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.I Mission -

The ICC-IMR was founded in April 2008 as the center for international collaboration
of the Institute for Materials Research (IMR) a center of excellence in material science,
consisting of 27 research groups and five research centers. The ICC-IMR works as a
gateway of diverse collaborations between overseas and IMR researchers. The
ICC-IMR has invited 28 visiting professors and conducted 11 international research
projects since its start-up (please inspect the graph below for more details,). The appli-
cations are open to foreign researchers and the projects are evaluated by a peer-review

process involving international reviewers.

ICC-IMR coordinates six different programs:

1) International Integrated Project Research

2) Visiting Professorships

3) Short Single Research Visits

4) International Workshops

5) Fellowship for Young Researcher and PhD Student
6) Material Transfer Program

We welcome applicants from around the globe to submit proposals!

Visitors supported by ICC-Programs.
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High-resolution chemical, structural and magnetic study of hard magnetic

nanocrystals using advanced transmission electron microscopy

Understanding the magnetic properties of
nanometer-sized L1, crystals requires detailed
structural, chemical and magnetic
characterizations. In this work we studied soft
and hard magnetic (L1y) alloys of Co-Pt
nanocrystals [1] using high-angle annular
dark-field (HAADF) scanning transmission
electron microscopy (STEM) and electron
energy-loss spectroscopy (EELS) techniques at

the IMR.

Magnetic nanocrystals have attracted much interest
for future spintronics devices due to their unique
magnetic and  magnetotransport  properties.
Chemical properties such as alloy composition and
chemical bonding as well as electron spin state can
be elucidated using a combination of HAADF
STEM and EELS methods. In this work we used
energy-loss near-edge structure to determine the
peak ratio of the L3 and L2 Co edges as a function
of the nanocrystals size and chemical order.
Aberration-corrected STEM was used in order to do
the chemical characterization in high-spatial
resolution. Co-Pt amples with different chemical
composition and ordered states were studied. The
Co-Pt nanocrystals were deposited using sequential
electron beam deposition onto freshly cleaved NaCl
substrates and covered by alumina in order to potect
the surface from oxidation. The (S)TEM/EELS
studies of as-deposited CoyPt;; nanocrystals
showed an averaged L3/L2 Co peak ratio of 3.1 at
the alloyed regions, however it revealed a thin CoO
surface layer formation on the surface of Co that
increased the peak ratio to 3.5. A homogenous
chemical composition and a L3/L2 peak ratio of 3.3
were found in the annealed Co-Pt nanocrystals with
the same composition. Co-Pt nanocrystals with L1,
structure showed an averaged L3/L2 peak ratio of
3.2. In order to validate the peak ratio determination
of Co-Pt nanocrystals, we compared the results to
pure Co and CoO that were used as references.

Future studies of the magnetic field distribution
around the Co-Pt and Co-Fe-Pt nanocrystals using
electron holography will be performed at the
Forschungszentrum Jiilich, Germany.
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Aberration-corrected HAADF STEM image of a
CoysPty4 alloy nanocrystal. Inset is a fast Fourier
transform pattern showing no structural ordering.
Background subtracted Co L-edge is shown in the
next image that was used to determine the L3/L2 peak
ratio along the nanocrystal as marked by red arrow.

References
1. K. Sato, K. Yanajima and T.J. Konno,
Philosophical Magazine Letters 92, (2012) 408

Key words
Magnetic nanocrystals, transmission electron
microscopy, electron energy-loss spectroscopy
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Austenite Stabilization through Reverse Transformation and
Intercritical Annealing in Medium Manganese Steel

Austenite stabilization through reverse transformation and intercritical annealing of 8 Mn steel was
investigated. A minimum austenite grain size of 2 um was achieved with 5 cycle reverse transformation.
Austenite stabilization was obtained in a short period of intercritical annealing of lean alloy of 8 Mn steel
having small grain size, which is obtained by 5 cycles of reverse transformation.

Lean alloyed steel containing 5 to 8 wt. %
manganese refers to as the third generation
advanced high-strength steel (AHSS) comparing
to the second generation AHSS which requires
high manganese level for the stabilization of the
fully austenitic structure. Third-generation AHSS
developments are focusing on stabilizing
retained austenite in an ultrafine ferritic matrix
such as martensite or bainite. Although austenite
stabilization is obtained through diffusion of
interstitial carbon in most processing strategies,
diffusion of substitutional elements such as
manganese has also been shown to be effective.
Significant austenite fractions resulting from
prolonged holding (24hr, 1 week) at an
intercritical temperature allowing for manganese
partitioning from ferrite into austenite have been
reported [1].

Austenite stability is increased not only with
increasing austenite stabilization element such
as Mn and C, but with reducing grain size and
increasing dislocation density [2]. Repetition of
austenite to martensite transformation through
thermal cycling of rapid heating and quenching
would results in fine grained structure [3]. The
medium manganese content steel having fine
prior austenite grain size which is obtained by
reverse transformation, would results in
stabilized austenite at room temperature in
reduced time period when it experiences
intercritical annealing, as the manganese atoms
do not need to go far for achieving equilibrium
concentration of austenite.

Fe-8Mn-0.2Mo0-0.04C alloy was prepared by
vacuum induction melting furnace. Cast slab was
hot rolled to the thickness of 14mm(80%
reduction) at 1200°C. Homogenization was
carried out for 86.4ks at 1150°C in a vacuum
furnace followed by water quenching. Solution
treatment was performed for 1.8ks at 850°C
followed by water quenching for obtaining initial
microstructure having a lath martensite structure.
For the reverse transformation cycle, the
specimens were re-austenized at 730°C for 60s
and quenched. The reverse transformation cycle
was repeated up to 5 times. Intercritical
annealing was performed for 3.6ks at 600°C

1

followed by air cooling.

Fig. 1 Optical microstructures obtained by reverse
transformation at 730°C. (a) O cycle; solution treated at
850°C for 1.8ks and followed by water quenching, (b) 1 cycle,
(c) 2 cycle, (d) 5 cycle
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Fig. 2 EBSD phase map; 5 cycle reverse transformed at
730°C and followed by intercritical annealing at 600°C for
3.6ks.

Fig. 1 shows microstructures obtained by
reverse transformation at 730°C. The initial
austenite grain size is 26 pm(Fig. 1(a)). Austenite
grain size decreases with increasing thermal
cycle. The austenite grain size decreases
sharply after the first cycle, and finally prior
austenite grain size 2 ym was achieved with 5
cycles of reverse transformation.

Fig. 2 shows the EBSD phase map obtained
from the intercritical annealing at 600°C for 3.6ks.



6 percent of the stabilized austenite was
confirmed at room temperature with intercritical
annealing of the specimen treated 5 cycle
reverse transformation. The amount of stabilized
austenite was reduced with decreasing reverse
transformation cycle. It is thought to be due to
the fact that the prior austenite grain size is
decreased with reverse transformation cycle and
resulting in the martensite structure having
smaller packet and block sizes, thereby the
distance need to move for achieving equilibrium
concentration of austenite during intercritical
annealing is reduced.

