.

B-3:L16 Design and Simulation of a Magnetic Shape Memory
(MSM) Alloy Energy Harvester

A.J. NISKANEN, Adaptamat Oy, Helsinki, Finland; I. LAITINEN,
Prizztech Oy, Pori, Finland

We present the simulation and development of a vibrational energy
harvester based on an active element made of Ni-Mn-Ga Magnetic
Shape Memory (MSM) alloy. As the MSM element is subjected to
mechanical stress within an external magnetic field, its magnetization
changes in proportion to its length, facilitating energy generation in a
pick-up coil. Whereas conventional piezo and magnetostrictive devices
operate with small (sub-millimter) stroke at high frequencies (kHz range),
the MSM harvester is best suited to longer (millimeter range) stroke at a
low frequency (100 Hz or below). Power output of 20 mW has been
demonstrated with the prototype device operating at 45 Hz. A description
of the magnetic circuit and mechanical design of the harvester is
presented along with measured performance data. Time-dependent
modelling of the device using Simscape and Matlab software is also
described. The effect of various parameters in the magnetic and electrical
circuits on the output power is investigated, and experimental findings
are compared with predictions produced by the numerical model.

B-3:L18 Influence of Stress on the Work Performance and Plastic
Strain Accumulation during Thermal Cycling of TiNi Alloy Under
the Stress - symmetrical Scheme
S. BELYAEV, N. RESNINA, R. ZHURAVLEV, Saint-Petersburg State
University, Saint-Petersburg, Russia

Influence of stress acting on cooling and heating on the values of
shape memory effects, work performance and plastic strain accumulation
during thermal cycling of Ti - 51.5 at. % Ni alloy under the stress -
symmetrical scheme were studied. Cylindrical samples were cooled
under the constant stress of tc and heated under the constant stress of
th for 60 cycles. The stresses of tc and th were applied in positive
direction in every odd thermal cycle and in the negative direction in
every even cycle. The value of tc was varied from 15 MPa to 150 MPa
and the value of th was varied from 50 MPa to 400 MPa. It was found
that if the value of stress acting on heating was 200 MPa and less, the
"training" effect (an increase in values of shape memory effects and
work performance) was observed on thermal cycling the TiNi alloy
under the stress - symmetric scheme. If the stress acting on heating
was higher than 200 MPa, the values of transformation plasticity and
shape memory effects and work performance were stable during thermal
cycling. It was shown that an increase in stress acting on cooling led to
an increase in value of shape memory effect and work performance
and a decrease in plastic strain accumulated in the sample during 60
thermal cycles.



B-3:L19 Phase Field Dynamic Modelling of Shape Memory Alloy
Nanowires

R. MELNIK" 23, R. DHOTE" 4, J. ZU? L.X. WANGS®, "M2NeT Laboratory,
Wilfrid Laurier University, Waterloo, ON, Canada; 2Basque Excellence
Research Centre BCAM, Bilbao, Spain; Slkerbasque, Basque
Foundation for Science, Bilbao, Spain; “Dept. of Mechanical and
Industrial Engineering, University of Toronto, ON, Canada; SFPTC State
Key Laboratory, Zhejiang University, PR. China

We present several new results on the dynamics of shape memory alloy
(SMA) nanowires under multi-axial loading conditions, focusing on FePd
samples. First, we develop a phase field model with the Ginzburg-
Landau-type free energy describing martensitic transformations in such
structures, based on the Landau order parameter theory. We note that
the microstructure properties and mechanical behavior of martensitic
transformations in SMA nanostructures have been studied before in the
literature, mainly for uniaxial loading and under simplifying athermal/
isothermal assumptions. Our first example is pertinent to square-to-
rectangular phase transformations, studied here with our developed
fully coupled thermo-mechanical model. The nanowire response to
multi-axial loadings depends critically on the dynamics of loading. In
particular, the nanowire behaves in a “stiff” manner in response to the
axial loading with complete conversion of the unfavorable martensitic
phase. At the same time, the bending load can assist the phase
transformation by redistributing the martensitic variants, subject to the
local axial stress sign. The nanowire dynamics in response to the multi-
axial, combining axial and bending, becomes noticeably “stiffer”
compared to the uniaxial loading case. Based on these results, we
study the dynamics of microstructure evolution subjected to the multi-
axial loading, providing further insight into the mechanical behavior of
the nanowire. This new insight is discussed in the context of developing
SMA based MEMS and NEMS devices.

Session B-4
Composites

B-4:IL07 From Simple Nitinol Micro-wires Towards Complex
Functional NiTi Textiles and Elastomer Composites

L. HELLER, P. SITTNER, J. PILCH, D. VOKOUN, Institute of Physics
ASCR, v.v.i., Czech Republic; K. JANOUCHOVA, M. VYSANSKA, K.
JEZIK, M. SYROVATKOVA, Faculty of Textile Engineering, Technical
University of Liberec, Czech Republic; B. MARVALOVA, J. VLACH,
Faculty of Mechanical Engineering, Technical University of Liberec,
Czech Republic

Nitinol micro-wires with diameters in the order of tens of microns exhibit
outstanding structural and functional properties in comparison to bulk
Nitinol. Moreover, thin metallic wires are nowadays commonly processed
by textile technologies allowing to make out of these wires a wide range
of 2D/3D structures. Thus, the use of textile technologies to extend
Nitinol micro-wires properties to more complex structures appears as a
very promising way of engineering novel functional materials with high
application potential. To illustrate such an approach, several examples
of NiTi textile structures made by weaving, knitting and braiding will be
presented. In addition, NiTi textiles embedded into elastomeric matrices
will be shown as examples of functional NiTi elastomer composites.
Furthermore, experimentally analysed behaviour of NiTi textiles and
elastomer composites subjected to complex thermomechanical loads
will be described in order to illustrate the wide range of functional
thermomechanical properties which can be achieved by integrating
NiTi micro-wires into 2D/3D structures using textile processing. Finally,
the projection of Nitinol micro-wires' behaviour onto NiTi textiles and
elastomer composites will be discussed with regard to the type of internal
textile morphology.

B-4:1L02 Recent Achievements of NiMnGa/Polymer Smart
Composites

H. HOSODA, T. INAMURA, Precision and Intelligence Laboratory, Tokyo
Institute of Technology, Yokohama, Japan

Although NiMnGa is a fascinating ferromagnetic shape memory alloy,
the magnetic motion is obtained only for single crystal state material.
And also, the actuation strain is not recovered only by removing magnetic
field. In order to solve these problems using low-cost fabrication process,
we have proposed a smart composite composed of NiMnGa single
crystal particles and polymer matrix composite. The single crystal
NiMnGa patrticles are easily fabricated by mechanical crush using intrinsic
intergranular brittleness of polycrystalline NiMnGa ingots. The polymer
matrix plays a role of binder between particles, and also the elastic back
stress from the matrix polymer induces the reverse reorientation of
martensite variants after removing the magnetic field. This stands for
shape recovery by removing magnetic field. However, the measurement
magnetostrains of the composites are often extremely small in
comparison theoretically expected values. In this paper the recent
research achievements of NiMnGa/polymer composites are presented
in order to reveal the ferromagnetic shape memory effect of the smart
composites, from the viewpoint of (1) volume fraction of matrix polymer,
(2) elastic modulus of polymer and (3) direction of magnetic field applied.

Session B-5
Low Dimensionality

B-5:/L07 FSMA Thin Films: Recent Developments

V.A. CHERNENKO, Universidad del Pais Vasco, Dpto. Electricidad y
Electronica, Bilbao, Spain and lkerbasque, Basque Foundation for
Science, Bilbao, Spain

Ferromagnetic shape memory alloys (FSMAs), such as Ni-Mn-Ga alloys,
being deposited onto different substrates are of much practical interest
for the development of new microactuators for the novel smart systems,
such as the magnetic MEMS. In this paper, we present overview giving
a glimpse on recent advances made in the FSMAs thin films in the
submicron range of thicknesses. Particularly, emphasis is given to the
experimental and theoretical studies of magnetic anisotropies exhibited
by FSMAs deposited on the cold substrates and subsequently annealed
and films epitaxially grown on the hot substrates. A symmetry and value
of the magnetic anisotropy of film are important factors to clarify their
relationship with the magnetic-field-induced strain (MFIS) and related
phenomena. It is shown that magnetic anisotropy is controlled by the
film crystallography, martensitic nanodomain structure and film thickness.
Generally, the film structural states are dependent on the preparation
mode and thoroughly elaborated parameters of deposition. The "cold-
substrate" preparation method usually results in the polycrystalline films
with 220 out-of-plane fiber texture, while "hot-substrate" method leads
to the single crystalline state of films when using appropriate substrates.

B-5:/L02 Shape Memory and Superelastic cycling at Nano-scale
J. SAN JUAN', M.L. NO?, 'Dpt. Fisica Materia Condensada, Facultad
de Ciencia y Tecnologia, Universidad del Pais Vasco, Bilbao, Spain;
°Dpt. Fisica Aplicada II, Facultad de Ciencia y Tecnologia, Universidad
del Pais Vasco, Bilbao, Spain

Shape Memory Alloys (SMA) are widely used for practical applications
as sensors and actuators and in particular they are good candidates to
be incorporated in Micro Electro-Mechanical Systems (MEMS).
However, the characterization of the shape memory and superelastic
behavior at micro and nano scale requires new experimental
methodologies. In the present work we present a new experimental
approach to perform nano-compression tests on micro and nano pillars
milled by focused ion beam. Some previous results on shape memory
and superelasticity'? in Cu-Al-Ni single crystals micro pillars will be
overviewed and the observed size-effects at nano scale will be
discussed. New results concerning the mechanical behavior during
cycling at nano scale will be presented, and we will show that Cu-Al-Ni
micro-pillars exhibit a perfectly reproducible and reversible superelastic
behavior along hundred of cycles. A general discussion on the
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martensitic transformation behavior at nano scale will be addressed,
and we hope that the presented results can be exploited for
microdevices, opening the door for the development of a new generation
of Smart MEMS.

1. J. San Juan et al, Advanced Materials 20, 272 (2008).
2. J. San Juan et al, Nature Nanotechnology 4, 415 (2009).

B-5:/1L03 Low Temperature Crystallization of Sputter-Deposited
TiNi Films

Y. KISHI', N. IKENAGA?, N. SAKUDO', Z. YAJIMA, 'Advanced Materials
Science Research and Development Center, Kanazawa Institute of
Technology, Ishikawa, Japan; 2Research Laboratory for Integrated
Technological Systems, Kanazawa Institute of Technology, Ishikawa,
Japan

The crystallization needed to invest the shape memory property in the
TiNi films had been usually realized by high temperature process during
and/or after the sputtering deposition. Therefore, the films could not be
deposited on temperature-sensitive materials such as polymers. We
developed an RF magnetron sputtering system equipped with a ion
irradiation system for substrates. This led to the achievement of low-
temperature crystallized films [doi: 10.1051/esomat/200902012].
However, the ion irradiation system was not so complete; the ions
sometimes were irradiated excessively to the substrate and/or the growing
film surface. With the aim of effective working of the system, the circuits
for generating the ions in inductively coupled plasma, for supplying
pulse bias voltage to substrate, and so on were recomposed. Crystal
structures of the films, which are produced by the refined apparatus,
are examined by X-ray powder diffraction. The ion fluence is calculated
from the plasma density and electron temperature measured by a double
probe. The effects of ion fluence on film crystallization were discussed.
The crystallized films deposited on a polyimide sheet were patterned to
manufacture an electrically excitable actuator and observed a two-way
motion.

B-5:IL05 Magnetic Shape Memory Alloys Going Nano
S. FAHLER, IFW Dresden, Dresden, Germany

The high strain of 10% reachable in Magnetic Shape Memory (MSM)
alloys makes this class of material of particular interest for the use in
microactuators. To understand the difference to bulk materials, here
thin films and nanowires made of Fe-Pd are analyzed. In particular the
advantages of a well oriented, epitaxial growth are used for a comparison
with first principle calculations as well as continuum models. In thin
films the epitaxial interface to substrates with different lattice constants
is used to stabilize intermediate states during the martensitic transition.
The martensitic instability allows covering almost the complete Bain
transformation path from an fcc to a bec structure up to relatively thick
films. Straining the films beyond the Bain path induces adaptive
nanotwinning, which paves the way to produce novel magnetic
nanostructures. As an outlook it is shown that also the preparation of
freestanding Fe-Pd nanowires is possible, representing the ideal wrought
material for true nanosystems.

This work is supported by DFG through SPP 1239,
www.MagneticShape.de

B-5:L06 Elastocaloric Properties of Sputtered NiTi Thin Films

C. BECHTOLD, R. LIMA DE MIRANDA, M. WUTTIG, Department of
Materials Science and Engineering, University of Maryland, College
Park, MD, USA; E. QUANDT, Inorganic Functional Materials, Institute
for Material Science, Christian Albrechts University Kiel, Kiel, Germany

In recent years, solid state cooling has been subject to intense scientific
research due to it being a potential environmental-friendly alternative to
vapor compression technology. Magnetocaloric materials are a prominent
material class for this purpose. However, electro-, baro- and elastocaloric
materials are also being investigated, since it is not yet clear which
effect can be utilized most effectively. The majority of previous
publications are concerned with bulk materials, whereas thin films and
their inherent properties, e.g. a higher surface to volume ratio, have
been investigated less intensively. Here, we present elastocaloric
properties of freestanding Ni50.4Ti49.6 thin films with thickness between
11 and 44 um, which were deposited by magnetron sputtering. When
strained with high strain rates, a maximum temperature change, AT =
5 K, was measured. With increasing mechanical cycles, AT dropped to
2.5 K in cycle 250, but remained constant during further cycling. This
trend that was equally observed for the dissipated energy in the
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pseudoelastic stress-strain loops. For cycled films, AT was found to
scale linearly with the width of minor loops, Ae, which can be exploited
to significantly increase material lifetime.

Session B-6
Applications

B-6:IL01 SMA Dampers for Cable Vibration: An Available
Solution for Oscillation Mitigation of Stayed Cables in Bridges
V. TORRA, A. ISALGUE, CIRG-DFA-UPC, Barcelona, Catalonia, Spain;
F. CASCIATI, Structural Mechanics Dept., Pavia University, ltaly; S.
CASCIATI, University of Catania, Siracusa, ltaly; P TERRIAULT, Dep.
Genie Mecanique, ETS, Montreal, Quebec, Canada

The wind, rain and traffic induce oscillations in the stayed cables for
bridges. One eventual solution relates the use of semi-active devices
as magneto-reologic fluids. These devices need guaranteed electrical
power and computing and, also, technical attention. The Shape Memory
Alloys was studied for their application as passive elements. The study
is focused in the required properties of SMA for appropriate reliability of
the SMA dampers. The fatigue/fracture life, the thermal effects induced
by external temperature and by self-heating and the behavior of the
stressed aging SMA wires were studied. The SMA dampers were applied
to cables in "facilities": cable No 1 in the ELSA-JRC in Ispra, ltaly, the 50
m cable of IFSTTAR near Nantes, France. Furthermore, the behavior of
a test cable by localized mass in Pavia, Italy was studied. The
experimental results establish a reduction of the oscillation amplitude to
a half of less. Moreover, an increase of the oscillatory frequency was
observed. Use of windowed Fourier transform or wavelets shows a
change of frequency associate of the SMA damping effects associated
to changes in pre-stressing.

B-6:1L02 Thermoelastic Cooling

. TAKEUCHI, Y. WU, Univ. of Maryland, College Park, MD, USA; J.
CULI, Univ. of Maryland, College Park, MD, USA and Pacific Northwest
National Lab, Richland, WA, USA

We are developing thermoelastic cooling devices based on latent heat
generated and absorbed during the stress-induced phase transformation
in a shape memory alloy (SMA). Compared to other alternative cooling
technologies, the coefficient of performance (COP) of SMA-based
cooling is among the highest: for a compression based operation, the
COP of themoelastic cooling can be as high as 12. Compared to the
vapor compression technology, since thermoelastic cooling completely
eliminates the need for high global warming potential greenhouse gases,
it has minimal environmental impact. We show that intrinsic AT of
thermoealstic coolers can be as high as 21 °C, which can be effectively
used to run air-conditioning or refrigeration cycles. Following an initial
demonstration of a small scale 35 W thermoelastic cooler, a number of
different designs for implementing SMA wires for cooling cyles have
been developed, and prototypes are being constructed. We will address
optimizing the SMA compositions for long fatigue life in the context of
our previous work on combinatorial optimization of SMAs with minimal
hysteresis.

This work is carried out in collaboration with M. Wuttig, R. Radermacher,
Y. Hwang, and J. Muehlbauer, and is funded by DoE ARPA-E.

B-6:IL03 Devices for Rehabilitation Applications
S. PITTACCIO, S. VISCUSO, L. GARAVAGLIA, National Research
Council of ltaly, Institute for Energetics and Interphases, Lecco, Italy

Recent research is showing that Shape Memory Alloys (SMAs) can be
advantageously employed for a number of applications in Rehabilitation
Medicine and the related field of Neuroscience. This innovative use of
SMAs was investigated with the specific aim of improving the treatment
approach to neurological patients with sequelae from stroke, traumatic
brain injury, cerebral palsy, etc. Several examples of devices built for this
purpose will be presented together with an outline of the reasons why
the shape-memory and pseudoelastic effects can be regarded as
interesting resources on account of scientific, technical and clinical



reasons. In particular the design and functioning of an SMA-based
ankle exerciser and pseudoelastic repositioning splints for the upper
and lower limbs will be discussed in relation with results of
neurophysiological and clinical tests. The main observations so far
suggest that this type of devices is able to support patients' physical
rehabilitation by adapting to changing conditions and needs during
functional recovery. Furthermore, due to their improved tolerability relative
to traditional treatments SMA devices can be used for longer times and
tend to produce interesting effects in the control of spastic syndromes.

B-6:1L04 Smart Microactuation Devices Based on Shape Memory
and Magnetic Effects

M. KOHL, B. KREVET, C. MEGNIN, V. PINNEKER, S.R. YEDURU,
Karlsruhe Institute of Technology, Institute of Microstructure Technology,
Karlsruhe, Germany

By combining materials and structures showing both, shape memory
and magnetic effects, novel smart microsystems can be realized with
novel unprecedented functionality. Currently, two major approaches
are being pursued, (1) the combination of shape memory alloy (SMASs)
and ferromagnetic alloy structures and (2) the development of
ferromagnetic SMAs that exhibit shape memory and magnetic effects
as intrinsic properties. A prominent example of the first approach is an
optical microscanner showing bi-directional actuation in a monolithic
SMA cantilever structure'. The underlying actuation mechanism is
currently further explored for use in thermal energy harvesting. Other
examples are bistable microswitches with magnetic latching generated
by a ferromagnetic disc that is electroplated directly onto an SMA
bridge structure?. In this way, power consumption can be significantly
reduced making SMA actuation much more attractive for applications.
The second approach relies on the development of ferromagnetic SMA
films or foils showing a bulk-like magnetic shape memory effect. Recently,
first magnetic shape memory foil actuators have been developed
consisting of a Ni-Mn-Ga stripe and a biasing spring showing reversible
linear actuation with 5.5% magnetostrain. In the presentation, the
interdisciplinary aspects of materials research, engineering and
technology development will be discussed and selected demonstrators
will be presented.

1. M. Kohl, D. Brugger, M. Ohtsuka and T. Takagi, A novel actuation
mechanism on the basis of ferromagnetic SMA thin films, Sensors and
Actuators 114/2-3 (2004) 445-450; 2. J. Barth, B. Krevet and M. Kohl, A
bistable shape memory microswitch, Smart Mater. Struct. 19 (2010)
094004.

B-6:L06 SMA Applications in Space Engineering: State-of-the-Art
A. RAZOV, Saint-Petersburg University, Saint-Petersburg, Russia

The use of shape memory alloys in space technology was suggested
practically as soon as the first materials of this type had been discovered
and investigations of their unique functional and mechanical properties
had begun. However, various reasons led to a more than 30-years
delay in realization of SMA using in devices and constructions that were
really launched to the space. The first appearance of SMA onto the
Earth orbit may be considered to occur in 1982, when thermomechanical
pipe couplings were tested for sealability in outer space on-the-spot of
the Salyut-7 orbital station. Since then, shape memory alloys were
applied and tested in some flights. Then were couplings for truss
construction, drives and on board of the orbital station Mir, release
devices on board of Clementine spacecraft and some other. In the last
decade designers of spacecrafts have shown a considerable interest in
materials with shape memory effect. As of today, various devices using
shape memory alloys are being developed in different space projects.
These and other examples will be highlighted in the paper, together with
a brief history of shape memory applications in space engineering.

B-6:L07 Design of a Solid State Shape-Memory-Actuator with
Guidance Functionality

K. PAGEL, A. BUCHT, W.-G. DROSSEL, R. NEUGEBAUER, Fraunhofer
Institute for Machine Tools and Forming Technology, Dresden, Saxony,
Germany

Machine tools for small work pieces are characterized by an extensive
disproportion between workspace and cross section. This is mainly
caused by limitations in the miniaturization of drives and guidance
elements. Due to their high specific workloads and relatively small spatial
requirements, Shape-Memory-Alloys (SMA) possess an outstanding
potential to serve as miniaturized positioning devices in small machines.

However, most of the known SMA drive applications necessitate
additional guidance elements to realize a certain mechanical stiffness.
In this paper we present a novel SMA actuator design, which does
rather not require an additional guidance. The stiffness in directions
different from the actuators moving direction is realized by a specific
arrangement of the SMA elements. Those are designed regarding
geometry, applied load, and control aspects. To evaluate the design of
the actuator a multi domain model is developed. That covers not just
the mechanical part of the arrangement; but also the transient behaviour
of the SMA. Based on that a closed loop control concept for positioning
applications is implemented. Furthermore, a sample actuator is built to
validate the model and to investigate the capabilities to serve as
miniaturized positioning device in small machines.

B-6:L08 An Open-loop Control Approach for Magnetic Shape
Memory Actuators Considering Temperature Variations

K. SCHLUTER, A. RAATZ, Technische Universitat Braunschweig,
Braunschweig, Germany; L. RICCARDI, Politecnico di Bari, Bari, ltaly

Magnetic shape memory alloys (MSMA) show remarkable potentials for
actuation purposes because of a large achievable strain and a short
response time. But, apart from these advantages, MSMA show a
hysteretic behavior between the input and output quantities. Hysteretic
phenomena represent an important challenge for the design of control
systems for MSMA-based actuators. Furthermore, this hysteretic
behavior is sensitive to temperature variations, a situation that arises in
many applications. To face the problem of increasing/decreasing
temperature during operation, an open-loop control approach
considering temperature variations is presented in this paper. For this
purpose, an actuator prototype is characterized with particular emphasis
on temperature influence concerning the input-output behavior. The
presence of a time-varying nonlinearity is addressed by means of a set
of hysteresis models and relative compensators to improve the positioning
performance of the MSM system. Subsequently, the obtained models
are integrated in the control loop and tested experimentally. Finally, the
results achieved with the introduced control concept are presented.

B-6:L09 Studies on Internal Friction of a High Temperature Cu-
Al-Mn-Zn Shape Memory Alloy

V. SAMPATH, P CHANDRAN, Department of Metallurgical and
Materials Engineering, Indian Institute of Technology, Madras, Chennai,
India

Materials with high damping capacity for quelling noise and vibration in
engineering structures has drawn increasing attention in recent times.
Among the different materials that have been attempted so far, shape
memory alloys (SMAs) have shown much promise since they exhibit
much higher damping due to the occurrence of a thermoelastic
martensitic transformation in them. Among the SMAs it is copper-based
SMAs that have proven more attractive compared to Ni-Ti SMAs
because of their lower cost, higher damping and machining
characteristics. In the present work, therefore, the damping properties
of a Cu-Al-Mn-Zn alloy, a potential high damping material for high
temperature turbomachinery rotor blades, are investigated. The internal
friction was studied using a dynamic mechanical analyzer over a range
of temperatures (25-300°C), frequencies (0.5-10Hz) and strain
amplitudes (5x10-6 and 10-4). The analysis of the results reveals that
the damping properties are more sensitive to variation in frequency and
strain amplitude, pointing to the suitability of the material for the intended
application. The results are presented and discussed in the paper.
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Poster Presentations

B:PO7 Mechanical, Thermodynamical and Magnetic Properties
of Magnetocaloric and Shape Memory Materials Treated by
Intensive Plastic Deformation by Cold Rolling

S.V. TASKAEV', V.D. BUCHELNIKOV!, V.V. SOKOLOVSKY", R.R.
FAIZULLIN', M.O. DROBOSYUK!, A. PELLENEN?, V.B. FEDOROV?,
V.V. DYACHUK?, D.A. ZHERBTSOV?, V.V. KOLEDOV?, V.G. SHAVROV?,
I.S. TERESHINA®, '"Chelyabinsk State University, Chelyabinsk, Russia;
2South-Ural State University, Chelyabinsk, Russia; *IRE RAS, Moscow,
Russia; ‘IMM RAS, Moscow, Russia

This work is devoted to investigation of mechanical, thermodynamical
and magnetic properties of Gd and Ni-Ti-Cu alloys treated by intensive
plastic deformation by cold rolling. The data of XRD, VSM, direct
measurements of MCE, AFM, EDX are presented. MCE effect of Gd
was measured with the help of direct method of MCE determination. It
is shown that intensive plastic treatment allows to produce up to 50
mkm thickness Gd ribbons with magnetocaloric effect comparable to
microcrystalline samples. At the same time these ribbons have good
mechanical properties. The dependences of magnetisation versus
intensive plastic treatment of the samples were measured by SQUID.
Also, in this work are discussed some aspects of intensive plastic
treatment of Ni-Ti-Cu shape memory nanostructural ribbons. These
ribbons are applied by authors to designing of nanotweezers.

Authors of the project highly appreciate the financial support RFBR and
Governor of Chelyabinsk Region.

B:P02 Shock Compression of NiTi Powders by One-Stage
Gasdynamic Gun

C. ZANOTTI, P GIULIANI, G. DAMINELLI, Istituto per I'Energetica e le
Interfasi, Milano, Italy; A. TUISSI, P BASSANI, Istituto per I'Energetica
e le Interfasi, Lecco, Italy

One-stage gun was designed to compact nanopowders by direct impact
of a high speed projectile. By this technique consolidation occurs without
significant temperature increase of the powders thus, bulk material
maintains the structure of the starting powders. Measurements of the
projectile mass and velocity allow to correlate the compaction effect
with the projectile energy or momentum in order to find out the operating
conditions that guarantee the production of a fully dense product.
Samples of compressed nanostuctured NiTi powders, featured by an
initial relative density between 50-80 %, were prapared and then shock
consolidated by using projectiles having masses ranging between 2-8
g and travelling at the velocity of 0.5-1 Km/s. Fully dense NiTi has been
obtained by the projectile velocities of 0.6-0.8 Km/s and the
corresponding masses of 5-3.8 g. Shock compression technique was
also used to obtain a fully dense samples starting from mechanically
activated (ball milling) Ni and Ti powders. The obtained compacts have
been subsequently reacted following two different ways (controlled
syntesis reaction and strong exothermic fast reaction). The obtained
results indicate that both methodologies allow to get NiTi alloy but the
controlled syntesis reaction gave the best products.

B:PO5 Heat-treatment Processing for MnBi in High Magnetic
Fields

K. WATANABE', Y. MITSUI', K. KOYAMA?, 'Institute for Materials
Research, Tohoku University, Sendai, Japan; 2Graduate School of
Science and Engineering, Kagoshima University, Kagoshima, Japan

The phase diagram for MnBi was investigated in high fields up to 26 T
at temperatures ranging from 300 to 730 K. We used the differential
thermal analysis (DTA), in order to examine the equilibrium state change
of ferromagnetic MnBi by applying high magnetic fields. Ferromagnetic
MnBi undergoes a first-order magnetic phase transition to the
paramagnetic state at Tt~628 K, where the low temperature phase
MnBi of NiAs-type hexagonal structure is transformed into the high
temperature phase Mn1.08Bi of Ni2In-type hexagonal structure. It was
found that the decomposition temperature Tt increases with increasing
magnetic fields at the rate of 2 K/T. This means that the decomposition
of MnBi can be controlled by a magnetic field. As a result, Tt on the
liquid phase line changes the amount of Mn content from 10 to 20 at.%
at the magnetic field of 26 T, and the heat-treatment at 26 T improves
the volume fraction of MnBi.
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B:P06 Influence of Atomic Order on the Structural and Magnetic
Transitions in Ni-Mn-In Metamagnetic Shape Memory Alloys
V. RECARTE', J.I. PEREZ-LANDAZABAL', V. SANCHEZ-ALARCOS',
J.A. RODRIGUEZ-VELAMAZAN? 3, 'Departamento de Fisica,
Universidad Publica de Navarra, Campus de Arrosadia, Pamplona,
Spain; 2Instituto de Ciencia de Materiales de Aragén, CSIC - Universidad
de Zaragoza, Zaragoza, Spain; °Institut Laue-Langevin, CRG's D1B
D15, Grenoble, France

Ferromagnetic shape memory alloys (FSMA) have attained a strong
attention over the last years due to their peculiar properties as the
extremely large magnetic-field-induced-strain and magnetocaloric effect
which are related to the martensitic transformation (MT). Among these
systems Metamagnetic SMA are a special group of alloys where the
MT takes place between a ferromagnetic austenite and a weak magnetic
martensite. The MT is a first order diffusionless transformation from a
high temperature cubic ordered phase (austenite) to a lower symmetry
low temperature phase (martensite). The MT temperature (Tm) strongly
depends on composition. Likewise, both Tm and the magnetic properties
have a high dependence on the long-range atomic order. By quenching
from high temperature a degree of disorder can be retained in a
metastable state. In addition, the order degree can be modified by
means of post-quenching thermal treatments. The evolution of the
metastable retained disorder with thermal treatments in a Ni-Mn-In
metamagnetic SMA has been studied by neutron diffraction
experiments. This analysis has allowed to determine the dependence
of MT characteristics and magnetic properties on the long range atomic
order.

B:PO7 Composition Dependence of Compatibility in Self-
accommodation Microstructure of Beta-titanium Shape Memory
Alloy

T. TERAMOTO, Y. ONO, Department of Innovative and Engineered
Materials, Tokyo Institute of Technology, Yokohama, Japan; M. TAHARA,
T. INAMURA, H. HOSODA, Precision and Intelligence Laboratory, Tokyo
Institute of Technology, Yokohama, Japan; S. MIYAZAKI, Division of
Materials Science, University of Tsukuba, Tsukuba, Ibaraki, Japan

Composition dependence of the compatibility condition at junction plane
(interface between habit plane variants (HPVs)) was evaluated by
geometrically non-linear theory of martensite in Ti-Nb-Al alloys that
have cubic to orthorhombic martensitic transformation. The kinematic
compatibility condition requires non-zero rotation (theta) of HPV to form
stress-free junction plane. This means that the invariant habit plane and
the compatible junction plane are not formed simultaneously. There are
five types in the morphology of HPV-pair. Two types out of the five have
a smaller theta (~1deg.) that is not sensitive to the change in the lattice
parameters and/or alloy composition. However, theta of the other three
types is a few degrees and has significant composition dependence.
The composition dependence of the preferred self-accommodation
morphologies is discussed on the basis of the theoretical analysis and
transmission electron microscopy observations.

B:P12 Effect of Repeated Heat-treatment under Constrained
Strain on Mechanical Properties of Ti-Ni Shape Memory Alloy
HIROKI CHO', T. YAMAMOTO!, A. SUZUKI", K. YAMAUCHI?, T.
SAKUMA', 'Oita-University, Japan; 2Tohoku-University, Japan

A stent is a flexible tubular device for expansion of the narrow area of
human vein. Since the self-expandable stent can be manufactured, a
shape memory alloy is often used for materials of the stent. A laser-cut
method is used in the manufacture of shape memory alloy stent for an
artery. In general, the shape memory alloy stent by laser-cut method is
made of shape memory alloy pipe. At first, a laser-cut is performed to
the shape memory alloy pipe. The cut shape memory alloy pipe is
expanded by insertion of the metal sheat and then is heat-treated for
diameter expansion. The heat-treatment for expansion is repeated
several times until stent becomes the size of the aim. The effect of
heart-treatment condition (for example temperature and time) on
mechanical properties was investigated by many researches. However,
there are few systematical researches about the effect of heat-treatment
under constrained strain on mechanical properties of Ti-Ni shape memory
alloy. In this research, the effect of heat-treatment under constrained
strain on mechanical properties of Ti-Ni shape memory alloy was
investigated.



B:P13 Synthesis of Crystallized TiNi Thin Films by lon Irradiation
N. IKENAGA, Research Laboratory for Integrated Systems, Kanazawa
Institute of Technology, Ishikawa, Japan; Y. KISHI, Z. YAJIMA, N.
SAKUDO, Advanced Materials Science Research and Development
Center, Kanazawa Institute of Technology, Ishikawa, Japan

TiNi is well known as a typical shape-memory alloy, and it is expected to
be a promising material for micro actuators. In order to realize micro
electro mechanical systems (MEMS) with this material, we have to get
thin crystal film of the material, since the shape-memory property appears
only when the structure is crystalline. In our previous studies we
developed a new apparatus as well as a new deposition process for
lowering the crystallization temperature by using ion irradiation. In
addition, we have found that the deposited film by the process can be
crystallized at very low temperature (below 473K) without annealing but
with simultaneous irradiation of Ar ions during sputter-deposition. In this
study, we aim at the realization of crystallized TiNi film deposited on
polyimide substrate below 373K substrate temperature. In order to
realization the purpose, we have revealed the effect of Ar ion energy on
lowering the crystallization temperature. The ion energy is measured
with a quadrupole mass spectrometer (QMS) having an ion energy
analyzer. The deposited TiNi films are examined with an X-ray diffraction
(XRD). We discuss the effects of ion energy of ion irradiation on the
crystallization temperature of TiNi film.

B:P15 Digital Image-based Method for Quality Control of Residual
Bending Deformation in Slender Pseudoelastic NiTi Devices
S. VISCUSO, S. PITTACCIO, National Research Council of Italy, Institute
for Energetics and Interphases, Lecco, Italy

Pseudoelastic NiTi-based devices are often required to recover their
shape repeatedly and their working performance can be judged from
the amount of residual deformation after use. The quality problem in this
respect can even be removed from fatigue life or safety issues and
impact on the functional and aesthetic value of the product. While
linear deformation can be appreciated quantitatively in a straightforward
manner, the bending strains are more difficult to assess directly. We
devised a very simple digital image-based method to measure the
residual bending deformation by comparison of the pristine shape of
the device with the one resulting from bending and free recovery. The
program was written in LabView and is capable of reporting about the
deflection and location of strain concentration along slender
pseudoelastic elements in a semi-quantitative way appropriate for quality
sample checks. The method is semi-automatic and provides a user-
friendly interface for the operator. Apart from simple shapes like straight
wires and ribbons, the method was tested on devices as complex as
spectacles frames. This application is particularly interesting, where
shape recovery and functional and aesthetic value are tightly linked,
and deformation by severe handling is a typical effect of use.

SYMPOSIUM C

Electroactive Polymers:
Advances in Materials and Devices

Oral Presentations

C:KL Soft Active Polymer and Applications
JINSONG LENG, Centre for Composite Materials, Science Park of
Harbin Institute of Technology (HIT), Harbin, PR. China

Stimulus-active polymers can change their shapes with respect to
configuration or dimension upon exposure to a particular stimulus such
as heat, electricity, light, magnetic, solvent and pH value. These unique
characteristics enable stimulus-active polymers to be used in a myriad
of fields, including clothing manufacturing, automobile engineering,
medical treatment, and aerospace engineering. Stimulus-active
polymers can be applied in smart textiles and apparels, intelligent medical
instruments and auxiliaries, artificial muscles, biomimetic devices, heat
shrinkable materials for electronics packaging, micro-electro-mechanical
systems, self-deployable sun sails in spacecrafts, miniature manipulator,
actuators and sensors, and many more. This paper presents some
recent progress of soft smart materials and their applications. Special
emphasis is focused upon shape memory polymer (SMP), electro-
active polymer (EAP) for aerospace engineering such as space
deployable structures and morphing aircraft, which has highlighted the
need for development of these materials. A detailed overview of
development in these smart soft materials, of which the undergoing
and future applications are used in adaptive structures and active control,
is presented. The paper concludes with a short discussion for multi-
functional soft smart materials and their composites that are expected
to extend the range of development and applications available to the
related researches and engineers.