The results obtained in present work were
summarized below.
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A minimum austenite grain size of 2 ym was
achieved with 5 cycle reverse transformation.
Austenite stabilization (6% austenite fraction)
was obtained in a short period of intercritical
annealing (600°C, 3.6ks) of lean alloy of 8 Mn
steel having small grain size, which is obtained
by 5 cycles of reverse transformation.

References
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Title: Visiting Professor Research Subject. Crystal growth and spectroscopic

properties of laser single crystals/ceramics

Abstract: | have continued fruitful cooperation with Pr.Yoshikawa and Pr;Goto Labs between November 13 and

December 16, 2012, mainly on (Nd3+/Yb3+)-doped transparent sesquioxide and spinel ceramics or crystals for laser

application. | also have been invited at the Material Science Week 2012, November 28 — 30, 2012.

This is a great privilege to cooperate with IMR
Laboratories since a long time. | have proposed to apply
our fruitful relationships between LPCML (nowadays ILM
at the UCBLyon1) and IMR (Tohoku University) with the
natural continuation of the laser materials research
program on rare earth (Nd**/Yb**)-doped transparent
sesquioxide and spinel ceramics/crystals as laser
materials with high melting points. | want to express my
acknowledgements to Prof. Niinomi, Head of IMR, Prof.
Nojiri, Head of ICC-IMR, Prof. Konno, TEM Lab, Prof.
Goto, SPS ceramics Lab and Prof. Yoshikawa,
Advanced Crystal Engineering Lab.

The project ELyT lab : M12—-LASMAT has started in
march 2012, including Yoshikawa and Goto’s teams.
Lu,O3z have been selected among sesquioxides for the
following reasons: this is an un-active lattice in optics like
Sc,03, Y203, the easy substitution of Lu®* by other rare
earth cations as dopants, the highest thermal
conductivity (12.5 W/m/K) and a lower phonon energy
(391cm-1) comparing with YAG (700cm-1). We first
focus our attention on Lu,O3 ceramics, then we will study
LuoO3 crystals grown by p-PD using a special crucible.
Indeed, Lu,O3 has high melting point up to 2490 °C,
which makes it extremely difficult to be grown by
conventional crystal growth methods. Such difficulties
make people seek other ways to get Lu,O3 as a ceramic
laser material.

The research activity on advanced laser materials is

indeed increasing with the availability of transparent
sintered polycrystalline ceramics which present some
advantages compared to single crystals (sizes,
mechanical strength, overall production cost, low cost)
[1]. After the pioneer works of Dr. A. Ikesue [2] at the
World Lab. Co.Ltd and Dr. H. Yagi at the Konoshima
Company [3] on ceramics fabricated by conventional
methods, an original and promising research is under
progress, with the synthesis of Nd**: Lu,O3 ceramics by
non-conventional Spark Plasma Sintering (SPS)
technique by Prof.T. Goto’s team [4]. The spectroscopic
properties are analyzed at LPCML (UCBLyon1) and will
be compared with the rare earth-doped crystals grown
by Prof.A. Yoshilawa’s team. Regarding the spatial
distribution of rare earth dopants we have already
published results with A. Yoshikawa’s team on rare earth
segregation phenomenon in YAG laser ceramics
especially from TEM associated with EDX probe in
cooperation with Dr. T. Epicier at INSA-Lyon lab [5-8].
We program the same evaluation with Lu,O3 ceramic.

Another interest of Nd**: Lu,Os single crystal is the
recent report on laser output in 2011 [9] which points out
a specific dual Nd*" wavelengths lasing at 1076.4 and
1080.5 nm (see Fig.1) very promising for applications in
coherent terahertz (THz) generation by difference
frequency and ultrahigh repetition rate pulse by optical
beating.

Fabrication, thermal conductivity and structural
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characterization by TEM will be done at IMR whereas
spectroscopic and laser properties will be analyzed and

optimized at ILM. Our first analysis of absorption

3+ 4

spectra, emission spectra and life times of Nd™ “Fj;

level under selective wavelengths made at

LPCML(Lyon) have been submitted and discussed with

the members of this cooperation.
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Fig.1 IR Emission spectra of 1%Nd-doped Lu,O3 ceramic showing the
two 1076.4 and 1080.5 nm laser lines of the main C, crystallographic
site.

It was also the opportunity to attend ICC-IMR- ELyT
workshop on materials science on November 27 and to
have been invited at the Material Science Week 2012
(MSW2012), Summit of Material Science, November
28— 30, 2012. The high interest of such Material Science
Week is to have access to the large program of IMR on
materials. My Invited talk was given for the Introduction
session (I 2) and was related with "Laser materials: from
single crystals to polycrystalline ceramics and

distribution of rare earth dopants” which is directly

connected with my IMR cooperation [5-8]. The goal of
this lecture was to present the evolution of laser
materials from doped- single crystals to doped-ceramics.
Another important cooperation between IMR (Prof. T
Konno, Prof. K. Sato), INSA-Lyon (Dr. T. Epicier) and us
in UCBLyon1 involves detection of Yb dopants at the
atomic level in a YAG optical ceramic by STEM-HAADF,
has been presented by T. Epicier (P 94).
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Development of functionalized molecule-based magnetic

materials

Abstract: The main purpose of our integrated project was to explore new frontiers of molecular
magnetism as well as to further improve our insight into molecule-based magnetic materials.
We continued our synergetic strategy to combine the expertise brought into the group by
scientists from three confinents and a broad range of scientific fields as for example chemical
synthesis, theoretical modeling and experimental investigation and manipulation.

Magnetocalorics aims at the development
of new refrigerant materials based on
magnetic molecules for sub-Kelvin
refrigeratfion. In this very active field we
could achieve a large number of impressive
results. We obtained the largest
magnetocaloric effect (MCE) reported so
far for liquid-helium temperatures [A1] and
designed one the very first examples of 3D
molecule-based magnetic coolers
containing Gd(lll) [A2]. We investigated the
role of the relative magnetic density in the
MCE; this article was featured on the back
cover of the Journal issue and selected as
“VIP" paper [A3]. Other examples include
lanthanide-free and  cobalt-containing
magnetic molecular refrigerants [A4-A13].
Extremely local coolers, i.e. cooling on the
molecular level, could be designed by
means of isolated molecules on surfaces
[A14].

Quantum computing needs as an
indispensible prerequisite long coherence
fimes of the manipulated quantum states.
Our investigations therefore focused on the
synthesis and experimental investigation of
promising new molecular magnetic qubits.
By varying systematically each structural
component of the molecular nanomagnet
Cr7Ni, we identified and minimised the
mechanisms of decoherence of the
electron spin, thereby achieving a phase
memory time exceeding 15us af low
temperatures [B1]. In order to couple several
qubit-units chemical confrol of spin
propagation between heterometallic rings
was investigated [B2]. In a broader sense this
addresses the issue of confrol of spin
entanglement at the supramolecular level
[B3-B5]. Phonons are one of the sources of
decoherence; we investigated by means of
NMR the decay of the time correlation
function of molecular observables [B6]. From
the theory point of view investigations of the
fime evolution are rather involved; some
classical simulations are published in [B7].

Single molecule magnets (SMM) which

1

exhibit bistability and hysteretic behavior are
candidates for next-generation storage
devices. Within the project we follow routes
of rafional design of e.g. C3-symmetric
molecular magnets in order to prevent losses
through quantum funneling and fthus
increase bistability [C1-C4].

New magnetic molecules have been
synthesized, among them redox conftrolled
magnetic {Mn13} Keggin systems (cover and
“VIP") as well as a cyanide-bridged [CoFe]
chain with three-way switching properties
[D1-D17]. We could also demonstrate the
first use of a flow system for the discovery of
new cluster compounds and for the scale up
of other cages previously only available in
very small yields [D18]. Some of the large
variety of theoretical modeling procedures
are described in a chapter [D19] of a book
on molecular magnetism which was edited
by R.E.P. Winpenny.

New experimental tools such as four
dimensional inelastic neutron scattering
open new gateways to a befter
understanding of magnetic correlations
[ET,E2]. Figure 1 shows the high intensity
resolution that can be achieved in three
dimensional Q-space[E1]. Together with
modern EPR techniques [E3] such methods
deliver a much more accurate picture of the
internal  magnetic structure than gross
measurements such as magnetic
suscepfibility.
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Fig. 1: Constant-energy plots of the neutfron
scaftering intensity for a Cr8 ring [E1].
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Deposition of magnetic molecules on
surfaces is a new scientific goal in order to
being able to address single molecules by
means of e.g. tunneling microscopy. Since
many interesting molecules are fragile, and
the details of the interactions with the
surface are a priori unknown we first aimed
at the control of self assembling of molecular
rings on surfaces [F1-F4].

Acknowledgment: In the name of all
participants of this infegrated project | would
like to thank IMR at Tohoku University for the
generous support. JUrgen Schnack
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Theoretical Challenges in Spintronic Materials

In the past two years we studied the theory of spintronics in the context of materials relevant for the
experimental research at the IMR and elsewhere in the form of an ICC-IMR Integrated Project. The
ICC-IMR helped to start up the new Theory of Condensed Matter Group to be integrated into the IMR
environment and to enhance the international impact of IMR spintronics research.

In this project we addressed many issues of
spintronics. For the present Activity Report we
would like to present selected topics of our
research into magnetic insulators, spin-pumping
and spin Hall effects, as well as results obtained
in the fields of spin caloritronics and and spin
optics.

Magnetic insulators

The invention of thermal and electric actuation of
the magnetic insulator Yttrium-lron-Garnet by
means of the direct and inverse spin Hall effect
has attracted a lot of international attention. Fig.
1 is a sketch of the basic physical scattering
process that couples the magnetization in
insulators with metal electronics by spin
momentum transfer that does not require charge
transfer and is therefore operative as well for
magnetic insulators.

Fig. 1: The “bosonization of spintronics” rests
on the magnon creation in magnetic insulators
(right) by spin-polarized electron hole pairs or
spinons (left).

In collaboration with the TU Delft and Fudan
University with support by the ICC-IMR we
studied various properties of YIG and its
heterostructures. For example, we computed the
critical currents for magnetic excitations
(KINKEN Research Highlights 2012) and
explained the recently discovered spin Hall
magnetoresistance (SMR) that is described in
the accompanying ICC-IMR research highlight.

Spin caloritronics

Several recent experiments at the IMR and
elsewhere discovered interesting spin effects in
magnetic nanostructures, contributing to the field
of spin caloritronics, the science and technology

1

of controlling charge, spin, and heat currents [1].
Theory has made progress by the qualitative
elucidation of the basic mechanism of the spin
Seebeck effect [1]. In the present project we
continued to be active in this field, which led to
results such as the domain wall heat
conductance in magnetic insulators [2]. We
found that the heat conductance is modulated by
the magnetization texture when the domain wall
width d becomes of the order of magnitude of the
lattice constant a as illustrated in Fig. 2.
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Fig. 2: Two head-to-head magnetic domain wall
configurations with different energies illustrating
the concept of atomic pinning for narrow domain
walls when the domain wall width d becomes of
the order of the lattice constant a [2]

AC spin Hall effect

The spin current pumped by a precessing
ferromagnet into an adjacent normal metal has a
constant polarization component parallel to the
precession axis and a rotating one normal to the
magnetization. The former is now routinely
detected as a DC voltage induced by the inverse
spin Hall effect (ISHE).

In collaboration with the TU Delft we found AC
ISHE voltages much larger than the DC signals
for various material combinations and discuss
optimal conditions to observe the effect [3]. The
backflow of spin is shown to be essential to distill
parameters from measured ISHE voltages for
both DC and AC configurations. We believe that
this backflow should have ramifications for other
effect in ferrogmagnet-normal metal bilayers,
such as the spin Seebeck effect.
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Fig. 3: Schematic spin battery operated by FMR
for the measurement configurations (A) and (B).
The AC(DC) voltage drops V, (V,) along the z(y)
direction. In the right panel the magnetization m
g_tlme derivative precesses around the effective
ield Hgrin the lett layer, generating DC/ AC spin
currents and a spin accumulation in the normal
metal (right side) [3].

Spin optics

Present magnetic storage technology is slow;
switching of a bit takes of the order of a
nanosecond, and switching by currents by use of
the spin transfer torque does not appear to
improve the switching speed much. A possible
way out is the switching by light pulses, which
can be very fast. Magnetization reversal by fs
laser pulses has been demonstrated, but the
basic physics has not yet been well understood.
In collaboration with the NTNU Trondheim,
Norway, we developed a theory for the
light-induced magnetic fields in magnetic
semiconductors [4], which are interpreted as a
spin-dependent AC Stark effect. As result, we
predict that at experimentally achievable light
intensities effective magnetic fields of the order
of 10’s of tesla’s can be realized.
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Fig. 4: lllustration of the changes in the majority and
minority population due to the Stark shift in the
presence of non-resonant and intense circularly
polarized laser field that acts as an effective
magnetic field to create a spin accumulation or exert
torques on a magnetization [4].
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ICC-IMR International Workshop “Spin Caloritronics 4”

In the period of 2-5 June 2012 we organized an International Workshop on Spin Caloritronics, the 4™
one in series held in Sendai and the Lorentz Institute of Leiden, see also

http://www-lab.imr.tohoku.ac.jp/~spincaloritronics4/ .

Spin caloritronics is the science and
technology of the physical phenomena (and their
control) associated with the coupling of charge,
spin, and heat currents in nanoscale structures
and devices [1]. This meeting was dedicated to
reporting new results and general exchange of
thoughts concerning the role of the electron's
spin in the flow, control, and transformation of
heat currents in (mainly) magnetic materials in
order to add new functionalities and increase the
efficiency of existing thermoelectric technology.

The Organizing Committee consisted of
Stéphane Mangin (Nancy), Burkard Hillebrands
(Kaiserslautern), Hideo Ohno (RIEC), Eiji Saitoh
(IMR), Koki Takanashi (IMR), Kentaro Nomura
(IMR), Saburo Takahashi (IMR), Gerrit Bauer
(IMR) and Mika Terada (IMR secretary).

The Workshop gave an overview of spin
caloritronics and our present understanding of
the underlying physics. It covered all aspects of
spin caloritronics, such as thermal spin injection,
the spin-dependent Seebeck and Peltier effects
in metallic nanostructures and tunnel junctions,
the spin-Seebeck and spin-Peltier effects,
thermal magnetization torques, thermal
anomalous and spin Hall effects etc.. Theory,
computations, and experiments were
represented.