Session C-1
Advances in EAP Materials

C-1:/IL01 Characteristic Electrical Actuation of Plasticized
Poly(vinyl chloride) - Various Electrical Functions in Relation
with the Dielectric Plasticizers -

T. HIRAI, M. ALI, T. OGIWARA, D. TSURUMI, K. YAMAMOTO, T. UEKI,
H. XIA, M. HASHIMOTO, Faculty of Textile Science and Technology,
Shinshu University, Ueda-shi, Japan

Poly(vinyl chloride) (PVC) has been found to be actuated by applying dc
electric field, accompanying colossal strain on the anode surface,
particularly when plasticized with large amount of plasticizer. We call
the plasticized PVC as PVC gel for convenience in this paper. Impedance
spectroscopy revealed recently the some fundamental mechanism of
the actuation, that is, the deformation depends on the dielectric nature
of the materials. The colossal increase of dielectric constant was induced
in the gel, and strongly depends on the nature of the plasticizer and its
content. The phenomena observed as electrical actuation of the PVC
gels were (1) Creep deformation on the anode surface, (2) Bending
motion, (3) Tacking to the anode, (4) Contractile deformation, and (5)
Vibrational motion by dc electric field application. Creep deformation
and the excellent transparency of the gel can be utilized for focus
controllable lens. Tacking force can be applied various in combination
with bending deformation. Bending actuator has been successfully
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applied micro-finger actuator and passed for hundreds thousands times
continuous operation. In this paper, we will introduce not only the various
features of the actuation, but also will get into the some detailed
mechanism of the deformation.

C-1:IL02 Ferrorelaxor Polymers for Compact and Efficient Electro-
mechanical Transducers

Q.M. ZHANG, The Pennsylvania State University, University Park, PA,
USA

The direct and efficient coupling between the electric signals and the
elastic, thermal, optical and magnetic signals in ferroelectric based
electroactive polymers makes them attractive for exploiting a broad
range of cross-coupling phenomena and applications. This talk will
present the recent progresses in my group in advancing the electroactive
polymers devices for electromechanical and other applications. Making
use of the proximity in energy landscape between different phases
which stability can be tuned by introducing "defects" in the polymers,
we converted normal ferroelectric P(VDF-TrFE) copolymers into
ferroelectric relaxor with a high dielectric constant and PVDF into a
dielectric with reversible phase transformation between the polar- and
non-polar phases, resulting in high electrostrictive strain with high elastic
modulus (>0.5 GPa). | will discuss the molecular mechanism responsible
for the large electromechanical responses and further approaches to
improve it. Several recent works in developing compact and high
efficiency electromechanical devices such as Braille actuators for full
page display and micro-pumps for autofocusing will be presented.

C-1:/L03 Microstructured Dielectric Elastomer Stack Actuator
Arrays: Technology and Applications

H.F. SCHLAAK, P LOTZ, H. MOESSINGER, K. FLITTNER, H. HAUS,
Technische Universitat Darmstadt, Darmstadt, Germany

The mechanical deformation of dielectric elastomer actuators (DEAS)
can be increased using multilayer stack actuators, where the driving
voltage is reduced using thin dielectric layers. Dielectric elastomer stack
actuators (DESA) are efficiently fabricated in an automated process. To
produce thin dielectric films, uncured polydimethylsiloxane (PDMS) is
spun to a thickness below 50 pm. After curing graphite electrodes are
sprayed on the PDMS surface as a liquid suspension through a shadow
mask and the next dielectric film can be fabricated on top. The thickness
variation within one layer is lower than 4% and the sheet resistance of
the electrodes ranges about 10 kQ/sqg. The technology presented here
is able to produce DESAs with layer thicknesses down to 5 um. Hence,
it is possible to design and fabricate actuators, which are driven only at
150V. Arrays of small actuators with a spatial resolution of 1 mm can be
produced as well as single actuator elements with a diameter up to 50
mm. The potential of this technology is demonstrated by different
applications with diverse requirements. The first one is a vibrotactile
display that generates a perceptive vibration of 250 Hz at a driving
voltage of 600V. Other applications are devoted to microfluidics. We
show a peristaltic pump with a maximum flow rate of 12 uL/min and an
integrated gas valve with flow rates up to 100 mL/min.

C-1:IL04 Smart Soft Actuators and Energy Harvesters

S. BAUER, S. BAUER-GOGONEA, C. KEPLINGER, I. GRAZ, R.
SCHWODIAUER, Soft Matter Physics, Johannes Kepler University, Linz,
Austria

Soft materials form the basis of soft machines. Large deformations in
soft materials are harnessed in actuators, useul in microfluidics, robotics,
biomimetics and adaptive optics, as well as for harvesting biomechanical
energy or energy from renewable sources. Actuation mechanisms are
manifold, we here concentrate on electrostatic actuation (dielectric
elastomers) and phase-change actuation (liquid gaseous phase
transition actuator). In the talk a brief overview of materials for actuators
and energy harvesters is given. We show that giant area expansions of
1700% can be triggered electrically by suitable actuator design. We
discuss area expansions of 120% in phase change actuators working
at low operating voltages. We demonstrate energy of conversion up to
200 mJ/g in dielectric elastomer generators based on natural rubber.
Coupling of such large deformations with electrostatic fields leads to
new phenomenas of failure and instability, pushing the frontiers of smart
soft materials. The field is an infant, it is wide open,imagine the
possibilities.
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C-1:L05 Flexible and Stretchable Electrodes Based on Wrinkles
for Dielectric Elastomer Actuators

CHANGWOON NAH', IL-SOU YOO', GI-BBEUM LEE?, A.N. GENT?,
CHANG YOONS?, 'Energy Harvesting WCU Research Team, 2BK-21
Polymer BIN Fusion Research Team, Department of Polymer-Nano
Science and Technology, College of Engineering, Chonbuk National
University, Jeonju, Republic of Korea; 3Department of Animal
Biotechnology, College of Agriculture and Life Sciences, Chonbuk
National University, Jeonju, Republic of Korea

Dielectric elastomer(DE) is one of electro-active polymer(EAP), which
has low elastic stiffness, high dielectric constants and high strain energy
levels. Recently a lot of researches have been carried out for the actuator
and generator applications based on DE. The DE polymers used for
such applications usually undergo repetitive tensile strain. Generally,
carbon grease is the well known electrode materials for such application.
But carbon or silver grease-type electrodes are not allowed for long-
time use because of cracks occurrence after some period under
repeated extension. To avoid such crack formation, the electrodes
should be designed to be flexible and stretchable. In this study, we
propose a stretchable electrode by employing wrinkles on the surfaces.
Acrylic rubber (AR) sheet was first swollen in silicone rubber(SR) solution
with conducting fillers such as carbon nanotubes(CNT) to make the SR
and CNTs to be diffused to the surface of AR sheet. After drying, the
sheet was stretched to a desired length and crosslinked the SR network.
Then the sheet was relaxed then wrinkles were formed on the surface
of the AR sheet. The presence of wrinkles was confirmed by SEM and
the electric resistance was measured as a function of tensile strain.

C-1:L06 Synthesis of Stable Polyaniline and Polypyrrole
Nanospheres

J.R. LAMB, A.J. SURYAWANSHI, V.J. GELLING, Department of
Coatings and Polymeric Materials, North Dakota State University, Fargo,
ND, USA

One of the major obstacles associated with the synthesis of conducting
polymer nanoparticles in water is their unstable nature, which is
traditionally overcome through the use of soft or hard templates. Such
methods use expensive surfactants, often in large amounts, and require
the removal of the template, which adds complexity, expense, and
environmental hazard. This study explores a facile, one-pot synthesis of
stable polypyrrole and polyaniline nanospheres in water that uses ozone
as the oxidant. Multiple variables were investigated in order to study the
mechanism of this reaction, including monomer concentration, ozone
exposure time, reaction temperature, pH, and the solvent system.
Particle size measurements revealed that the size of the nanospheres,
ranging from 50 nm to 500 nm in diameter, can be controlled via these
reaction conditions. These self-stabilizing nanospheres were also
characterized using Fourier transform infrared spectroscopy (FTIR),
ultraviolet-visible spectroscopy (UV-Vis), scanning electron microscopy
(SEM), transmission electron microscopy (TEM), zeta potential, and
atomic force microscopy (AFM).

C-1:/L08 One Actuator and Several Sensors in One Device with
Only Two Connecting Wires. Mimicking Muscle/brain Feedback
T.F. OTERO', J.G. MARTINEZ', L. VALERO?, K. ASAKA?, |. YAHYA?,
'Univ. Politénica de Cartagena. Lab. of Electrochemistry Intelligent
Materials and Devices, Cartagena. Spain; ?Health Research Institute,
National Institute of Advanced Industrial Science and Technology (AIST),
Ilkeda, Osaka, Japan; ®Dept. of Biological Sciences and Chemistry,
Univ. of Nizwa, Nizwa, Oman

Artificial muscles based on conducting polymers, fullere derivatives,
carbon nanotubes, grahenes or other carbon derivative molecular
structures are electrochemomechanical actuators. Electrochemical
reactions drive most of the volume variation and the concomitant
actuation. Any working or surrounding variable influencing the reaction
rate is sensed by the muscle potential, or consumed energy, evolution
during actuation. Experimental results and full theoretical description
will be presented. The muscle potential is a well defined function of:
driving current, volume variation (external pressure or hanged masses),
temperature and electrolyte concentration. While working artificial
muscles detect any change of whatever those variables by changes on
the potential or on the consumed energy evolution. Experimental
changes fit those predicted by the theoretical description. Only two
connecting wire contain, simultaneously, actuating (current) and sensing
(potential) signals. Those constitute new feed back intelligent and
biomimetic devices opening new technological borders and mimicking



natural muscles/brain communication. Muscles and actuators; batteries
and supercapacitors; smart windows, mirror and screens; smart
membranes and electron/ion transducers will sense working conditions.

C-1:L10 Multi-modal Stimuli Responsive Molecular Switches
M. ZANONI', K.J. FRASER!, K. WAGNER?, R. BYRNE', S. GAMBHIR?,
A. GELMP?, P MOLINO?, M. HIGGINS?, P WAGNER?, G.G. WALLACE?,
D.L. OFFICER?, D. DIAMOND'; 'CLARITY Centre for Sensor Web
Technologies, National Centre for Sensor Research, Dublin City
University, Dublin, Ireland; 2Intelligent Polymer Research Institute,
University of Wollongong, Wollongong NSW, Australia

Polythiophenes behave as electrochemical molecular switches and
this continues to make their synthesis an interesting subject for the
development of new materials with switchable functionalities. Spiropyrans
derivatives can be photonically switched between spiropyran and
merocyanine derivatives that manifest dramatically different properties.
Herein we present the covalent attachment of a spiropyran derivative to
terthiophene to generate a new material capable of multi-mode switching
(electrochemical and photochemical) between various isomers.' For
example, the material's physico-chemical properties can be rapidly
switched with complete reversibility by exposure to light or heat sources
through mechanisms that can be characterised by first order kinetics.
Through the terthiophene moiety, the material can be polymerised without
influencing the switching behaviour of the spiropyran moiety. The muilti-
modal switching behaviour provides additional flexibility for control of
the material's properties, for example by using electrochemical switching
to assist the reversibility to the system.

1. K. Wagner, R. Byrne, M. Zanoni, S. Gambhir, L. Dennany, R. Breukers,
M. Higgins, P Wagner, D. Diamond, G.G. Wallace, and D.L. Officer, J.
Am. Chem. Soc., 2011, 133 (14), 5453-5462.

C-1:L71 Ultra-soft Foam-based Capacitive Sensors
H. VANDEPARRE, T. OPPENHEIM, S.P LACOUR, Laboratory for soft
bioelectronic interfaces, EPFL, Lausanne, Switzerland

C-1:L12 Effect of Crack Formation on Stretchable Silver Electrode
for Dielectric Elastomer Actuators

S.H.LOW, G K. LAU, School of Mechanical and Aerospace Engineering,
Nanyang Technological University, Singapore

Thin metal films are not commonly used as electrodes for dielectric
elastomer actuators (DEASs) as they are presumed to be too stiff to allow
large actuated strains. However, they can improve the DEA's reliability
due to their ability to self heal, just like they do for metalized plastic film
capacitors. Typical DEAs using un-patterned, sputtered metal thin films
do not generate more than 10% areal strain. However, this work
demonstrated a large areal strain up to 56% of metalized DEA using
electrolessly deposited (ELD) silver thin. The large strain of this metalized
DEA s attributed to the ultra-thin electrode thickness and crack formation
that makes the electrode stretchable. Cracks are observed in the thin
silver film electrodes when DEA is activated. In this paper, the cracks in
such thin silver electrodes are studied and compared against sputtered
silver electrodes. It has been found that the cracks have helped to
improve actuated strain, yet did not affect repeatability, as the cracks
did not propagate in subsequent activations. Instead, the cracked
electrodes had reached a sort of "steady-state".

C-1:IL13 Chitosan/IPMCs Atrtificial Muscles
M. SHAHINPOOR, Biomedical Engineering Laboratory Mechanical
Engineering Department, University of Maine, Orono, ME, USA

This presentation discusses how biopolymers such as chitosan and
ionic polymer metal composites (IPMCs) can be combined to form a
new nanocomposite with actuation, energy harvesting and sensing
capabilities. Described are biopolymeric and polymeric networks
containing conjugated ions that can be redistributed by an imposed
electric field and consequently act as distributed nanosensors,
nanoactuators and artificial muscles. The presentation briefly discusses
the manufacturing methodologies and the fundamental properties and
characteristics of such biopolymers/polymers as distributed nanosensors,
nanoactuators and artificial muscles. It will further include descriptions
of the basic materials' typical molecular structures. A phenomenological
model as well as an ionic model of the underlying sensing and actuation
mechanisms are also presented based on linear irreversible

thermodynamics with two driving forces, an electric field and a solvent
pressure gradient and two fluxes, electric current density and the
ionic+plasticizer flux. Intercalation of chitosan biopolymer and ionic
polymers such as perfluorinated sufonic ionomers and subsequent
chemical plating of them with a noble metal (IPMCs) is also reported
and the properties of the new product are briefly discussed. Chitosan
and IPMCs have also been extensively studied for their biomedical
applications.

C-1:L15 Properties of a Dielectric Elastomer Actuator Modified
by Dispersion of Functionalised Carbon Nanotubes

F. GALANTINI', S. BIANCHI?, V. CASTELVETRO', G. GALLONE" 3,
'Interdepartmental Research Centre "E. Piaggio", University of Pisa,
Italy; 2Dept. of Chemistry and Industrial Chemistry, University of Pisa,
Italy; *Dept. of Chemical Engineering, Industrial Chemistry and Material
Science, University of Pisa, Italy

Dielectric elastomer actuators, among the broad class of electro-active
polymers (EAPs), represent a rapidly growing technology for
electromechanical transduction. In order to further develop this applied
science, the currently needed high driving voltages must be reduced.
For this purpose, one of the most promising and adopted approach is to
increase the dielectric constant while maintaining both low dielectric
losses and high mechanical compliance. In this work, a dielectric
elastomer was prepared by dispersing functionalised carbon nanotubes
(FCNTs) into a polyurethane matrix and the effects of filler dispersion
into the matrix were studied in terms of dielectric, mechanical and
electro-mechanical performance. An interesting increment of the
dielectric constant was observed throughout the collected spectrum
while the loss factor remained almost unchanged with respect to the
simple matrix, indicating that conductive percolation paths did not arise
in such a system. Consequences of the chemical functionalisation of
the CNTs with respect to the use of unmodified filler were also studied
and discussed along with rising benefits and drawbacks for the whole
composite material.

The Fondazione Cassa di Risparmio di Pisa is acknowledged for financial
support - POLOPTEL project n.167/09.

C-1:L16 Bimodal Networks as Candidates for Electroactive
Polymers

F. BAHRT, A.E. DAUGAARD, A.G. BEJENARIU, J.M. MARIN, S.
HVILSTED, A. LADEGAARD SKOV, Department of Chemical and
Biochemical Engineering, DTU, Kgs Lyngby, Denmark

An alternative network formulation method was adopted in order to
obtain a different type of silicone based elastomeric systems - the so-
called bimodal networks - using two vinyl-terminated polydimethyl
siloxanes (PDMS) of different molecular weight, a labelled crosslinker
(8 or 4-functional), and a platinum-catalyzed hydrosilylation reaction
between the three reactants. The crosslinking reaction was initiated by
mixing different amounts of short PDMS chains and long PDMS chains
with the stoichiometric amount of the crosslinker in a series of mixing
schemes. We visualize how the short chains organize themselves
between the long chains and show how this leads to unexpectedly
good properties for DEAP purposes due both to the low extensibility of
the short chains that attach strongly the long chains and to the
extensibility of the last ones that retards the rupture process.

Session C-2
Analysis and Physical Mechanisms

C-2:IL01 Visualizing Actuation Mechanisms in Conducting
Polymers
E. SMELA, University of Maryland, College Park, MD, USA

The optical-mechanical-electrochemical coupling in conjugated polymer
films can be studied during electrochemical switching by covering the
film with a transparent ion barrier, so that the charge-compensating
ions must enter and exit only at the edges. The ion concentration is
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directly related to the oxidation level and determines the volume of the
polymer. The oxidation level also determines the film color. Experiments
were conducted with polypyrrole doped with dodecylbenzene sulfonate,
a cation-transporting material. When the film was reduced, the edges
of the film lightened as the cations began to arrive. At the same time,
the height of the film increased in the same areas, proportional to the
change in color intensity. As cations were transported further into the
film, the oxidized portion travelled as a front to the center. A finite
element model based on the Poisson equation and transport equations
for both ionic and electronic charge was developed to account for the
charge transport. It successfully accounts for the experimentally-
observed behaviors, including the emergence of a front and the voltage
dependence of the speed of the front. One of the key findings is that
during cation ingress, ion movement is dominated by migration, not
diffusion.

C-2:IL02 Modeling of lonic Electroactive Polymers
T. WALLMERSPERGER, Institut fir Festkérpermechanik, TU Dresden,
Germany

Electroactive polymers (EAP) are a very attractive class of actuation
materials with remarkable electrical and mechanical properties and
with a great similarity to biological contractile tissues. They consist of
polymers in various compositions and in variable forms, are lightweight,
and fracture-tolerant. Electroactive polymers can be classified in
electronic and ionic EAP In this presentation the actuatoric and sensoric
behavior of different ionic electroactive polymers - such as ionic polymer
gels, ionomeric polymer metal composites, and carbon nanotubes - is
investigated on different scales. For cases in which only the global
behavior is of interest, a macroscopic theory can be used. If a more
detailed insight is desired, a mesoscopic coupled multi-field formulation
can be applied. This formulation comprises chemical, electrical and
mechanical fields in order to compute the ion concentrations, the electric
potential and the mechanical displacement. By further refining the scale,
the whole structure can be investigated on the microscale by the discrete
element method. In this model, the material is represented by distributed
particles comprising a certain amount of mass; the particles interact
with each other mechanically by a truss or beam network of massless
elements.

C-2:IL06 Controlling Polymer Crystallization in Functional
Nanostructures

L. NOUGARET, H. KASSA, R, CAl, A.M. JONAS, Institute of Condensed
Matter and Nanosciences, University of Louvain, Louvain-la-Neuve,
Belgium

The need to control the crystallization of commodity and engineering
plastics is well-established for the fabrication of macroscopic items, in
order to optimize their thermo-mechanical properties. This is traditionally
done by adding nucleating agents and by playing with processing
parameters. The same need emerges when functional polymers are
used to fabricate nanostructures, where specific alignment of
crystallographic axes and high crystallinity are required for optimal
performance. This can be attained by taking advantage of confinement
effects that may induce preferential orientation and increased
crystallinity. Here, we show that confining electroactive polymers such
as conducting, semiconducting, electroluminescent or ferroelectric
polymers in the nanocavities of NIL molds or of nanolithographied masks
may lead to favored orientation and improved properties. We explain
the main principles controlling these effects, including graphoepitaxy
and minimization of interfacial energy, and elaborate in more details on
the specific case of ferroelectric polymers and on their use for the
fabrication of organic memory devices.

C-2:IL07 Interfacial Layer and its Role in Newly Developed High-
performance Electroactive Polymers and Composites

Z.-Y. CHENG, Materials Research and Education Center, Auburn
University, Auburn, AL, USA

The physics behind the dielectric and electromechanical effects in
homogenous materials are well known. Most of the newly developed
high-performance electromechanical and dielectric materials, such as
electroactive polymers and composites, are inhomogeneous. It is well
known that the interaction between different phases/materials is the
key to the mechanical property of the materials. Recently, more interest
is placed to look the interfacial layer between different phases/materials
in these inhomogeneous materials and their role on the dielectric and
electromechanical properties. Many of the material responses were
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assigned as the results due to the appearance of the interfacial layer.
Here, two materials systems are used to study the existence of the
interfacial layer. The influence of the interfacial layer on the dielectric,
polarization, and electromechanical properties of the materials is studied.
It is concluded that although the interfacial layer plays an important role
in the materials properties, there are some misunderstanding of the
contribution of the interfacial layer onto the materials properties, especially
the dielectric and electromechanical properties.

C-2:/L70 Conducting IPN Actuators, from Actuation Mechanism
to Applications

C. PLESSE', N. FESTIN" 2, A. KHALDI®, P PIRIM?, E. CATTAN?, C.
CHEVROT!, D. TEYSSIE', F. VIDAL', 'Laboratoire de Physicochimie
des Polymeres et des Interfaces, Université de Cergy-Pontoise, Cergy-
Pontoise, France; 2Brain Vision Systems (BVS), France; 3IEMN CNRS
UMR-8520, NAM6 group, Villeneuve d'Ascq, France

In recent years, many studies on electroactive polymer actuators have
been reported. One promising technology is the elaboration of electronic
conducting polymers based actuators with Interpenetrating Polymer
Networks (IPNs) architecture. This material is thus similar to a layered
actuator with the advantage that no adhesive interface is necessary.
The IPNs are synthesized from poly(ethylene oxide) and elastomer
networks in which the conducting polymer is dispersed, i.e. its content
decreases from the outside towards the centre of the film. The
conducting IPN morphology was investigated by electrical resistance
measurements, DMA and EDS. Aqueous or organic electrolyte solutions
were used and actuator performances have been characterized
according to the type of salt. However best results were obtained with
a room temperature ionic liquid, 1-ethyl-3-methylimidazolium bis-
(trifluoromethylsulfonyl)imide. We recently synthesized new actuators
based on high molecular mass elastomer. The new design of the
conducting IPN greatly improves the actuator performances as
mechanical resistance, output force, and speed response.

C-2:IL11 Survival Test Experiments for lonic EAP-s

A. PUNNING, I. MUST, K. KRUUSAMAE, A. AABLOO, Intelligent
Materials and Systems Lab, Institute of Technology, University of Tartu,
Tartu, Estonia

In order to consider electromechanically active materials for real-life
applications, especially for space technology, an extensive knowledge
on how different environmental effects influence the reliability of
electroactive polymer (EAP) actuators is required. UV, x-ray, and gamma
radiation but also large-scale temperature alterations are examples of
such environmental variables that can affect the actuation properties of
EAP samples subjected to operate in space. We have designed,
constructed, and implemented an intricate experimental setup for
measuring electromechanical parameters of bending EAP actuators.
This setup allows simultaneous experimentation of over 400 EAP
actuators with the size of 5 x 20 mm. The electrical and mechanical
parameters used to characterize all the actuators include impedance,
current, blocking-force, curvature, displacement, and frequency
response. The central objective of these experiments is to obtain
understanding about the reliability of different EAP actuators, such as
several types of ionic polymer-metal composites (IPMC), carbon-polymer
composites (CPC), and conducting polymer actuators. The performance
and durability of the actuators is monitored after exposing each type of
EAP to the environmental conditions stated above.

C-2:L12 Electrochemical Control of the Memory Properties of
Poly(3,4-ethylenedioxythiophene)

H. RANDRIAMAHAZAKA, S. CLOTEAU, J. GHILANE, J-C. LACROIX,
University Paris Diderot, Sorbonne Paris Cité, UMR 7086 CNRS, Paris,
France

Conducting polymers will be useful for the realization of a non-linear
electrochemically controlled hybrid polymeric devices in the framework
of a broader program leading to the fabrication of biologically inspired
organic networks capable of "intelligent" signal analysis and transduction,
i.e. adaptive networks which can be trained to perform sophisticated
tasks analogous to those characterizing cognitive processes in biological
systems. In this work, we have investigated the memory effect of poly(3,4-
ethylenedioxythiophene) (PEDOT) in an electrochemical environment.
The memory effect was related to the electromechanical responses
and the nucleation and growth mechanisms during the redox switching
of PEDOT. By means of cyclic voltammetry, we analyzed the influence



of the waiting time and the holding potential on the memory properties.
The effect of electrochemical aging on the electrical properties was
explained from the viewpoint of rearrangement of polymer chains, and
the electrochemical results were rationalized in terms of a master curve.
Because of the interplay of the electrochemical and mechanical
properties, a better understanding of the conformational relaxation
processes was very helpful for the design of memory devices based on
conducting polymers.

C-2:L13 Theoretical Modeling and Numerical Simulation of IPMC
Multiphysics

S. GALANTE, A. LUCANTONIO, P. NARDINOCCHI, University of Rome
“La Sapienza”, Italy

The modeling of the chemo-electro-mechanical behaviour of IPMC
(lonic Polymer-Metal Composite) bodies is set within the context of the
3-D theory of nonlinear elasticity. It is assumed that a field of chemically
induced distortions arise as a consequence of the electrical activation.
These mechanical distortions are viewed as inelastic contributions to
the mechanical deformation of the body following the point of view
presented in ref. 1 and developed in ref. 2 with reference to a linear
model of IPMC-like body. As in ref. 2, the derivation of the final PDE
equations of the multiphysics problem are thermodynamically consistent
according to ref. 3. Standard numerical experiments are performed
with focus on the accurate reproduction of the chemo-electrical boundary
layers.

1. R Nardinocchi, L. Teresi, On the active response of soft living tissues.
J. Elasticity, 88, 27-39, 2007; 2. R Nardinocchi, M. Pezzulla, L. Placidi,
Thermodynamically based Multiphysic Modeling of lonic Polymer Metal
Composites. Journal of Intelligent Material Systems and Structures,
2011 DOI: 10.1177/1045389X11417195; 3. B.D. Coleman, W. Noll,
The Thermodynamics of Elastic Materials with Heat Conduction and
Viscosity. ARM.A. 13(1), 167-178, 1963.

Session C-3

Device Development and Integration
Technologies

C-3:/L07 Lab-on-a-chip Applications of Dielectric Elastomer
Actuators

H.R. SHEA, Ecole Polytechnique Fédérale de Lausanne (EPFL), EPFL-
LMTS, Neuchatel, Switzerland

The advent of microfluidics circuits has revolutionized cell biology. Also,
it is now recognized that cells modulate their behavior and development
in response to mechanical stresses. A device combining the in-vivo-like
cellular environment afforded by microfluidic devices with the ability to
apply precise mechanical strain to targeted cells would vastly increase
the throughput of biology-on-a-chip experiments while enabling in-vitro
experimental conditions to closely match in-vivo conditions. We report
here on the design, fabrication and characterization of arrays of
microfabricated dielectric elastomer actuators for on-chip pumping and
for applying strain to single cells. The devices are made from PDMS
membranes on which compliant electrodes are deposited by low-energy
ion-implantation. Electrodes can be patterned down to 50 pm. We
present devices of diameter 500 um to 2mm that can provide out-of-
plane deformation of up to 25% of the diameter, and their use for
pumping both conducting and non-conducting liquids. We also report
on 100 um x 100 um devices that generate up to 80% in-plane strain,
used to stretch cells in a larger culture. Our technology is uniquely
suited to create chip-scale arrays of miniaturized DEAs: we report on
arrays of 72 devices on a 2 cm x 2 cm chip.

C-3:/L02 Actuation of Model Phalanges by lon Polymer Metal
Compound

T. IHARA, . NAKAMURA, Suzuka University of Medical Science,
Suzuka, Japan; K. ASAKA, National Institute of Advanced Industrial
Science and Technology, Japan

We have fabricated a prototype model artificial muscle that drives model
phalanges in water. lon polymer metal compound (IPMC) was used as
an artificial muscle type actuator which was fabricated in a shape that
bridges two conjoining bones, and controls opening angle of the bones
which mimics contraction and expansion motion of the muscle. In
fabricating IPMC Nafion R-1100 resin was heat-pressed at 185 °C with
20-30 MPa. The thickness of IPMC can be adjusted by changing the
amount of resin, pressure, and time to heat-press. Immersion and
reduction process was repeated up to 4 times to thicken the thickness
of gold plate surface. Disk-shaped membrane was then immersed to
hydrolysis solution using a mixture of dimethyl sulfoxide (DMSO),
potassium hydroxide (KOH), and water. The pre-processed membrane
was permeated in [Au(phen)CI2]+ solution. After the immersion, the
membrane was reduced with 5% Na2S083 solution to perform gold
plating. Fabricated IPMC was then cut in shapes and an electrode was
attached on the surface of IPMC. Bipolar power supply and function
generators were used to drive IPMC membranes attached to the model
phalanges. The model phalanges were successfully activated by IPMC.
We have measured generating forces of IPMC by a load cell as well as
by an isometric force tranducer.

C-3:/L03 Haptic Devices
P. LOTZ, Continental Automotive GmbH, Babenhausen, Germany

Dielectric elastomer actuators are well known for large deformations,
high dynamics, light weight and flexibility. Thus, dielectric elastomer
actuators are very well suited to generate static and dynamic
deformations which can be perceived as haptic informations.
Furthermore, the functional principle offers the possibility to sense user
input with the same device. Within the last years a lot of developments
towards haptic displays and haptic devices with integrated output and
input have been made: Elastomer actuators with thicknesses of only a
few millimeters or less generate perceivable haptic informations. The
geometry of active areas can be designed arbitrarily and is fully integrated
into the passive elastomer. Hence, thin and small Braille displays can
be built as well as innovative haptic feedback generators and human
machine interfaces. All these applications show promising features
which can hardly be realized with traditional technologies. This talk will
give an overview on the recent developments on haptic devices. These
results will be discussed with regard to requirements which have to be
fulfilled to commercialize haptic devices based on dielectric elastomer
actuators. Driving voltage, durability and lifetime are fundamental issues
which have to be considered.

C-3:L04 Dynamic Daylight Redirection for Smart Windows
B.A. HELMS, G. MASSON, R. MENDELSBERG, S. CABRINI, D.J.
MILLIRON, A. ANDERS, S. SELKOWITZ, Lawrence Berkeley National
Laboratory, Berkeley, CA, USA

Microscale, switchable daylight-redirecting glazings have the potential
for widespread application if a low-cost, durable coating can be
engineered and manufactured with the proper set of attributes. We will
describe here a versatile approach based on microstructured
electroactuated polymer thin films. Daylight redirection in these films is
externally modulated via an applied voltage to track the angle of incident
sunlight, thereby optimizing lighting energy savings over a larger fraction
of building floor space and responding to the needs of building
occupants. Optical performance characterization as well as quantitative
analysis of energy performance potential will be highlighted, as will the
role of angular-dependent full-wave simulations in guiding the design of
the appropriate thin film microstructure to be employed.

C-3:/IL05 New Dielectric Elastomer Actuators for Biomedical and
Bioinspired Systems

F. CARPI', G. FREDIANI', D. DE ROSSI" 2; 'University of Pisa,
Interdepartmental Research Centre "E. Piaggio", Pisa, ltaly; *Technology
& Life Institute, Pisa, ltaly

ElectroActive Polymers for electromechanical transduction, better

referred to as Electromechanically Active Polymers (EAPS), exhibit several
functional characteristics in common with natural muscles. Accordingly,
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they are increasingly studied as 'artificial muscle materials' for a variety
of possible uses. This talk will focus on one of the most versatile and
performing EAP technologies, known as dielectric elastomer actuators.
The talk will present how combing dielectric elastomer actuation with
usage of fluids as a means of hydrostatic transmission allows for new
devices that might find application as biomedical and bioinspired
systems. Two specific examples will be presented and discussed. The
first deals with the development of Braille displays as portable tactile
readers for the blind people. The second example consists of new
electrically tunable optical lenses, inspired to the architecture of the
crystalline lens and ciliary muscle of the human eye.

The “Fondazione Cassa di Risparmio di Pisa” is acknowledged for
financial support - POLOPTEL project n.167/09.

C-3:IL06 Integrating Soft Control into Soft Machines

ILA. ANDERSON, B.M. O'BRIEN, T. CHUN HIN TSE, TA. GISBY,
Biomimetics Lab, Auckland Bioengineering Institute, The University of
Auckland, New Zealand

Dielectric Elastomer (DE) artificial muscles are multi-functional and can
be used as capacitive strain sensors, multi-degree-of-freedom actuators
and energy harvesters. These functions require the control of charge
on the DE membrane through auxiliary electronics. A worthwhile goal
would be to find ways of replacing hard and dense electronics with soft
and simple components integrated with the DE thus simplifying
manufacture and improving portability and wearability. Towards this
goal we present two DE devices with integrated control elements: an
energy harvester and a motor. Our DE energy harvester includes a
passive circuit that passes charge to the stretched membrane to prime
it and then harvests the charge at a higher energy on the relaxed
membrane. We have used the membrane itself to store charge and
piezo-resistive dielectric elastomer switches (DES) to control the
distribution of charge. Soft control has vastly improved the overall energy
and power density of the system. Our motor that uses antagonistic
membrane DE actuators to turn a crank also relies on DES for the
control of charge commutation. Both devices consist entirely of dielectric
elastomer with flexible electrodes supported in a polymer frame, thus
demonstrating the feasibility of integrated soft control.

C-3:L07 Transparent lonic Polymer Actuators Based on SPI
Membranes and Graphene Electrodes

JIN-HAN JEON, IL-KWON OH, Division of Ocean Systems Engineering,
School of Mechanical Aerospace and Systems Engineering, Korea
Advanced Institute of Science and Technology (KAIST), Daejeon, Korea

Transparent electro-active polymer actuators based on sulfonated
polyimide electrolytes with graphene electrodes were developed. The
SPI membrane shows high optical transmittance for a transparent
polyelectrolyte and good electro-chemical properties of ion-exchange
capacity, water uptake and proton conductivity required for a high-
performance ionic polymer actuator. The transparent graphene
electrodes were transferred on the SPI ionic polymer. The actuation
performances of the actuators were investigated by electrical excitation
tests. Also the electric conductivity of graphene sheets by CVD method
was greatly improved through chemical doping techniques, which are
responsible for high-actuation performance of transparent polymer
actuators. The doping behavior of graphene was confirmed by analyzing
the Raman specitra, resulting in great improvements of the actuation
performances. Present results show that the transparent artificial
muscular EAP actuators were successfully developed with transparent
ionic exchangeable membranes and transparent graphene electrodes.

C-3:L08 EAP-Actuators with Improved Actuation Capabilities for
Construction Elements with Controllable Stiffness

M. HENKE, J. SORBER, G. GERLACH, TU Dresden, Solid State
Electronics Lab, Dresden, Germany

A new kind of actuator based on Electroactive Polymers (EAPSs) is
developed. The actuator consists of a Danfoss Polypower EAP foil and
a supporting structure. The supporting structure applies the necessary
pre-straining force to the foil. Usually, such structures have a constant
spring stiffness which strongly limits the actuation range. The novel
actuator possesses a highly nonlinear spring stiffness for pre-straining
the foil. Therefore, the pre-straining force is nearly constant all over the
actuation range. This leads to a doubling of the possible actuation
range for such an actuator with constant spring stiffness. Such structures
are the basis for developing construction elements with variable stiffness.
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The contribution shows the basic function of this actuator and its and its
capabilities for the application in new smart, self-sensing and -controlling
composite materials for lightweight constructions. The theoretical
background of highly nonlinear spring stiffness is discussed and transferred
to the developed structures. The theoretical calculations are based on
analytic calculations and finite element analyses and are verified by
experimental set-ups consisting of different actuators both with constant
and highly nonlinear pre-straining spring constant.

C-3:L09 High Performance Flexible Organic Thin Film Transistors
with Conducting Polymer Electrodes and Al203/PVP/AI203
Multilayer Insulator

YOUNGKYU LEE, R. ABDUR, H. SOH, J. LEE, Kookmin university,
Seoul, South Korea

The use of conducting polymer electrode(poly(3,4-
ethylenedioxythiophene)(PEDOT)), poly(4-vinyl phenol)(PVP) insulator,
polyethersulphone(PES) substrate provided excellent mechanical
stability. In addition, the interface between PVP and PEDOT formed
during at postannealing at 180 °C caused a leakage current between
PVP and PEDOT, which was effectively suppressed by the addition of
AI203. We have fabricated flexible pentacene organic transistors on a
PES substrate with PEDOT conducting polymer(conductivity = 650 S/
cm) electrode and Al203(30nm)/PVP(63 nm)/Al203(10nm) insulator,
showing high electrical performances such as threshold voltage of -6V,
threshold voltage shift of 1.12V, lon/loff ratio of 1.5E+7, high mobility of
0.41 cm2V-1s-1, that operates after a strain of 2.0% with negligible
degradation of hole mobility. In addition, we have measured the long-
term stability of the device with an encapsulation layer on it, showing
the excellent stability even after 1.5 month of air exposure. The excellent
performances of the flexible OTFTS such as high mobility, low threshold
voltage shift, low leakage current, high bendability, excellent air stability
is attributed to the suppressed interaction between PVP and PEDOT by
the AI203 interlayer.