This was the 4rth of a sequence of
conferences that started in 2009 at the Lorentz
Institute in Leiden, The Netherlands, followed by
an ICC-IMR Workshop in 2010, and another one
at the Lorentz Institute in 2011.

Fig. 1: Logo of Spin Caloritronics 4.

The large number (110) of participants from
many different nations (see table) indicated the
still growing interest in the topic. Several new
and unpublished results were presented at the

workshop, such as the heat-current induced
domain wall motion (Parkin) and the reduced
damping in the free layer of a magnetic tunnel
junction under a temperature difference
(Schumacher).

The post session were integrated with the
coffee breaks, which led to animated discussions
of the posters during the whole workshop.

A 5" Workshop on Spin Caloritronics is
planned to be held by Ohio State University in
May 2013, while the 6" one will be organized by
the DFG Priority Program in Kloster Irsee
(Bavaria) in July 2014.

Fig. 2: Conference dinner with view on Matsushima Bay.

Country # participants
Canada 2
China 1
France 2
Germany 16
Hong Kong 1
Japan 66
Korea 3
Netherlands 10
Saudi Arabia 1
Spain 1
Taiwan 1
United States 6
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International Workshop on Biomaterials in Biosis-Abiosis
Intelligent Interface Science
-Innovative Research for Biosis-Abiosis Intelligent Interface Summer Seminar 2012-

Research on biomaterials has recently become crucial due to strong demands in developing
materials for replacing human-body parts. The International Workshop on Biomaterials in
Biosis-Abiosis Intelligent Interface Science (Innovative Research for Biosis-Abiosis Intelligent
Interface Summer Seminar 2012) has provided a valuable forum for presentation, discussion,
idea sharing, collaboration as well as interdisciplinary exchanges among the experts,
researchers and students from different fields and expertise to meet and establish the

intelligent interface science on biomaterials.

The Innovative Research for Biosis-Abiosis
Intelligent Interface Summer Seminar 2012
was held on August 2 - 3, 2012 in Miyagi-Zao
Royal Hotel, Miyagi, Japan as the first series
of international forums in the frame of a
5-year research and collaboration project
on Biomaterials in Biosis-Abiosis Intelligent
Inferface Science. The project involves 3
institutions, namely Institute for Materials
Research, Graduate School of Dentistry, and
Graduate School of Biomedical Engineering,
Tohoku University. The financial support for
the Summer Seminar was partly provided by
Infernational Collaboration Center-Institute
for Materials Research (ICC-IMR), Tohoku
University.

The Summer Seminar was held in a
two-day technical program in which 24
papers were presented including 4 invited
lectures by researchers of bio-/medical
materials from Korea and the People
Republic of China. About 48 participants
consisting of experts, researchers and
students attended the Summer Seminar. The
invited speakers in this workshop were Prof.
Zhixia LI (Dept of Chemical Eng., Guangxi
University, China), Prof. Seog-Young YOON
(School of Materials Science & Eng., Pusan
National University, Korea), Prof. Jung-Suk
HAN (School of Dentistry, Seoul National
University, Korea) and Prof. Seong-Kyun KIM
(School of Dentistry, Seoul National University,
Korea).

The lecture by Prof. Z. Li was on the
research on sol-gel derived magnetic
microspheres for hyperthermia of cancer.
Prof. S. Y. Yoon presented the study on in situ
formation of biphasic calcium phosphates
and their biological performance.

Meanwhile, Prof. J. S. Han's lecture was on
the clinical use of alumina-toughened
zirconia abutments for implat-supported
restoration. Prof. S. K. Kim's presentastion was
on characterization of low-adherent bone
marrow mesenchymal stem cells. Besides
the invited lectures, numbers of papers on
bio, dental and skeletal materials were
presented by researchers and students.

The different academic backgrounds
among the participants has provided the
interdisciplinary exchange and enriched the
viewpoints during the discussion of a specific
fopic. In addition, this workshop also
accommodated researchers to have a
good opportunity and forum to present their
research in English as well as to fouch the
cutting edges of the development on
biomaterials and innovative research for
biosis-abiosis interface.

Fig.1. Parficipants of the International Workshop on
Biomaterials in Biosis-Abiosis Intelligent Interface

Science (Innovative Research for Biosis-Abiosis
Intelligent Interface Summer Seminar 2012) in a
photo session.
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Find the way to go beyond the simple blue-light-emitting materials

The current status and difficulties which hinder the realization of high-crystal-quality group-lll
nitride alloy thin films and bulk crystals were assessed, and the way to solve these problems to
open up novel device applications were intensively discussed. The critical importance of the
strict frials on the crystal growth scheme was addressed, such as utilization of high-pressure,
highly-nonequilibrium condifion and exotic tfemplates.

The international workshop “Infensive
discussion on growth of nitride semicon-
ductors” was held on October 22nd-23rd, 2012
in the Katahira Sakura Hall, Tohoku University.
This workshop aimed to analyze the status
quo, and to find the direction to take in the
future and the problems that need fo be
solved in the field of nifride semiconductors.

Starting from the vapor-phase synthesis of
GaN in 1969, the research on nitride semi-
conductors has progressed so that INnGaN-
based light emitting diodes and laser diodes
in the visible wavelength regime are com-
mercially available. In spite of these fruitions,
however, the crystal qualities of these mate-
rials were still poor and have difficulties in the
extension of the operating wavelength to-
ward deep-UV and/or IR regimes with in-
creasing the AIN and/or InN mole fractions,
respectively. In particular the application of
the semiconducting materials fo novel de-
vices operating af these extremely short and
longer wavelengths were encouraged, in
order to replace mercury gas tubes as well
as conventional lasers by highly-luminescent
emitters fo meet the energy-saving policies
of current world societies.

Based on the above targefts, spirited 47
researchers from nine countries, most of
them are crystal growers, gathered to share
the problems such as immiscibility and lat-
fice mismatch of nitride semiconductor thin
films and bulk crystals. Numbers of novel
techniques to improve the crystal quality
have been spread out. Among all, in case of
growth of alloy films with immisible composi-
fions, the precise control of in-plane stress by
the adoption of pseudomorphic growth
throughout the heteroepitaxial systems is
expected to be useful to diminish the misci-
bility gap. This idea of intfentional strain ap-
plication has also been expanded to the
unigque idea, modulation of the electronic
band profiles without impurity doping via
piezoelectric effect, i.e. polarization doping,
characteristic of the wurtzite crystals.

As for the frials on the alloy composition
never achieved under thermodynamical
equilibrium conditions with relavant growth
apparatuses, the successful deposition of
the volatile high-indium-content INnGaN and
INnN films were reported by different groups:
MOVPE growth under raised-pressure am-
bient up to 8 aftm, droplet induced lig-
vid-solid growth based on MBE as well as
ultra-low-temperature  pulsed  sputtering
deposition. As for the high aluminum content
AlGaN, free standing AIN substrates grown
by hydride vapor phase epitaxy and sol-
id-source solution techniques are presented
since the importance of the lattice-matched
substrates has been stressed. Also the re-
duction of the threading dislocation density
by selective area growth and use of the
pafterned substrates founds to be still ap-
plicable to the improve the performances of
INGaN based devises, clearly shown by the
successful realization quasi-step-free growth
surface which is beneficial for obtaining
high-quality quantum well structures.