Session C-4
Applications

C-4:/L07 New Materials Advances for Smart Electro-active
Polymers
H.E. NAGUIB, University of Toronto, Toronto, Ontario, CANADA

Electro-active polymers are a class of smart materials that possess one
or more properties that can be altered by electrical stimuli. They are
characterized by unique abilities that promise to impact several
applications such as biomedical, energy and electronics. This study
presents the current and new materials advances for electroactive
polymers. In particular, the emphasis will be on conductive polymers
and matrices such as polyaniline (PAni), polypyrrole (PPy), poly (3,4-
ethylenedioxythiophene) ( PEDOT), carbon nanotubes and graphene.
In this context, the objectives of this study is the design and selection of
conductive polymer and composite materials based on their structure-
properties relationships; the design and development of fabrication
techniques to manufacture these polymers and composites; the
characterization, modeling and optimization of the behaviours and
functionality of these new materials to tailor their final properties; the
simulation and integration of the final properties of these smart materials
into innovatively designed prototypes for diverse applications. This work
will lay down the foundations of a design guideline for the development
of new smart electro-active polymers.

C-4:IL02 Organic Robotics Based on Conducting Polymers
H. OKUZAKI, University of Yamanashi, Kofu, Japan

Cooperation between the electrical conductivity and hygroscopic nature
of conducting polymers can provide an insight into the development of
a new class of electro-active polymers (EAPS) or soft actuators working
in ambient air. Unlike conducting polymer actuators driven by
electrochemical doping and dedoping, this system operated in air without
using an electrolyte solution, counter and reference electrodes. Free-



standing films made of poly(3,4-ethylenedioxythiophene) doped with
poly(4-styrenesulfonate) (PEDOT/PSS) were prepared by casting water
dispersion of its colloidal particles. Upon application of 10 V, the film
underwent contraction of 2.4% in air at 50%RH which significantly
increased to 4.5% at 90%RH. The principle lays in desorption of water
vapor sorbed in the film due to Joule heating, where electric field was
capable of controlling the equilibrium of water vapor sorption. Under
isometric condition, the film generated contractile stress as high as 17
MPa, which was 50 times larger than skeletal muscle in animals. The
work capacity attained 174 kd/m3, where Young's modulus of the film
increased from 1.8 GPa to 2.6 GPa by application of 6 V at 50% RH.

Poster Presentations

C.PO1 Adhesion Between Poly(dimethylsiloxane) Layers
LIYUN YU, AEE. DAUGAARD, A. LADEGAARD SKOV, Department of
Chemical and Biochemical Engineering, Technical University of
Denmark, Lyngby, Denmark

Different adhesion methods of poly(dimethylsiloxane) (PDMS) layers
were studied with respect to adhesional force and the resulting rheology
of the two-layered PDMS films were investigated. The role of adhesion
between PDMS layers on the performances of two-layer structures
was studied with peel strength test and by SEM pictures. The rheology
of the double-layered compared to the monolayer fiims changed in
some cases which indicates that the adhesion process needs to be
carefully introduced in order not to alter the final properties.

C:P02 An Organic Polymeric Material for Electronics
A. MARRANI, M. BASSI, Solvay Specialty Polymers, Bollate, Italy

Polymers based on vinylidene fluoride (VDF) and trifluoroethylene (TrFE),
exhibit intrinsic piezo, pyro and ferro-electric properties and are interesting
alternative to inorganic materials, particularly for printed electronics.
Their solubility in a large class of solvents enables the application of any
printing and coating technique, and the low temperatures needed for
the process widen the choice of substrates and constructions. Their
polymeric mechanical properties allow the complete flexibility of the
final devices, and the intrinsic transparency can be exploited for optical
applications. While copolymers exhibit a large hysteresis, and are thus
suitable for applications exploiting their ferro-electric characteristics,
terpolymers behave as ferroelectric relaxors, showing electrostrictive
properties useful in actuators and transducers.

C:P04 Development of Polyaniline Nano-particles and
Chloroprene Rubbers Blends as Electroactive Materials

R. KUNANURUKSAPONG, A. SIRIVAT, The Petroleum and
Petrochemical College, Chulalongkorn University, Bangkok, Thailand

Polymer blends between polyaniline (PANI) nano/large particles and
chloroprene rubbers were fabricated and investigated as the electro-
responsive materials. The effects of the chloroprene type, the particle
size, the particle concentration, and electric field strength on the electrical
properties, the storage modulus sensitivity, and the dielectrophoresis
force were studied. Chloroprene W provides the highest storage modulus
sensitivity at 55% and is chosen as the matrix. The electrical conductivity
and the dielectric constant of the blends increase with increasing
concentration of PANI nano/large particles. The storage modulus of the
blends (with and without electric field) increases linearly with the PANI
content. The maximum storage modulus sensitivities of the blends with
PANI nano and large particles at E= 2 kV/mm are 73% at 0.01%vol and
63% at 0.1%vol, respectively. The dielectrophoresis force of all specimens
increases monotonically with increasing electric field strength. The
blends with PANI-nano and large particles at 0.01%vol generate higher
dielectrophoresis forces than those of the pure chloroprene W. For the
0.1%vol of PANI nano and large particles, the resultant deflection angle
and the dielectrophoresis forces are lower than those of the 0.01%vol
systems.

C:P05 Electroactive 1-butyl-3-methylimidazolium Chloride lonic
Liquid-microcrystalline Cellulose Gel for Actuator Application
W. KUNCHORNSUP, A. SIRIVAT, The Petroleum and Petrochemical
College, Chulalongkorn University, Bangkok, Thailand

Actuator is a device that can transform electrical energy to mechanical
energy. Electroactive paper (EAPap) is a kind of well-known category,
mainly composed of cellulose. Cellulose is a piezoelectric material whose
piezoelectric properties are responsible for the internal rotation of polar
atomic groups associated with asymmetric carbon atoms based on
non-centre symmetry. The 1-Butyl-3-methylimidazolium Chloride
(BMIM*CI) is a well-known solvent of micro-crystalline cellulose. The
BMIM*CI - cellulose gels were prepared by the solvent casting method.
The elctromechanical properties of the cellulose gels were investigated
under the oscillatory shear mode at electric field strengths between 0 to
1kV/mm and as function of temperature. In the absence of electric
field, the storage moduli (G”) linearly increase with temperature up to
333 K at 1rad/s. This is responsible for increasing the mobility of BMIM*-
cation, the dipole-dipole interaction, and the cellulose chain alignment
via increasing temperature. In the deflection experiments, under the
electric field, the deflection distances of the gels linearly increase with
increasing electric field strength along with the dielectrophoresis forces
beyond the electrical yield strength of 100 V/mm.

C:P06 Crystal Properties Dependence of Dielectric and
Piezoelectric Properties of Poly (vinylidene fluoride-co-
trifluoroethylene)

W.M. XIA, Z. XU, Z.C. ZHANG, F. WEN, International Center for Dielectric
Research, Xi'an Jiaotong University, Xi'an, Shaanxi, China

Poly(vinylidene fluoride-co-trifluoroethylene) (P(VDF-co-TrFE)) has
aroused wide concern because of its attractive ferroelectric and
piezoelectric properties. As a semi-crystal copolymer, the dielectric
properties of (P(VDF-co-TrFE)) are closely related with its crystallinity
and crystal phase structures. In this paper, different physical handling
processes were applied to transforming the crystal properties of P(VDF-
co-TrFE), and how the crystal properties influence on electric properties
of the copolymer were carefully discussed. The results illustrate that the
dielectric constants (er) decrease and piezoelectric constants (d33)
increase as the function of crystallinity of the copolymer. In annealed
copolymer, a lager remanent polarization (Pr>9uC/cm2) and
piezoelectric constant (>25) were obtained in 300MV/m electric field.
In addition, the larger electromechanical coupling factors (Kt) in
thickness direction of this larger d33 copolymer films were determined
by fitting the resonance behavior to the piezoelectric equation. These
results illustrate the potential application of this high crystallinity
ferroelectric film in electromechanical components.

C:PO7 A Parametric Fractional Model in the Frequency Domain
of IPMC Actuators as a Function of Length

R. CAPONETTO, S. GRAZIANI, . PAPPALARDO, M.G. XIBILIA, DIEEI,
University of Catania, Catania, ltaly; DiSIA, University of Messina,
Messina, Italy

A flourishing literature exists on IPMC actuators, both as it regards
device modelling, control and foreseen applications. It is generally
accepted that modelling is a main step towards the full exploitation of
this novel technology. Also models should be ruled by using parameters
that are under the control of designers. Evidence is given in the literature
that non integer order transfer functions could be a suitable choice in
the modeling of IPMC transducers. The authors propose a non integer
order model of IPMC actuators, parameterized as a function of device
length, obtained by identification techniques, applied on a set of DUTs.
The proposed model successes in describing the behavior of IPMCs, in
the investigated frequency range. More specifically, the resonant
frequency, a parameter of main interest in mechanical resonant devices,
is faithfully estimated and parameterized as a function of the device
length. In the paper a comparison with corresponding integer order
models will be reported, in the frequency domain. Experimental validation
of the proposed models show that non integer order models over perform
corresponding integer order models and requires a smaller number of
parameters to be used in the transfer functions.
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C:PO9 Functional Chararacterisations of Hybrid Nanocomposite
Films Based on Polyaniline and Carbon Nanotubes

M.F. DE RICCARDIS, V. MARTINA, D. CARBONE, P ROTOLO,
UTTMATB ENEA-CR Brindisi, Brindisi, Iltaly

The combination of nanoparticles and conducting polymers, known as
hybrid conducting nanocomposites, is a new emerging field. The
combination of conductive polymers, such as polyaniline (PANI), with
carbon nanotubes (CNTs) has already shown some synergistic
properties, thanks to the outstanding characteristics of the two single
components, PANI and CNTs. As a consequence, PANI-CNTs
nanocomposites have a variety of applications, such as sensors,
actuators, and supercapacitors. Usually PANI and CNTs are combined
by using electrochemical synthesis starting with the monomer aniline.
In this work PANI-CNTs nanocomposite films were obtained by using
different combinations of two methods, Electrochemical Deposition
(ELD) and Electrophoretic Deposition (EPD). The sample prepared by
using these alternative methods were compared with the material
prepared by the usual electrochemical synthesis. Therefore, all the
films so prepared were characterised and their electrochemical properties
were investigated, particularly for evaluating their use as supercapacitor
components.

C:P10 PVDF Sensors - Research on Foot Pressure Distribution
in Dynamic Conditions

E. KLIMIEC, W. ZARASKA, J. PIEKARSKI, Institute of Electron
Technology, Cracow Division, Cracow, Poland

The article presents a dynamic measurement method of the distribution
of foot pressure exerted on the ground by a four points shoe insole,
developed by authors, which can be placed in any sport footwear. The
value of pressure was measured on heel, medial arch, metatarsus and
hallux by recording values of a generated voltage by sensors which
were made of piezoelectric polymer PVDF film 100 um thick with printed
silver electrodes. As confirmed by scanning microscope studies, the foil
applied in the sensors is semi-crystalline. The shoe measurement insert
consists of two polyester films without piezoelectric properties. Both
films have silver screen printed electrodes. Between them, electroactive
polymer sensors were placed. Under the influence of mechanical stress,

the sensor, which is made of piezoelectric polymer film with electrodes,
acts like a self-charging capacitor. To conduct correct measurements,
it is important to use a restart circuit which ensures recovery to the
starting point after execution of each step.Because a PVDF sensor is
very sensitive to any mechanical deformation, it is important to make a
proper design of the shoe insole to ensure its correct use in pressure
distribution measurements. The measuring system allows testing of
foot pathology in a dynamic way.

C:P13 Full Polymer Dielectric Elastomer Actuators (DEA)
Functionalized with Carbon Nanotubes and High-k Ceramics

R. LUTHER, G. PASCHEW, A. RICHTER, Chair of Polymeric
Microsystems, Dresden Univ. of Technology, Germany; T. KOCKRITZ, |
JANSEN, Chair of Laser and Surface Technology, Dresden Univ. of
Technology, Germany; E.R. TALENS, O. JOST, Fraunhofer Inst. for
Material and Beam Technology, Dresden, Germany; F. SCHLENKRICH,
L. SEFFNER, U. KEITEL, A. SCHONECKER, Fraunhofer Inst. for
Ceramic Technologies and Systems, Dresden, Germany; M. TIETZE,
Inst.of Semiconductor and Microsystems, Dresden University, Germany

DEAs provide a unique combination of characteristics like large strains,
high energy densities, short response times and adjustibility of operation
speed. These polymer actuators are leight-weight, flexible and low-
priced. However, DEAs haven't found widespread application in
technology so far. This is mainly due to limiting factors like
(i) disproportionaly high operating voltage (low permittivity of the polymeric
dielectric) as well as (ii) the challenging system integration due to the
low compatibility of current electrode materials (thin metal layers, graphite
suspensions) and the polymeric dielectric. To overcome these limitations,
we developed a new actuator platform based on full polymeric DEAs
where both electrode and dielectric consist of the same elastomeric
matrix. The electrodes were modified with a flexible nano network of
highly purified single-walled carbon nanotubes while high-dielectric
constant ceramics have been added to the dielectric to increase its
permittivity. The mechanical and electrical properties of the composite
materials were thoroughly analyzed. Furthermore, defined multi-layer
composites were characterized regarding their actuation behavior and
robustness.
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D-1:IL07 Biomimicry in Textiles: Past, Present and Potential
T.K. GHOSH, L. EADIE, College of Textiles, North Carolina State
University, Raleigh, NC, USA

The natural world around us provides excellent examples of functional
systems built with a handful of materials. Throughout the millennia,
nature has evolved to adapt and develop highly sophisticated methods
to solve problems. The solutions found in nature include
superhydrophabicity, self cleaning, self repair, energy conservation, drag
reduction, dry adhesion, adaptive growth, and so on. There are numerous
examples of functional surfaces, fibrous structures, structural colours,
self-healing, thermal insulation, etc., that offer important lessons for the
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textile products of the future. This paper provides a general overview of
the potential of bio-inspired textile structures by highlighting a few specific
examples of pertinent, inherently sustainable biological systems.
Biomimetic research is a rapidly growing field and its true potential can
only be realized through interdisciplinary research rooted in a holistic
understanding of nature. The paper explores the field of biomimetics as
it relates to textiles. The exploration begins with a general overview,
followed by a historical perspective; it describes some ongoing efforts in
biomimetic textiles. Finally, it explores the potential of use of biomimetic
materials and products towards the attainment of sustainable textiles.

D-1:/L02 Photovoltaics go Textile: Fundamental Considerations
and Materials Aspects to Realize Dye-sensitized Solar Cells on
Textile Electrodes

D. SCHLETTWEIN, Justus-Liebig-University GieBen, Institute of Applied
Physics, GieBen, Germany

Textile-based photovoltaics are of interest for an independent energy
supply for a number of textile- integrated electronic applications, mainly
in medical and outdoor applications. Preparation of semiconductor
films from precursor solutions represents the most promising approach



because of good compatibility of the processes to a low thermal stability
of textiles and to the need of a three- dimensional coating process.
Dye-sensitized solar cells (DSC) represent a suitable technology since
electrolytes can bridge an electrode gap of 10-100 um typical even in
very finely woven fabrics. Thin porous films of ZnO were electrochemically
deposited on ELITEX® silver-coated polyamide threads, filaments and
knitted fabrics and subsequently sensitized by appropriate dyes'. The
role of deposition conditions, alternative deposition baths and different
substrate metals were investigated to improve performance and stability?.
On textile-compatible corrosion-resistant BEKINOX® stainless steel fibres
conversion efficiency close to 1% under AM 1.5 conditions were reached®.

1. T. Loewenstein et al, Phys. Chem. Chem. Phys. 10, 1844(2008).
2. M. Rudolph et al, Phys. Chem. Chem. Phys. 11, 3313(2009).
3. T. Loewenstein et al, Chemphyschem 11, 783(2010).

D-1:L04 Development of Piezoresistive Fibre Sensors, Based
on Carbon-thermoplastic Elastomer Compounds, for Textile
Application

F. CLEMENS', B. KOLL', T. GRAULE', T. WATRAS" 2, M. BINKOWSKI?,
'Empa, Swiss Federal Laboratories for Materials Science and
Technology, Dibendorf, Switzerland; 2University of Silesia, Faculty of
Computer and Materials Science, Poland

The piezoresistive fibre consists of high elastic polymeric matrix and
conductive particles, which are homogeneously dispersed inside the
matrix. By raw material evaluation (e.g. elastic polymer, conductive
particles) fibre properties are investigated considering the project relevant
sensor characteristics: change in electrical resistance by dynamic, static
and cyclic strain. Textile piezoresistive sensor fibres with tailored electrical
response leading to defined strain rates could be developed. As
conductive filler two kinds of carbon black, a higher and a lower structured
type (Ensaco 250 and 350) were tested successfully. Sample with
graphite powder (Timrex HSAG300) reduced the flexibility of the fibres
in an unacceptable way and was not further investigated. Additionally
the relaxation of the electrical signal under static load was higher than
the one of the carbon black compounds. By torque rheometer and
DMA analysis it could be verified, that interaction between the different
polymers and the carbon black fillers significantly chance. This could
be correlated with the sensor behaviour. Therefore the interaction
between the both materials should be not too strong and not too weak
to achieve good sensing behavior. Selected piezoresisitive fibres were
successfully integrated into two different demonstrators: into an
industrially woven elastic band for tensile measurement and into a none
woven matrix sensor for compression measurements. The sensor
behaviour in tensile mode for single fibres and woven textile was
comparable. With the pressure sensor device, the position of penetration
and the amount of deformation can be investigated.

D-1:ILO6 Integration of OLEDs in Textiles
S. JANIETZ, Fraunhofer Institute for Applied Polymer Research,
Potsdam, Germany

Conjugated organic small molecules and polymers, offer the opportunity
to produce devices on large area, low-cost and plastic planar substrates.
These materials are becoming increase attention also in the field of e-
textiles, because they show an interesting combination of electronic
and mechanical properties that can be favourably exploited in smart
textiles. A key step for the integration of mass production of e-textiles is
to completely integrate electronic production with textile productions In
the last years were reached progress in the development of fibers and
there processing for application in e-textiles. The application reached
from fabric integrated light sources to low cost solid state lighting under
the aspect of protection and security. Here are present on the one side
the research results concerning the integration of encapsulate solid
OLEDs and additionally also OLEDs fabricated on flexible high barrier
substrates into textiles. On the other side it will be discussed the first
results concerning the realization of an OLED on cylindrical surfaces,
based on solution processed technologies to go in direction of low cost
processing. It was succeeded to realize a simply, inverted planar
construction, based on solution processing. This preliminary work was
the precondition for the development of a fiber based OLED. It will be
demonstrated that OLEDs were prepared using glass fibers as substrates
and solution processed active and hole-transport layers.

D-1:IL07 Application of Melt-blown Technology for Manufacturing
the Sensor Non-woven Fabrics Composed of Polymers Loaded
with Multi-wall Carbon Nanotubes

. KRUCINSKA, B. SURMA, M. CHRZANOWSKI, E. SKRZETUSKA,
M. PUCHALSKI, Department of Material and Commodity Sciences
and Textile Metrology, Faculty of Material Technologies and Textile
Design, Technical University of Lodz, Lodz, Poland

The aim of research was to elaborate the melt - blown technology for
manufacturing temperature and chemical vapours sensor non-woven
fabrics. In the first case the sensor properties were achieved by application
the optimal composition of immiscible polymer blends PCL/PP loaded
with multi-wall carbon nanotubes (MWCN). Different polymer
compositions were subjected to melt blowing process changing the
proportion of matrix polymer PP to dispersed phase PCL/MWCN.
Obtained non-woven fabrics were characterised by measuring their
electrical properties as a function of changes of temperature in the
range of 20-80 °C. As studied, the 70%PP/28,8%PCL/1,2%MWCN
non-woven fabrics show the best sensitivity to changes of temperature
on the level of 50-60 °C. In the second case the melt blown smart non-
wovens were obtained using PLA/MWCN. PLA 4060D delivered by
Nature Works Company was melt mixed in two stage process with
carbon nanotubes Nanocyl7000 in order to obtain PLA/ 2%MWCN
composition. Non-woven fabrics made of this composite were
characterised by measuring the changes of their electrical resistance
to vapour of benzene, toluene, acetone and methanol. As studied, the
PLA/MWNT fabrics manufactured under the optimal conditions show
good sensitivity over multiple testing cycle.

D-1:L08 The Concept of Mood Changing Garments Made from
Luminescent Woven Fabrics and Flexible Photovoltaics

G. STYLIOS, DANYING, Research Institute for Flexible materials (RIFleX),
Heriot Watt University, Edinburgh, Scotland, UK

A collection of high fashion clothes has been designed and made up
which have a number of SMART characteristics. Electric power is
provided by an array of flexible photovoltaic strips which have been
carefully arranged within the design aesthetic of the garment. They are
connected with conductive cloth and their energy is collected via a
miniaturized electric circuit and a charged Li battery cell for storage.
This energy harvesting capability is two fold; one to charge mobile
phones, PDAs, etc and another to provide the necessary energy to an
undergarment which is made of a woven luminescent fabric capable of
changing colour. The mood changing function of the electroluminescent
fabric is provided by another miniaturised circuit which has a microphone
incorporated in it. The microphone picks up our voice and by analyzing
its characteristics it determines in a logic programmed in the circuitry,
whether we are under stress or relaxed and it changes the colour of the
garment via LEDs carefully incorporated in the garment design. The
garments are made up and form part of a wider collection. Care is
particularly given not to use any cabling and everything to form part of
the fabric and garment designs.

D-1:L09 Production of PEDOT Coated Conductive Fibers for
Smart & Interactive Textile Applications

T. BASHIR, M. SKRIFVARS, School of Engineering, University of Boras,
Boras, Sweden; N.-K. PERSSON, The Swedish School of Textiles,
University of Boras, Boras, Sweden

Electroactive textile fibers are being widely used for smart textile
applications, such as, medical, military and energy generation
applications. For integrating electrically conductive fibers in wearable
applications and getting better results, fibers should be highly conductive,
soft, flexible, durable and resistant to different solvents. We have
produced textile based electrically conductive fibers by coating different
textile yarn fibers (viscose, polyester) with conjugated polymer, poly
(3,4-ethylenedioxythiophene) (PEDOT). We have employed an efficient
technique, called oxidative chemical vapor deposition (OCVD)
polymerization for this purpose. OCVD is a solvent free technique to
form uniform and thin layer of different conjugated polymers on different
substrates. It was investigated that relatively good electrical and
mechanical properties could be achieved with viscose and polyester
yarn fibers and roughly 15 S/cm conductivity was achieved in our initial
experiments. Scanning electron microscopy, FT-IR analysis, TGA, and
mechanical testing was performed to characterize the PEDOT coated
fibers. In order to find out the stretch sensing properties of coated fibers,
the knitted structures of these fibers were prepared and variation in
electrical properties at tension and relaxation state were investigated. A
washing cycle was also performed on knitted structures to determine

89



the durability of PEDOT coatings on viscose fibers. These PEDOT
coated textile fibers could be used in different smart textile applications
such as stretch sensors, pressure sensors, and sensors for ECG
measurements and as protective clothing for EMI shielding effects. It is
also possible that these fibers could be used as solar cells and fuel cells
demonstrators.

D-1:IL10 Shape Memory Polymers in Textiles
JINLIAN HU, The Hong Kong Polytechnic University, Hong Kong

This paper highlights the most important areas and directions of shape
memory polymers in textiles. The textiles of shape memory polymers
involve fibre spinning (including wet-spinning, melt-spinning and electro-
spinning), fabric, smart apparel, actively finishing technology and WVP
investigation. Based on the molecular structure of shape memory
polymer, the shape memory transformation from polymer to textiles and
application theory are illustrated and stated. Additionally, the challenges
of shape memory polymers in textiles are pointed out and some research
directions are also suggested.

D-1:IL17 Interactive Electronic Yarns by Novel Electrochemical
and Plasma Treatment

A. NEUDECK, Y. ZIMMERMANN, U. MOHRING, TITV Greiz, Textile
Research Institute Thuringia-Vogtland e.V., Greiz, Germany

The number of application fields of micro systems and microelectronic
components are increasing continuously. International fairs clearly show
smaller and compact circuits on foil substrates. Especially the sensoric
and actuatoric sensor systems become more flexible . However, non
rigid and extremely loadable and bendable may only be manufactured
from textiles . The galvanic and electrochemical finishing of textiles is
one way to build textile based micro systems. A concept for the
production of electrically highly conductive, functionalized and interactive
yarns is proposed. The first step of the concept, the highly conducting
yarns, are already transferred into an industrialized production and is
commercially available. Silver coated polyamide yarns are already on
the market since the end of the seventies . Till now the applications
have been limited on the use of their anti-electrostatic and anti-microbic
properties. The drawbacks of the yarns can be overcome by an
electrochemical treatment to increase the metal layer, to create multi
layer systems or functional top layers by anodization and other
electrochemical techniques like the electro-polymerisation and electro-
deposition of paint. So treated yarns can be processed by any textile
technology.

D-1:IL12 Cosmeto-textiles: State of the Art and Future Perspectives
P. PERSICO, C. CARFAGNA, Institute of Chemistry and Technology of
Polymers - National Research Council of Italy, Pozzuoli (NA), Italy

The skin is the largest human organ. Its care and health are, therefore,
essential. The skin can only be healthy and attractive when it is in
balance. The pre-requisites for healthy skin are: the moisture content,
the protective function, elasticity and cell renewal. All of these parameters
are supported by applying pharmaceuticals and wellness substances.
The newest movement in beauty is the hybrid of textiles and cosmetics
called Cosmeto-Wear: consumers, especially ladies, expect clothing to
have a positive effect on the conditions of their skin. Hence, finishers
are being asked to create products that offer new and/or improved
functions using a limited selection of starting materials. The term
"cosmeto-textiles" is a term already in use today encompassing known
textiles with coatings/finishes worn close to the body, which makes it
possible to provide garments with active therapeutic or cosmetic
ingredients that are imparted to the skin of the wearer or released from
the finish while the garments are being worn. The objective of this paper
is to discuss the state of the art and the future perspectives of cosmeto-
textiles products, focusing on the different ways of manufacturing, the
choice of active components, the problem of their unwanted loss during
washing.

D-1:/IL13 Additive Colour Mixing on Textiles with Liquid Crystal
Dye Systems

S. ROBERTSON, R. CHRISTIE, W. IBRAHIM, Heriot-Watt University,
Galashiels, Scotland

There are two types of thermochromic dye systems which change
colour in reaction to temperature variation that are suitable for application
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to textiles; the leuco dye type (which change from coloured to colourless)
and the liquid crystal type (which change through a spectrum of colours).
The presentation will illustrate selected findings from a practice-led
investigation, particularly focusing on the colour change mechanisms
of the liquid crystal type, and how, in principle, they can be used to
produce colours by additive colour mixing on a fabric surface. The
presentation is supported by initial results from a parallel investigation,
inspired by the practice-led research, into the scientific basis of the
additive colour mixing properties observed. The research highlights that
liquid crystals have hidden inspiration on the generation of responsive
colour still to offer. In conclusion the presentation will highlight particular
design considerations for the use of liquid crystals; for example, they will
never offer the permanence or stability of traditional dye stuffs making it
necessary to consider non-permanent colour as part of a designs
function.

D-1:L14 Halochromic Textile Materials as Innovative pH-sensors
L. VAN DER SCHUEREN, K. DE CLERCK, Ghent University,
Department of Textiles, Zwijnaarde (Ghent), Belgium

Recently, an increasing interest in pH-sensitive textiles is recognized.
These chromic textiles can be used as flexible sensors for various
applications. The aim of the current research is to develop textile pH-
sensors through the application of pH-sensitive dyes on various textile
materials using different techniques. The results of our study show that
halochromic dyes can be incorporated into conventional textiles by a
standard dyeing technique. Also coating the fabrics with a sol-gel layer
containing the halochromic dye proved to be successful. The majority
of these developed materials showed a clearly visible colour change
with a pH-variation. The response of the sensors was dependent on the
density of the fabric but was generally relatively fast, especially for the
sol-gel treated fabrics. The halochromic colouration of nanofibres was
realized by directly adding the dyes during the fibre formation, which
was shown to be highly effective. Again, a clear halochromic shift was
observed. The response of these sensors was fast thanks to the high
porosity of nanofibrous nonwovens. Yet, it should be kept in mind that
the halochromic behaviour of the dyes in the textile matrix altered
compared to their behaviour in solution which is most likely attributed to
dye-fibre interactions.

D-1:L16 Integration of Small Diameter Wire form SMA for the
Creation of Dynamic Shape Memory Textiles
P. DYER, University of Brighton, Brighton, UK

The integration of Nitinol wire directly into flexible textile structures has
seen limited successful research outcomes. This has mainly been due
to issues with shape training and the accurate positioning of the Nitinol
components. A new approach is investigated here, which utilises small
diameter (0.15mm-0.03mm) Nitinol components and the manipulation
of the woven structure. This combined approach has the potential to
improve the dynamic control of the resulting textiles, giving the textile
designer further latitude to adapt a combination of functional and visual
properties, as well as expanding application possibilities. This investigation
focuses on the development of composite samples that integrate Nitinol
directly into woven multiflament polyester and polypropylene textiles,
demonstrating the potential for medical and healthcare applications.
The prototype composite textiles developed, investigate a range of
controlled surface manipulations as well as larger scale shape changes,
including the creation of arced forms, pleating, expansion and
compression. With supporting data, the evaluation of these samples
explores the potential of integrating small diameter Nitinol wires into
woven structures and the resultant levels of shape transfer, control and
cyclic speed achievable.

Session D-2
e-textiles

D-2:/L07 An Elastomeric lonic Hydrogel Sensor for Large Strains
P MANANDHAR, P. CALVERT, J.R. BUCK, University of Massachusetts
Dartmouth, North Dartmouth, MA, USA



Strain gauges attached to elastic fabric sleeves to monitor body motions
could be used in rehabilitation from injury, training and health monitoring.
This paper describes a soft hydrogel strain gauge where conduction is
via salt solution in the gel. Use of AC sensing eliminates electrochemical
effects. An array of 5 sensors on a knitted sleeve around the elbow of a
robot arm gives strain readings corresponding to the position of each
sensor and the bend of the elbow. The single phase sensor material
does not exhibit relaxation and hysteresis effects present in carbon
filled elastomers and conducting polymer coated fabric sensors. This
makes the hydrogel sensor easier to use in real-time strain monitoring
situations. The gauge factor of the sensor is about 2 which results in
quite good signal to noise ratio when we are monitoring large strains.
The hydrogel sensor does drift due to drying, which could be greatly
reduced with an encapsulating film. Connecting the sensors to flexible
and stretchable wiring on a soft substrate can also be difficult. These
materials and their connections can be printed such that arrays of
sensors and connectors could be developed for a disposable sleeve.

D-2:L03 The Power Conversion Characteristics of Woven
Organic Photovoltaic Wire Fabrics

A. AGRAWAL, YONG K. KIM, P CALVERT, Bioengineering Department,
University of Massachusetts-Dartmouth, North Dartmouth, MA, USA;
M. LEE, Konarka Technology Inc., Lowell, MA, USA

Recently there has been growing interest in developing smart
photovoltaic fabric devices. These devices could be used as a
sustainable and ubiquitous power source for wearable and other
electronic devices. Three woven photovoltaic fabric structures were
constructed with fiber-shaped organic photovoltaic wire (OPW) from
Konarka Technologies, Inc. (Lowell, MA, USA). The OPW is flexible,
lightweight and wire shaped organic photovoltaic fiber based on bulk
hetero-junction nanocomposites. The power conversion characteristics
of photovoltaic fabrics developed were thoroughly investigated. It was
found that the power conversion efficiency of the photovoltaic fabric
depends on the incident light quality; fabric cover factor, swatch size,
and fabric weave structure. This study also includes photovoltaic fabric
model for understanding the effects of different fabric geometry on
power conversion efficiency of photovoltaic fabrics. The model predicts
the performance of the photovoltaic fabrics with different shape, size
and structures, and it provides design criteria for more efficient
photovoltaic fabric device.

D-2:L04 Textile Sensor Applications with Composite Mono-
filaments of Polymer / Carbon Nanotubes

A. FERREIRA, F. FERREIRA, Department of Textile Engineering, M.C.
PAIVA, Department of Polymer Engineering, University of Minho, Portugal

The aim of this work was to develop polymer matrix/carbon nanotube
(CNT) composite monofilaments to incorporate in textile products, to
be used as sensors. The carbon nanotube polymer composite (CPC)
monofilaments were produced with the required electrical and
mechanical properties for the development of textile sensors for water
vapour and temperature, respectively. The monofilaments selected were
formed by poly(lactic acid) (PLA) and polypropylene/polycaprolactone
(PP/PCL) blended with CNT, and were incorporated directly into the
fabrics. The presence of water or temperature modification induced a
variation on the electrical conductivity of the filaments. The sensitivity of
the monofilaments to humidity and temperature was demonstrated.
The target of these sensors is for textile applications (clothing or home
textiles) where there is a need for early detection of humidity or
temperature. Also, the application of these sensors in garments for
sports or personal protection, among others, can be foreseen. However,
the application of these filaments in textile materials is still a difficult
stage of the process, due the stiffness of the monofilaments, introducing
limitations on their processing on the conventional textile equipments.

D-2:L05 Feasibility of Printing Woven Humidity and Temperature
Sensors for Integration into Electronic Textiles

T. KINKELDEI, G. TROSTER, Eidgenéssische Technische Hochschule
Zurich (ETHZ), Electronics Laboratory, Zurich, Switzerland; C. ATAMAN,
G. MATTANA, F. MOLINA LOPEZ, D. BRIAND, N.F. DE ROOLlJ, Ecole
Polytechnique Fédérale de Lausanne (EPFL), Institute of Micro-
engineering (IMT), Sensors, Actuators and Microsystems Laboratory
(SAMLAB), Neuchatel, Switzerland; D. LEUENBERGER, G. NISATO,
Centre Suisse d'Electronique et de Microtechnique SA (CSEM SA),
Muttenz, Switzerland

We demonstrate a woven textile with integrated humidity and temperature
sensors on flexible PET and PI substrates.We discuss the fabrication
process of the smart textile and compare two methods of sensor
fabrication, first conventional photo lithography and second printing
using an ink jet or gravure. The humidity sensor is based on a capacitive
transducer covered with a sensing layer while the temperature sensor is
made of a resistive metallic line. An encapsulation method protecting
the sensors during dicing, weaving and operation has been successfully
implemented.The fabricated structures are tested to bending strain, a
main source of failure during the fabrication of textiles.We were able to
bend bare electrodes and complete sensors down to a minimal bending
radius of 100 um without loss of functionality. The woven temperature
sensor has a linear sensitivity of 1.175?/°C with a temperature coefficient
of 0.0027 /°C, the humidity sensor shows a repeatable behavior in the
tested humidity range between 20 to 70 %RH. The weaving process
does not damage or change the behavior of the fabricated sensors.This
contribution will highlight the challenges and promises of printed and
laminating processes for the large scale fabrication of smart polymeric
stripes to be woven into textiles.

D-2:1L06 Novel Fibers as Base Technology for Smart Textile
Integration

R. HUFENUS, S. GAAN, D. HEGEMANN, M. HEUBERGER, Empa,
Advanced Fibers, Switzerland

The main obstacle of electronic smart textiles to enter a wider market is
the still absent total textile integration. This includes desired properties
like textile processability (spinning, weaving, embroydery, finishing etc.)
as well as customer expectations (textile haptics, ease of use, washability)
and finally an increasing need for a sustainable textile life cycle. The
potential, however, for novel applications is very large, given the fact
that textiles are accepted life-long accompaniments of us. Much effort
is thus put into research and development for a better integration of
electronic components into the textile substrate. In our undertakings,
we have decided to choose a rather different way and go one step
back by re-developing simple electrical and electronic elements based
on fully textile materials. | will present textile-based e-fibers, which we
develop into a textile conducting platform by adding simple electronic
functionalities like selective insulation, multi-electrode e-fibers or local
sensing. First applications in textile electrodes for ECG and muscle
stimulation are shown and future developments given in an outlook.

D-2:/L07 Innovative Smart Materials for Wearable Electronics
R. PERERA, EY Technologies, Division of Pascale Industries, Inc., Fall
River, MA, USA

Wearable electronics made of integrated smart fibers are relatively new
to the economy and can create high value-added opportunities. These
materials play an important role in the development of electrical and
electronic devices in which flexibility and rollability are of importance.
Insulated micro conductors, which can be served as electrical or data
conduits, can be integrated into the flexible substrates and electrical
components can be soldered directly onto the substrate. Recently
washable micro conductors and connectors have been developed for
wearable military applications such as chemical and bio-threat sensors,
wound positioning vests, body-borne communication, pressure sensing/
guiding patches for parachutes, and wearable global positioning
antennas that map soldiers’ whereabouts. Micro conductors based
flexible electronics are also being considered in consumer markets.
GPS driven shirt for blinds, MP3 player incorporated musical jackets,
bodily functions monitoring smart garments, fashionable cloths, and
heated jackets have already been successfully tested but not
commercialized due to the lack of washable micro conductors.
Conductors based on metallized polymers, stainless steel or titanium
filaments, and carbon nano tubes have been tested but none of them
are suitable for washable electronics due to their price, health hazard,
low conductivity, or solderability. Recently EY Technologies together
with U.S. Army developed insulated micro conductors (iCon) that are
truly flexible, solderble, wearable, and washable. These insulated 25-
50 micron conductors are about 4 times smaller than human hair and is
only few times resistive than pure gold providing maximum conductivity
at minimum power usage. These finer diameter conductors are less
prone to bending failures; a major concern in flexible applications. The
use of non toxic, ductile metals also minimize fatigue while insulating
polymers provide the strength to the conductor. The innovative filaments
can be used on commercial equipment and expect to open up new era
to numerous intelligent flexible products with improved durability,
washability and wearability.

91



D-2:L08 Novel Flexible Sensors for Smart Clothing to Monitor
Vital Signals and Energy Expenditure

KAP JIN KIM, YU JIN AHN, SUN YOON, Kyung Hee University, College
of Engineering, Yongin-si, Gyeonggi-do, South Korea

Though during the last decade much attention has been paid to the
development of smart clothing for real time vital sensing to monitor the
wearer's health conditions, a great commercial success is not achieved
yet due to several important reasons. One of the most important reasons
is that polymer/textile-based sensors suitable for clothes have not been
developed to measure ECG, heart beat rate, and respiration rate. In this
study we have developed silver-plated nanofiber web as dry electrode
to measure ECG and EMG and physiological sensing belt (PSB) made
of a pair of elastic textile bands with a PDMS-coated PVDF film imbedded
between them to measure respiration, heart pulse, and energy
expenditure during walking, jogging, climbing, running, etc. The ECG
and EMG signals measured using our developed dry electrodes were
compared to those from the commercial Ag/AgCI gel electrodes. Pulse
rate, respiration rate, and physical activity could be accessed
simultaneously from the measurement of piezoelectric current signals
generated from the deformation of the PSBs wrapped around finger,
chest, and thigh, respectively. Thus, by wearing smart apparels with our
developed sensors and appropriate electric circuit, the wearer's whole-
life health management will be possible in near future.

D-2:L09 Conformable Textile Electronics Comprising Foil Based,
Organic Components

K. PACHECO, M. DE KOK, J. VAN DEN BRAND, G. VAN HECK,
Holst Centre /TNO, Eindhoven, The Netherlands

As electronics become more abundant and fulfill an increasing role
supporting our life with communication, sensing, etc. integration into
our world in an unobtrusive way is necessary. Integration into materials
which are surrounding us like textile or thin, foil based, conformable
systems, which can even be worn to the body, are possible options. Foil
materials are thin and compatible with technologies like printing, lasering
and (organic) electronic functionalities like light generation (Light Emitting
Diodes, OLEDS), detection (organic photodiodes, OPD) can be
incorporated) or organic photovoltaic cells, OPV). Interconnection of
these elements to textile or stretchable carriers in order to create a
conformable system is challenging. This system should withstand the
mechanicals constraints in dynamic use and demand reliable
mechanical and electrical interconnections. The bonding process was
studied comprising the boundary conditions in temperature and pressure
for the organic components. Reliability was tested for accelerated
humidity / temperature conditions as well as dynamic flexing of the
composed systems. Inspiring demonstrators will convince the possible
applications areas like energy harvesting textiles, phototherapy clothing
and smart medical bandages.

D-2:L10 Essential Building Blocks of Fibrous Transistors, Part I:
Gate Layer

L. RAMBAUSEK!', A. SCHWARZ', B. VAN GENABET', E. BRUNEEL?,
I. VAN DRIESSCHE?, L. VAN LANGENHOVE', 'Ghent University,
Department of Textiles, Ghent/Zwijnaarde, Belgium; 2Ghent University,
Department of Inorganic and Physical Chemistry, Ghent, Belgium

During the last decade, research on intelligent textile systems progressed
steadily. Today, science is focussing on full integration of electronics
into textiles. E-textiles function like their rigid electronic companions but
keep their textile properties. To interconnect components within the
system, textile structures need to be equipped with electro-conductive
properties. For flexible solar cells or fibrous transistors, electro-conductive
coatings are applied. Transistors, acting as electrical switches, are
essential for realizing fully integrated intelligent textile systems. By
electroless deposition of pyrrole and copper on polyester fibres,
conductivity is achieved. A DC conductive gate electrode is designed.
In this paper, the development of the gate layer within the fibrous transistor
is described. Ideal pH and optimal reaction time are determined as well
as the effect of variation in fibre diameter is investigated. A reproducible
polypyrrole layer has been obtained. Ideal reaction time was 180 minutes
at a temperature of 278K. The electroless copper coating process on
the polypyrrole layer showed optimal results at a pH of 13. Analysis
through SEM and resistance measurements have been completed.
Further investigation comprises stability and roughness of the copper
layer.
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Functionality, Manufacturing, Application

D-3:IL07 Adaptive Textiles for the Home

A. MOSSE!', Centre for IT & Architecture, Royal Danish Academy of
Fine Arts, School of Architecture, Design and Conservation,
Copenhagen, Denmark

This paper introduces a series of design-led investigations exploring the
conceptualisation and materialisation of adaptive textiles for the home.
As modernism engaged architecture in a redefinition of its boundaries
by promoting values of transparency and efficiency, the home became
an environment primarily conditioned by technology, more and more
disconnected from the exterior. Today, as we realize the consequences
of our ability to engineer the world, this paper is asking: can the design
of self-actuated textiles contribute to a domestic culture in which
technology cultivates a relationship of interconnectivity with nature. By
presenting parallel explorations into the material prototyping of light-
responsive textiles and design probes into the materialisation of immersive
textile environments based on electro-active polymers, the paper will
discuss, beyond the purely functional, the cultural and poetic potential
of smart technologies, including thin film photovoltaics, light-induced
liquid-crystals and dielectric elastomers. Suggesting applications in which
adaptive textiles become the medium through which the home
reconnects with the multiple rhythmicities of nature, the paper will highlight
specific crafting processes in which self-organization and energy-
minimization principles play a central role in the shaping of adaptive
textiles underpinned with values of interconnectivity while emphasising
the significance of interdisciplinary collaborations across science and
design.

D-3:IL02 Continuous Multifunctional Carbon Nanotube Yarns
YA-LI LI, Key Lab of Advanced Ceramics and Machining Technology
Ministry of Education, School of Materials Science and Engineering,
Tianjin University, Tianjin, China

Continuous weavable multifunctional carbon nanotube yarns are
fabricated at one-step by spinning from a catalytic chemical vapor
deposition reaction. The CNT yarn is formed through the direct
assembling of carbon nanotubes in the gas flow as continuous integrated
by mechanical winding. Kilometers of high-quality continuous yarn are
spun from this process through the design of the CVD reaction with
innovative spinning methods. The CNT yarn consists of high purity
carbon nanotubes with single walled or double walled structures with
controlled alignments and yarn morphologies. Solid, hollow and multiple
layered yarns with interconnected crossed or oriented CNTs are
fabricated by controlling spinning. The CNT yarn is strong and flexible
which can be manipulated, mechanically engineered and woven into a
fabric, potentially for structural and composite applications. It can be
infiltrated with polymers or ceramic precursors to form directional
nanocomposites with promising reinforcement effects. Moreover, the
CNT yarn is highly electrically conductive and thermally conductive
potential for functional applications. The use of the CNT yarn as flexible
weavable supercapacitors, sensors and solar cells are demonstrated.

D-3:L03 Design and Optimization of an Injection-moldable
Force-fit Interconnection Module for Smart Textile Applications
E.P. SIMON, M. FROHLICH, K.-D. LANG, Technische Universitat Berlin,
Berlin, Germany

Integration of electronics into textiles for various applications is gaining
more and more interest by research facilities and companies, alike.
Recently, different integration and interconnection technologies have
been presented. However, most of them have the drawback needing
increased temperatures. This work presents a polymer based force-fit
interconnection module (Click-Bond) that can be used to establish
reliable electrical and mechanical interconnections between electronic
components and textile circuit boards at room temperature. It is an
extremely fast and cost-efficient process that is able to bring smart
textile applications into the mass market. At first, a list of potential
polymer materials is generated that can be used in injection-molding,
provide the necessary structural and thermo-mechanical properties,
and do not include hazardous compounds. The influence of humidity
as well as creeping at higher temperatures is analyzed. Besides, models
of the module are made and simulated by means of FEA. Material



properties and geometries are varied to find the maximum achievable
contact force onto a textile circuit. The design aims at using a single
mold to reduce cost. Finally, a model of the mold is made to simulate
the injection process before an actual part is produced.

D-3:L04 Challenges for Combining Semiconductor (Thin Film)
Technology with Textile Substrates towards Textiles for Energy
Production

K. EUFINGER, F. GOVAERT, M. VANNESTE, Centexbel Gent,
Zwijnaarde, Belgium; B. PAQUET, C. REVERCEZ, Centexbel Verviers,
Herve (Chaineux), Belgium

In this paper we would like to discuss the challenges of direct fabrication
of electronic components onto the textile substrate, e.g. preparing energy
harvesting devices by coating on monofilament level or using base
coatings. There is an increasing amount of research being done to
realise this direct fabrication. This has several advantages over the
traditional method where the components were stitched, laminated or
fixed by some other means onto the textile. The fixation techniques
usually show problems with interconnects, the components used were
of the traditional kind, having a rather low flexibility and stretchability,
resulting in a loss of the inherent properties of the textile substrate. By
depositing the components directly onto the textile substrate its inherent
properties can be preserved, since the deposited layers are inherently
thin, being on the order of tens of nm, with a maximum of a few um. The
problem is that exactly this primary advantage faces one of the major
challenges. The thin layers used in semiconductor technology are as
such not compatible with the textile substrate which has an open
structure and surface roughness in the order of the fibres or yarns it is
made of, being the order of several tens of um or even more.

D-3:L05 Nanoscience goes Pret-a-Porter: Novel Nanogold-Wool-
Composite Fibres

A. KOLB, School of Chemical and Physical Sciences and MacDiarmid
Institute for Advanced Materials and Nanotechnology, Victoria University
of Wellington, Wellington, New Zealand

Professor J.H. Johnston and Dr. K.A. Lucas have recently developed a
novel approach for dyeing merino wool with gold nanoparticles by
coupling the surface plasmon resonance and the chemistry of gold
with that of wool fibres. In a related approach presented here, the
research is carried out in three major steps: (a) formation of gold
nanoparticles, (b) preparation of wool surface for dyeing process and
(c) fabrication of nanogold-wool-composite. The synthesis of red colloidal
gold uses reducing agents such as tannic acid. Purple and blue nanogold
forms in the presence of other reducing agents and/or surfactants.
Seeded-growth-processes allow a wider colour tuning through different
particle shapes. Two-phase-processes achieve a beneficial
functionalisation of the particle surface. Steps (b) and (c) transfer the
outstanding optical properties of nanogold onto wool resulting in durable,
non-fading coloured fibres. Characterising studies of all production stages
are mainly performed by electron microscopy, visible absorption
spectroscopy and dynamic light scattering techniques. Investigations
focus on size and shape of nanoparticles, their distribution on the wool
surface and the fibre morphology. This novel dyeing process has the
potential for colouring wool for high value textiles.

D-3:/L06 Prosys-Laser: Smart Laser Protective Textile Systems
G. DAMMACCO, Grado Zero Espace srl, Italy; M. HUSTEDT, C.
HENNIGS, Laser Zentrum Hannover e.V., Germany; M. PACELLI,
Smartex srl, Italy; C. KAESER, Centre Suisse d'Electronique et de
Microtechnique SA, Switzerland; D. WENZEL, Sachsisches
Textilforschungsinstitut e. V., Germany

PROSYS-Laser is dedicated to developing highly innovative “passive”
and “active” laser-protective clothing and curtains, hardly available on
the market today, for use with hand-held laser processing devices (HLD)
and with automated laser machines. Key developments are: passive
functional multi-layer technical textiles, providing a high level of laser
resistance, active system incorporating functional multi-layer smart
fabrics which detect laser exposure and, by means of safety control,
deactivate the laser beam automatically and test methods and testing
set-ups to qualify passive and active functional technical textiles and
tailored PPE. The passive laser-protective textile system will be realized
using the best combination of materials, providing, at the same time,
laser, fire, and heat protection together with other properties. Designing
active system means the realization of functionalized fabrics by using

conductive materials and by exploiting their physical properties. The
electronics which interface the active system, providing signal
conditioning, acquisition, on-body pre-processing, local data storage
and wireless communication, is a major part of the active approach.
The electronics will provide alarms and ultimately enforce laser shutdown
upon defined conditions.

D-3:IL07 The PASTA project: "Integrating Platform for Advanced
Smart Textile Applications"
J. DE BAETS, imec-CMST, Gent, Belgium

PASTA is a FP7 integrated project on integration of electronics into
fabrics, with partners from 5 different countries. Until now, many
developments in the smart textile field have been focusing on textile
technologies (conductive wiring, sensors, connectors.) in a combination
with classic printed circuits with classic components. Often, the
bottleneck for further integration of electronics into the fabric, is the
mismatch of these classic electronic packaging technology with typical
textile properties as comfort, drape ability or stretchability, washability
and last but not least the manufacturing process. As textile production
is essentially a large area roll-to-roll process, any additional production
step for smart fabrics should be compatible with that process. Therefore,
the PASTA project is focusing on the development of new electronic
packaging and interconnection technology for manufacturing large area
smart textiles. Three different new electronic packages are being
developed: a die-in-yarn solution (for small bare die Si chips), a stretchable
carrier as package for bare dies and components, and a crimp flat pack
solution for small flexible circuits.

D-3:L08 Application of Flexible Polymer Dlectrode to Smart
Textiles

SEONG HUN KIM, TAE HWAN LIM, Department of Organic and
Nano Engineering, Hanyang University, Seoul, Korea; KYUNG WHA
OH, Department of Home Economics Education, Chung-Ang University,
Seoul, Korea

Smart textiles used in wearable electric devices such as organic solar
cells (OSCs) and organic light emitting diode (OLED) have been attracted
wide attention for various benefits, including both easy operation and
portability. For applying electric devices on the textiles successfully, it is
essential to develop flexible electrodes. Indium tin oxide (ITO) was
widely used as an electrode because it has excellent conductivity and
transmittance. However, it is not an ideal material for adapting flexible
device because propagation of cracks occurs on the ITO surface,
under repeated bending cycles, which leads to considerable degradation
of its conductivity. To overcome these disadvantages, a polymer based
electrode is applied in our study. A low cost and solution processable
conducting polymer was prepared and various additives were introduced
in order to increase the electric conductivity. Through many experiments,
a polymer based electrode was prepared and it was applied to the
OSCs anode. As a result, it was confirmed our polymer electrode to
show good potential and applicable in smart textiles.

D-3:L09 Two Novel Techniques of Fabric Sensing using Carbon
Nanofibres

A. SANTOS, P. ARQUER, B. RUIZ, ITMA Materials Technology, Aviles,
Spain

Silver or copper coatings printed in fabric show good conductivity, an
essential property for wearable electronics, but also show stretchability
problems. On the other hand, carbon nanofibers or nanofibers-silver
nanocomposites in dispersed polymeric matrices maintain high
conductivity but present very good stretching endurance. The use of
carbon nanofibers as smart textile electrodes is demonstrated in this
paper applied to two novel sensing methods. The first method achieves
a wide range pressure measure, allowing detection from soft caress to
hard press. This feature makes it very appropriate to supply a sensation
input in toys for children or disabled people. The other interface has
been designed for user distinction, enabling permission control, required
for military applications. Two easily portable prototypes have been
developed to prove the above concepts showing very reliable behavior.
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D-3:L10 Improvements of Electronic Contact System in a Smart
Garment

I. PARKOVA, A. VALISEVSKIS, A. VILUMSONE, Riga Technical
University, Institute of Textile Materials Technology and Design, Riga,
Latvia

Electro-textile interface is indispensable for the production of smart
clothing, but it is rather difficult to integrate electronic components with
fabric because their manufacturing processes and their physical
properties differ greatly. Due to these differences a number of problems
arise in designing smart garments, thus it is necessary to implement
unconventional solutions and methods. Different designs of flexible
textile interface are investigated, in which bulky wires and solid PCBs
are replaced with more clothing-friendly materials. Experiments are
carried out with several conductive fabrics and other materials, such as
flexible PCBs, which are suitable for designing electronic circuits for
smart and interactive clothing. During the study several conductive
tracks were constructed, which differ by material composition and
geometrical parameters, conductivity, track shape, attaching technology
etc. The tests show that the designed flexible tracks are suitable for use
and are durable, the tests include wear resistance and washing
resistance. Compatibility of flexible circuits with different insulation
materials is studied as well. Results of the study are analyzed and
compared, evaluating preferable solutions that are suitable for a smart
garment system.

D-3:/L71 Bio-inspired Fiber-based Probes
K. KORNEV, Clemson University, Clemson, SC, USA

This talk reviews recent results on fabrication of artificial proboscises for
probing and analyses of liquids available in a form of tiny droplets.
Depending on the application, the probe can be made ferroelectric or
magnetic. We show that ferroelectric and magnetic probes can function
as artificial proboscises and can be manipulated remotely to absorb
droplets. The chemical composition of this drop can be further analyzed
using different techniques. We will show an example of such an analysis
based on fluorescence microscopy and PCR assay.

D-3:IL12 MerinoGold - Nanogold as a Novel Colourant and
Functional Entity in Wool for High Value Textiles and Fashion
Apparel

J.H. JOHNSTON, K.A. Lucas, School of Chemical and Physical
Sciences, MacDiarmid Inst. for Advanced Materials and Nanotechnology,
Victoria University of Wellington, Wellington, New Zealand

Gold in its yellow metallic form occupies a premier position in the world
economy and society representing high value and quality. When the
particle size is reduced to nanodimensions different colours can be
obtained due to the surface plasmon resonance phenomenon exhibited
by gold. The resulting colours depend on the particle size and shape.
Small spherical particles are red and with increasing particle size their
colour changes to purple and blue-grey. Gold nanorods and shells can
be red, yellow, blue or green depending upon the particle shape and
dimensions. New Zealand produces fine merino wool for high quality
woollen textiles. We have captured an exciting and unique opportunity
by linking the prestige and high value of gold with high quality merino
wool through the novel use of nanogold as stable colourants in the
wool, for high quality fashion apparel, luxury textiles and carpets. The
nanogold colourants cannot fade in light, as traditional organic dyes do
and provide the textiles with excellent lightfastness and rubfastness
qualities. The fibres also show desirable antistatic and antimicrobial
properties. Our proprietary goldwool technology is being commercialised
thereby providing new market opportunities for high fashion apparel,
luxury textiles and premium carpets.

D-3:L13 Durable Self-healing Super-liquid-repellent Fabrics
TONG LIN, Centre for Material and Fibre Innovation, Deakin University,
Geelong, VIC, Australia

In this study, fabrics having a superhyphobic and superoleophobic
surface were prepared by a wet-chemistry coating method using a
coating solution containing hydrolyzed fluorinated alkyl silane and
fluorinated-alky! polyhedral oligomeric silsesquioxane. The coating shows
remarkable self-healing superhydrophobic and superoleophobic
properties and excellent durability against UV light, acid, repeated
machine washes, and severe abrasion. The self-healing mechanism is
presented. The influence of material type and structure on the surface
properties is discussed.
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D-3:L14 Improving Colourfastness and Mitigating Photo-
degradation in Wool

K. LUCAS, J. JOHNSTON, School of Chemical and Physical Sciences,
Victoria University of Wellington, Wellington, New Zealand

Wool is degraded by exposure to sunlight, particularly from the ultra
violet (UV) component. Degradation produces numerous changes in its
physiochemical properties, notably yellowing, bleaching and loss of
tensile strength. Numerous attempts have been made to photostabilise
woollen textiles, these traditionally involve the application of organic UV
absorbers, anti-oxidants, and thiourea-formaldehyde resins. However
none of these treatments offer a high degree of protection in sunlight,
especially following repeated laundering. This paper presents a shift in
the approach to wool photostability, through the bonding of ZnO
quantum dots to wool fibres. Recently ZnO quantum dots have attracted
significant attention as inorganic UV absorbers. Their UV absorption
can be tuned by changing the particle size and shape and also the
nature and level of impurities. Hence ZnO quantum dots have the
potential to act as colourless UV and blue light absorbers, thus mitigating
the detrimental effect of sunlight on woollen textiles whilst not altering
their colour. This paper presents the synthesis of ZnO particles and their
attachment to wool fibres. The photostability of the resultant fibres, their
physical morphology, and the bonding between the ZnO and wool
fibres will be discussed.

D-3:L15 A Classified Catalogue for Textile-based Sensors
P. BOSOWSKI, C. BRECKENFELDER, S. JOCKENHOVEL, Institut fur
Textiltechnik der RWTH Aachen, Aachen, Germany

Technical textiles are used primarily for their technical functionality in
many different industries today. It is possible to integrate sensors into
the textile for monitoring the functionality. Smart textiles are concerned
with textile-based sensors integrated mechanically and structurally to a
textile. The state of the art in developing textile-based sensors extends
from inherent sensor fibers to coated yarns and textiles but without
using standardized tools in production. The development of a textile
sensor and its interpretation on a specific application has been
associated with many investigations into combination of different
materials, what is a lengthy and costly developing process. Knowledge
has already been generated on textile sensors, which up to now lacks
an appropriate classification and structure. A classified catalogue which
allows a direct selection of textile-based sensor modules on the basis of
measured values and is sorted by application area, is introduced in this
article. Setting standards in the field of smart textiles helps companies
to produce more focused "smart products".

D-3:IL16 Thigmo-morphogenetic Fiber Composites Embedded
with Shape Memory Alloys

M. MINGALLON, Arup & The Architectural Association, London, UK;
S. RAMASWAMY, KRR & The Architectural Association, London, UK

Thigmo-morphogenesis is the changes in shape, structure and material
properties that are produced in response to transient changes in
environmental conditions. All plants are capable of movement: petals
of flowers which open and close, tracking of the sun by sunflowers, the
convolutions of bindweed's around supporting stems, etc. In all these
examples, movement and force are generated by a unique interaction
of materials, structures, energy sources and sensors. Material
experiments were performed to develop a fibre composite material
system that has embedded sensing, actuation and control functions.
The energy used for the actuation is supplied through a heat source,
part of the experimental setup. Nevertheless, the hypothesis is that
diurnal variation in the atmospheric temperature would be used as the
energy source for actuation. Nitinol shape memory alloys exist in three
different crystal structures named martensite, stress-induced martensite
and austenite. Strips of nitinol were embedded in a sandwich fibre
composite material to aid shape change. Strain gauges and
thermocouples were used as sensors and process control units as
signals for shape change. The adaptability observed is deployable in a
scale that could be proliferated to create large architectural structures.

D-3:IL17 Superhydrophobic Textiles - 75 Years of Smart Textiles
S. MICHIELSEN, Department of Textile Engineering, Chemistry, and
Sience College of Textiles, North Carolina State University, Raleigh,
NC, USA

Seventy six years ago, as reported in his classic 1936 paper, Wenzel
was investigating the wetting behavior of light-weight woven and knitted



fabrics. He wished to find a way to make these fabrics both waterproof
and preserve their air porosity. Today, we would describe such a material
as a smart textile. Since Wenzel's 1936 paper on the effect of roughness
on wetting behavior, there have been thousands of papers studying this
effect and attempting to apply it to many applications. One of the first
extensions was made by Cassie and Baxter (1944) to address porous
surfaces, primarily textile materials containing air. This paper will present
recent analyses of superhydrophobicity and use of the Cassie-Baxter,
Young's and the Laplace equations to explore strategies for producing
and quantitatively analyzing superhydrophobic materials. This will allow
us to design smart textiles that shed water readily while maintaining an
open structure and producing these fabrics using conventional, low
cost textile processing techniques.

D-3:/L21 Fabric Optoelectronics Enabling Healthcare Applications
F. VAN ABEELEN, K. CHERENACK, S. LUITJENS, G. ZHOU, K. VAN
0S, Philips Research, Eindhoven, The Netherlands

Intelligent textiles are placed where technology meets comfort and
design. Within the European project PLACE-it we are developing smart
textile application into two directions: large area and wearable healthcare
applications. For both the textile properties are very promising. However,
although concepts and prototypes are easily made, the next steps in
getting them towards a commercial success are not obvious. In this
contribution the challenges related to commercialization of electronic
textiles are presented and illustrated by healthcare application examples.
From a industrialization view approach this contribution will highlight the
practical differences between electronics and textile industry and the
the mismatch in requirements for both textiles and electronics. We
solved this mismatch by developing a technology platform that is able
to combine both worlds. This platform contains a variety of aspects like
material selection, design rules for product and processes, test strategy,
up to sustainability thinking.

D-3:/L22 Advances in Physiological and Psychological
Monitoring with e-textiles
R. PARADISO, Smartex srl, Prato, ltaly

Wearable monitoring systems based on Smart Fibers and Interactive
Textile (SFIT) platforms combine imperceptible sensing and computing
functions with an interactive communication network. The integration
into clothes of bio-potential sensors for health monitoring provides daily
physiological parameters through a continuous, personalized, self-made
detection of vital signs and the tracking of behavioral indicators of the
subject. SFIT platforms can be used unobtrusively into the routinely
daily activity to perform remote monitoring of persons in different
circumstances and situations: during controlled exercises and diagnostic
procedures as a biofeedback tool, during the usual daily life, during
sleep or even to monitor behavioral indexes and mood disorders.
Treatment of stress may include also training in cognitive-behavioral
skills. Moreover, physiological signs and behavioral monitoring based
on a multivariable approach leads to an enhanced sensitivity and
specificity of these systems for the prediction of critical events.

D-3:L23 Respiratory Volume Estimation by a Stretchable Textile
Sensor

Y. ENOKIBORI, Y. ITO, Graduate School of Information Science,
Nagoya University, Nagoya, Aichi, Japan; K. IKEDA, A. SUZUKI,
Tsuchiya Co., Ltd., Chiryu, Aichi, Japan; Y. SHIMAKAMI, Owari Textile
Research Center, AITEC, Ichinomiya, Aichi, Japan; T. KAWABE,
Department of Medical Teachnology, Nagoya University School of Health
Sciences, Nagoya, Aichi, Japan; K. MASE, Graduate School of
Information Science, Nagoya University, Nagoya, Aichi, Japan

E-Textiles using fabric sensor are studied well for respiration monitoring
in recent years, for example Wealthy, MyHeart, and MagIC. These can
estimate respiratory rate and pattern; however, studies for respiratory
VOLUME estimation, which is necessary for inspection and monitoring
of Chronic Obstructive Pulmonary Disease (COPD), have not been
established. In this paper, we introduce a new stretchable textile sensor
and an examination to decide a calculation model for respiratory volume
estimation. The sensor will be parts of e-textile wears for COPD inspection
and monitoring in our projects. It can stretch up to 172% (e.g., 11 cm
to 19 cm). The stretch can be detected from electronic potential changes
between conductive fibers. In the examination, we led a model from
comparison between respiratory volumes determined by spirometer
and movements of 24 points for each front and back side of torso
majored by motion capture. In our evaluation, volumes estimated using

our textile sensor and the proposing calculation model were highly
correlated with volumes detected by spirometer (r = 0.929, P = 2.2 x
10%). The residual standard error of the estimated volumes was 5.11 in
percentage of VC.

D-3:L24 Structural Conformability and Fluid Uptake Properties
of Smart Wound Dressings

M. UZUN, S.C. ANAND, T. SHAH, Institute for Materials Research and
Innovation, The University of Bolton, Bolton, UK

Nowadays, many commercial products have been developed to reduce
wound healing times and cost. The complex wound healing phases are
still required to develop smarter and more effective dressing products.
There are various major requirements that the modern dressings have
to meet: maintain a moist environment around the wound; permit diffusion
of gases; stimulate the growth factors; provide mechanical protection;
prevent the wound desiccation; non-allergenic; minimise pain from the
wound; remove excess exudate; control local temperature and pH; be
comfortable and easy to remove; cost effective and aesthetically
acceptable and biocompatible and elastic. In this study ten commercial
smart and modern dressings - CombiDerm®, Versiva® XC®, Sorbsan
Plus SA, Opsite* Post-Op, Aquacel ™ Surgical, DuoDerm®, Granuflex®,
Mepilex® Border, Allevyn Gentle Border and Biatain® - were tested
and evaluated. The dressing specimens were obtained from the UK
market. The following experimental tests were performed on the dressing
specimens; dressing mass and thickness, fluid uptake, conformability,
absorption rate, waterproofness, stainless steel (SS) peel test and vertical
wicking. It was found that Biatain® had the highest absorbency and
fluid handling capacity and also had lower moisture vapour permeability
value compared to the other dressings. Versiva® XC® and DuoDerm®
had higher extensibility values than other dressings, which are 3.56
(MD) and 3.99 (CD) Ncm-1 for Versiva® XC® and 3.67 (MD) - 3.12
(CD) Ncm-1 for DuoDerm®. The permanent set results were found to
be similar pattern to the extensibility results. All tested dressings passed
the waterproofness testing. DuoDerm® and Granuflex® showed more
than 20 minutes rate of absorption and also their SS Peel values were
found to be considerably higher than for the other dressings.

D-3:L25 Washable Screen Printed Textile Antennas

. KAZANI', M.L. SCARPELLO?, C. HERTLEER', H. ROGIERI?, G. DE
MEY?, G. GUXHO*, L. VAN LANGENHOVE', 'Ghent University,
Department of Textiles, Zwijnaarde, Belgium; 2Ghent University,
Department of Information Technology, Gent, Belgium; 3Ghent University,
Department of Electronics and Information Systems, Gent, Belgium;
4Polytechnic University of Tirana, Department of Textile and Fashion,
Tirana, Albania

Wireless communication has become commonly used a variety of
applications such as computers, mobile phones and antennas for off-
body communication. A lot of efforts has been put in having the antennas
in smaller sizes, flat and with better performance. In the last decade
research has started into the development of flexible textile antennas
for integration into garments (wearable textile system). The textile
antennas can find use in medical and military sector or in personal
protective clothing. The antenna patch is made out of conductive material,
for which in the case of a textile antenna, commercially available
conductive coated textile materials, conductive threads for embroidery
or conductive inks can be used. When using the conductive coated
textile it is necessary to cut the patch in the desired pattern by using a
simple cutting tool which sometimes is not very precise and accurate.
Therefore, in our study we decide to screen print the antenna patch
with two silver conductive inks on Polyester and Cotton/Polyester
substrates. The paper describes the influence of several washing cycles
on the antenna performance. In order to protect the antennas against
the mechanical and chemical action in the washing machine, some of
them are covered with an polyurethane layer.

D-3:IL26 Smart Textiles with Biosensing Capabilities

S. PASCHE, B. SCHYRR, B. WENGER, E. SCOLAN, R. ISCHER, G.
VOIRIN, CSEM Centre Suisse d'Electronique et de Microtechnique
SA, Neuchétel, Switzerland

Real-time, on-body measurement using minimally invasive biosensors
opens up new perspectives for diagnosis and disease monitoring.
Wearable sensors are placed in close contact with the body, performing
analyses in accessible biological fluids (wound exudates, sweat). In this
context, a network of biosensing optical fibres woven in textile enables
the fabric to measure biological parameters in the surrounding medium.
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Optical fibres are attractive in view of their flexibility and easy integration
for on-body monitoring. Biosensing fibres are obtained by modifying
standard optical fibres with a sensitive layer specific to biomarkers.
Detection is based on colour changes, placing a light source and a
detector at both extremities of the fibre. Biosensing optical fibres have
been developed for the in situ monitoring of wound healing, measuring
pH and the activity of proteases in exudates. Current developments
aim at the design of sensing patches based on functionalized, porous
sol-gel layers, which can be deposited onto textiles and show optical
changes in response to biomarkers. Biosensing textiles present interesting
perspectives for innovative healthcare monitoring. Wearable sensors
will provide access to new information from the body in real time, to
support diagnosis and therapy.

D-3:IL27 Smart Technical Textiles Based on Fibre Optic Sensors:
Technologies and Applications

K. KREBBER, BAM Federal Institute for Materials Research and Testing,
Berlin, Germany

Technical textiles with embedded fibre optic sensors have been
developed for the purposes of the structural health monitoring in
geotechnical and civil engineering as well as for healthcare monitoring
in the medical sector. The lecture will show selected examples of using
such sensor-based smart textiles for different applications and will
highlight the results achieved in this innovative field in the framework of
several German and European projects.

Poster Presentations

D:PO17 Development of "Paper Transistor" using Carbon-
nanotube-composite Paper

Y. KAWAMURA, S. HAYASHI, Y. SHINDE, T. OYA, Yokohama National
University, Yokohama, Japan

We propose an unique transistor based on a carbon-nanotube(CNT)-
composite paper(CNTCP). The CNT as an allotrope of carbon with a
cylindrical nano-structure has a unique electric character. It can possess
both semiconducting- and metallic- characters. In contrast, a normal
paper is flexible, and can be fabricated easily. We can make the CNTCP
by mixing the normal paper and the CNTs. So the CNTCP has both the
CNT's electric character and the paper's flexible character. In this study,
we developed a Field-Effect-Transistor(FET) by using only the normal
papers and the CNTCPs. This "paper FET" has a Metal-Insulator-
Semiconductor structure. The metallic CNTCP was used for gate,
source, and drain electrodes as metal layer. In contrast, the normal
paper was used for an insulator layer because of its high resistance.
Moreover, the semiconducting CNTCP was used as a channel of the
FET. Then, the paper FET could be constructed by using these three
kinds of the papers. After the construction, we measured electrical
conductivity. Then, a drain-to-source current was observed and showed
about tens nA. Moreover, we could control the current by controlling the
gate voltage. The result indicates that we can develop the paper FET
by using only normal papers and two kinds of the CNTCPs.

D:P0O3 Preparation of Highly Piezoelectric Poly(vinylidene
fluoride) Nanofiber Web as a Nanogenerator for Energy
Harvesting and Its Power Generating Properties

YU JIN AHN, S. YOON, D. MANDAL, K.J. KIM, Kyung Hee University,
College of Engineering, Yongin-si, Gyeonggi-do, South Korea

As many recently developed mobile and wireless devices are operated
with very low electric power, even piezoelectric materials producing
very low electric power can be a promising candidate as power source
and/or power charger. Inorganic piezoelectric films have a high limitation
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in practical application due to hardness, fragility, and difficulty in
fabricating in a large area and piezoelectric PVDF film also has some
limitations due to relatively small piezoelectric charge constant caused
by low content of B-crystal phase in spite of excellent toughness and
easy fabrication in a large area. P(VDF-TrFE) film with only B-crystal
phase is also limited in practical use due to very high cost. So, PVDF
could be a good candidate due to cost effectiveness if one developed
the process via which PVDF film has as much B-crystal content as
P(VDF-TrFE) has. In this study, we report the power generating, energy
harvesting, and charging ability of PVDF nanofiber web with very high
content of B-crystal prepared through electrospinning the DMAc-acetone
mixture solution of PVDF in the presence of several additives. This
PVDF nanoweb can surely be used practically as power source or
charger for operating electric circuit embedded into smart apparel in
near future due to cost effectiveness.