The workshop chairs found a great deal
of satisfaction in all the ftopics, and would
like to say thank to all the panelists and par-
ticipants who boosted the fruitful discussions.

Fig. 1 Taking a short break preventing the de-
vice failure due to the heating up.
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The 7t General Meeting of Asian Consortium on Computational
Materials Science - Virtual Organization (ACCMS-VO7)
November 23-25, 2012, Chairperson H. Mizuseki (IMR)

The 7" annual meeting of “off the net” of the Virtual Organization(V0) for computational materials
scientists mainly in the Asian region, who are working collaboratively daily via international
computer network using our supercomputer at the Center for Computational Materials Science, Institute
for Materials Research, Tohoku University (CCMS, IMR, TU) was held in IMR and Matsushima. This meeting
focused on designing energy related materials and advanced methodologies in computational materials
science, using the supercomputer at IMR and other member institutions aiming to use the Computer K
in Kobe to perform ultra large scale simulation for new materials design. The details of the meeting
and activities including photographs are open through our ACCMS webpage; please check
http://www-lab. imr. tohoku. ac. jp/ accmsvo/.

Similar to the former 6 meetings, there
were 21 invited, 26 oral, and 46 poster
presentations, respectively with total 103
participants. The meeting is really
international from 10 countries/regions. (This
way of counting has been a fradition
starting from the first meeting, suggested by
the Chinese important members to solve
complicated international relations.)

The meeting is not an international
conference normally held by specific
organization or on specific topic. This
ACCMS-VO general meeting started based
on the request by the members of the
ACCMS to establish a Virtual Organization
(VO, a terminology in computer science, X , ,
which means a group of researchers whose are freely ‘d|scuss and communicate with the
official affiliations are different, but working members in the ACCMS-VO to make future
daily using intemnet to communicate to international collaborations.
achieve collaborative research.) We are
very proud that the ACCMS-VO is a unique
group started from IMR more than 10 years
ago, which is composed of computational
materials  scientists in  Asia, who are
interested in internatfional collaboration to
encourage their research activity.

Therefore, the subjects are usually
dispersed and mutual collaborations are
dynamically arranged in the meeting time.
However, this time, the 7t VO general
meeting focused on energy related new
materials, since this is one of the most urgent
subjects in society, and many of the
presentations were really related to this Fig.2. Group photo of the atffendants in the
important topic and audience joined the ACCMS-VO7 at the entrance of IMR.
discussion. As a tradition in all the meetings

Fig.1 One shot in a lecture, where atftendants

of ACCMS, 3 best posters are awarded to

encourage young scienfists for their future  * Keywords: Computational Materials Science
activity. This time, also 3 young researchers Hiroshi Mizuseki (IMR, Tohoku University)
from Russia, Korea, and Japan were E-mail: mizuseki@imr.edu

awarded the Kawazoe-Aida Prize. http://www-lab.imr.edu/~accms/



Advanced 0-D to 3-D electron microscopy: from the detection of
single atoms in doped YAG to 3D information on functional

nanomaterials

Recent developments in transmission electron microscopy have proven to be one of the
major thrusts in elucidating unsolved issues in materials science. This workshop hence
served as an international platform for interactions among researchers in different disciplines,
covering magnetic nanoparticles to optical ceramics, with common interests of making the

best of modern microscopy techniques.

The main purpose of the workshop is twofold.
First, we aim to elucidate the chemical and
crystallographic structure of ceramic materials at
the atomic level. Especially we have applied
several characterization techniques, including
Cs-corrected high-resolution TEM and atomic
resolution STEM, in order to directly visualize the
distribution of rare-earth dopant atoms in oxides
for optical applications. Secondly, we intended to
relate these structural characteristics of oxides to
their physical properties, especially optical
behaviors, such as absorption and fluorescence
responses, and feedback them to the processing
conditions,

Therefore, the participants and topics include
Florent Tournus, INSA Lyon, France, ("Structure
and magnetic properties of FeRh nanocrystals"),
Martin Nikl, Institute of Physics, Czech
Republic, ("Inorganic scintillation nanopowders
and nanocomposites"), Christophe Dujardin,
LPCML, Université Claude Bernard Lyon 1,
France, ("Spacial distribution of luminescence in
various systems), and Thierry Epicier, INSA
Lyon, ("Atomic STEM studies by coupled HAADF

RS

Growth Direction

Fig. 1 3D tomographic images of magnetic
nanoparticles

imaging and EELS chemical analysis"). Together
with three presentations from IMR, from both
processing and characterization points of views,
discussions have been focused as to making the
best usage of versatile but wide-ranging imaging
and analytical techniques.

Figure 1 shows a distribution of FePd
magentic nanoparticles, reconstructed by SIRT
method. As seen, three-dimensional feature is
well visualized by using tomographic technique.
However, a detailed analysis has disclosed
non-negligible errors in the length estimation,
especially in the z-direction.

Figure 2 shows STEM-HAADF image of a

misfit
F 4

4

e D e |

Fig. 2 STEM-HAADF image of SrTiO3-PbTiO3
interface, showing a misfit dislocation.

dislocation at the bottom of a PbTiO; film
deposited on a SrTiO5; substrate. Distribution of
strains within the film was quantitatively revealed
by applying a strain analytical method, called
geometrical phase analysis. This kind of defects
acts as a source for 90° domain walls. [2]
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RATEC2012 -International Symposium on “Recent advance in analytical

techniques for steelmaking industry

Rate0201 2 was held in 2012. Nov. 28th-30th at National Museum of Emerging Science and Innovation

(MIRAICAN), Koto-ku, Tokyo.

There were 19 lectures, 19 poster presentations, and 56 participants.

10 foreign keynote speakers were invited from German, Belgium, Sweden, Australia, USA, China, and

Korea.

The major objective of this conference is
particularly that we can overview new trends of
analytical techniques for process and quality
controls in material industry, since they would
contribute to the further development and
production of new materials in various industry
fields.  Especially, the application of laser-
induced breakdown spectroscopy (LIBS) for on-
site/on-line elemental analysis was a remarkable
topic, and we invite Dr. Prof. Reinhard Noll (Head
of the Fraunhofer Institute for Laser Technology,
Germany) and Dr. Victor Tusset (Head of the
Advanced Techniques, Center for Research in
Metallurgy, Belgium) to deliver a plenary talk
about the recent advances of LIBS for quality
control of steel products and for sorting of steel
scraps according to their chemical compositions
[1]. Other important topic of this conference is the
microscopic observation techniques for the
clarification of fine structure of materials. On this
point, Dr, Andrey Karasev (KTH, Sweden) and
other researchers made an excellent talk about
the application of electrolytic extraction for
investigation of inclusions and clusters in various
steel grades and alloys on different stages of
production [2]. The discussions with them were

very heated, which resulted a foundation of
connections each other.

Fig. 1 The plenary talk by Dr. ReinHard Noll, Head of the
Fraunhofer Institute for Laser Technology, Germany

In this conference, we could show the presence
of Japan’s high research levels in the field of
analytical science to especially the ICASI
(International Committee of Analysis in Steel and
Iron Industry) and CETAS (European Committee
for the Study and Application of Analytical Work
in the Steel Industry), and it is expected to hold
such a kind of opportunity for ingathering of
researchers to maintain and spread the presence.
Finally, we truly acknowledge the financial
support from International Corroboration Center,
Institute for Materials Research (ICC-IMR).