D:P04 Electrically Conductive Polyacrylonitrile Films with High
Temperature Performance

H.J. PARK, YOUNG HO KIM, H.T. CHO, Department of Organic
Materials and Fiber Engineering, Soongsil University, Seoul, Korea

Highly electroconductive acrylic films that maintain their electro-
conductivity at high temperatures (above 200 °C) were prepared by
electroless plating of modified polyacrylonitrile (PAN) films with copper
sulfate solution. First, the PAN films were modified with hydroxylamine
(HA) and/or a hydrazine solution in order to introduce crosslinking and
ligands for the copper ions. The characteristics of the modified films
were investigated using FT-IR spectroscopy, DSC, EA, and SEM. The
results indicate that a simultaneous treatment of HA and hydrazine was
the most effective method for achieving the goals of high temperature
electroconductivity while keeping the required levels of dimensional
stability. The resultant tPAN (HA- and hydrazine-treated PAN) films were
subjected to electroless plating with CuSO4/Na2S203 in order to form
a CusS coating on the film, and thereby imparting electroconductivity to
the film. The CuS-tPAN films exhibited better electrical conductivity
than the CuS-PAN films which were prepared from an unmodified PAN.
In addition, the CuS-tPAN films maintained their conductivity at
temperatures up to 240 °C while the CuS-PAN films did not. EDS
analysis revealed that the loss of electrical conductivity arose from the
oxidation of the samples.

D:PO7 An Eco-friendly Regenerated Cellulose Fiber Spun from
Cotton Linter Pulp in NMMO Monohydrate by Lyocell Process
MI KYONG YOO, K MO KIM, YU JIN AHN, SHAMIM-ARA PERVIN,
KAP JIN KIM, Kyung Hee University, College and of Engineering,
Yongin-si, Gyeonggi-do, South Korea; SANG WOO JIN, JONG CHEO
JEONG, WOO CHUL KIM, Industrial Materials Research Institute, Kolon
Industrials, Inc, Gumi-si, Gyeongsangbuk-do, South Korea

Lyocell is a new regenerated cellulose fiber produced by a novel simple
route. Compared to viscose rayon process polluting the air due to H2S
and CS2 release, Lyocell is environmentally friendly, since it is
manufactured by a closed-loop method which enables almost complete
recovery of the non-toxic organic solvent. The process involves dissolving
wood pulp in a solution of N-methylmorpholine-N-oxide (NMMO)
monohydrate and extruding the filaments into an aqueous NMMO
spinning bath. Wood pulp based Lyocell, however, has several fatal
demerits such as forest destruction and easy fibrillation in the wet state.
To improve these problems, development of Lyocell from different
cellulosic sources is actually demanded. Cotton linter is a promising
candidate to obtain a novel regenerated cellulose fiber which is not only
eco-friendly, but also is found to be much less fibrillated. So in this study
we prepared the cotton linter Lyocell by dry jet-wet spinning of cotton
linter/NMMO solution, investigated the effects of spinning conditions
such as the dope concentration, spin draw ratio, air gap distance, and
composition of the coagulation bath etc on physical properties and
fibrillation of the fibers, and compared the fibers with wood pulp Lyocell
with physico-chemical aspects.
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E-1:/L07 Wet Process Innovation in MEMS 3-D Structuring on a
Silicon Wafer
K. SATO, Nagoya University, Nagoya, Japan

The limitations of anisotropic chemical wet etching of single crystal
silicon have been eliminated by our recent research. The etching
properties such as etch rate and its anisotropy are quite variable by a
small amount of additives or contaminants in etching solutions. Contrary
to the common sense that rectangular recesses are etched on a Si
(100) wafer, arbitrary round etch profiles are available with minimal
mask undercut when etched using a TMAH solution containing a
surfactant as an additive. Curved V-grooves for fluidic systems, 45-
degree tilted mirrors for optical use, and suspending curved structures
are newly fabricated on Si (100) only by wet alkaline etching. The
mechanism of the striking change in etching anisotropy by the surfactant
is first clarified by in-situ FTIR analysis at liquid-solid interface. The
change in anisotropy occurs due to the selective adsorption of the
surfactant molecule for those orientations; (110), (331), (221), and (111),
where the etching reactions are selectively suppressed by the surfactant
molecules.

E-1:IL02 GaN Resonant MEMS

M. FAUCHER, V. BRANDLI, B. GRIMBERT, M. FRANCOIS, P. TILMANT,
A. BEN-AMAR, L. BUCHAILLOT, C. GAQUIERE, D. THERON, CNRS,
IEMN, Lille, France; Y. CORDIER, F. SEMOND, CNRS CRHEA,
Valbonne, France

We present the design, fabrication, and characterization of GaN MEMS
resonators with fully integrated electrical transducers. These devices
benefits from llI-N as a semi-conducting crystal and piezoelectric material
simultaneously. They are the first step toward sensors where AlGaN/
GaN heterostructures are used for their transducers and co-integration
with High-Electron Mobility Transistors (HEMTs). The added values for
applications are expected in harsh environment sensors thanks to
robustness and high temperature operability of epitaxial nitrides. Here,
we use the flexural modes on GaN beams with integrated actuation
and where the detection is performed by a HEMT device located near
the clamping point (Resonant-HEMT). Thank to the 2-DEG modulation
that arises under piezoelectric field, detection of resonant nanoscale
motion is possible with transmission measurement up to 80MHz on
small resonators. The transducer output is strongly controlled by the
gate bias. Moreover, an efficient control of actuation is performed by
choosing appropriate bias near the depletion regime at the actuator
side.

E-1:ILO3 History and Recent Progress of MEMS Physical Sensors
H. MURO, Chiba Institute of Technology, Narashino, Japan

Recently various electronic control systems for automotive, industrial
and consumer-electronic applications have been developed using
advanced semiconductor technologies including MEMS sensors. This
paper reviews the history of the development of the MEMS physical
sensors and highlights their recent progress where their research trends
are categorized into the following 4 items: i) Incorporation of
heterogeneous sensors: A typical example of this item is the incorporation
of accelerometers and a pressure for TPMS. ii) Integration with advanced
CMOS circuitry: As CMOS devices are more miniaturized, more metal
layers and the resultant inter-metal via layers have been stacked on the

silicon substrate, which are used as structural and sacrificial layers of
MEMS devices. iii) Improvement on wafer-level packaging technology:
In order to protect micro mechanical parts of MEMS devices during
fabrication and in market wafer-level encapsulation techniques are
essential for the stable production and in-wafer sealing or wafer bonding
techniques are studied. iv) Adoption of new materials: In addition to the
LS| materials, some new materials such as CNT, SiC or AIN are applied
to MEMS devices for specific applications.

Several research examples of each item are introduced in this paper.

E-1:/L04 Towards Flexible Integrated Systems over Large Areas
R.S. DAHIYA, Centre for Materials and Microsystems, Fondazione
Bruno Kesseler, Trento, Italy

The birth of microelectronics and subsequent advances have
revolutionized computing and communications. Yet, as revolutionary as
it has been, applications such as electronic skin are not well addressed
by it, as they require spreading sensors and electronics over large and
flexible substrates. The early efforts to meet these requirements include
flexible printed circuit boards having distinct and stiff sub circuit islands
of electronic components connected to each other by metal
interconnects. Advancing the research towards bendable and
multifuncational electronic systems, new solutions based on organic
and inorganic materials are currently being explored. A new trend in this
direction is the printable electronics using high-performance materials
based micro-/nano-structures such as micro-/nano-wires. This is an
interesting development as it may enable high-performance and cost-
effective integrated systems over large and flexible substrates. This
work presents the developments in the area of flexible electronics systems,
covering range of solutions starting from flexible printing circuit boards
to the recent micro-/nano-structures based large area flexible
electronics. The discussion is centred on how electronic skin has evolved
with advances in the area of flexible electronics.

Session E-2
Chemical Micro / Nano-sensors and Systems

E-2:IL07 Gas Sensors: Status and Future Trends
M. FLEISCHER, Siemens AG - Corporate Research & Technology,
Munchen, Germany

Gas Sensors are about to conquer a large variety of applications that
include e.g. the optimisation of combustion processes, the monitoring
of room air to reduce the energy consumption of the HVAC, the detection
of fires or monitoring of human activities, the inspection of human
breath to detect diseases up to environmental monitoring applications.
The key of high performing sensors is the integration of intelligent material
technologies and the usage of nano structures for the chemical
reception layers. Several functional principles and selected key material
will be discussed. These include semiconducting metal oxide sensors
where ceramic elements have to integrated into Si based MEMS
structures, sensors based on the readout of work function where a
large variety of detection materials can be combined with CMOS based
transducers, electrochemical sensors which require an integration of
electrochemical and gas catalytic elements, CNT based sensors where
the CNTs need to be aligned to MEMS structures up to future living cell
based detection units. All these approaches are commonly
characterised by the usage of appropriate receptor material with an
adequate transducer that is usually done in a combination of
heterogeneous material integration and a support from nanotechnology.
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E-2:/L02 Semiconductor Nanowire Battery-less Chemical Sensors
Y.(M.) WANG, Physical and Life Sciences Directorate, Lawrence
Livermore National Laboratory, Livermore, CA, USA

Battery-less chemical detection, i.e., sensing without the need for an
external power source, has instant advantages over the existent sensing
nanotechnology, where the detection of chemical species often hinges
on the shift of electrical resistance. Here we present a novel sensing
platform that is based on the dynamic interactions of chemical species
with semiconductor nanowire/nanotube surfaces. The platform takes
advantage of special electrical signatures associated with various
molecules that allow us to sense and distinguish molecular type and
concentration. The nanosensor has the advantages of simplicity,
cheapness, and fast response-time. More importantly, these nanosensors
do not require any external power sources. We demonstrate several
protocol sensing platforms that can be fabricated from different types of
semiconductor nanowires/nanotubes. The potentials and limitations of
these nanosensors are discussed.

E-2:/L03 Smart Electrochemical Microdevices
H. SUZUKI, University of Tsukuba, Tsukuba, Japan

Electrochemical devices have advantages in miniaturization, batch-
fabrication, and integration with other components. Although a major
application of electrochemistry has been chemical sensing, the range
of applications covers other auxiliary functions such as the control of
microfluidic transport and pH regulation. To control the transport of
solutions in a microfluidic network, electrowetting is a useful technique.
A simple valve can be constructed by forming a gold electrode in a
hydrophobic constricted region of a flow channel. Solutions can be
injected into selected flow channels or extracted from a solution reservoir
when necessary. A reference electrode used as a switch can control
the opening of the valves sensing the movement of a solution. A valve
electrode used in a three-electrode system with a pH-sensitive reference
electrode functions as a pH responsive valve. The idea can also be
used to construct a pH filter that passes solutions of a limited pH range.
Furthermore, by using a one-electrode system consisting of gold and
zinc, valves that work autonomously sensing the arrival of solutions can
be realized. Other than these, a pH regulator has been fabricated using
a nonstandard three-electrode system with a pH-sensitive reference
electrode. The devices have been used in microsystems for the detection
of important molecules and for monitoring of the state of cells. Recent
progress of the electrochemical devices and their applications to
biochemical analyses will be presented.

E-2:1L04 Stimuli Responsive Materials and Next Generation
Chemical Sensors

D. DIAMOND, CLARITY Centre for Sensor Web Technologies, National
Centre for Sensor research, Dublin City University, Dublin, Ireland

The futuristic vision of the sensor web calls for billions of autonomous
sensing devices that feed real-time data into the ‘cloud' to contribute to
the sensed globe or world. However, there are major impediments that
will inhibit the degree to which chemical sensors and biosensors can
meet the expectations of this vision, particularly for remote, widely
distributed environmental monitoring. In order to realise massive
scalability, sensing devices must effectively be 'deploy and forget', in
that they must function autonomously for years, providing reliable data
into the networked world. In this talk, | will highlight the issue of fluid
handling as a major impediment, and suggest ways in which materials
with advanced functionalities may provide a way to overcome this
hurdle. In particular, | will focus on the role of stimuli responsive materials
to provide actuating and sensing capabilities for next generation
microfluidics platforms - the key component to provide scale up and
widely distributed deployments.

E-2:/L05 Micro and Nanocantilevers: Technology and Application
P. DATSKOS, Oak Ridge National Laboratory, Oak Ridge, TN, USA

In this talk we discuss technology and applications of micro and
nanocantilever. Over the past three decades there have been
spectacular developments in nano-electro-mechanical systems (NEMS)
and micro-electro-mechanical systems (MEMS). As a result, many
innovative applications have emerged and particularly a family of
chemical and biological sensors. While MEMS/NEMS represents a
diverse family of designs, devices with simple cantilever configurations
are especially attractive as transducers for physical, chemical and
biological sensors. A nano/microcantilever transducer converts physical
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or chemical changes into mechanical response. Specific binding sites
present in chemically selective layers deposited on a cantilever provide
affinity of targeted analytes to the sensor active area. Highly selective
receptor layers can be designed using concepts of molecular and
biomolecular recognition. Furthermore, transducers based on arrays of
bimaterial microcantilevers offer a promising technological platform for
uncooled IR imaging. Finally, the use of nonlinear MEMS/NEMS offer
new possibilities in both technology and applications.

E-2:L06 Novel Plasmonic Bio-sensing System Based on Two-
dimensional Gold Patch Arrays for Linear and Nonlinear Regimes
M. GRANDE', M.A. VINCENTI?, T. STOMEO?, G. MOREA', R. MARANI",
V. MARROCCO'®, V. PETRUZZELLI", A. D'ORAZIO!, M. DE VITTORIO3#,
D. DE CEGLIA?, M. SCALORAS; 'Dipartimento di Elettrotecnica ed
Elettronica, Politecnico di Bari, Bari, Italy; 2AEgis Technologies Inc.,
Huntsville, AL, USA; S3ltalian Institute of Technology (lIT), Center for
Bio-Molecular Nanotechnology, Arnesano (Lecce), Italy; “National
Nanotechnology Laboratory (NNL), CNR-Istituto di Nanoscienze, Dip.
Ingegneria delllnnovazione, Universita Del Salento, Lecce, Italy; ®Istituto
di Tecnologie Industriali ed Automazione ITIA-CNR, Bari, taly; éCharles
M. Bowden Research Center, RDECOM, Redstone Arsenal, AL, USA

We propose a novel bio-sensing platform based on the observation of
the shift of the leaky surface plasmon mode that occurs at the edge of
the plasmonic band gap of metal gratings when an analyte is deposited
on the top of the metallic structure. We detail the numerical analysis,
the fabrication and the characterization of these two-dimensional
arrangements of gold patches in linear regime showing that sensitivity
of our device approaches a value of 1000 nm/RIU with a corresponding
Figure of Merit (FOM) of 222 RIU-1. We provide experimental proof of
the sensing capabilities of the device by observing colour variations in
the diffracted field when the air overlayer is replaced with a small quantity
of Isopropyl Alcohol (IPA). Effects of technological tolerance such as
rounded corners and surface imperfections are also discussed. We
also report proof of changes in colour intensities as a function of the air/
filling ratio ad periodicity and discuss how they can be obtained by
diffracted spectra. Finally we report the numerical investigation of the
non-linear behaviour of the device highlighting the Surface Enhanced
Raman Scattering (SERS) performance.

E-2:L07 Fabrication of Gas Sensing Devices from Nanowires:
Techniques and Integration

R. JIMENEZ-DIAZ', J.D. PRADES', F. HERNANDEZ-RAMIREZ2, J.
SANTANDER?, C. CALAZA3, L. FONSECA?, C. CANE3, A. ROMANO-
RODRIGUEZ', 'MIND-IN2UB, Departament d'Electronica, Universitat
de Barcelona (UB), Barcelona, Spain; 2IREC, Catalonia Institute for
Energy Research, Barcelona, and Departament d’Electronica,
Universitat de Barcelona (UB), Barcelona, Spain; SInstitut de
Microelectronica de Barcelona, IMB-CNM-CSIC, Bellaterra, Spain

In the last years, nanomaterials, such as nanowires, nanoparticles,
nanotubes, ..., have emerged as potential building blocks of new devices
and circuit architectures due to their enhanced properties derived from
their reduced size and well-controlled chemical and physical properties.
Large efforts have been devoted to the fabrication of these materials,
which can be nowadays obtained in well controlled manners.
Furthermore, their functional properties have been studied bearing in
mind their potential applications. The development and testing of these
nanodevices, as well as their integration with a control and read-out
electronics that enables their incorporation into real life applications,
however, is very scarce. Few successful case studies have been
presented so far. Here we will present how we have developed gas
nanosensors from individual nanowires integrating them with
semiconducting substrates. We will show how the basic characterisation
of these nanowires can be carried out, how to manipulate them to
achieve their integration with with substrates with electrodes and heaters
and their use as gas sensors in front of different gases. The combination
of these devices with an ad-hoc designed and fabricated electronics
that allows the readout will also be presented.



E-2:L08 Wafer-level Fabrication and Gas Sensing Properties of
Miniaturized Gas Sensors Based on Inductively Coupled Plasma
Deposited Tin Oxide Nanorods

A. FORLEO, L. FRANCIOSO, S. CAPONE, F. CASINO, P SICILIANO,
CNR-Istituto per la Microelettronica ed i Microsistemi,via Monteroni,
Lecce, ltaly; H. HUANG, O.K. TAN, Sensors and Actuators Lab, School
of Electrical and Electronic Engineering, Nanyang Technological
University, Singapore

The recent research effort has focused on the development and the
synthesis of various 1-D and quasi 1-D nanostructures due to their
promising properties. The development of nanomaterials and
nanostrutures has leaded to the realization of a variety of micro and
nano chemical sensors. The advantages connected to employ the
nanostructures is due to their very high surface-to-volume ratio and the
possibility to realize single crystalline structures (with expected high
stability). Different approaches are used in order to realize1D
nanostructures. In this work, SnO2 nanorods were successfully
deposited on 3" Si/SiO2 wafers by inductively coupled plasma-enhanced
chemical vapour deposition (PECVD) and a wafer-level patterning of
nanorods layer for miniaturized solid state gas sensor fabrication were
performed. Uniform needle-shape SnO2 nanorods in situ grown were
obtained under catalyst- and high temperature treatment-free growth
condition. These nanorods have an average diameter between 5 and
15 nm and a length of 160 to 300 nm. The sensing properties of SnO2-
nanorods based gas sensors were evaluated by exposing them to NH3
and CH3O0H. The gas sensing tests show remarkable responses to
NH3 even at very low operating temperatures and good responses
towards CH3O0H. These performances are attributed to the preparation
of highly nanosized material and to the processing for the device
realization. The integration of SnO2 nanorods into micromachined
hotplates-based gas sensors tests is in progress.

Session E-3
MOEMS / NOEMS

E-3:IL07 Micromachined Devices for Use in Terahertz Applications
D. WOOD, J.M. CHAMBERLAIN, A.J. GALLANT, A.J. BARAGWANATH,
L.E. DODD, C.K.A. HILL, School of Engineering and Computing
Sciences, Durham University, Durham, UK

This talk presents results from three aspects of our interest in using
micromachined devices in the THz region. First, our early work on
making filters from lattice work fences or pillars of gold coated SU8 is
described. Pass (up to 97%) and stop bands can be observed, and
associated simulations and calculations will be presented to explain the
phenomenon. As a follow on, how THz radiation passes through two-
dimensional periodic arrays of sub-wavelength apertures has been
investigated. In particular, the geometry of the arrays has been studied
with time-domain spectroscopy. A time-of-flight model will be presented
which can also show how to engineer resonances in other structures:
this has major implications in the design of THz sensors. As a result of
a parallel but separate development, the use of metal-oxide-metal (MOM)
diodes as rectifiers of THz radiation will be discussed. The correct
combination of metallisation, oxide and geometry is crucial to success,
and how the electrical results can be understood via physical analysis
will be presented. In terms of their asymmetry, these diodes show world-
leading performance. We have also used nanoimprint lithography to
shrink the device size, and how this technology moves the performance
towards THz frequencies will be described.

E-3:IL02 Micro and Nanophotonics in Silicon
I. RENDINA, G. COPPOLA, M. GIOFFRE', M. IODICE, L. DE STEFANO,
V. MOCELLA, L. SIRLETO, M. CASALINO, P DARDANO, E. DE
TOMMASI, A. FERRARA, I. REA, National Council of Research, Institute
for Microelectronics and Microsystems, Napoli, Italy

Up to about ten years ago, the use of silicon in photonics was considered
an eccentric and unsuccessful attempt of running after the results
already carried out with 1ll-V semiconductors. Pioneer works started
because of the possibility of exploiting the well developed and

inexpensive microelectronic techniques for the realization of chips where
optical and electronic components were effectively integrated.
Nowadays, also thanks to micromachining technologies, silicon
photonics is a main research field showing tremendous potential
applications in the realization of low-cost, high-performance opto-
electronic and opto-fluidic circuits, sensing and micro-opto-electro-
mechanical systems. In this communication, new results carried out in
the field of silicon micro- and nano-photonics, also exploiting the
advance in sub-lithographic technologies and nanosciences, will be
presented and discussed. They are allowing the realization of new
families of photonic components and systems characterized by
unexpected behaviours and performance, such as light amplifiers,
sensors and photonic crystal structures for light manipulation at the
sub-wavelength scale. Main applications are expected in bio-medicine,
as well as in optical communications and on-chip interconnections.

E-3:L03 Powerful Polymer/Silicon Composite Thermal
Microactuator for MOEMS Applications

B. THUBTHIMTHONG, G.K. LAU, V.M. MURUKESHAN, School of
Mechanical and Aerospace Engineering, Nanyang Technological
University, Singapore

Recent advances in micro-opto-electromechanical systems (MOEMS)
have seen the development of mechanically-tunable photonic crystals,
tunable polymeric micro-lenses, waveguide positioners. These active
MOEMS require powerful micro-actuators that deliver a large
displacement and a large force at a fast speed. These stringent
requirements on actuators have all been met by a recently developed
class of thermal micro-actuator based on polymer/silicon composite.
This composite thermal micro-actuator is made by deep reactive ion
etching of silicon and selectively molding SU-8 polymer into high aspect-
ratio silicon structures. In this paper, we demonstrated a powerful polymer
composite thermal micro-actuator in a clamped-clamped beam for
applications to a tunable 1-D photonic crystal. This actuator configuration
has the advantages of precise linear actuation and high actuator
stiffness. Anchored to substrate, the micro-actuator has a silicon beam
(15 um x 60 um x 1440 um) integrated with SU-8/Si composite thermal
micro-actuator and thin-film heater. By applying a voltage up to 11 V to
heat the composite by 160 °C, an actuation stroke up to 23 um was
observed at the center of the beam, which agrees well with finite element
analysis and theory.

Session E-4

Smart Micro-nano Systems and
Components Integration

E-4:I1LO017 Integration of Carbon Nanotubes into MEMS for Ultra-
low Power Sensors

C. HIEROLD, C. ROMAN, M. MUOTH, K. CHIKKADI, S.-W. LEE, E.
CAGIN, M. HALUSKA, ETH Zurich, Department of Mechanical and
Process Engineering, Micro and Nanosystems, Zurich, Switzerland

Carbon nanotubes exhibit a number of excellent mechanical and
electronic properties as functional materials in sensors. In particular
single walled carbon nanotubes (SWNT) are known for their band gap
modulation due to mechanical strain, or electronic property-changes
due to interaction with surrounding molecules, but also for their ultra-
low power consumption requirements. However, successful technology
transfer to production and development of affordable products based
on CNTs is threatened by the lack of solutions for fabrication and
integration of these materials. We present results on individual SWNTs
as functional material in field effect transistors, mechanical and chemical
sensors. We discuss the influence of process variations on the properties
of SWNT devices, and options for sensor fabrication. In a second part
we discuss limits in sensor systems as captured by the signal-to-noise
ratio (SNR). SNR incorporates sensitivity, bandwidth and noise spectral
density, and thus determines limit of detection and resolution. It has
been observed that electronic noise - in particular 1/f noise - increases
with decreasing device dimensions. We discuss the influence of noise
on the performance of SWNT sensors.
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E-4:1L02 Combined Top-down and Bottom-up Approach for
Next-generation 3D MEMS

M. SUGIYAMA, School of Engineering, The University of Tokyo 3D
BEANS Center, BEANS Project, Japan

Integration of functional materials and nanostructures on a 3-dimensional
silicon template is a promising direction of development in MEMS. For
next-generation MEMS, we are developing a novel framework of
fabrication technology: elaborate preparation of 3-dimensional (3D)
template, the surface of which should be smooth in nanometer scale,
by top-down approach and self-assembled surface modification of the
3-dimensional surface with functional materials such as carbon
nanotubes (CNTs) and nanoparticles. Several examples will be
presented. Self assembly of nanoparticles, when it is applied to 3D
trenches rather than a planar surface, provides a widespread potential
for the fabrication of a structure with large surface-to-volume ratio.
Closed-packed self assembly of nanoparticles is possible either on the
inner surface of a trench or in the whole volume inside the trench,
leading to applications such as bio-assay and high-sensitivity gas sensor.
CNTs can be introduced to a selected part of a 3D structure using
dielectrophoresis at room temperature, in which a special kind of peptide
with a binding capability between specific materials acts as material-
selective "glue". CNT-based sensors on a Si platform will be developed
on the bases of this technology.

E-4:L05 Modeling of Piezo-actuated Stick-slip Micro-drives: An
Overview

H.X. NGUYEN, C. EDELER, S. FATIKOW, Division of Microrobotics
and Control Engineering, University of Oldenburg, Oldenburg, Germany

This paper gives an overview about problem of modeling of piezo-
actuated stick-slip micro-drives. The drives are effectively used in micro-
and nanopostioning systems due to their simplification in design and
very good working properties. It has been found that there exist numerous
prototypes of such devices. However, they have been investigated
empirically. There are few researches dealing with the theory behind
this kind of drives. By analyzing the current research activities in this
field, it is understood that the model depends strongly on the friction
model in that the influences of the guiding system play an important role
and were mostly neglected. These analyses are of fundamental
importance for an integrated model combining friction and mechanical
model offering promising future results. After an introduction section,
the paper presents briefly the state-of-the-art of existing prototypes
which have been known not only in research but also in commercial
field. The problems of mechanical modeling of the drives are deeply
analyzed. After that, some main points for the future research are
discussed.

E-4:L06 Controlled Connectivity in Random Nanowire Networks
PN. NIRMALRAJ'S, A.P BELL'S, AT. BELLEW'3, E.K. MCCARTHY"3,
L.FC. PEREIRA2%, S. SOREL2%, J.N. COLEMAN?3, M.S. FERREIRA?3,
J.J. BOLAND'3, 'School of Chemistry, Trinity College Dublin 2, Ireland;
2School of Physics, Trinity College Dublin 2, Ireland; *Center for Research
on Adaptive Nanostructures and Nanodevices, Trinity College Dublin,
Dublin 2, Ireland

Nanowire networks (NW) are promising candidates for a range of material
and device applications. NW-polymer composites have found
applications in the area of mechanical reinforcement while NW networks
themselves are beginning to find uses as transparent conductors.
Although much is known about the percolation behaviour of nanowire
systems in polymer composites, the inherent connectivity in high density
NWNSs is not at all understood. Such networks are comprised of wires
that are well connected but individual wires are frequently separated by
solvent residue or surface passivation that impeded conduction. We
begin by visualising the connectivity in NWNs and show that the voltage,
spatial and thickness dependences can be understood in terms of a
distribution of junction properties. We introduce a universal scaling
relationship that is a fundamental property of NWNs and show it is
consistent with the presence of locally connected regions or pockets
within the network that ultimately lead to conduction. Finally we
demonstrate that by controlling the connectivity in NWNs it is possible
to create new classes of materials with well controlled conductivity, and
which in the case of certain metal nanowires system allows for the
fabrication of novel and inexpensive memory devices.

100

Session E-5
Radio Frequency MEMS

E-5:L07 Reliability of RF MEMS
W.M. VAN SPENGEN, TU Delft / Falco Systems, Delft, The Netherlands

Despite their excellent RF performance, the success of RF MEMS
switches in the marketplace has until now been very limited. The reason
is that it has proven to be far more difficult than originally envisioned to
ascertain a high level of reliability of these devices. Apart from common
MEMS failure mechanisms, the fact that RF MEMS switches contain
functional contacting microscopic surfaces poses an extra set of
challenges. Metal-to-metal contact switches suffer from contact
degradation like macroscopic relays, while capacitive switches suffer
from dielectric charging due to the high actuation voltages. Solutions to
the charging effect can go in four directions: (1) very leaky dielectrics
where the parasitic charge cannot stay on the switch but is rapidly
dissipated, (2) perfecting the dielectric for low charging behavior,
(3) separating actuation electrodes and the capacitive switch contact,
and (4) dispensing with the dielectric altogether, and make the bridge
halt just above the other conductor by mechanical stoppers. Recently,
a new reason for developing very robust and reliable MEMS switches
has appeared. The 'MEMSamp' is a harsh environment class-D PWM
(pulse width modulation) amplifier where the traditional semiconductor
switches have been replaced by MEMS switches.

E-5:/L02 RF-MEMS Components and Networks for High-
performance Reconfigurable Telecommunication and Wireless
Systems

J. IANNACCI, Fondazione Bruno Kessler - FBK, Center for Materials
and Microsystems - CMM, MEMS Research Unit, Povo, Trento, ltaly

MEMS (MicroElectroMechanical-Systems) technology applied to the
field of Radio Frequency systems (i.e. RF-MEMS) has emerged in the
last 10-15 years as a valuable and viable solution to manufacture low-
cost and very high-performance passive components, like variable
capacitors, inductors and micro-relays, as well as complex networks,
like tunable filters, reconfigurable impedance matching networks and
phase shifters, and so on. The availability of such components and their
integration within RF systems (e.g. radio transceivers, radars, satellites,
etc.) enables boosting the characteristics and performance of
telecommunication systems, addressing for instance a significant
increase of their reconfigurability. The benefits resulting from the
employment of RF-MEMS technology are paramount, being some of
them the reduction of hardware redundancy and power consumption,
and the operability of the same RF system according to multiple
standards. The talk will firstly provide a brief introduction on RF-MEMS
technology, covering both technology aspects and also highlighting the
working principles of RF-MEMS components. Subsequently, the
integration of RF-MEMS components within RF circuits in standard
technology will be addressed, reporting some significant examples.

E-5:IL03 Integrated Microsystems
M. ESASHI, S. TANAKA, Tohoku University, Sendai, Japan

MEMS as switches and filters fabricated on LSI are required for multi-
band wireless systems, in which good mechanical properties are required
for the MEMS and small feature size for the LSI. Such MEMS on LS|
can be implemented by following three methods. The first method is a
surface micromachining and AIN Lamb wave resonators are fabricated
for on-chip multi-frequency oscillators. The second method is a MEMS
fabrication after wafer adhesive bonding on a LS| wafer. MEMS
micromechanical resonators and FBAR are fabricated using AIN. The
third method is a bonding of MEMS wafer to LSI wafer. SAW filter is
fabricated on a LSI. This method does not require the damage-free
MEMS fabrication to LSI, however the density of MEMS is limited and
stray capacitance is increased because of the bonding pads. The
MEMS should be encapsulated on a wafer because the moving MEMS
are damaged by a direct plastic molding. Wafer level packaging has
been developed for this purpose. LTCC (Low Temperature Co-fired
Ceramics) which have electrical feedthrough for interconnections has
been developed. Owing to the matched thermal expansion of the LTCC
with that of the Si the LTCC can be anodically bonded to the MEMS-
on-Si wafer for the purpose of the wafer level packaging.



Session E-6
Energy Harvesting and Power Supply MEMS

E-6:/L07 Nanogenerators for Self Powered Sensors and Systems
Z.L. WANG, Wang School of Materials Science and Engineering,
Georgia Institute of Technology, Atlanta, GA, USA

Ever since the wide range applications of laptop computers and cell
phones, seeking of power sources for driving portable electronics is
becoming increasingly important. The current technology mainly relies
on rechargeable batteries. But for the near future, micro/nano-systems
will be widely used in health monitoring, infrastructure and environmental
monitoring, internet of things and defense technologies; the traditional
batteries may not meet or may not be the choice as power sources for
the following reasons. First, with the increasingly shrinkage in size, the
size of the total micro/nano-systems could be largely dominated by the
size of the battery rather than the devices. Second, the number and
density of micro/nano-systems to be used for sensor network could be
large, thus, replacing batteries for these mobile devices becoming
challenging and even impractical. Lastly, the power needed to drive a
micro/nano-system is rather small, in the range of micro- to milli-Watt
range. To meet these technological challenges, the author proposed
the self-powering nanotechnology in 2005, aiming at harvesting energy
from the environment to power the micro/nano-systems based sensor
network. This talk will introduce the nanogenerator as a sustainable
self-sufficient power source for MEMS.

E-6:1L02 Development of Microscale Thermoelectric Modules
for Energy Conversion

JING-FENG LI, DA-WEI LIU, State Key Laboratory of New Ceramics
and Fine Processing, Department of Materials Science and Engineering,
Tsinghua University, Beijing, China

Thermoelectric devices have received increasing attention because of
their potential applications as portable energy sources, accurate
temperature controllers in infrared detectors, and sophisticated electro-
optic and telecommunications components. So far, the fabrication and
integration processes of thermoelectric microdevices have been one of
the major topics of thermoelectric research, and some microfabrication
processes had been proposed and studied to reduce the scales of
thermoelectric devices even to a micrometer order. In this talk, we will
present two kinds of fabrication processes for thermoelectric micro-
modules. The first one is based on our previous MEMS process using a
micromachined silicon mold. For this process, we invented a facile
method to fabricate glass micromolds with multiply microchannels, into
which high-aspect-ratio Bi2Te3 micropillars are formed by patterned
electrodeposition. The second one to be introduced is basically a
mechanical cutting process combined with photolithograph techniques,
by which miniaturized modules with high aspect-ratio thermoelectric
micro-pillars were fabricated. The thermoelectric performance of the
fabricated module was evaluated, whose maximum open output voltage
was about 20 mV when heated under a 100 W lamp.

E-6:/L03 Advances in Micromachined Vibration Energy Harvesting
Using Piezoelectric Materials

D.-d. KIM, S.-B. KIM, H.C. WIKLE, Auburn University, AL, USA; J.-H.
PARK, Argonne National Lab, IL, USA; S.-H. KIM, Brown University, RI,
USA

Recent efforts have been made toward developing autonomous, self-
powered remote sensor systems that can offer enhanced applicability
and performance with cost savings. The technological challenge of
realizing such a system lies in the construction and fabrication of a
miniaturized energy harvesting device. This work focuses on the
development of microscale piezoelectric devices to achieve maximum
efficiency of power conversion. In this work, MEMS-scale devices were
designed and fabricated based on the modeling of macroscale PZT
devices. The current design of MEMS-scale devices comprises a seismic
mass made of silicon connected to the substrate by a thin PZT cantilever
beam. Factors relating to power improvement and reliability of the device
are discussed by addressing the shape of the cantilever, piezoelectric
mode, piezoelectric materials, and environmental temperature. Tapering
a beam shape resulted in higher power due to uniform strain along the
beam direction compared with a rectangular shape. Two modes in
piezoelectric coefficients, i.e. d33 and d31, are compared by

constructing PZT MEMS devices using interdigitated and planar
electrodes. Lead-free piezoelectric materials and PZT on flexible
substrates were also explored for the devices. Current progress of MEMS
and macroscale piezoelectric vibration harvesters are summarized with
the discussion of future vision.

E-6:/1L04 Energy Harvesting from Air Flow
A.S. HOLMES, Imperial College London, London, UK

Energy harvesting from gas flows has potential applications in wireless
condition monitoring, for example in air conditioning systems or gas
pipelines. This talk will open with a brief review of the various flow-driven
energy harvesters reported in the literature. Recent work at Imperial
College on energy harvesting from low-speed air flows will then be
described. We have developed a cm-scale energy harvester aimed at
power delivery for wireless sensors in air conditioning ducts. The device
comprises a 2 cm-diameter shrouded wind turbine with an axial-flux
permanent magnet generator built into the shroud and a cavity in the
exit diffuser to accommodate sensor electronics. The turbine operates
at flow speeds down to 3 m/s and delivers between 80 uW and 2.5 mW
of electrical power at air speeds in the range 3-7 m/s. The harvester has
been integrated with low-power sensor electronics and an ultra low-
power radio to form a complete, battery-less wireless sensor. The design,
fabrication and performance of the overall device will be discussed.

E-6:/L05 Novel Energy Harvesting Systems with Dual Micro-
nano Strctures

HAIXIA ZHANG, Institute of Microelectronics, Peking University, Beijing,
China

MEMS energy harvester is a promising substitute of battery, specially in
low power consumption applications, such as sensor networks nodes
or biomedical implantable devices. The micro vibration power is almost
available everywhere and easily converted to electrical power with MEMS
energy harvester. For electromagnetic energy harvester, the efficiency
is low in low frequency environment and system integration is a problem
because of the high temperature in microfabrication of magnet. We
developed a novel harvesting system with integrated microelectro-
magnetic harvester. Special folded beams were designed for 3D
harvesting as well as magnet array for frequency up-conversion at low
frequency applications. The electrodeposition of permanent magnet
was developed to integrate CoNiMnP permanent magnet in the device.
The volume of harvester was scaled down to 32mmé?. The tested
maximum output voltage is 74.4mV at 48Hz and 1g. The maximum
output power is 51uW at 50Hz and 1g with 21ohms load resist. The
harvesting system also includes power rectify units and stroge units. It
is favorable in low frequency applications.

Session E-7
Micro(nano)fluidics / Lab on Chip / Bio-MEMS

E-7:ILO07 Integrated Photonics for Bioanalytical Microsystems
J.S. WILKINSON, Optoelectronics Research Centre, University of
Southampton, Southampton, Hampshire, UK

Microfabricated optical waveguides enable low-cost mass-production
of compact, robust, bioanalysis chips, and are ideal for the integration
of optical functions in microsystems. Fabrication techniques which
revolutionised electronics are enabling a similar transformation in
photonics, and optical circuits are particularly well suited to mass-
produced bio/chemical sensor arrays exploiting surface chemistry, optical
cell-sorters and for integration in microfluidic systems for advanced
micro-cytometry. Highly sensitive and specific waveguide biosensors
have been successfully demonstrated, and biosensors based on SPR
and on fluorescence will be described. Recently, interest has grown in
optical manipulation at surfaces as part of the toolbox of the "lab-on-a-
chip" and advances in trapping and propulsion of biological cells in the
evanescent fields of optical waveguides will be considered. In applications
where the volume of a liquid or of a micron-scale object such as a
biological cell is to be interrogated, non-evanescent in-plane optofluidic
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approaches must be adopted. A key component is the in-plane lens,
which can be used for trapping, scattering, fluorescence or Raman
measurements. Advances in technologies incorporating integrated
lenses for microcytometry will be described.

E-7:IL02 Labs-on-a-Chip for Medical Applications
A. VAN DEN BERG, University of Twente, The Netherlands

Labs-on-a-Chip will play an important role in future medicine, both in
point-of-care devices for drug or biomarker monitoring, as well as in
early diagnostic devices. We developed a pre-filled ready-to-use capillary
electrophoresis platform for measuring ions in blood. It is used to monitor
lithium in finger-prick blood of manic-depressive patients, but can also
be used for measuring calcium in blood for prevention of milk fever, or
for measuring creatinine in blood or sodium in urine for early detection
of ESRD. Another device was developed for analyzing male fertility by
determining sperm concentration in semen. For early detection of colon
cancer, nanowire sensors for detection of hypermethylated DNA will be
presented, showing label-free DNA detection. Finally, a microelectro-
chemical Lab-on-a-Chip will be presented to mimic drug metabolization
by CYP450 in liver microsomes.

E-7:L04 Microfluidic Microchemomechanical Systems
R. GREINER, M. ALLERDISSEN, A. RICHTER, TU Dresden/
Heisenberg, Polymere Mikrosysteme, Dresden, Germany

The lab-on-a-chip (LOC) technology was expected to influence our
every day live in a similarly fundamental way as integrated circuits have.
Unfortunately this demand was not met yet. The cause therefore lies in
the complexity of microelectromechanical systems (MEMS), which form
the base of the current LOC technology. We present a new concept of
LOC which are based on fluidic microchemomechanical systems
(LCMS). During the fabrication process these uCMS are preprogrammed
by monolithic integration of special active components. These active
components are holding chemical energy that can be transformed at
least once into mechanical energy and thus provide a timed and
quantitative exactly defined fluidic function. As one application we
present a microchip integrated with 2.096 active components. Through
an intelligent combination of opening and closing valves and dissolvable
membranes this chip is able to perform autonomously a repetitive and
equidistant analysis of various fluids. In a second chip designed for
kinetic investigations we demonstrate the ability of our system to
repetitively control enzyme kinetics. With our simple and inexpensive
fabrication method combined with the above mentioned advantages of
the invented uCMS new and better LOC technology can be developed.

E-7:L05 Micro Electrode Arrays for Single Site Electroporation
C. COLLINI, E. MORGANTI, L. LORENZELLI, FBK-CMM, Trento,
Italy; L. VIDALINO, P MACCHI, CIBIO - University of Trento, Italy

The in-vitro monitoring of the interaction of cells with engineered
nanomaterials is attracting increasing attention in the research
community, mainly in the field of toxicity screening or drug development.
Nanomaterials are being incorporated into several industrial products,
so the study of the impact of these products with the environmental
health and safety is becoming more and more important. On the other
sides, nanoparticles can be used as a vector to deliver drugs, heat, light
or other substances to specific types of cells (such as cancer cells).
Particles are engineered so that they are attracted to diseased cells,
which allows direct treatment of those cells. This technique reduces
damage to healthy cells in the body and allows for earlier detection of
disease. In this scenario we realized a platform for single site
electroporation of cell consisting of planar high-density microelectrode
arrays (MEAs) enclosed in a microfluidics system. The designed
configuration allows controlled cell transfection and targeted
nanoparticle injection for the traceability and the identification of individual
pathogenic mutations.

E-7:L08 Hydrogel-based Microfluidic Systems
M. ALLERDISSEN, S. KLATT, R. KORBITZ, A. RICHTER, Chair of
Polymeric Microsystems, Dresden University of Technology, Germany

Over the last ten years, microfluidic technologies have gained
considerable importance. However, realising highly integrated
microsystems is a major challenge, which so far has only been solved
insufficiently. Here, we present an innovative approach to fabricate
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low-cost, highly integratable microfluidic platforms. As active elements
photopolymerized hydrogels based on Poly(N-isopropylacrylamide)
(PNIPAAmM) are introduced. PNIPAAm is temperature-sensitive. Heated
in water above its lower critical solution temperature (LCST), it reversibly
changes from a swollen to a shrunken state (volume change in the
order of 90%) and can, via an electrothermic interface, be employed as
electrothermally switchable actuator. Varying specific parameters in the
swelling agent, for example varying its alcohol concentration, can shift
the LCST. So not only micropumps or microvalves, but also valves with
an appointed threshold value, so-called chemostats or chemical
transistors, can be realized. Using the example of a microchip performing
enzymatic endpoint analyses, we investigate characteristic behaviour
of active elements based on PNIPAAM and show the ability of integrating
different fluidic operations like fluid transportation, metering, valving and
mixing into one fully polymeric microchip.

E-7:L09 Superhydrophilic PDMS and PET for Microfluidic Devices
R. BARTALI, L. LORENZELLI, N. LAIDANI, M. SCARPA, V. MICHELI,
A. PEDRANA, A. GAMBETTI, G. GAMBETTI, R. PANDIYAN, S. ROWLEY,
I. LUCIU, Fondazione Bruno Kessler, Trento, ltaly

PDMS and PET are materials widely used in the construction of
microfluidic devices. Both materials have good chemical and physical
properties such as optical transparency, chemical stability and good
permeability to gases, but they have low surface energies. Therefore is
crucial to enhance the hydrophilic behavior to increase the capillary
flow in the microchannel. In this study we compare how oxygen and air
plasma treatments change the wetting behavior of PET and PDMS. In
particular we study the effect of plasma working pressure on the water
surface contact angle. We correlate the contact angle results with the
chemical properties of the plasma, roughness and surface chemistry.
The plasma parameters, morphology and surface chemistry have been
studied by means of optical emission spectroscopy, atomic force
microscopy and Auger electron spectroscopy, respectively. Moreover
we investigate how the wetting behavior effects the microchannel
capillary flow. A super-hydrophilic surface (contact angle less < 5°) for
both polymers and using both gasses can be obtained by optimizing
the working pressure of the plasma treatments. Microchannels realized
with polymers with superhydrophilic surfaces show an extraordinary
capillarity flow with an estimated flow speed of 1m/min.

Session E-8
Flexible MEMS Technology

E-8:/L02 Continuous Process for Large-area Flexible MEMS
T. ITOH, AIST, Tsukuba, Japan

A novel fabrication process for large area flexible MEMS, having been
developed in BEANS (Bio Electomechanical Autonomous Nano
Systems) project, is introduced. The process consists of continuously
high-speed coating for functional film materials, 3-D micro/nano-
machining of the films on fibers, and weaving the functional fibers into
large-area integration. In the coating process, functional materials, e.g.,
organic semiconductor (P3HT), piezoelectric (PVDF), conductor
(PEDQOT.PSS) and insulator (PMMA) films could be formed on fibers
with a speed of 10 m/min. In the 3-D micro/nano-machining, a
compound reel-to-reel process system including both thermal roller
imprint and photolithography mechanism was developed. In addition,
the microfabrication of the 3-D exposure module and the spray
deposition of thin resist films on the fiber were demonstrated. For the
weaving assembly, a cantilever-type microspring contact array was
developed for the electrical contact between fibers. Evaluation of the
durability showed that the microspring array structures made of
PEDOT:PSS are applicable to a movable contact. Weaving assembly
process was verified by developing an automatic weaving assembly
machine and prototyping a 1.2 x 3 m? flexible sheet of touch sensors.



E-8:/L03 The Potential and Challenges of Printing Sensors and
MEMS on Flexible Foil

D. BRIAND, F. MOLINA LOPEZ, A. VASQUEZ QUINTERO, G.
MATTANA, N.F. DE ROOIJ, Ecole Polytechnique Fédérale de Lausanne
(EPFL), Institute of Microengineering (IMT), Sensors, Actuators and
Microsystems Laboratory (SAMLAB), Neuchatel, Switzerland

MEMS fabrication processes are well established and standard
photolithographic and micromachining approaches can be used to
make different types of flexible MEMS devices using polyimides, SU-8,
PDMS and parylene films, among others. In this communication, we
will introduce printing as an alternative method for the technological
realization of flexible devices by fabricating them directly on flexible foil
(plastic, paper) using as much as possible additives processes. Using
flexible foil as substrate in combination with printing/transfer of inorganic
and especially organic materials bring different advantages compared
to the conventional silicon processing. Thin, lightweight, flexible,
conformal and even transparent devices can be foreseen with their
production at large scale and low-cost. With a special care in the
choice of materials and processes, a new generation of environmental
friendly sensors and MEMS will emerge: Green MEMS. However, printing
remains challenging and organic electronics cannot in major cases
replace its silicon counterpart. Different issues related to the printing
processes and to the co-integration of printing devices with silicon
devices will be addressed. The technology will be highlighted through
some concrete examples focusing on sensors and MEMS.

E-8:/L04 Smart Tubes for Smart Systems
0.G. SCHMIDT, Institute for Integrative Nanosciences, IFW Dresden,
Dresden, Germany

Smart tubes consist of strain engineered and highly felxible rolled-up
nanomembranes. They can be made out of virtually any material and
material combination. They are size scalable and rely on fully on-chip
integratable processing techniques. Photonic, optofluidic, magnetic,
electronic and chemical functionalities are demonstrated. SiO based
smart tubes operated in emission mode reveal highest Q-factors and
extremely large sensitivity. The path towards an integrated lab-in-a-
tube is envisioned and discussed. Smart tubes are ideally suited to
provide a 2D confined transparent scaffold in which behaviour and
mitosis of single cells can be studied in great detail. Catalytically active
tubes are used as smallest ever made jet engines to act as autonomous
smart systems.

Session E-9
Emerging MEMS / NEMS Technologies

E-9:/L01 Atomic Layer Deposition for MEMS & NEMS
P.M. SARRO, G. FIORENTINO, G. PANDRAUD, Y. HUANG, Delft
University of Technology, DIMES, The Netherlands

Atomic Layer Deposition (ALD) of thin films is becoming increasingly
relevant for micro and nano-electronics applications. The accuracy on
the thickness of the deposited layers, the highly conformal deposition
on three-dimensional micro- and nano-structures, the possibility to tune
optical and mechanical properties and the relatively low temperature of
this process make ALD a very interesting technique for Micro and
Nano-Electro-Mechanical Systems (MEMS and NEMS). The very thin
ALD layers, mostly oxides and nitrides and more recently even metals,
can be used either as supporting structures or as sensing elements. In
addition, they provide excellent coating or passivation layers for CNTs
or nanodevices. Further, they can be employed to define large arrays of
nanostructures, without the need of nanolithography and while
maintaining compatibility to conventional integrated circuit (IC)
processes. In this paper a brief review of the results achieved so far will
be given and a few examples illustrating the potential and applicability
of this technique for MEMS and NEMS will be presented.

E-9:IL02 Functional RF Devices Powered by MEMS Technologies
K. HASHIMOTO, Chiba University, Chiba, Japan; S. TANAKA, M.
ESASHI, Tohoku University, Sendai, Japan

In mobile communication equipment, most of all functionalities are
implemented in CMOS ICs. One exception is the RF front-end, where
low noise (low loss) and high linearity are required, and use of high Q
passive components is necessary. For example, a number of RF filters/
duplexers using surface and bulk acoustic wave (SAW/BAW)
technologies and oscillators using quartz resonators are used in current
mobile phones to support multi-band and multi-standard operation. It
seems very difficult to support further standards and/or frequency bands,
although current ICs are powerful enough to support them. One possible
solution for this problem is to give tunability to such devices. Since
ultimate down-sizing is also required, use of MEMS technologies is
mandatory not only for realization of tunable passive components but
also for their hetero-integration with SAW/BAW devices and/or RF ICs.
Such tunable front-end is also demanded for the current trend called
the software defined radio. In collaboration with leading-edge research
labs in Japan, we started a project to develop a really flexible RF front-
end using MEMS technologies applicable to present and/or future
communication systems such as the cognitive radio. This paper reviews
current status and future prospects of this project.

Poster Presentations

E:PO71 Electrical and Geometrical Analysis of Molybdenum
Microcoils as Magnetic Microgenerators

M. AMATO, S.PETRONI, Center for Biomolecular Nanotechnologies
@UNILE, lIstituto ltaliano di Tecnologia, Arnesano (LE), ltaly; G.
EPIFANI, National Nanotechnology Laboratory of CNR-INFM, Lecce,
Italy; M. De VITTORIO, Center for Biomolecular Nanotechnologies
@UNILE, lIstituto Italiano di Tecnologia, Arnesano (LE), Italy - National
Nanotechnology Laboratory of CNR-INFM, Lecce, Italy - Dip. Ingegneria
delllnnovazione, Universita del Salento, Lecce, ltaly

We present the fabrication and the electrical characterization of
molybdenum (Mo) planar microcoils for magnetic field generation. The
bottom electrode consists of a bilayer copper (Cu) - chrome (Cr),
deposited by thermal evaporation on a standard silicon substrate. Mo
microcoils are patterned by optical lithography and lift off. The inner turn
of each microgenerator is connected with the ground contact by vias in
a spin-coated polyimide layer, as electrical insulator between bottom
electrode and coils. Being electrical performances derived by the
geometrical layout, different physical designs of the inductors have
been investigated, keeping constant the total footprint area (1 mm2).
The effects of different coil parameters as shape, number of windings,
width of the track and spacing between them have been experimentally
studied in order to improve inductance and quality factor of the device.
Preliminary studies on Cu microcoils achieved values of series resistance
Rs of 120 ohm, self inductance Ls of 10 uH and quality factor Q of
about 50. Similar results are expected for Mo microcaoils, being the
conductivity of two metals significantly close. An array of these
microgenerators can be very promisingly applied to actuate magnetic
nanocomposite PDMS membrane in tactile displays.

E:PO4 Micro Thermoelectric Energy Harvester Using Bi-Te and
Sb-Te Thin Films

SEUNGWOO HAN'" 2, MIN-SU KIM2, KWANG EUN LEE"; 'Korea
Institute of Machinery & Materials, Department of Nano Mechanics,
Daejeon, South Korea; 2Nano Mechatronics, University of Science and
Technology, South Korea

Micro thermoelectric technology is usually applicable for harvesting
smaller amounts waste heat in the order of micro watts to a few watts.
Thermal energy harvesting using micro-scale thermoelectric generators
is a promising approach to alleviate the power supply challenge in ultra
low power systems. In this study we have developed micro
thermoelectric energy harvester using thermoelectric thin films. The Bi-
Te and Sb-Te alloys are known as the best semiconductor materials
currently available for thermoelectric applications near room
temperature. The Bi-Te (N type) and Sb-Te (P type) thin films were
deposited on silicon substrate by using co-evaporating. Bi-Te and Sb-
Te thin films were analyzed using X-ray diffraction, field emission-scanning
electron microscopy and energy dispersive X-ray spectroscopy. The
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thin films were measured electrical properties and Seebeck coefficient.
In order to improve that performance of a micro thermoelectric energy
harvester, we made thermoelectric legs having the height of more than
10 um using metal masks. Deposition and patterning of electrode was
carried out. Fabrication of a micro thermoelectric device was completed
by using dicing. Output power and current-voltage curves of the micro
energy harvester were measured.

E:PO5 Flexible Thermoelectric Generator with High Thermal
Efficiency Kapton/PDMS Package

L. FRANCIOSO, C. DE PASCALI, P SICILIANO, CNR-IMM, Institute
for Microelectronics and Microsystems, Lecce, ltaly

In this work we proposed fabrication and high thermal efficiency package
of a very low cost energy autonomous, maintenance free, flexible and
wearable micro thermoelectric generator (UTEG), finalized to power
very low consumption electronics Ambient Assisted Living (AAL)
applications. The prototype, integrating an array of thin films
thermocouples of Sb2Te3 and Bi2Te3. Main aim of the work is the
complete package of a microfabricated large area array of
thermocouples within a KApton/PDMS 3D assembly characterized by
high topography and thermal conductivity modification of PDMS.

E:PO7 New Viscosity Data for CuO-water Nanofluid - The
Hysteresis Phenomenon Revisited
CONG TAM NGUYEN', N. GALANIS? E. EVEILLARD®*, 'Faculty of
Engineering, Université de Moncton, Moncton (NB), Canada; 2Faculty
of Engineering, Université de Sherbrooke (Québec), Canada; *IUT Saint
Malo, Université de Rennes 1, France

Recent experimental data have shown the hysteresis behaviour for
Al203-water and CuO-water nanofluids when submitted to a heating
effect’?. This phenomenon was recently revisited. New viscosity data
were obtained for a 29nm particle size CuO-water nanofluid by a new
and innovative technique, which consists of maintaining a forced flow
of nanofluid through the measuring chamber of a 'piston-type'

viscometer®. Data show that for a low particle volume concentration
(1.6%) the hysteresis observed before'? did not occur for the temperature
range considered. For a higher particle concentration, 5% in particular,
the hysteresis behaviour was observed when fluid temperature exceeded
51 °C approximately. Beyond this critical temperature, nanofluid viscosity
increases and such an increase even continued with a decrease of
temperature during a cooling phase. The effects due to successive
heating/cooling cycles were also investigated. In order to determine the
effects due to this heating/cooling on the morphological characteristics
of the nanofluid studied, granulometry tests are carried out on original
and after-heating fluid samples.

1. Int. J. Heat Fluid Flow, 28 (6), 1492-1506, 2007; 2. Int. J. Therm. Sci.,
47 (2), 103-111, 2008; 3. Cambridge Viscosity Inc.

E:PO8 Wet-etching Characteristic of SiCN Film Deposited by the
HWCVD Method

H. NAKANISHI, T. OGATA, A. IZUMI, Kyushu Institute of Technology,
Fukuoka, Japan

SiCN film is known as an insulating film with dielectric constant as high
as about 7. The film has also high transparency, high hardness and high
wear resistance. Therefore, SiCN is very attractive as an insulating film
in ULSI and MEMS. SIiCN films have been generally expected in various
applications. We can also use them for general industrial uses such as
a coating material for stainless steel. In general, SiH4 is required for
deposition of SICN films, but SiH4 is so dangerous that industry cannot
use these films for safey issue. Recently, we have deposited SiCN films
by hot-wire CVD (HWCVD) using Hexamethyldisilazane (HMDS) which
is a non-explosion organic liquid source instead of SiH4. As a result, it
is possible to use the SiCN films even by general industries. In order to
apply a SiCN film to ULSI, MEMS or other purposes, a SiCN removal
process is needed. In this report, we investigate the wet-etching properties
for SICN films. We evaluated the wet-etching properties for the SiCN
films using various kind of chemical agents. It turned out that potassium
hydrate, sodium hydroxide and phosphate etch SiCN films. On the
other hand, it turned out that sulfuric acid, chloride, acetic acid, and
ammonium chloride do not etch SiCN films.

SYMPOSIUM F

Smart & Adaptive Optics

Oral Presentations

Session F-1

Nanophotonics and Smart Optical
Nanostructures

F-1:IL07 Nonlinear and Switchable Plasmonic Metamaterials
N.l. ZHELUDEV, K. MacDONALD, Optoelectronics Research Centre
& Centre for Photonic Metamaterials, University of Southampton,
Southampton, UK

The next stage of photonic technological revolution will be the
development of active, controllable and nonlinear metamaterials
surpassing natural media as platforms for optical data processing with
THz bandwidth and quantum information applications. We report an
overview on our recent results on achieving new functionalities in
nanostructured photonic metamaterials containing nonlinear and active
media such as NEMS switchable metamaterials, hybrid metamaterials
containing chalcogenide glass, carbon nanotubes, graphene,
semiconductor quantum dots and report on exciting plasmonic properties
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of superconducting and toroidal metamaterials and on using
metamaterials for digitally controlled light localization.

F-1:IL03 Realization of Optical Components and Planar-light-
wave-circuits with CMOS Technology

G. PUCKER, Y. JESTIN, M. GHULINYAN, Advanced Photonics and
Photovoltaics Unit, Bruno Kessler Foundation, Trento, Italy

Silicon based CMOS technology proofed to be an extremely powerful
tool for applications in microelectronics and is now the basis of complex
microprocessors, large memory circuits, and other digital and analog
devices. In the early 1980's it was realized that silicon is also a good
optical material for light transmission. Due to the existence of a cost
effective mass-manufacturing technology, which allows to control
nowadays dimensions in the nanometer range, engineering of silicon
and other materials used in CMOS technology allowed to overcome
physical limitations of bulk silicon and to realize active optical
components such as light emitting diodes, Raman laser or high speed
optical modulator. In this lecture we will demonstrate the potential of
silicon fabrication technology for realization of different optical devices
and circuits based on examples from our own work. It will be shown
how controlling size and distance between silicon nanostructures allows
the realization of stable LED's, how strain engineering allows the
realization of optical non-linear waveguides and how 3-dimensional
optical circuits can be realized by combinations of waveguides and
microresonators on different planes.



F-1:1L04 Gas Cluster lon Beam Technology for Nanofabrication
N. TOYODA, |. YAMADA, Graduate School of Engineering, University
of Hyogo, Himeiji, Japan

Gas cluster ions are ionized aggregates of thousands of gaseous atoms
or molecules. In contrast to atomic or molecular ion beams, gas cluster
ion beams (GCIB) realize low-energy-per-atom characteristics (energy
as low as several eV per atom), which helps to process a solid surface
without severe damage. Moreover, reactive GCIBs enhance chemical
reactions without heating the substrates owing to their dense energy
deposition. In addition, ejections of surface atoms or molecules are
enhanced by GCIB bombardment, which causes high yield of sputtering
or etching. Lastly, when GCIB bombards a target surface, it induces
lateral motion of surface atoms. This lateral motion is referred to as
"lateral sputtering," and it induces surface smoothing. These irradiation
effects are quite useful for nanofabrication of various materials. In this
report, we will focus on our recent study regarding nanofabrication with
GCIB for semiconductor, optical devices, storage device and organic
materials.

F-1:/L05 Enhanced Broadband Light-matter Interaction with
Quantum Dots
B.D. GERARDOT, Department of Physics, Heriot-Watt University,
Edinburgh, UK

Efficient light-matter interaction is paramount for quantum emitters such
as quantum dots, single molecules, and defect centres in diamond as
well as traditional devices such as light-emitting diodes, detectors,
photovoltaic solar cells, and lasers. At the heart of extreme light-matter
interaction efficiency is a grand engineering challenge: to physically
sculpt a material so that the emitter's radiation pattern is entirely directed
toward a single mode, and likewise every photon directed at the emitter
is absorbed/scattered. Significant progress has been made using high-
Q cavities, but these are restrictive in the sense that enhancement is
both spectrally and spatially limited. An alternative approach is to develop
broadband optical antennas which enhance the light-matter interaction
at the single photon level. Examples of this technology include
broadband planar dielectric antennas, waveguides, and solid-immersion
lenses. Here | will present recent advances in the coupling of optically
efficient quantum dots to broadband optical antennas.

F-1:1L06 Diffractive Control of Femtosecond Pulses with
Programmable Spatial Light Modulators

P. ANDRES, Departamento de Optica, Universitat de Valencia,
Burjassot, Spain; J. LANCIS, Instituto de Nuevas Tecnologias de la
Imagen, Universitat Jaume | de Castellén, Castelon, Spain

Many essential processes and interactions on atomic and molecular
scales occur at ultrafast timescales. Generation, measurement, and
manipulation of ultrashort pulses is challenging since most experiments
depend on the electric field amplitude rather than the pulse intensity
envelope thereby requiring control over the electric field structure itself.
In this work we will introduce some all- optical devices to manipulate
femtosecond pulses in a controlled fashion by means of diffractive
optical elements as well as their application to optical imaging and
material processing. Diffractive optical elements offer some unique
features in this scenario. On the one hand, chromatic dispersion of
diffractive optical elements is opposite and comparatively large to that
of refractive materials that offers an invaluable tool for dispersion
management. Diffractive surfaces can be computed and traced to
cancel or minimize the impact of wave aberrations and, in general, to
sculpt user-defined pulsed beams with full control over the spatio-
temporal structure of the electric field. Further, programmable spatial
light modulators will be used to codify diffractive optical components
that, in this way, will be ready to be integrated in dynamical devices.

F-1:IL07 Passive and Active Nanophotonics

Y. FAINMAN, D. TAN, S. ZAMEK, O. BONDARENKO, A. SIMIC, A.
MIZRAHI, M. NEZHAD, V. LOMAKIN, Q. GU, J. LEE, M. KHAJAVIKHAN,
B. SLUTSKY, Dept. of Electrical and Computer Engineering, University
of California, San Diego, La Jolla, CA, USA

Dense photonic integration requires miniaturization of materials, devices
and subsystems, including passive components (e.g., engineered
composite metamaterials, filters, etc.) and active components (e.g.,
lasers, modulators, detectors). This has been made possible by the
advances in nanofabrication,integrated with design and testing tools.

Arranged in a regular pattern, sub-wavelength features act as a
metamaterial whose optical properties are controlled by the density and
geometry of the pattern and its constituent materials. To advance this
technology we created design, fabrication and testing tools. The design
needs to incorporate not only the electromagnetic equations, but also
the material and quantum physics equations to enable the investigation
and analysis of near field interactions. These studies need to be
integrated with device fabrication and characterization to validate the
device concepts and optimize their performance. In this talk, we discuss
passive and active devices that recently have been demonstrated in
our lab. These include monolithically integrated short pulse compressor
utilized with SOI material platform and design, fabrication and testing of
nanolasers constructed using metal-dielectric-semiconductor resonators
confined in all three dimensions.

F-1:L08 Magneto-optical and Plasmonic Properties of Thin Film
Ternary Alloy Sensors

J.R. SKUZA, National Institute of Aerospace, Hampton, VA, USA;
S.H. CHOI, NASA Langley Research Center, Hampton, VA, USA

Improvements to magneto-optical (MO) and plasmonic sensors have
been sought through new materials and molecular architectures. For
example, incorporation of a ferromagnetic material into a noble metal
plasmonic sensor increases the sensitivity of the device by coupling the
MO and plasmonic properties. These devices have typically been
fabricated using segregated noble metal / ferromagnetic multilayers
where interfacial effects hinder the sensitivity. A suitable single-layered
material would eliminate these interfacial effects. Certain ternary alloys
exhibit a ferromagnetic phase with plasmonic properties under specific
deposition conditions and these MO and plasmonic properties will be
discussed within the context of MO and plasmonic sensors.

F-1:IL09 Towards Three-dimensional Isotropic Metamaterials
T. TANAKA, RIKEN Metamaterials Laboratory, Wako, Saitama, Japan

Metamaterial is an artificially designed material that consists of metal
resonator array. Designing resonator array structure so that it is smaller
than the wavelength of the light, metamaterials work as a homogeneous
material whose electromagnetic properties inherited from its structure.
By engineering such materials, we can design and control their magnetic
permeability even in the optical frequency region in which all materials
in nature lose magnetic response and their relative permeability is fixed
at unity. In this talk, we report on the theoretical investigations of the
electromagnetic properties and design principle of three-dimensional
metamaterials. The laser fabrication techniques for the three-dimensional
metal structures are presented. Three-dimensional nano-scale silver or
gold structures are demonstrated. Moreover, we report a bottom-up
approach with the aid of DNA-template to form cyclic assemblies of
gold nanoparticles as the simplest ring resonator structure of
metamaterials.

F-1:IL70 THz Switchable Metamaterials
H.-T. CHEN, A.K. AZAD, J.F. OHARA, R. SINGH, J. ZHOU, M.T. REITEN,
D.R. CHOWDHURY, L. HUANG, S. RAMANI, Q. JIA, S A. TRUGMAN,
A.J. TAYLOR, Materials Physics and Applications Division, Los Alamos
National Laboratory, Los Alamos, NM, USA

In recent years terahertz (THz) technology has become an optimistic
candidate for numerous sensing, imaging, and diagnostic applications.
Yet, THz technology still suffers from a deficiency in sources, detectors,
modulators and other functional elements ubiquitous in neighboring
microwave and infrared frequency bands. One of the greatest obstacles
in this progress is the lack of materials that naturally respond well to THz
radiation. The potential of metamaterials for THz applications originates
from their resonant electromagnetic response, which significantly
enhances their interaction with THz radiation. Thus, metamaterials offer
a route towards helping to fill the so-called "THz gap". Here, we present
a series of novel THz metamaterials with designed active functionality,
enabling dynamic tuning of the amplitude, frequency and polarization
state of a THz wave. In these materials the critical dependence of the
resonant response on the supporting substrate and/or the fabricated
structure enables the creation of active THz metamaterial devices. We
show that the resonant response can be controlled using optical or
electrical excitation and thermal tuning, enabling efficient THz devices
which will be of importance for advancing numerous real-world THz
applications.

105



F-1:L11 Controlling Plasmonic Coupling: Highly Organized
Structures for Biodiagnosis

N. PAZOS-PEREZ, A. FERY, Department of Physical Chemistry II,
University of Bayreuth, Bayreuth, Germany; R. ALVAREZ-PUEBLA,
Department of Physical Chemistry, University of Vigo, Vigo, Spain

Plasmonic nanoparticles are excellent candidates for their potential
use in microelectronic, optical, biomedical applications or to develop
new metamaterial properties. Their electromagnetic behaviour is for
sure highly dependent on their specific particle size, shape, and
surrounding environment. There are different methods which allow us
to fine tune the control over the particle shape and size thus, the
materials properties. However, the lack of capability to form reproducible
organized structures is still a very important challenge to solve in order
to control the plasmonic intercoupling between particles. Therefore, it is
clear that their controlled organization in 2D and 3D structures is of key
importance. In this work we report novel methods to produce organized
structures of plasmonic nanoparticles. These can be done either in a
macroscale range, forming linear parallel arrays or, at the nanoscale
regime through the controllable cluster formation with high coordination
numbers. The plasmonic behaviour of these organizations was
theoretically and experimentally investigated. Moreover, these structures,
were effectively use for biodetection using Surface-enhanced Raman
scattering (SERS) spectroscopy.

F-1:L12 Surface Topography Effect on Plasmonic Characteristics
G.C. KING', H.-J. KIM?2, Y. PARK?, K.D. SONG3, S.H. CHOI', '"NASA
Langley Research Center, Hampton, VA, USA; 2National Institute of
Aerospace, Hampton, VA, USA; *Norfolk State University, Norfolk, VA,
USA

The key interest of this study is to understand the physics of plasmonic
behavior within quantum-confined domains. To experimentally observe
the plasmonic behavior, a series of arrayed nanometer-sized aperture
configurations will be fabricated in thin silver films on a quartz substrate
using a focused ion beam instrument. Nano-scaled symmetrical features
built around each aperture cause the plasmon to undergo a topography-
dependent momentum change which is uniquely represented by
artificially created electromagnetic dipole radiation. This study also
examines exploitation of the surface plasmon polariton phenomenon to
permit phase modulation and controlled variation in intensity and spectral
response of the transmitted light. The electromagnetic dipole radiation
losses will be determined from the changes in transmitted light between
the apertures built on the plain surface and the surface with topographical
features. Applying a varying electrical field to the array allows control of
the transmitted light. Laser light of several wavelengths, both with and
without an applied electrical field will be analyzed with the near field
scanning optical microscope and a spectrometer.

Session F-2

Active and Responsive Optical Materials and
Devices

F-2:IL07 Magnetic Properties of All-organic Nitroxide Radical
Ferroelectric Liquid Crystals
R. TAMURA, Kyoto University, Kyoto, Japan

Since 2004, we have reported the preparation and magnetic properties
of prototypic, paramagnetic all-organic rod-like liquid crystalline (LC)
compounds 1 with negative dielectric anisotropy, which contain a chiral
cyclic nitroxide unit in the mesogen core and show a chiral smectic C
(SmC*) phase over a wide temperature range'. Notably, a sort of spin
glass (SG)-like inhomogeneous magnetic interactions (the average spin-
spin interaction constant, J>0) were found to be generated in the
SmC* phase of compounds 1 at high temperatures (>25 °C) in weak
magnetic fields?. We referred to this unusual magnetic phenomenon as
positive "Magneto-LC Effects" (J>0). In fact, these LC droplets floating
on water were attracted by a permanent magnet and moved freely on
water under the influence of this magnet. Here | talk about i) the origin
of strong Magneto-LC Effects and ii) the electric field dependence of
the paramagnetic susceptibility in the ferroelectric SmC* phase of
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compounds 1, which were measured at high temperatures (>25 °C) by
EPR spectroscopy (0.34 T).

1. N. Ikuma et al, Angew. Chem. Int. Ed., 2004, 43, 3677, N. Ikuma et
al, Adv. Mater,, 2006, 18, 477, R. Tamura et al, J. Mater. Chem., 2008,
18, 2872. 2. Y. Uchida el al, J. Am. Chem. Soc., 2010, 132, 9746.

F-2:/L02 Raman Gain in Nanostructured and Nanocomposites
Materials

L. SIRLETO', M.A. FERRARA', I. RENDINA', G.C. RIGHINI?, 'National
Research Council (CNR) Istituto per la Microelettronica e Microsistemi,
Napoli, Italy; 2National Research Council (CNR) Istituto di Fisica Applicata
Nello Carrara, Sesto Fiorentino, ltaly

Nonlinear Raman scattering in electrons-confined and photons confined
materials is a fascinating research field of great importance from both
fundamental and applicative point of view. Concerning the fundamental
one, there have been a number of investigations both experimental and
theoretical, but some issues remain 'open’, while from an applicative
point of view there are some important prospectives, for example to
realize micro/nano sources with improved performances. In this paper,
experimental investigations of stimulated Raman scattering in silicon
quantum dots and nanocomposites based Si-materials are reported.
Two Raman amplifiers were realized,and amplifications due to stimulated
Raman scattering were measured. For both of them, a significant
enhancement of Raman gain and a significant reduction in threshold
power are demonstrated. In addition, the investigation of spontaneous
and stimulated Raman scattering in a nanocomposite material obtained
by a high niobium content glass belonging to the K20-Nb205-
SiO2(KNS)glass-forming system is described. Strong changes of Raman
spectra in nanocomposite material with respect to the bulk sample are
discussed, while a significant enhancement of Raman gain (up to 25
times higher)and of its bandwidth with respect to SiO2 is proved.

F-2:IL03 Flying with Optical Lift
G.A. SWARTZLANDER, Center for Imaging Science & Dept. of Physics
Rochester Institute of Technology, Rochester, NY, USA

Optical lift is a transverse radiation pressure force imparted to an
asymmetrical object, e.g., an "optical wing". Lift forces may exceed the
forward scattering forces, providing large steering angles. In general,
the wing also experiences a torque. However, there are positions of
stable rotational equilibrium that allow the wing to exhibit uniform motion.
This phenomenon has been observed in our laboratory using micrometer
scale particles in water. We are now exploring it's use on macroscopic
objects such as solar sails. Steering solar sails via optical lift will lessen
the mass of the sail, thereby affording lower launch costs and greater
accelerations.