Fig. 2 A scene during poster session.
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Japan-Russia Workshop on Advanced Materials Synthesis Process

and Nanostructure

Funcﬂon and structure of materials strongly depend on their synthesis route. A new
processing technique enables us to produce a novel material with a unique nanostructure. A
precursor material also affects on the property and structure of products. This intfernational
workshop will focus on materials processing and precursor design for advanced materials

synthesis.

Chemical vapor deposition (CVD) has
been widely used for preparing films. CVD
bulky plates, mainly non-oxides (nitrides and
carbides) such as CVD-SiC wafer, have
been prepared by CVD. Although oxides
have useful applications for electronics,
optics and protective coatings, CVD oxide
thick films have hardly been obtained.

We have developed a new kind of laser
CVD enabling high-speed and wide-area
deposition by using high-power lasers [1].
The deposition rate of our laser CVD s
several orders higher than those of
conventional CVD. In addition, laser CVD
films often had a unique nanostructure.

By using laser CVD, we have prepared
various oxides and non-oxides films: thermal
barrier coating of Y20s-ZrO2 fim with a
feather-like structure containing a large
amount  of nano-sized pores which
decreases the thermal conductivity [1],
high-speed deposition of 27500 um h-! for
SiO2 coating [2], SiC-SiO2 nanocomposite [3],
highly c-axis oriented growth of a-Al2O3 film
[4], a non-lead ferroelectric BaTi2Os film [5]
and YBa2CuzO7 s superconducting film [6].

A group photo at Japan-Russia CVD
seminar held at IMR, Tohoku University.

Fig. 1

Nikolaev Institute of Inorganic Chemistry,
Siberian Branch of Russian Academy of
Sciences (NIIC SB RAS) has the advantages
of producing novel and unique precursors
for CVD process, such as for Si-N-C-N and
B-C-N system. Methodology developed in
NIIC SB RAS demonstrates preparations of
CVD films for nanoscale electronic devices.

Tohoku University and SB RAS have a
sufficient cooperative structure in many
fields for a long fime. Particularly, IMR and
NIIC SB RAS both have strong potential in
field of development of CVD processing. This
collaboration will covers all steps of
development of a novel CVD process:
design and selection of new CVD precursor,
establishment of their synthesis processes,
thermodynamic modeling of CVD process,
development of a new CVD utilizing auxiliary
energy source, CVD coating at a wide
range of conditions and characterization of
processing-structure-properties relations.

Japan-Russia CVD seminar puts together
researchers exchange ideas on cutting
edge of CVD technology, and thus it is
suitfable for gain deep knowledge on
advanced materials synthesis process. Joint
workshop with excellent graduate schools in
Tohoku University will encourage young
researchers in Tohoku University, IMR and
NIIC RAS through international interaction.
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ICC-IMR FY2012 Activity Report

KINKEN WAKATE 2012
9™ Materials Science School for Young Scientists and Students

KINKEN WAKATE 2012, 9th Materials Science School for Young Scientists and Students, was

held on 26th-November in 2012 in Institute for Materials Research.

Four world's leading

scientists were invited as lecturers, who gave excellent lectures about neutron and X ray
scattering from basic infroduction to some latest results.

KINKEN-WAKATE is an official annual event of
Institute for Materials Research (IMR) since 2004.
The attendies can learn advanced materials
science and novel experimental techniques by
experts' lectures. KINKEN WAKATE 2012 was

held on 26th-November in 2012 in IMR,
(Secretary: Dr. Ohoyama and Dr. Hayashi),
organized by Center of Neutron Science for
Advanced Materials Science, under full financial
support of ICC-IMR. Four world’s leading

scientists were invited as lectures about

introduction of neutron and X-ray scattering and
its applications in novel materials science. Prof.
Noda of Tohoku Univ. gave a excellent lecture
about Introduction of Neutron and X ray
scattering for material science. Prof. Jun’ichiro
Mizuki, President of the Japanese Society for
Synchrotron Radiation Research, gave a
comprehensive lecture about material science in
SPring-8, entitled “Introduction of Synchrotron
Radiation X-ray Scattering - dynamics in
materials and a proposal of marriage between

X-rays and Neutrons- Dr. Seongsu Lee of

Korea Atomic Energy Research Institute, Korea,
structural

gave a practical lecture about

investigations using neutron diffraction. Finally,
Prof. Seunghun Lee of Univ. of Virginia, USA
gave an impressive lecture about spin dynamics
using neutron inelastic scattering.

19 young researchers attended, and enjoyed
lectures and discussions in quantum beam
science. In particular, in the night session, the

attendants had beneficial opportunities to

present their own investigations to the lecturers.

Fig.1 Discussion with Prof. Mizuki, President of
the Japanese Society for Synchrotron Radiation
Research

Fig.2 Lecture by Prof. Sunghun Lee (Univ.
Virginia, USA) in his lecture about spin dynamics
investigations by neutrons.

Keywords: Neutron Scattering, X-ray Scattering
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Magnetization reversal processes in perpendicularly
magnetized FePt dots

We study the magnetization reversal processes in perpendicularly magnetized FePt continuous films
and microfabricated dots. Understanding of different mechanism of magnetization reversal is very
important for practical applications such as magnetic information storage or non-volatile magnetic
random access memory (MRAM). We study the magnetization reversal process by magnetic force

microscopy and Kerr microscopy.

L1,-ordered FePt (L1,-FePt) is one of the
promising hard magnetic materials to develop
the ultrahigh density magnetic recording and
large-scale integrated spintronic devices. In
order to reveal the magnetization reversal
mechanism of L1o-FePt in a nanometer region,
we investigate the magnetization reversal
process in perpendicularly magnetized L1y-FePt
continuous films and microfabricated dots.

L1,-FePt thin films with different thicknesses
were prepared by sputter-deposition.  The
Microfabrication of FePt nanodots was
performed by e-beam lithography followed by ion
beam milling. Nanodots of various diameters
such as 500nm, 100nm, 30 nm with various
center-to-center  distances  (pitch)  were
fabricated successfully. Triangular shaped dots
of various lengths such as 100 nm and 30 nm
were also fabricated. A few designs also have
the honey comb structure. Scanning electron
microscopy (SEM) was performed in order to
measure the diameter or length of nanodots or
nano-triangles. From the SEM images, it was
confirmed that the dots were well separated and
no surface to surface contact was observed
ruling out the possibility of any direct exchange
coupling between the FePt nanodots.

Magneto-optic Kerr effect (MOKE)
magnetometry in the polar geometry was
performed on all the FePt thin films as well as on
the nanodot patterns. From the PMOKE loops
we notice that the coercivity increases when the
diameter of the dots are decreased. Also designs
with the same diameter of dots but smaller pitch
showed decrease in coercivity which indicates
magnetostatic coupling mainly of dipolar nature
between the dots. Dynamic MOKE hysteresis
measurements where the sweep rate is varied
have been performed on the FePt thin films as
well as the nanodots. Figure 1 shows the
dynamic magnetization hysteresis loops of a
FePt thin film with the thickness of 5 nm. We
have clearly observed that the coercivity
increases as the frequency of measurement

increases, indicating the main contribution of
domain wall motion as usually observed in
ultrathin ferromagnetic thin films. Also magnetic
force microscopy (MFM) has been carried out
and the collective magnetization reversal
processes in the ensembles of the FePt dots has
been observed as a function of magnetic field,
which is shown in Fig. 2. These results obtained
from PMOKE and MFM will be compared with
Kerr microscopy images, which is expected to
find the existence of any domains consisting of a
few FePt dots. [1]

References
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Fig. 1 Dynamic magnetization hysteresis loops of a FePt
(5nm) thin film measured by PMOKE.

Fig. 2 (a) SEM and (b) MFM images of 25 nm FePt dots
with the pitch of 75 nm. The MFM image was observed at
H=-3kOe.
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Magnetization and ESR studies of Cd(Cui«xZn«)2(BO3)2

We have investigated the magnetic properties of Cd(CuixZnx)2(BOs)2 (x=0, 0.1 and 0.2) using
high field magnetization and high frequency ESR in IMR. The Zn-substitution and field
dependence of the magnetization and antiferomagnetic resonance modes suggest a
competition between infradimer and inter-tetramer couplings.

CdCu2(BO3)2  has attracted research
inferest  as a counterpart of the
well-investigated Shastry-Sutherland

compound SrCuz(BOs)2 [1]. In contrast to
SrCu2(BOs)2, CdCu2(BOs)2 has a long-range
magnetic ordering at Tn=9.8 K [2]. It is related
to the fact that the substitution of Srz+ by
Cd?* induces a structural transformation
while changing a magnetic structure to a
spin  fetframer. Cu(1)Os plaguettes form
structural Cu(1)20¢ dimers while tetrahedrally
distorted Cu(2)0O4 plaguettes share a
common O atom with the dimers, forming a
spin tetramer. The tetramer consists of strong
infradimer coupling and weak infra- and
inter-tetramer couplings. Thus, this
compound offers a fest bed to study a
competition between a singlet state and a
long-range ordered one in a single sample.

Fig.1 shows the high-field magnetization
curve of Cd(CuixZnx)2(BOs)2 (x=0, 0.1 and
0.2) measured at T=1.5 K. The magnetization
of x=0 increases quasi-linearly with increasing
field and exhibits a half-step magnetization
plateau af Hi12=224 T and a spin-flop
fransition at Hse=1.69 T. In the 1/2-plateau
phase, the spin dimer recovers a spin singlet
state while other two tfetramer spins are
polarized parallel to the external field.
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Fig. 1 Magnetization curve of Cd(CuixZnx)2(BO3)2.
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Fig. 2 Frequency vs. field plot at T=1.6 K

With increasing Zn content to x=0.2, both Hsr
and Hi2 are reduced by 15% and the
magnitude of the magnetization is
systematically enhanced. This is due to a
weakening of inter-tetramer coupling and a
creation of free spins by dilution effects.

Fig. 2 shows the frequency-field plot at
T=1.6 K. We observe five modes which are
assigned fo the antiferromagnetic
resonance modes pertaining to a four
sublattice of the spin tetramer. In addition,
one low-lying mode appears in the vicinity of
the critical field Hi2. This is ascribed to the
magnetic field induced polarized phase.

In summary, the Zn-substitution and field
dependence of magnetic behaviors rely on
the peculiar spin arrangement comprising
the strongly coupled Cu(1) dimer spins and
the weakly coupled Cu(2) tetramer spins.
The half-step magnetization and its Zn
dependence is largely determined by the
polarization and dilution effects of the Cu(2)
spins, respectively.
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Electromechanical property evaluation in REC-DR GABCO CC
tapes under external magnetic field

Due fo ifs promising potentials especially its low magnetic suscepfibility, REBCO
superconducting tapes attracts the attenfion of many potential applications such as power
cables, motors and generators. In such applications, CC tapes were exposed to different
stresses and strains from fabrication to operation. To achieve good designs of coils, the strain
dependence of the critical current, Ic must be well understood. Therefore, electromechanical
property evaluation of the CC tapes under magnetic field was conducted.

The design process of coils requires the
understanding of the strain dependence of
the critical current in the conductor and the
ability to predict the strain state of the
conductors in the coil. To ensure the
performance of coated conductors in coil
application, the evaluation of the
electromechanical property under
magnetic field is necessary and is one of the
foremost things fo do prior to device

designing [1,2].

Coated conductor tapes sample
fabricated using the reactive  co-
evaporation by deposition and reaction
commonly known as RCE-DR were
investigated in this study. The samples

adopted the Hastelloy and stainless steel
substrate, respectively. Moreover, they were
brass laminated for further mechanical
protection.

The samples were mounted on the
Katagiri-type loading fixture for the
evaluation of the electromechanical
properties under different magnetic field
intensities as shown in Fig. 1. In this manner,
the magnetfic field was applied in a
perpendicular direction with respect to the
CC tape’s surface (B//c-axis). Magnetic field
was produced by the 10 T cryo-cooled
superconducting magnet at the HFLFM, IMR
Tohoku University. The sample length, gauge

Fig. 1 CC tape sample mounted on the Katagiri-type
tensile loading rig with double extensometer and strain
gauges aftached on the sample for sensing strain.

length and voltage tap separatfion used
were 40, 20 and 10 mm, respectively. While
critical current lc, was measured using the
four-probe method by 1 uV/cm criterion.
The RCE-DR CC tapes with Hastelloy
substrate was initially improved from O T up to
1 T which shows reduced strain sensifivity as
shown by the representative curve of brass
laminated CC tape in Fig. 2. However,
increasing the magnetic field further to 3 T
made the Ic behaved strain sensitive. Also, it
was observed that a minimal Ic/lco peak
strain existed at 1 Tesla. These behaviors of
lc/lco were also observed on the samples with
stainless  steel substrate both copper
stabilized and brass laminated too.
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Fig. 2 Strain response of Ic/lco under magnetic field of
brass laminated CC tape with Hastelloy substrate.

As a summary, it was observed that
electromechanical property of CC tape
stfrongly depends on the magnetic field
especially when the field is directed
perpendicular to the sample surface.
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High-field magnetization and antiferromagnetic resonance in
novel frustrated magnetic materials

Using high-field magnetization and anitiferomagnetic

resonance measurements we

investigated two novel frustrated magnetic compounds, f-TeVO4 and Cu20Cla. In f-TeVOy, at
1.5 K, a clear field-induced transition is found at 5 and 10 T when field is in the ab plane and

along c, respectively.

On the other hand, filed dependences of antiferomagnetic

resonance imply a zero-field gap of ~150 GHz and ~300 GHz. In Cu20OCl2, we found no field
induced fransitions, while a zero-field gap is very clear and amounts ~100 GHz.

Frustrated magnetic systems, i.e., systems
with competing magnetic interactions, often
exhibit complex magnetic ground states,
which are very sensitive to external
perturbations. This effect becomes even
more pronounced in low-dimensional
systems and may lead to fascinating new

phenomena, e.g. magnetoelectric coupling,

and rich magnetic phase diagrams.