F-2:L05 Spodumene Used as Thermoluminescent Dosimeter
for High Doses

R.A.PO. D'AMORIM, S.0. SOUZA, Physics Department, Federal
University of Sergipe, Sao Cristévao, SE, Brazil

Spodumene (LiAISi206) is a silicate of technological interest. Studies
about the electronic structure of a-spodumene showed that its gap is
indirect, with 5.5 eV. We have also synthesized these materials doped
with Mn. On exciting the samples by ionizing radiation, electrons and
holes can be trapped by sites inside the gap. The thermoluminescent
dosimetry is the measurement of radiation doses of through materials
that emit energy in the form of light for your heating and this energy can
be related to the radiation dose received previously. The importance of
these materials, called thermoluminescent dosimeters (TLDs), is related
to the degree of complexity involving the various applications. We can
mention the dosimetry of high doses, for monitoring in nuclear reactors
or during the sterilization of food. In this work we study the properties of
spodumene to characterize it as a dosimeter for high doses of gamma
radiation. The porosity and microstructure morphology of this TLDs
were observed by using scanning electron microscopy. The results
based on glow curves, emission spectrum, kinetic parameters and
dose response show the feasibility of using this material for application
in dosimetry of gamma radiation doses in the region of between 100
and 5 kGy.

F-2:IL06 Liquid-crystals-plasmonic (LCP) Nanostructures for
Advanced Electro- and Nonlinear Optics

I1.C. KHOO, Electrical Engineering Department, Pennsylvania State
University, University Park, PA, USA



We will delve into several LCP nano-structures and describe how the
properties of plasmonics and liquid crystals could enhance one other to
enable emergent properties and construction of various multifunctional
compact electro- and nonlinear- optical switches, filters and modulators.
Owing to the broadband birefringence of LC, these processes processes
can function in an extremely broad spectral range from visible - far
infrared - terahertz, with greatly improved efficiency. Besides
conventional electro-optical modulation of the LC birefringence, we will
also explore nonlinear all-optical or self-action mechanisms, in which
the desired index or birefringence changes are generated by the light
itself. Such processes do not require any electrode, and the incident
light can impinge at almost any desired angle for complex geometries/
structures. We also report on recent successes in obtaining ultrafast
switching speed using pulsed laser modulation of the liquid crystal order
parameter/birefringence.

Ref: (1) I.C. Khoo, Physics Report 471, p. 221-267 [2009]; J. Smalley et
al, Opt. Exp. 19, pp. 15265-15274 (2011); I.C. Khoo et al, Mol. Cryst.
Liq. Cryst. 527, p.109-118 (2010), I.C. Khoo et al, J. Opt. Soc. Am. B25,
pp. 1931-1937 (2008).

F-2:1L07 White Light Generation in Rare-earth-doped Amorphous
Films Produced by Ultrasonic Spray Pyrolysis

R. MARTINEZ-MARTINEZ, Instituto de Ffsica y Matematicas,
Universidad Tecnologica de la Mixteca, Huajuapan de Ledn, Oaxaca,
México; E. ALVAREZ, Departamento de Fisica, UNISON, Hermosillo,
Sonora, México; A. SPEGHINI, DiSTeMeV, Universita di Verona, and
INSTM, UdR Verona, San Floriano, Verona, ltaly; C. FALCONY,
Departamento de Fisica, CINVESTAV-IPN, México, D.F., México; U.
CALDINO, Departamento de Fisica, Universidad Auténoma
Metropolitana-Iztapalapa, México, D.F., México

Nowadays, the processing of white light emitting materials is of relevant
interest to the optoelectronic industry for application in both liquid crystal
monitor screens and high brightness white-light-emitting diodes
(WLEDs). One of the most common approaches to develop WLEDs is
to couple a near UV emitting LED with a frequency converting phosphor.
Hafnium (HfO2) and aluminum (AI203) oxides have attracted
considerable attention due to their excellent physical and chemical
properties, such as their high dielectric constant and insulating
characteristics, which allow their application as dielectric materials with
relatively high refractive index and wide band gap, as well in the field of
optical coatings and metal-oxide semiconductor devices of the next
generation. HfO2 and AI208 films doped with CeCI3, TbCI3 and MnCI2
were deposited at 300 °C by ultrasonic spray pyrolysis. It is demonstrated
that these films can generate cold white light emission upon near UV
excitation at wavelengths of AlGaN/GaN-based LEDs emission. The
high efficiency of energy transfer from Ce3+ to Tb3+ and Mn2+,
resulting in cold white light emission makes the Ce3+, Tb3+ and Mn2+
doped HfO2 and Al203 films interesting materials for the design of
efficient near UV pumped phosphors for white light generation.

F-2:IL08 Linear and Nonlinear Optical Properties of Sol-gel-
derived Microstructured Fibers Doped with Active Optical lons
and Metallic Nanoparticles

L. BIGOT, H. EL HAMZAQUI, A. LE ROUGE, G. BOUWMANS, |.
RAZDOBREEV, R. BERNARD, B. CAPOEN, M. BOUAZAOUI,
Laboratory for Physics of Lasers, Atoms and Molecules (PHLAM/IRCICA
- UMR8523/USR3380), CNRS - Lille 1 University, Villeneuve d’Ascq
cedex, France

Microstructured optical fibers, also known as photonic crystal fibers
(PCFs) or holey fibers, have attracted growing interest during the last
decade, owing to their wide range of optical properties accessible
thanks to a freedom of designs that cannot be achieved with
conventional fibers. Due to these characteristics, they found a large
variety of applications ranging from optical communication to light
sources or sensing. As an example, one can cite the broad and powerful
supercontinuum sources used for fluorescence imaging, flow cytometry
or characterization of optical components. This talk will show that the
use of the sol-gel polymeric route can be applied to the preparation of
high purity silica glass rods for the achievement of PCF cores with
conventional and unconventional composition. As an example, results
on the synthesis of Erbium-doped rods and their characterization will be
presented. These rods have been used to fabricate a PCF with an
Erbium-doped pure silica core. Effects of this synthesis on the
spectroscopic properties of Erbium will be discussed together with the
performance of the Erbium-doped PCF in amplification regime'. Bismuth
ions are also very interesting optical active elements, due to their potential

applications in fiber lasers and amplifiers in the spectral range 1150 -
1500 nm. The luminescent properties of a Bismuth-doped silica PCF,
with a core achieved by the sol-gel technique, will be presented?. Besides
this, we recently combined the benefit of the PCF geometry to the
increased optical nonlinearity induced by gold nanoparticles in order to
fabricate a nonlinear silica fiber. This PCF, with a core synthesized by
the sol-gel technique and doped with gold nanoparticles, presents a
resonant nonlinear absorption characterized by an optical limiting effect®.

1. “From molecular precursors in solution to microstructured optical
fiber: a sol-gel polymeric route”, H. El Hamzaoui, L. Bigot, G. Bouwmans,
I. Razdobreev, M. Bouazaoui and B. Capoen. Optical Materials Express
1 234-242 (2011); 2. “Optical properties of Bismuth-doped silica core
photonic crystal fiber’, I. Razdobreev, H. El Harnzaoui, L. Bigot, V. Arion,
G. Bouwmans, A. Le Rouge, M. Bouazaoui. Opt. Express 18 19479-
19484 (2010); 3. “Linear and nonlinear optical properties of gold
nanoparticle-doped photonic crystal fiber”, L. Bigot, H. El Hamzaoui, A.
Le Rouge, G. Bouwmans, F. Chassagneux, B. Capoen and M.
Bouazaoui. Optics Express 19 19061-19066 (2011)

F-2:L09 Hybrid Organic-inorganic Photo-driven Nanoimpellers
for Drug Release

A. FRANCO, J. GARCIA-MACEDO, J.I. ZINK, Departamento de Estado
Solido, Instituto de Fisica, Universidad Nacional Autdnoma de México,
México; Department of Chemistry and Biochemistry, University of
California, Los Angeles, CA, USA

Mesostructured SiO2 films functionalized with the azo-chromophore
Disperse Red 1 were synthesized by sol-gel method. The mesostructured
long-range order in the films was determined by X-Ray Diffraction. The
azo-chromophores in the films work as nano-impellers through their
photo-induced trans-cis reversible isomerization. When the films are
doped, they are able to control the release of the dopant by all-optical
processes. We used the dye laser Rhodamine 6G as dopant, its very
distinctive luminescence around 570 nm allows to follow the release.
Polarized green and infrared laser light were used as pump sources to
direct the movement of the nano-impellers. 532 nm light was used as a
probe to induce the Rhodamine 6G luminescence, which was measured
as function of the pumping time with a photomultiplier coupled to a
monochromator. The results corresponding to the green and to the
infrared pumping sources are compared in order to determine the
feasibility to photo-control the nano-impellers movement through a two-
photon absorption process.

Authors acknowledge M. Aguilar-Franco for XRD assistance, A. Franco
thanks to ICYTDF for ICYTDF/SRI/23/2011 postdoctoral fellowship, all
authors acknowledge UCMEXUS, CONACYT 79781, PAPIT IN107510,
RedNyN for financial support.

F-2:L10 ZnO-based Thin Film Double Heterostructured-ultraviolet
Light-emitting Diodes Grown by Vapor Cooling Condensation
Technique

P.C. WU, C.T. LEE, Institute of Microelectronics, Department of Electrical
Engineering, National Cheng Kung University, Tainan, Taiwan, R.O.C.

Recently, with the increasing demands for ultraviolet light applications,
low coast and high performance ultraviolet light-emitting diodes (ULEDs)
have been intensively investigated. Zinc oxide (ZnO)-based
semiconductors were promising candidate for ULEDs due to their wide
direct band gap and large exciton binding energy. Furthermore, the
energy bandgap of ZnO-based semiconductors can be modulated by
doping various magnesium contents as magnesium-zinc-oxide (MgZnO)
film to construct heterostructured devices. In this work, the vapor cooling
condensation system was proposed to deposit high quality ZnO and
MgZnO films, and to fabricate high performance MgZnO/ZnO/MgZnO
double heterostructured-p-i-n  ULEDs. By measuring the
electroluminance (EL) spectra of the double heterostructured-p-i-n
ULEDs, the peak intensity and total emission power of the double
heterostructured-p-i-n ULEDs were 3.08 times and 1.82 times higher
than the conventional p-i-n ULEDs. Besides, the EL emission intensity
at the visible region induced by the oxygen vacancy in the i-ZnO layer
was negligible. It was attributed to the very low defect concentration
resided in the i-ZnO active layer deposited by the vapor cooling
condensation system. The associated mechanisms will be presented.
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F-2:L11 Morphology Control in Luminescent Cadmium Silicate-
based Nanostructures

L.P SANTANA, E.S. ALMEIDA, J.L. SOARES, EM. VICHI, Instituto de
Quimica, Universidade de Sao Paulo, Sao Paulo, Brazil

We report the synthesis of luminescent, single-phase, crystalline CdSiO3,
nanostructures at 580 °C. To the best of our knowledge, this is the
lowest temperature at which this material is reported to form. The desired
phase is confirmed by comparison to JDPDS Card N. 85-0310. The
source of silicon has strong influence on the product morpholgy:
Na2SiOg, yields single-phase CdSiO8 in the form of needle-shaped
nanostructures; high surface area (1140 m2/g) mesostructured SiO2
yields coralloid-shaped nanostructures. Low angle X-ray diffraction
reveals that the mesostructured nature of the precursor silica is not
maintained in the resulting CdSiO3. Electron microscopy suggests that
in this case a transition occurs between the spherical morpholgy of the
precursor and the needle-shape morpholgy of the material prepared
from Na2SiO3. The surface area of the silica precursor has a strong
influence in the reaction, since the use of commercial silica with a lower
surface area (200 m2/g) does not yield the desired product. Doping
with Mn2+ and/or Pr3+ ions leads to materials with long lasting
phosphorescence, with possible uses in emergency lighting, luminescent
paints and, with appropriate morphology control and surface
modification, in materials for in-vivo sensors.

F-3:L04 Multimodal, High-resolution Imaging Systems Based
on Stimuli-responsive Polymers

G. PASCHEW, R. KORBITZ, A. RICHTER, Chair of Polymeric
Microsystems, Dresden University of Technology, Dresden, Germany

One of the core challenges of modern imaging system technology is to
provide realistic impressions about a virtual ambient by interaction with
the human's auditory, visual, and tactile perception. However, particularly
tactile displays with high spatial resolution in form of large-scale
integrated microelectromechanical systems are not yet realized. Here,
we report on a multimodal display with thousands of actuator pixels,
which generates both visual and tactile impressions of a virtual surface.
The fully polymeric, monolithically integrated device consists of an
actuator array made from poly(N-isopropylacrylamide). This material is
a stimuli-responsive, particularly temperature-sensitive hydrogel.
Controlling the actuator temperature via a optoelectrothermic interface
between an upper and lower temperature (the difference between
these states is only 6K) the actuator can be switched from the fully
swollen to the fully shrunken state (change in volume up to 90%) in
several hundred milliseconds. For tactile impressions we deploy the
change in actuator altitude and elasticity. For a monochrome visual
functionality we take advantage of another hydrogel effect: During the
phase transition occurs a change of the optical properties from
transparent to opaque.

Session F-3
Smart Optical Systems and Devices

Session F-4
Adaptive Optics

F-3:/L02 Purely Nonlinear Photonic Crystals
K. GALLO, KTH - Royal Institute of Technology, Department of Applied
Physics, Stockholm, Sweden

Ferroelectric materials such as LiINbO3 provide the unique possibility to
structure the optical nonlinearity by means of so-called 'poling'
techniques. This enables a new class of purely nonlinear photonic
crystals, in which the optical response is engineered by modulating in
space the nonlinear optical properties of the substrate, while leaving
the refractive index (linear properties) unaffected. Such nonlinear
photonic crystals can host a variety of new phenomena, providing a
fertile ground for fundamental studies as well as for novel photonic
devices. This talk will describe the technology involved in the fabrication
of nonlinear lattices in LINbO3 and LiTaO3 and its current challenges. It
will also provide examples of novel optical functionalities afforded by
purely nonlinear photonic crystals, ranging from optically tunable solitonic
switches to multi-beam parametric generators.

F-3:L03 Development of Field-controlled Smart Optic Materials
(ScN, AIN) with Rare Earth Dopants

H.J. KIM', Y. PARK', G.C. KING? S.H. CHOI?, "National Institute of
Aerospace, Hampton, VA, USA; 2NASA Langley Research Center,
Hampton, VA, USA

The purpose of this investigation is to develop the fundamental materials
and fabrication technology for field-controlled spectrally active optics
that are essential for industry, NASA, and DOD applications such as:
membrane optics, filters for LIDARs, windows for sensors, telescopes,
spectroscopes, cameras, etc. ScN and AIN thin films were fabricated
on c-axis Sapphire or quartz substrate by magnetron sputtering. The
background n-type conductivity of as-grown ScN has enough free
electrons that can readily interact with the photons. The high density of
free electrons and relatively low mobility indicate that these films contain
a high level of shallow donors as well as deep levels. Also, the UV-Vis
spectrum of ScN and AIN thin films with rare earth elements (Er or Ho)
were measured. The red-shifted absorption onset gives direct evidence
for the decrease of band gap (Eg) and the energy broadening of valence
band states are attributable to the doping. As the doped elements enter
the ScN crystal lattices, localized band edge states form at the doped
sites with a reduction of Eg. Using a variable angle spectroscopic
ellipsometer, a decrease in refractive index with applied field is observed
with a smaller shift in absorption coefficient.
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F-4:IL07 Intelligent Optical Systems using Adaptive Optics
N. CLARK, NASA Langley Research Center, Hampton, VA, USA

Until recently, the phrase adaptive optics generally conjured images of
large deformable mirrors being integrated into telescopes to compensate
for atmospheric turbulence. However, the development of smaller,
cheaper devices has sparked interest for other aerospace and
commercial applications. Variable focal length lenses, liquid crystal spatial
light modulators, tunable filters, phase compensators, polarization
compensation, and deformable mirrors are becoming increasingly useful
for other imaging applications included guidance navigation and control
(GNC), coronagraphs, foveated imaging, situational awareness,
autonomous rendezvous and docking, non-mechanical zoom, phase
diversity, and enhanced multi-spectral imaging. Active components
presented allow flexibility in the optical design, increasing performance.
In addition, the intelligent optical systems presented offer advantages
in size and weight and radiation tolerance

F-4:/L02 Adaptive Optics for Extremely High Power Lasers
A. KUDRYASHOV, Moscow State Open University and Active Optics
NightN (Ltd), Russia

Adaptive optics is considered to be an instrument that is used to correct
for the wavefront of any incident light. Key element of any adaptive
optical system is a deformable mirror. Moreover the property and ability
to correct for the wavefront is determined by deformable mirror. At the
same time in case of correction of the radiation of high power lasers
another important element - wavefront sensor start playing a very
significant role. In general in order to correct something one needs at
first to measure what need to be corrected. So, in this presentation we
shall consider the application of Shack-Hartamnn wavefront sensors to
measure the aberrations of the high power laser beams and different
problems that occur on the way of the use of such sensors as a part of
the whole closed loop adaptive system. Also, we shall discuss the
efficiency of the use of bimorph mirrors as a perfect wavefront corrector
for high power lasers.

F-4:1L03 Testbed for Adaptive Optics Testing

S.R. RESTAINO, C.C. WILCOX, J.R. ANDREWS, F. SANTIAGO, T.
MARTINEZ, Wavefront Sensing and Control Section Code 7216, Remote
Sensing Div., Naval Research Laboratory, Albuquerque, NM, USA



Adaptive Optics systems are complex and their performances can be
hard to establish in field conditions. In addition trying to compare on
equal footing different components or algorithms for inclusion in a final
system is also a hard proposition. For all these reasons our group at the
Naval Research Laboratory (NRL) has developed a test-bed that can
be used to test both full AO systems and subcomponents. The test-bed
is based on a Liquid Crystal Device (LCD) that can be easily programmed
to generate wavefront profiles in a very accurate way. The current
device is a Holoeye device with ~600X400 pixels and a refresh rate up
to 33 Hz. These parameters are the hardware limits to the wavefront
resolution that can be generated and the temporal evolution of such
wavefronts. Of course newer devices are available that allow much
higher spatial and temporal resolutions. The most important aspect of
the test-bed is the ability of accurate calibration and thus the comparison
between theoretical expectation and measured performances.

F-4:IL04 Adaptive Optics at the Large Binocular Telescope
S. ESPOSITO, Osservatorio di Arcetri, Firenze, Italy

The LBT is a unique telescope featuring two co-mounted optical trains
with 8.4m primary mirrors. The telescope has been designed to be the
first adaptive telescope featuring two adaptive secondary mirrors. The
talk gives first an overview of the different AO systems of the LBT
telescope in terms of their design and present status of development.
Then it describes the main results achieved by first LBT AO system
working on sky. During on sky commissioning such a system reached
performance never achieved before on a ground based 8m optical
telescope. Images with 40mas resolution and Strehl-Ratio (SR)>90%
has been acquired in H band (1.6 um). Such images showed a contrast
as high as 10*. Finally the talk presents the data reduction of the first
scientific images showing the extremely high quality of the telescope
performance, in some cases higher than what achieved by the Hubble
Space Telescope.

F-4:I1L05 Adaptive Optical Systems in Russian Federal Nuclear
Center- VNIIEF with Different Control Principles

S.G. GARANIN, S.V. KHOKHLOV, A.N. MANACHINSKY, F.A.
STARIKOV, Russian Federal Nuclear Center - VNIIEF,Institute of Laser
Physics Research, Sarov, Russia

We report the results of performance of closed-loop adaptive optical
systems intended for phase correction of the pulsed and cw laser
beams. In the adaptive systems we employ the piezoceramic-based
flexible adaptive mirrors of bimorph and pusher type with various aperture
size. The conventional control of adaptive system is based on wavefront
sensing data(e.g., of Hartmann-Shack type) and following deformation
of adaptive mirror surface in the closed loop. We demonstrate the
results of such static phase correction in the case of a vortex Laguerre-
Gaussian laser beam and a laser beam of Nd:glass Luch powerful laser
facility in RFNC-VNIIEF. But owing to local character of measurements
of phase gradients their result is very sensitive to presence of phase
small-scale noise fluctuations. Besides, additional problems appear at
weak signal, at significant background, etc. In this case the sensor-less
iterative approaches for control of adaptive mirrors can be more efficient.
We demonstrate the dynamic phase correction of tip-tilts and higher
phase aberrations of laser beams in the closed loop using the stochastic
parallel gradient algorithm embedded into the special control units with
microcontrollers.

F-4:1L06 An Optical Vortex Coronagraph for the 3.5 m Galileo
National Telescope (TNG)

T. OCCHIPINTI, Adaptica Srl, Italy; C. BARBIERI, E. MARI, G.
NALETTO, F. ROMANATO, A. SPONSELLI, F. TAMBURINI, University
of Padova, ltaly; E. DIOLAITI, INAF Astronomical Observatory Bologna,
Italy; A. GHEDINA, INAF Telescopio Nazionale Galileo, Spain; G.
SWARTZLANDER, Rochester Institute of Technology, USA; B. THIDE,
Swedish Institute of Space Physics, Sweden

We have designed an innovative coronagraph for the 3.5m Telescopio
Nazionale Galileo (TNG) for visible light based on the high contrast
granted by the diffractive properties of optical vortexes. Our approach
makes use of a Spiral Phase Plate (SPP) with even topological charge
in a Lyot type coronagraph and of adaptive optics corrector (AdOpt) to
overcome the nuisances of atmospheric turbulence. The TNG is
particularly suitable to coronagraphic applications, because the telescope
provides two large off-axis unobstructed subapertures. Additionally, the
excellent quality of the site grants a considerable fraction of nights with
very good atmospheric seeing. The scientific capabilities of the

combination of telescope plus such coronagraph are better and the
solutions are simpler than those allowed by coronagraphs not employing
OVs, and will span a very wide range of hot astrophysical topics, from
the discovery and characterization of brown dwarfs to exoplanets.

F-4:L07 High Resolution Wavefront Control Using a
Photocontrolled Deformable Mirror in Closed Loop

S. BONORA, CNR-IFN, Laboratory for Ultraviolet and X-ray Optical
Research, LUXOR, Padova, ltaly; U. BORTOLOZZO, S. RESIDORI,
INLN, Université de Nice-Sophia Antipolis, CNRS,Valbonne, France;
D. COBURN, C. DAINTY, National University of Ireland, Applied Optics
Group, Galway, Ireland

Using a photocontrolled membrane deformable mirror it is possible to
control and correct the wavefront with unprecedented resolution. Our
novel design of deformable mirror is an electrostatic membrane mirror
actuated through the change of resistivity of a photoconductor substrate
rather than using a matrix of segmented pads where each of them is
connected to an high voltage amplifier. The Optically addressable
Deformable Mirror (ODM) is composed by a Bismuth Silicon Oxide
(BSO) photoconductive crystal, and a nitrocellulose metallized
membrane. The auxiliary light source is a blue Light Emitting Diode
modulated by a high resolution LCD panel. The main advantages of
this device are the extreme reduction of hardware complexity, since just
one high voltage line is used and the high resolution addressing of the
DM. We demonstrated those advantages through its use in a closed
loop system, by the Zernike characterization exploiting a flexible light
addressing up to an equivalent of 15x15 actuators.

Session F-5
Advances in Diagnostic Techniques

F-5:IL07 Neutron Scattering in Optical Materials
C. PETRILLO, Dipartimento di Fisica, Unviersita di Perugia, Perugia,
Italy

Neutron scattering, despite not being an in-house technique, is widely
used for material characterization. Differently from other techniques,
neutron scattering, because of the intrinsic properties of the probe,
enables for a simultaneous characterization of the atomic scale structure
and the THz dynamics of a very wide class of materials. With wavelengths
ranging from 0.01 to 100 nm, elastic scattering reveals the spacing of
constituent atoms or the size of molecules in crystalline materials like
functional ceramics, in polymers and biological macromolecules, up to
strain-scanning of metals and alloys in engineering components.
Neutrons are also particularly sensitive to light atoms like hydrogen.
Further, neutron also possesses a magnetic moment and it can also
probe structure and excitations of electronic spins in magnetic materials.
Here, the fundamentals of neutron scattering will be presented, together
with an overview of the experimental technique and instrumentation.
The major achievements in structural and dynamic characterization of
optical materials will be presented, with special focus on chalcogenide
glasses, ferroelectric nonlinear optical and stimuli-responsive materials,
such as shape memory alloys, dielectric polymers, electro-active
polymers, polymer hydrogels.

F-5:1L02 Versatile Smart Optical Materials Characterizer
YEONJOON PARK, HYUNJUNG KIM, National Institute of Aerospace,
Hampton, VA, USA; GLEN KING, SANG CHOI, NASA Langley Research
Center, USA

A new versatile smart optical material characterization system is invented.
The system which is based on Michelson interferometer is powered by
advanced analysis software algorithm for multi-pixel array type device
and various materials. The system measures the intensity, phase, and
polarization while applying voltage, current, electric field, magnetic field,
pressure, temperature, and chemicals. An innovative "Phase Ripple
Map" shows the time evolution of phase & intensity information of the
lights thru multi pixels of the materials and devices including liquid
crystal, non-linear optical crystal, ferroelectric materials, magneto-optical
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materials, thermal expansion coefficients, pressure coefficients, and so
on. The hardware and software design of this characterization machine
will be discussed.

F-5:IL03 Ultrasensitive SERS Analysis
R. ALVAREZ-PUEBLA, Departamento de Quimica Fisica and Unidad
Asociada CSIC, Universidade de Vigo, Vigo, Spain

Surface-enhanced Raman scattering (SERS) is gaining prominence as
an ultrasensitive and ultrarapid detection technique. In the recent years
many applications involving both direct and indirect sensing has been
developed in biomedicine, biolabelling, medical imaging, multiplex high-
throughput screening, pollutant monitoring or molecular and material
characterization. Notwithstanding, several aspects such as colloidal
stability, plasmon tunability, detection of molecular species with low
affinity for gold or silver surfaces, low SERS cross-sections of aliphatic
molecules or transition metals detection are still challenging. Here we
demonstrate how the rational design in materials from controlling shape,
size and composition of the initial colloidal nanoparticles, that will act as
optical enhancers, to their integration into hybrid materials for advanced
sensing, may resolve most of those SERS shortcomings. Furthermore
we disuse the advantages or disadvantages of the different SERS
approaches (direct sensing with single particles, generation of hot spots
and indirect sensing with biological interfaces and encoded
nanoparticles) to the different analytical and bioanalytical problems.

Session F-6
Smart Optics Applications

F-6:IL07 In-vivo Electrical Sensing of Neural Activity and Smart
Optics Application in the Brain
HARGSOON YOON, Norfolk State University, Norfolk, VA, USA

Sensing of electro-physiological activity from single units and
synchronized neural cells within functional networks are essential to
interpret neural processes that govern our behavior such as perception,
learning, memory, and emotion. Many investigations have been carried
out on the development of in-vivo bioelectric sensing systems which
can measure electro-physiological neural functions and assess activity
in neural networks from freely moving subjects. Even though a number
of techniques are available for neural sensing or imaging, there are
limitations, either in terms of available time and space resolution, physical
constraints of a subject, or the amount of tissue that can be accessed
simultaneously. Electrical neural sensing methods integrated with
wireless communication technology are considered to overcome many
limitations of existing technologies. This presentation will introduce the
in-vivo electrical neural sensing research which can measure neural
functions inside the brain engaged in spontaneous or elicited activity. In
addition, optical sensing and smart optics applications will be discussed
including recent trials utilizing optical interaction with neural potentials
and the dynamics of neural cells and membranes in response to optical
inputs.

F-6:/L02 WGM Microresonators for Biosensing
S. SORIA, CNR-IFAC Instituto di Fisica Applicata "N. Carrara", Sesto
Fiorentino (FI), ltaly

In the field of sensing, WGM microresonators are receiving a growing
interest as optical structures suitable for the realization of miniature
sensors with high sensitivity. When properly excited, WGM microresonators
are able to strongly confine light, by means of total internal reflection,
along the equatorial plane near their spherical surface. The
corresponding supported resonances show low losses and a high quality
factor Q (107-109). These high values of the Q factor make possible the
detection of any minute event that occurs on the surface of the spherical
microcavity. In fact, any minimum change in the surface of the sphere
or in the physical and optical properties of the surrounding environment
reduces the Q factor value and modifies the position of the resonances
inside the dielectric microcavity. From a direct measurement of this
resonance shift, one can infer the amount of analyte that produces this
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variation.

This work have been done in collaboration with: S. Berneschi, A. Giannetti,
F. Baldini, A. Barucci, D. Farnesi, G. Nunzi Conti, F. Cosi, M. Brenci, S.
Pelli, D. Ristic, M. Ferrari and G.C. Righini from CNR; and L. Pasquardini,
C. Potrich, L. Lunelli and C. Pederzolli from Fondazione Bruno Kessler,
Via Sommarive 18, 38123 Povo (Tn) Trento, ltaly

F-6:1L03 Development of a Micro-spectrometer for Neural Probe-
pin Devices

SANG H. CHOI, NASA Langley Research Center Hampton, VA, USA,;
KYO D. SONG, HARGSOON YOON, Department of Engineering, Norfolk
State University, Norfolk, VA, USA; YEONJOON PARK, National Institute
of Aerospace Hampton, VA, USA; UHN LEE, Gacheon University of
Medicine and Science, Incheon, Korea

Currently available devices for treatment of neurological deficits, invasive
or not, generally offer very limited functionality. Recent advances in
micro and nano-scale devices and wireless power technology (WPT)
have allowed many medical devices to be much more capable and
adaptable. The development of implantable probe-pin devices (PPD)
as neural probes, combined with a neural electronics interface and
WPT enable real-time measurement and control/feedback for
remediation of neural anomalies. The PPD was designed to have an
embedded expert system that performs semi-autonomous neural
functions through a routine of sensing, processing, and control. The
PPD uses a micro-spectrometer with a miniature Fresnel grating to
differentiate the emission spectra from brain tissue for monitoring neuro-
chemistry. The present work describes the required micro-spectrometer
design and performance characteristics and PPD capability needed for
this application.

Session F-7
Adaptive Optics for Biological Applications

F-7:1L07 Adaptive Optics for Microscopic Imaging of the Eye
A. ROORDA, University of California, Berkeley, CA, USA

Unlike a microscope which relies on a high quality objective lens, an
ophthalmoscope uses the optics of the eye - which have evolved to
focus light onto the retina - as the objective. Given the size of the pupil
(up to 7 mm) and its distance from the retina (about 20 mm) the eye
offers a numerical aperture of just over 0.2, but the optics are so fraught
with aberrations that the imaging benefits of this modest NA is not
realizable. Adaptive optics can be used effectively to compensate these
aberrations and have been producing microscopic views of the retina
for just over 15 years. This microscopic imaging has driven a paradigm
shift in how we use ophthalmoscopy for vision science. New applications
are emerging for the eye, from two-photon imaging of living retina, to
microscopic tracking of retinal disease, to testing of human vision on
the scale of single cone photoreceptors.

F-7:1L02 Implementation of Adaptive Optics of Non-linear
Microscopy to Biological Samples Using Optimisation Algorithms
J.M. GIRKIN, Biophysical Sciences Institute, Department of Physics,
Durham University, Durham, UK

Non-linear optical microscopy is now established as the imaging mode
of choice for sub-cellular resolution in vivo and deep tissue imaging.
The initial two-photon fluorescence excitation has now expanded to
include multiphoton fluorescence, second and third harmonic imaging
and more recently Coherent Anti-Stokes Raman Scattering. In all of
these imaging modalities a crucial feature is that the optical resolution
is determined by the excitation volume and as one images more deeply
into samples this increases due to sample induced aberrations caused
predominantly by local refractive index miss-matches. Adaptive optics
have now been demonstrated to significantly improve the imaging
resolution and signal level, at depth, in a range of biological samples
and non-linear imaging modalities. This paper will look at the strategies
that can be employed to determine the best mirror shape to minimize



the focal volume and maximize signal level and resolution in the so
called "sensor less" approach. Consideration will be given to speed of
optimization, the use of look-up tables and pre-determined search
patterns.

F-7:IL03 Adaptive Optics for High Resolution Scanning Optical
Microscopy

M.J. BOOTH, Department of Engineering Science, University of Oxford,
Oxford, UK

Specimen-induced aberrations are frequently encountered in high
resolution microscopy, particularly when high numerical aperture lenses
are used to image deep into biological specimens. These aberrations
distort the focal spot causing a reduction in resolution and, often more
importantly, reduced signal level and contrast. The techniques of adaptive
optics have been used to measure and correct the aberrations, usually
with a deformable mirror, restoring image quality. We have developed
wavefront sensorless adaptive optics systems for a range of scanning
laser microscopes, including confocal, two-photon and harmonic
generation microscopes, for application in biomedical imaging. These
microscopes have been used in the imaging of thick tissue specimens,
ensuring that image quality if maintained over a range of focusing
depths. Most implementations so far have used single aberration
correction settings for each image. However, for many specimens,
aberrations vary across the image field. We consider the challenges this
presents for the measurement and adaptive correction of aberrations.

F-7:IL04 Use Sensor-less Adaptive Optics to Extend Imaging
Depth
YAOPENG ZHOU, Abbott Laboratories, Princeton, NJ, USA

Adaptive Optics (AO) has been widely used to correct the optical
aberration to improve imaging resolution and contrast in biological
applications. In the application of fluorescence imaging, we use AO to
improve the fluorescence signal intensity in sub-surface imaging, and
subsequently extend the imaging depth, limited by light absorption,
scattering, and optical aberration. In our experiment, we applied sensor-
less AO in a two-photon microscope for mouse bone marrow imaging.
The sensor-less AO use the fluorescence signal intensity as a metric to
optimize the Deformable Mirror (DM). The iterative process allows DM
to form an optimized shape for correcting the optical aberration inherited
in the illumination beam path. The AO system is able to significantly
improve the fluorescence intensity at the depth hundreds of micrometers
below the bone surface.

F-7:IL05 Measuring and Correcting Aberrations in the Rat Brain
J. WANG" 2, J.-F. LEGER!, J. BINDING" 2, C. BOCCARA? S. GIGAN?,
L. BOURDIEU', 'Ecole Normale Supérieure, Institut de Biologie de
I'ENS, IBENS, Paris, France. Inserm, U1024, Paris, France. CNRS,
UMR 8197, Paris, France; 2Institut Langevin, ESPCI ParisTech, CNRS
UMR 7587, ESPCI, Paris, France

Aberrations due to refractive index mismatch and tissue inhomogeneities
may limit the resolution, signal intensity and achievable imaging depth
in microscopy. Coherence-gated wavefront sensing (CGWS) allows
the fast measurement of aberrations in scattering samples and therefore
the implementation of adaptive corrections. We have demonstrated a
new CGWS scheme based on a Linnik interferometer and a SLED light
source. Compared to previously described CGWS, its main advantages
are automatic dispersion compensation and possible implementation
on any microscope. With it, we have measured a known aberration up
to a depth of 400pm (resp. 80um) into fresh rat brain slices for objectives
of NA 0.5 (resp. 0.9). | will also show some results on deep imaging with
aberration correction in the rat brain in-vivo.

F-7:1L06 How a Microscope in a Needle can Image Cancer in
Humans at High Resolution

D.A. SAMPSON, R.A. MCLAUGHLIN, R.W. KIRK, B.C. QUIRK, A.
CURATOLO, X. YANG, K.M. KENNEDY, B.Y. YEO, D. LORENSER,
Optical+Biomedical Engineering Laboratory, School of Electrical,
Electronic and Computer Engineering, and Centre for Microscopy,
Characterisation and Analysis, University of Western Australia, Perth,
Western Australia, Australia

A microscopic view of cancer in situ in the living human has many
benefits. High resolution can improve the certainty with which cancer is

detected - this could improve diagnosis, guide procedures and aid in
treatment. Ensuring full clearance of tumours during their surgical removal
is of particular importance. The accurate detection of tumour margins
remains a highly imperfect aspect of cancer surgery with a major
negative impact on patient outcomes. Of the available medical imaging
modalities, only optics has so far achieved the necessary high resolution
in the living human, but only at very superficial depths in tissues — from
the surface to a few millimetres at most. Endoscopes and catheters are
enabling optics to access tissue surfaces in hollow organ systems
inside the body, including in the gastrointestinal tract, in the arteries and
in the lungs. Wider access to solid tissues, though, has not been
achievable. We have developed the capacity to miniaturize the optics
and associated scanning systems to fit into hypodermic needles as
small as 30 gauge (310 micrometre outer diameter) to provide such
access whilst retaining high resolution. Our work has mainly been based
on optical coherence tomography, including three-dimensional imaging.
A key aspect is the development of tracking and guidance technologies
to ensure the microscopic imaging takes place at the correct site. Our
current main target is breast cancer tumour margin identification during
surgery. In this talk, | will describe our microscope-in-a-needle
technology, and its application in breast cancer surgery.

Poster Presentations

F:PO2 Observation of Electric Field Dependence of Molecular
Orientation and Anisotropic Magnetic Interactions of All-organic
Radical Liquid Crystals by EPR Spectroscopy

K. SUZUKI, Y. UCHIDA, R. TAMURA, Kyoto University, Kyoto, Japan

We have reported the synthesis of chiral all-organic radical liquid
crystalline (LC) compounds, which contain a cyclic nitroxide unit in the
mesogen core and show the chiral nematic (N*) and smectic C (SmC*)
phases over a wide temperature range'®. By measuring the temperature
dependence of magnetic susceptibility by SQUID magnetometer and
variable-temperature EPR spectroscopy, we observed an anomalous
increase in paramagnetic susceptibility at the crystal-to-SmC* phase
transition of the LC compounds, indicating the generation of a sort of
spin-glass-like inhomogeneous magnetic interactions (the average spin-
spin interaction constant J > 0) in the LC state under weak magnetic
fields*. We refer to this unusual magnetic phnemenon as positive
'"Magneto-LC effects". Here we report the electric field dependence of
g-value and relative paramagnetic susceptibility in the ferroelectric SmC*
phase of the LC compounds to evaluate the influence of external
electric fields to the Magneto-LC effects by EPR spectroscopy.

1. N. lkuma et al, Angew. Chem. Int. Ed., 2004, 43, 3677-3682; 2. N.
lkuma et al, Adv. Mater., 2006, 18, 477-480; 3. R. Tamura et al, J. Mater.
Chem., 2008, 18, 2872-2876; 4. Y. Uchida et al, J. Amer. Chem. Soc.,
2010, 132, 9746-9752.

F:PO3 PLZT:Nd3+ Ceramics for Photonic Applications

M. PLONSKA', W.A. PISARSKI?, 'University of Silesia, Faculty of
Computer and Materials Science, Department of Materials Science,
Sosnowiec, Poland; 2University of Silesia, Faculty of Mathematics,
Physics and Chemistry, Institute of Chemistry, Katowice, Poland

Neodymium-doped solid-state systems belong to the well known laser
material, which emit near-infrared radiation. Optical properties of Nd3+
ions in several host matrices such as glasses and transparent glass-
ceramics depends on chemical composition, heat treatment conditions
and the preparation method. In present work the influence of neodymium
concentration (0-1at-%) and sintering conditions on PLZT:Nd3+
ceramics were studied. Ceramic powders were synthesized by
conventional MOM technique, from high purity raw materials (>99,9%),
and subsequently sintered by free sintering and hot uniaxial pressing
method. To analyze the powders and ceramics TA, XRD, SEM, EDS
and dielectric measurements were performed. Optical spectra were
examined for all prepared samples, and their optical properties were
analyzed using reflectance, excitation and luminescence
measurements. The study gives a detailed account of the relationships
between doping and preparing conditions on the basic physical and
dielectric measurements were performed. Optical spectra were
examined for all prepared samples, and their optical properties were
analyzed using reflectance, excitation and luminescence
measurements.
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F:PO5 LED Adjustable Spotlight by Using Photo Controllable
PVDF-TrFE Copolymer Deformable Mirror

S. BONORA, CNR-IFN, Laboratory for Ultraviolet and X-ray Optical
Research, Padova, Italy; A. MARRANI, M. BASSI, I. FALCO, Solvay-
Solexis R&D Center, Bollate, (MI), Italy; M. MENEGHINI, E. ZANONI,
Dipartmento of Information Engineering, University of Padova, Padova,
Italy

We present the control of the illumination properties of a LED spotlight
with a photostrictive PVDF-TrFE copolymer deformable mirror. The
divergence of the LED light is controlled by the shape of a gold coated
PVDF-TrFE copolymer mirror which is driven by the light given by a low
power secondary LED source. Our prototype can change the divergence
of the LED source from 10° to 20° thus enabling a controlled focusing
of the LED source. This layout has the advantages, with respect to
other deformable mirror technologies based on piezoelectricity, to avoid
the use of high voltages and to achieve larger deformations. Moreover
PVDF-TrFE copolymer, with respect to PVFD homopolymer, does not
require drawing or stretching followed by annealing and poling process
to show ferroelectric properties and it spontaneously crystallizes to beta
phase. We present a detailed description of the copolymer actuator
and a optomechanical model of its deformation under light illumination.

F:PO8 Peculiarities of Adaptive Laser Location of Debris with
Rough Surface

V.A. BOGACHEV, S.G. GARANIN, N.V. MASLOV, FA. STARIKOV,
V.A. VOLKOV, Russian Federal Nuclear Center - VNIIEF, Institute of
Laser Physics Research, Sarov, Russia

In the interests of the problem of debris search and detection we present
the results of numerical simulation of projection of an outgoing laser
beam through turbulent atmosphere onto the rough surface of a debris
object using an adaptive mirror. For this purpose we analyze the wavefront
vortex structure of the radiation, which is backscattered from the object
surface and propagates through the turbulent atmosphere into a receiving
aperture. Analysis shows that perfect phase conjugation does not ensure
the maximal concentration of outgoing beam power on the object if the
topological charge of backscattered radiation differs from zero in the
receiving aperture. It is shown that the efficiency of focusing the outgoing
laser beam onto the object can be enhanced by special control of a
flexible adaptive mirror.

SYMPOSIUM G

Emboding Intelligence in Structures and
Integrated Systems

Oral Presentations

Session G-1
Smart Materials, Sensors, Actuators

G-1:IL07 Development of Some Smart Sensors for Monitoring
Civil Infrastructures

XINCHUN GUAN, HUI LI, JINPING OU, Harbin Institute of Technology,
Harbin, China

Sensors that can detect the changing of the structure and satisfy the
requirement of civil structure are one of the key technologies of the
monitoring systems that should be developed. In this paper, some smart
sensors or material used to make the smart sensors developed by
Harbin Institute of Technology are introduced: piezoresistance
composite, piezoelectric polymer, piezoelectric cement and corrosion
monitoring sensor. Piezoresistance composite is made with carbon
nanotube and resin. One character of the work is the carbon nanotube
oriented by magnetic field. Piezoelectric polymer is made with PZT
particles and PVDF. In order to improve its performance a few carbon
nanotubes are also mixed in the composite. Piezoelectric cement is
one kind of sensing material whose primary raw materials are cement
and piezoelectric ceramic particles (or fiber). The sensing performance
of piezoelectric cement is coming from its functional phase, the
piezoelectric ceramic. The corrosion monitoring sensor is made with
solid-state reference electrode, whose surface is one kind of binary
alloy membrane produced by physical vapor deposition. The main
producing technology, performance and applications of above sensors
are introduced in this paper.

G-1:IL03 Optimal Sensor Placement for Parameter Estimation in
Dynamic Systems

C. PAPADIMITRIOU, D.-C. PAPADIOTI, University of Thessaly, Volos,
Greece
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Theoretical and computational issues arising in the selection of optimal
sensor configuration for parameter estimation in dynamic systems are
addressed. The information entropy is used as a performance measure
of a sensor configuration. Asymptotic estimates are used to provide
valuable insight into the dependence of the information entropy on the
number and location of sensors. The optimal sensor location is formulated
as an optimization problem, involving discrete-valued variables. which
is often solved using computationally efficient genetic algorithms or
heuristic sequential sensor placement algorithms. For continuous
structures modeled by finite elements, the problem is alternatively re-
formulated as an optimization problem over the continuous physical
space. Each design variable, indicating the location of a sensor, varies
along a one dimensional or two dimensional physical surface of the
finite element mesh. Transformations are used to map an irregular surface
into a regular parent surface and the optimization is conveniently carried
out in the regular parent space. The CMA method is used to carry out
the non-convex optimization. The developments and the computational
efficiently of the proposed algorithm are illustrated for structural dynamics
applications.

G-1:IL04 Wavefront Control of Future Large Thin Shell Space
Telescopes

A. PREUMONT, R. BASTAITS, E. ROMNEE, |. SURDEJ, ULB, Active
Structures Laboratory, Brussels, Belgium; G. RODRIGUES, ESA-ESTEC,
Structures Section, Noordwijk, The Netherlands

Large aperture space reflectors are necessary to collect more light and
to achieve higher resolution. Applications include astronomy, earth
observation, lidar, laser communication and spectroscopy. There is a
need for future reflectors with diameters of 10 m and more. The tight
weight and volume constraints of current launchers call for a change of
paradigm in terms of stowability and areal density; diameters up to 20 m
will only be possible if an areal density of 3 kg/m? or less may be
achieved. This change of paradigm is offered by the so-called gossamer
spacecrafts and membrane optics. The use of adaptive doubly curved
elastic shells is one option; the reflector is molded in its final shape and
rolled for stowage. Once released in orbit, the reflector will unfold on its
own strain energy. The sources of surface figure error are: manufacturing,
creep in rolled configuration, thermal gradients and gravity gradients.



This paper is consists of two parts. The first part examines numerically
the morphing capability of adaptive doubly curved elastic thin shells
provided with various orthotropic layers of active materials with strain
actuation capability (e.g. piezoelectric). The control capability of various
layered architectures on the optical modes (Zernike) is examined. The
second part describes a concept of secondary wavefront corrector
based on segmented flexible mirrors. The segments consist of Silicon
wafers covered by a thick layer of PZT on their back side. The morphing
capability of the concept is demonstrated.

G-1:ILO5 Fatigue of NiTi for Dampers and Actuators
A. ISALGUE, V. TORRA, Dep. Fisica Aplicada, Universitat Politecnica
Catalunya, Barcelona, Spain; F. CASCIATI, Dip. Mec. Str., Universita
Pavia, ltaly; S. CASCIATI, DARC, Universita Catania, Italy

The application of Shape Memory Alloy devices to practical uses needs
well established performance and life. The reliable application in some
areas, as dampers in engineering, needs a long fatigue life (some
million oscillations). The present work reviews results on fatigue, and
points the possibility to apply NiTi to dampers and actuators. Due to size
effects and to the fact that fatigue failure usually comes from a surface
defect inducing crack growth, fatigue has to be studied for concrete
applications. It is revealed that NiTi is useful to effectively damp vibrations
even at relatively low stresses and strains. The experimental results
from facilities (cable 1 in ELSA-JRC, Ispra, Italy, and IFSTTAR test
cable, Nantes, France) are analyzed, and confirm that NiTi wire is able
to damp stayed cables. Testing machine experiments indicate that the
main parameter controlling fatigue life is the stress on the NiTi wire.
Long wire life (in the million cycle regime) can be achieved under limited
stresses (under 200 MPa). Also, experiments have been done on thermal
actuation of NiTi wire under traction at constant load. The results
demonstrate that long actuator life (larger than 150000 cycles) can be
achieved at low stresses (around 100 MPa), coherently with the
mechanical cycling.

G-71:1L06 Smart, Active Fiber Devices and Approaches to
Realizing Textile Composites for Sensing and Energy Harvesting
M. SHTEIN, K. PIPE, S. MORRIS, S. BISWAS, B. O'CONNOR', A.
YADAV', University of Michigan, Ann Arbor, MI, USA; 'Currently at North
Carolina State University, USA

Traditional energy harvesting and sensing devices have rigid form factors
that limit the ability to integrate their functionality into other structures,
particularly when covering large areas. For example, the cost of
installation is a significant fraction of the total cost of electricity from
photovoltaic panels. If thin-film semiconductor devices could be
integrated more pervasively and seamlessly in multi-functional structures
and smart materials, their payback period potentially could be shortened
and novel capabilities could be realized. Motivated by these and other
reasons, we have investigated photovoltaic, light-emitting, antenna,
and other devices in the form of fibers that could be woven into large
area, multi-functional textiles and composites. We also investigated
novel methods of fabricating these devices on non-planar substrates
and directly on arbitrary surfaces. In this talk, we will review recent
progress in organic-based energy conversion devices, antennas, and
deposition methods potentially enabling pervasive and cost-effective
multi-functional composites with sensing and energy harvesting
capability.

G-1:IL07 Modeling of Multifunctional Hybrid SMA-ceramic
Composites

D.C. LAGOUDAS, B.T. LESTER, Y. CHEMISKY, A. PARRINELLO, Texas
A&M University, Dept. of Aerospace Engineering, College Station, TX,
USA

A new hybrid Shape Memory Alloy (SMA)-MAX phase ceramic composite
is being developed. By using an SMA the phase, it is expected that this
composite will show effective transformation behaviors and that the
martensitic transformation of the SMA phase will be able to generate a
residual stress state in the composite which results in a compressive
loading on the ceramic phase which will then take advantage of the
improved mechanical properties of ceramics under compression. Both
of these effects are explored in this work. First, a micromechanical
scheme is developed to determine the effective transformation
characteristics of the composite. Analysis demonstrates that a stress
redistribution due to transformation results in a reduction of the effective
transformation strain and a shift in in transformation temperatures. To
explore the capability of transformation to induce a residual stress state

in the composite, Finite Element methodologies are implemented. To
capture the effects of the microstructure, a numerical model is developed
based off of tomography. By considering an elasto-plastic approximation
of the MAX phase ceramic response, it is shown that the desired residual
stress state is developed and the cause of such a stress state is shown
to be transformation.

G-71:L70 On Characteristic Properties of a Layered Packet Base-
foundation on the Base of the Analysis of the Solutions of the
Corresponding Three-dimensional Dynamic Problems of
Elasticity Theory

L.A. AGHALOVYAN, M.L. AGHALOVYAN, Institute of Mechanics of
NAS of Armenia, Yerevan, Armenia

Two-dimensional, three-dimensional and multilayered packets from
plates, simulating base-foundation, base-seismoisolator-foundation of
constructions, are considered. The cases, when the contact between
all the layers is complete, i.e. on the surface of the contact all the
components of the displacement vector and the corresponding
components of the stresses tensor are continuous and the case, when
between part of the layers the contact is complete and between the
rest of the layers the contact is incomplete (Coulomb friction), are
studied in detail. It is considered that on the foot of packet seismic
effect acts (the value of the displacement vector is given, changing
harmonically in time). A general asymptotic solution of three-dimensional
dynamic problem of elasticity theory for n-layered packet is built. It is
shown that the solution becomes mathematically exact, when entering
in the boundary conditions functions are polynomial. The character of
the stress-strain state of a three-dimensional packet, when the contact
between the layers is complete, is studied in detail. On the base of the
mathematically exact solution it is established that when there is a
middle layer made of softer material of rubber type, the amplitudes of
vibrations on the upper layer decrease sharply. By the same taken the
application of seismoisolators is theoretically justified. The analysis of
the exact solution of another class of problems, when the contact
between the separate layers is incomplete, brought to the conclusion
that the tangential displacements informed to the lower layer practically
do not influence on the stress-strain states of the above standing layers
with complete contact between the layers. The detected phenomena
may be applied in the calculations of bases-foundations of constructions
in seismosteady building for diminishing the negative influence of the
seismic forces.

G-1:L11 Advanced Smart Materials to Enable Adaptive Structural
Composites

M.R. MASCHMANN, G. EHLERT, A. McCLUNG, G.P TANDON, D.
PHILLIPS, R. JUSTICE, J.W. BAUR, Air Force Research Laboratory,
Materials and Manufacturing Directorate, AFRL/RX, WPAFB, OH, USA

Shape control of aero components has the potential to optimize the
agility, versatility, and propulsion efficiency of current and future vehicles.
Actively, or autonomously, optimizing the shape of an aero component
can be enabled by distributed air flow sensing and controlled morphing.
This presentation will discuss materials and materials concepts involved
in efforts to create sensitive artificial hair flow sensors and shape changing
composites. The artificial hair sensors are fabricated from small diameter
structural fibers and mechanoresistive carbon nanotube (CNT) arrays.
The detailed mechanics of CNT arrays are investigated through the
novel application of digital image correlation to CNTs tested in-situ
under compression within an electron microscope. Strain mapping of
the entire arrays with resolution on the order of the individual tubes
could be obtained. Shape changing composites are fabricated from
reinforced, thermally-activated shape memory polymers (SMP). The
shape memory properties of a series of commercially available and
internally synthesized high temperature polymers are characterized.
Composites were also constructed with networks of microchannels to
provide improved control of the activation and deactivation of the shape
memory composite during shape change.

G-1:L12 Nonlinear Viscoelastic Model of Isotropic and Anisotropic
Magnetorheological Elastomers

K. SAPOUNA, Y.P XIONG, R.A. SHENOI, Faculty of Engineering and
the Environment, University of Southampton, Southampton, UK

Magnetorheological Elastomers (MREs) is a promising smart material
that can adjust its mechanical and dynamic properties instantly and
irreversibly when an external magnetic field is applied. Our recent
research showed that MREs is governed by a nonlinear stress strain
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relationship where both stiffness and damping depend nonlinearly on
the magnetic field. However, the majority of the researches on MREs
relevant publications are limited to linear domain assuming the material
behaves linearly in a specific strain range. This paper focuses on the
characterization and development of a nonlinear general viscoelastic
model that can predict the variation of damping and stiffens with the
magnetic field for both types of MRE (anisotropic and isotropic). For this
purpose static and dynamic compression tests are performed first for a
range of strain amplitudes and magnetic fields. Then a parameter
extraction method is developed. An application of the developed MRE
model is demonstrated by simulating an active vibration isolator and its
isolation effectiveness is predicted numerically using Matlab and
Simulink. MRE isolators can be an attractive solution to the complicated
active mechanical isolation systems present in many engineering
applications in the industry today.

Session G-2
Integration Technologies

G-2:IL01 Actuator & Sensor Integration for Adaptronic Applications
THILO BEIN, Fraunhofer LBF, Darmstadt, Germany

Adaptive structural systems enable new and innovative approaches to
optimise engineered structures with increased functionality in all fields
of mechanical engineering. Over the last decades, adaptronics are
mostly applied to noise and vibration control in high-cost markets whereas
the research was focussing on the actuator design, control concepts
and simulation. Nowadays a trend can be observed towards system
integration of the actuators and sensors, manufacturing and system
reliability. Since 2008 these topics are being addressed within the state-
funded LOEWE-Center AdRIA (Adaptronics - Research, Innovation,
Application). Among others, new multifunctional mate-rials,
miniaturisation of actuators and sensors, manufacturing using rapid
prototyping technol-ogies, structural health monitoring as well as self-
sustaining systems are being developed for highly integrated adaptive
structural systems. In this context, an important aspect is the system
integration into the overall application ensuring the reliability over the
defined life-time of the system. This paper discusses the specific
requirements of the actuator and sensor integration with re-spect to
adaptive structural systems and outlines recent developments made in
manufacturing highly integrated adaptive structures.

G-2:/IL02 Digital Implementation for Active Control
L. FARAVELLI, ZHICONG CHEN, Dept. Structural Mechanics,
University of Pavia, Pavia, Italy

Active structural control sought its first implementations in the age of
transistors (if not valves), wires and huge elaboration machines. The
evolution, as recorded along the last fifty years, is evident not only to
scientists and designers but also, and perhaps mainly, to the end-users,
to whom an always lower insight is required to manage the resulting
control systems. But the basic revolution was developing in the last few
years, when all instrumentation, as well as control boards, moved from
the analog to the digital format. In Civil Engineering such a revolution is
visible, at the moment, in the world of the testing laboratories, where
large shaking tables have being updated to the new format. This paper
approaches the features of the integration of digital control in structural
engineering, with focus on the way to drive an active mass damper
system. Laboratory experiments and numerical simulations are reported
to support such a contribution to an ongoing task in Structural Control.

G-2:/L03 A Mathematical Framework for Structural Control
Integration )

F. PALACIOS-QUINONERO, J. RODELLAR, J.M. ROSSELL, J. RUBIO-
MASSEGU, Department of Applied Mathematics Ill, Universitat
Politecnica de Catalunya, Barcelona, Spain

The latest trends in structural vibration control of large structures, such
as tall buildings, consider control systems of increasing complexity,
which typically involve a large number of sensors and actuation devices,
together with a wide and sophisticated wireless communication network.
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In this context, semidecentralized control strategies, which can operate
using partial state information, are specially interesting. The
semidecentralized approach reduces computational costs and
information exchange, and increases robustness with respect to
interconnection degradation. Overlapping decompositions and the
Inclusion Principle have proved to be a suitable theoretical framework
to design effective semidecentralized overlapping controllers for a variety
of large-scale and complex systems, such as electric power networks,
automated highways, civil and space structures, and communication
networks. These ideas have also been successfully applied to design
controllers for vibration control of buildings under dynamic excitations.
The paper paper will present the conceptual and mathematical
framework and some examples to illustrate its potential to design control
systems for large scale structures within a variety of information exchange
and actuation scenarios.

G-2:/L04 Dynamic Sensor Data Fusion: Developments for
Structural and Mechanical Systems using Dual State Parameter
Estimation Techniques

A. SMYTH, Dept. of Civil Engineering & Engineering Mechanics,
Columbia University, New York, NY, USA; E. CHATZI, ETH, Zurich,
Switzerland

It is well recognized, although not frequently exploited, that some sensors
capture certain structural response properties better than others and
therefore the intelligent use of a variety of sensor types in combination
may provide for a higher fidelity picture of the system dynamics. The
simplest example to illustrate the point of sensor performance is that an
accelerometer performs better in the higher frequency range than in
the lower frequency range simply because, at a given level of
displacement, the level of acceleration is higher than if it were at a low
frequency. In contrast, a displacement sensor such as an LVDT or even
a differential GPS antenna could potentially perform better than the
accelerometer at very low frequencies because the associated
acceleration would be very low. These very low frequency dynamics
are extremely important in the modeling of nonlinear hysteresis and
permanent damage for civil structural systems. This presentation will
review some recent developments in the development and use of
algorithms which combine the relative strengths of different sensors,
and through information redundancy to simultaneously provide
enhanced measurements and highly accurate nonlinear models of the
underlying structural behaviors. The process of exploiting data
redundancies from different sensors type, often popularly called “Data
Fusion” can be envisioned in a number of contexts. Three common
scenarios are a) when the heterogeneous sensors are collocated and
no information about the underlying structural model is needed in order
to enhance the measurements through a fusion process, or b) when
the sensors are not collocated, but the underlying structural mechanics
is known with a high degree of confidence, or finally, c) when the
sensors are not necessarily collocated and the underlying structural
mechanics are also unknown. The presentation will review some
theoretical and field application of the scenario described in case (a)
using a Kalman filter based approach to combine accelerometer and
dynamic differential GPS displacement data from a major NYC long-
span bridge.While this comparatively simple case of collocated sensing
has many applications for dynamic measurement enhancement and
de-noising, and case (b) can be formulated as a simple extension of
case (a), case (c) is perhaps the most interesting and challenging case.
In this case the sensors may not be collocated and the structural model
itself is also to be identified. Using assumptions about the topology of
the structure and subsequently assuming the mathematical form of the
dynamic model, dual state and parameter estimation techniques can
be used to simultaneously estimate the system parameters as well as
estimating unmeasured states and de-noising measured data. To date,
this approach has been pursued with the use of the assumption that
the model can capture the system dynamics with time-invariant
parameters. Particular success has been achieved with the Unscented
Kalman Filter (UKF) and variants of the Particle Filter methods.

G-2:IL05 Insight and Applications in Energy Harvesting from
Bullets to Birds
E. GARCIA, Laboratory of Intelligent Machine Systems, Cornell University,
lthaca, NY, USA

The creation of self-powered monitoring systems is possible only through
the harvesting of energy from the environment. The proliferation in
semiconductor technology, and their dependence on batteries has led
to a growing need to tap into ambient sources of energy. Energy in the
environment can be converted to stored electrical energy by a variety of



means, such as solar energy collection and mechanical power
harvesting. Solar power is the most established technique, and can
generate low voltage, moderate current (for North America we can
expect approximately 10 mW/cm2). The drawbacks of solar are its
dependence on direct sunlight. Hence the design and development of
a multi-source system becomes important. Garcia's Laboratory at
Cornell University in USA has fabricated small mechanical and solar
harvesting system for operating yaw control circuit on the moth as well
as for self-powered bird tagging systems. While most energy harvesting
literature has focused on extracting energy from vibrating structures,
several previous studies have addressed harvesting energy from flowing
fluids. Garcia's lab has been working to find the link between structural
dynamics of a piezo-composite structure and aerodynamics for energy
harvesting systems, hence directing the research toward energy and
the environment. Piezoelectric composite structures are used as
transducers and coupled to nonlinear impedance matching circuits to
maximize energy transfer. In order for such a system to operate effectively
it is important to understand the aerodynamic interaction between
neighboring power harvesters including downstream wake effects, and
how these interactions can be leveraged to maximize the output of the
system. The study to experimentally investigate the changes in steady
state power output and oscillation frequency due to aerodynamic wake
effects when a pair of flutter energy harvesters are placed in various two
dimensional configurations has given insight into the maximum power
regions bested on flapper location. The Garcia Group has also developed
a new concept in nonlinear switching circuit design that can increase
the theoretical power harvested from a piezoelectric by 400%, where
actual power is less because of dissipation in the circuit. To date,
Garcia's group have achieved increases of 280%. The switching
approach simulation and data, also shows that our ability to store power
remains nearly constant, even though the storage capacitor voltage is
increasing. Also a peak detection scheme for switching circuit is
developed that is based on a passive differentiator and a low power
zero crossing detector.

G-2:IL06 Design of Energy-harvesting and Storage Systems
(EHSS) for Future Aero-vehicles

M. TAYA, Center for Intelligent Materials and Systems, Boeing-Pennell
Professor, Department of Mechanical Engineering, University of
Washington, Seattle, WA, USA

We have been working since 2006 on AFOSR MURI :design of airborne
EHSS and their integration to load-bearing aerospace structures. In
this MURI project several US universities are teaming, University of
Washington (UW),University of Colorado(CU), University of California at
Los Angles (UCLA), Virginia Tech (VT) and University of lllinois at Urbana-
Chamgpaine (UIUC). UW is working mainly on airborne EHSS
components, namely, dye-sensitized solar cells (DSSC), organic PV,
thermoelectrics and Li-ion battery, and also characterization of composite
structure with EHSS. CU is working on modeling of selected EHSS
components, namely, piezoelectric energy harvester for mechanical
energy and Li-ion battery. UCLA is working on integration of EHSS
components into load-bearing composite structures. VT has been working
on the piezoelectrics based mechanical harvesting devices and their
integration into composite panels. UIUC has been working on the
nanostructure characterization of EHSS embedded in a composite
panel. | will discuss selected research progress on the current AFOSR
MURI on EHSS, mainly focusing on UW work, namely dye-sensitized
solar cells based on both glass and PET substrates, their integration in
composite structural member, thermoelectric module based on light
metallic semiconductors and their integrations to UAV engine.

G-2:L07 A Fractal-inspired Multi-frequency Piezoelectric Energy
Converter: Computational and Experimental Characterization
D. CASTAGNETTI, Dept. of Engineering Sciences and Methods,
University of Modena and Reggio Emilia, Reggio Emilia, ltaly

This paper deals with the computational analysis and experimental
characterization of a fractal inspired, multi-frequency, piezoelectric
energy converter. In order to develop self-powered wireless sensor
nodes, many energy harvesting devices, able to convert freely available
ambient energy into electrical energy, have been proposed in the
literature. A promising technique, in terms of simplicity and high
conversion efficiency, is the harvesting of ambient kinetic energy through
piezoelectric materials. The aim of this work is to investigate the power
output and the efficiency of a fractal-inspired, multi-frequency,
piezoelectric energy converter. This converter, previously presented by
the author, has the peculiarity of a broadband frequency response in
the range between 0 and 100 Hz. The converter is a square, thin sheet

structure, characterized by a fractal geometry obtained through a pattern
of cuts in the plate. The work is organized in two steps. First, we analyze
computationally the modal response and the power output of the energy
converter, by minimizing the amount of piezoelectric material used.
Second, we investigate experimentally a prototype of the converter.
Both the computational analysis and the experimental tests are performed
in the range between 0 and 100 Hz.

G-2:L09 Vibroacoustic Optimization and Implementation of
Adaptive Metacomposite Based on Periodically Distributed
Shunted Piezoelectric Patches

F. TATEO, M. COLLET, M. OUISSE, FEMTO-ST Applied Mechanics,
Besangon, France; M. ICHCHOU, LTDS Ecole Centrale de Lyon, Ecully,
France

In the last few years, a technological revolution has occurred in the
fields of integrated MEMS that offers new opportunities for smart
structures design and optimization. We know today that the mechanical
integration of active smart materials, electronics, chipsets and power
supply systems is possible for the next generation of smart composite
structures that can be considered as a new class of adaptive
metamaterials. By using integrated distributed set of electromechanical
transducers, one can attain new functionalities. In this paper, we present
an application of the Floquet-Bloch theorem in the context of
electrodynamics for vibroacoustic power flow optimization by mean of
distributed shunted piezoelectric material. The main purpose is to present
a numerical approach able to compute the multi-modal wave dispersions
curves into the whole first Brillouin zone for periodically distributed damped
2D mechanical systems. In a second time, we optimize the piezoelectric
shunting electrical impedance for controlling energy diffusion into the
proposed semi-active distributed set of cells. Particular implantation
problems are also addressed for taking into consideration
electromechanical lack of robustness due to electronic coupling and
patches electrostatic parasitic behavior.

Session G-3
Smart Structures and Integrated Systems

G-3:IL01 Seismic Protection of Structures with Resettable Tuned
Mass Dampers

C.C. LIN, National Chung Hsing University, Taichung, Taiwan; T.T.
SOONG, State University of New York at Buffalo, Buffalo, NY, USA

Vibration control of civil engineering structures using tuned mass
dampers(TMD) is now a widely accepted control strategy. Although the
design and application of traditional linear TMD systems are well
developed, nonlinear TMD systems that may lead to better control
performance are still in the development stage. There are two main
problems associated with linear TMD systems: (1) detuning effect and
(2) excessive TMD stroke. In order to improve the performance of TMD
systems, some researchers have proposed using semi-active TMD
systems, which are usually TMDs with semi-active control devices. The
semi-active device can be in one of several forms, such as an MR
damper, a variable friction damper, or a variable stiffness device(VSD).
Among them, VSD is a relatively new concept. The VSDs can be
devided into two types: on-off type and continuous type. The continuous
type is effective in reducing detuning effect while the on-off type is
effective in reducing TMD stroke. In this study, a resettable variable
stiffness TMD (RVS-TMD) is proposed to combine the advantages of
the continuous and the on-off types. The RVS-TMD consists of a TMD
together with a resettable variable stiffness damper(RVSD). The seismic
performance of this system is investigated numerically in this study.

G-3:IL04 Mechanics and Model-based Control of Structures
H. IRSCHIK, M. KROMMER, K. SCHLACHER, Johannes Kepler
University of Linz, Linz, Austria

The present contribution gives an overview on research that has been
performed since 2008 in Area 2, Mechanics and Model Based Control,
of the COMET K2 Austrian Center of Competence in Mechatronics
(ACCM). ACCM is a peer-reviewed research center funded by the
Austrian government, in which scientific and industrial partners from
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Austria and abroad are jointly performing research in multi-firm and
strategic research projects, grouped into six interconnecting Areas.
Area 2 is motivated by the fact that mechanics and control both are
rapidly expanding scientific fields, which share demanding mathematical
and/or system-theoretic formulations and methods. The goal is to utilize
and extend these relations, with special emphasis on solid mechanics
and control methods based on physical models. In the present
contribution, results concerning the following topics are reviewed in
some detail: - Mechanical Modelling of structures, robots and machines:
Model based reduced order approximation; Multi-physics actuation and
sensing; Structural control and health monitoring; - Model based control
for linear/non-linear lumped/distributed parameter systems: Geometric
modelling of distributed parameter physical networks; Integrated control
loop design; Parameter identification for non-linear systems.

G-3:IL05 Structural Damage lIdentification by Finite Element
Model Updating

G. DE ROECK, Department Civil Engineering, K.U. Leuven, Leuven,
Belgium

Many researchers are looking for methods to exploit the differences in
dynamic signatures to identify possibly occurred damage. Increasingly
popular is operational modal analysis delivering natural frequencies,
(non scaled) mode shapes and modal strains, representing a dynamic
signature free from influences of the not measured (in many cases not
measurable) dynamic excitation. Different methods are proposed that
further translate the modal differences in a more or less refined
representation of damage. Still the most versatile and powerful method
is based on finite element updating (or more generally: inverse modeling).
For updating (which is in fact a problem of minimizing differences
between measured and calculated quantities) many powerful numerical
optimization methods (local or global) are at disposal. A possibility that
allows to incorporate measurement and model uncertainties is Bayesian
based updating. Guidelines are presented for a successful damage
identification by finite element model updating which also incorporates
the experimental setup of the operational vibration test. Finally, a real
case will be presented. On a prestressed concrete viaduct of the E313
highway at Boirs, Belgium, tendons of some of the outer girders were
seriously corroded. Operational modal analysis with exogenous (OMAX)
input tests were conducted on one of the seriously damaged spans
and modal parameters were successfully extracted. Without any
measurement of the viaduct in its intact state, damage identification
became very challenging. A detailed finite element model based on the
blueprints was constructed. To improve the efficiency while performing
model updating, an equivalent orthotropic plate model with similar
dynamic behavior as a refined volume model was constructed. This
simplified model was treated as the baseline model for model updating
using the measured modal parameters. Although the residuals of this
optimization problem represents both modeling error and damage
effects, the results of model updating match the trend caused by the
damage.

G-3:IL06 Vibration-based Damage Detection under Changing
Environmental and Operational Conditions

C.-P. FRITZEN, P KRAEMER, |. BUETHE, University of Siegen, Siegen,
Germany

Structural Health Monitoring (SHM) allows to perform a diagnosis on
demand which assists the operator to plan his future maintenance or
repair activities. Using structural vibrations to extract damage sensitive
features, problems can arise due to variations of the dynamical properties
with changing environmental and operational conditions (EOC). The
dynamic changes due to changing EOCs (like variations in (temperature,
rotational speed, wind speed, ...) may be of the same order of magnitude
as the variations due to damage making a reliable damage detection
impossible. In this paper, we show a method for the compensation of
changing EOC. The well-known null space based fault detection (NSFD)
is used for damage detection. In the first stage, a training is performed
using data from the undamaged structure under varying EOC. For the
compensation of the EOC-effects the undamaged state is modelled by
different reference data corresponding to different representative EOC
conditions. Finally, in the application, the influences of one or other
EOC on each incoming data is weighted separately by means of a
fuzzy-classification algorithm. The theory and algorithm is successfully
tested with data sets from a real wind turbine and with data from a
laboratory model.

116

G-3:/L07 Monitoring, Evaluation and Control for Life-cycle
Performance of Intelligent Civil Structures

HUILI', J.P OU"2 '"Research Center of Structural Monitoring and Control,
Harbin Institute of Technology, Harbin, China; 2Faculty of Infrastructure
Engineering, Dalian University of Technology, Dalian, China

The civil structures are subjected to various loads and harsh
environmental actions for their operation period. The intelligent civil
structures, integrated with sensing technology and control technology,
can self-sense their status and control their behaviors. The wave
propagation-based sensing technology is developed for local damage
detection of composite materials, corrosion monitoring of reinforcement
and scour monitoring for bridge piers. The compressive sensing sampling
technique is employed to compress the monitored data in SHM and
wireless network nodes, and to recovery loss data in wireless nodes to
base station. The damage detection approaches for gradually developing
damage of linear structure system (damage caused by sustaining
loading, fatigue loading and durability), and nonlinear structure system
(seismic damage) have been proposed. The monitored wind effects
from long-span bridges are also and control methods based on
aerodynamics are investigated. Finally, the modeling approaches for
ultimate value estimation and fatigue damage estimation of applied
loads and structural response based on monitoring technology are also
presented.

G-3:/L09 High Precision Adaptive and Morphing Structures
H. BAIER, Institute of Lightweight Structures, TU Minchen, Garching,
Germany

Using actuators and sensors in structures might be essential for high
functionality. But "integration" per se is no added value. For example,
actuators have to be then sufficiently small and material weakening has
to be avoided. So such concepts are specifically apt for actuating and
controlling small displacements or low mass / low damping vibrating
systems e.g. in opto-mechanical systems or space structures such as
large reflectors, solar arrays or telescopes. Structurally integrated fiber
optic sensors used for (health) monitoring and deformed shape
reconstruction will be discussed first. Active damping of large solar
arrays via piezo-ceramic actuators can be quite beneficial for reducing
limits of the satellite attitude control system. For large reflectors with
high dimensional stability requirements, post-manufacturing
improvement of shape accuracy via shape memory polymers or a certain
compensation of in-orbit disturbances is of interest. A furthe