To pursue such intriguing effects, we
undertook high-magnetic-field study of two
novel magnetic compounds, p-TeVOs4 and
Cu20Clz, respectively. The former is a chain
compound with dominant exchange
interaction J ~ 21.4 K and potentially
significant competing next-nearest
exchange infteractions [1]. The latter,
however, has a highly frustrated pyrochlore

laftice  with  the exchange constant
estimated to J ~ 110 K [2]. AP low
temperatures,  p-TeVOs  exhibits  three

consecutive magnetic phases tfransitions, at
4.65, 3.28 and 2.28 K, which according fo the
neutron diffraction most likely correspond to
three incommensurate magnetic phases.
On the other hand, magnetic ordering
temperature in Cu2OCl2is T ~ 70 K, while the
ground state is still unknown.
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Fig. T Magnetization and its derivative in p-TeVOA4.

Our results for p-TeVOs reveal that af 1.5 K,
a field induced fransition occurs that strongly
depends on the field direction, i.e., when
field is in the ab plane the fransition is found
at 5T, while for the perpendicular orientation
it occurs at 10 T. Further, we found aft least
two magnetic excitation branches with
zero-field gaps of ~150 and ~300 GHz, which
dramatically change in the high-field phase.

In Cu20Cl2 the antferromagnetic
resonance at 1.5K, i.e., well below magnetic
fransition, has a broad powder-like
(box-shaped) spectrum. The broad feature
extends for 3 to 8 T, at low and high
frequencies, respectively. The spectral
feature is touching the ordinate axis (0 T) atf
~100 GHz, and herby reveal the size of the
zero-field gap in the excitation spectrum.
With increasing frequency, a linear shift to
higher frequencies is found, as typically
encountered in anfiferromagnetic systems.
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Fig. 2 Antfiferomagnetic resonance in Cu20OCla.
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Title- Single Visit Research Subject. Development of transparent
ceramics superior to single crystal for high power laser application

Introductory part- | have continued on February11-March 3, 2013 my fruitful cooperation with Pr.
Yoshikawa and Pr. Goto Labs on Nd3*-doped Lu,O3 ceramics made by SPS method. | also have
attended ELyT Workshop 2013 at Zao Mountains and visited Dr. A. Ikesue inside the Japan Fine

Ceramics Center of Nagoya.

After my recent stay at ICC-IMR on
November-December 2012, | got again the
great privilege to be helped by ICC-IMR to
continue my fruitful cooperation at the Tohoku
University between February 11 and March 3.

The first objective of my stay at IMR has
been to show to Prof. Yoshikawa and Prof.
Goto our new results of the spectroscopic
measurements on Nd3+:Lu203 transparent
laser ceramics obtained for the first time by the
non-conventional spark plasma sintering (SPS)
method [1]. Absorption spectra have been
analyzed at room temperature and at 4K at the
Faculty of Chemistry of Wroclaw (Poland) by
Dr.M. Guzik. Especially at 4K this fine
spectroscopy shows not only Nd** C, usual
isolated ions but also the signatures of C,-C,
and C,-Cj Ng** pairs and even of the weak
populated Cj; isolated sites. Emission spectra
of the expected laser lines *Fg, > *I112, at both
1076.4 nm and 1080.5 nm and concentration
dependence of the 4F3/2 decays have also
been analyzed at Lyon. The most striking
feature is a strong concentration quenching
seen in Fig.1 above 0.1% Nd**, a weak value
for laser material, so that laser output will need
a sharp optimization to be pointed out.

1 - Lu203 0.1% not annealed
- Lu203 1% not annealed
- Lu203 1% annealed
- Lu203 3% not annealed
- Lu203 5% annealed

Normalized intensity [a. u.]
o

. L - £ WS TARCT
O 200 400 600 800 10001200
Time [ps]

o]

.01

Fig.1 Decays of the Nd** “F,, meta-stable level at room
temperature for several Nd>* concentrations.

At last, we use these samples to bring more
knowledge on Nd** isolated and pair sites by
application of the site selective laser
spectroscopy technique not only on Nd* C,
populated sites but also on less populated Cs;
inversion sites. In addition we have detected

Nd>* C,-Nd**C, and Nd**C,-Nd**Cy; pairs,
respectively.

During this stay Dr. A. Ito has measured the
values of the thermal conductivity, Dr. T. Ito
and Prof. Kikuchi have started to register the
TEM-EDX photos for the evaluation of Nd®*
segregation in grains and grain boundaries.

It was also a great opportunity to attend
the successful ELyT Workshop 2013 at hotel
Laforet Zao To-o-gatta, February 17-20, 2013,
organized by the new Associated International
Laboratory (LIA in French) of “Engineering
Science Lyon-Tohoku Laboratory”, ELyT Lab.
for the period 2013-2018. My oral
communication gave the objectives of our
project ELyT lab, M12— LASMAT, on “Rare
earth-doped transparent laser ceramics by
SPS method”.

Then, | have visited the Laboratory of Dr.
Akio lkesue, World-Labo Co, Ltd, inside Japan
Fine Ceramics Center in Nagoya on 24-26
February. Dr. Akio Ikesue also works on
Nd3+:Lu203 and Nd3+:Y203 ceramics but made
by conventional methods and has proposed
me these samples to compare with ours
obtained by SPS method.

At last, we have submitted two abstracts for
SCINT2013 and REMAT2013 International
Conferences [2-3].
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Embrittiment trend curve (ETC) prediction of rector pressure vessel

(RPV) steels

A type of unstable radiation-induced defect in RPV steels, which a key to understanding
neutron flux effects, has been characterized by positron annihilation and hardness
measurements including recovery anneal. The defect structure involves mono-vacancy
equivalent open volume and the formation is accelerated with flux. Flux compensated
hardening frend curves suggested severer embrittlement than current prediction model after

a long-term operation.

Unstable matrix damage (UMD) is a type
of defect formed in aged displacement
cascades, that anneals out continuously
during reactor operation ['l. UMDs build up at
high neutron flux in test reactor irradiations,
confounding the results in two opposite ways
— adding hardening and delaying formation
of more typical hardening sources in power
reactor conditions. The delay is due to point
defect recombination enhanced at higher
flux including at UMD siteslll. Utilizing test
reactor data to predict RPV long-term
embrittlement trend curve (ETC) requires
properly accounting for these effects.
Hence, the objective of this study is to clarify
the character and behavior of UMD, as well
as fo develop models of long-term
predictions of radiation embrittlement after
the flux effect compensation.

Positron annihilation spectroscopy (PAS)
and hardness measurements before and
after UMD recovery anneal at 350 °C for 5 h
have been performed on 5 model RPV steels
with  systematic ~ chemistry  variation,
iradiated in BR2 test reactor to two neutron
dose levels; 1 and 2.5 x 1020 n/cm2 at 2 x 1013
n/cm2s flux at 290 °C. PAS was also
performed on the same set of alloys
iradiated at other 102 and 104 n/cm?2s flux
conditions. Hardening database combined
with other studies was analyzed and
compared with current ETC models.

Specimens irradiated at 2 x 1013 n/cm?2s or
higher flux showed significantly larger low
momentum component Fraction (LMCF) in
PAS as well as longer average positron
lifetime than at 102 n/cm?2s. Both measures
of vacancy type damage increase with
dose and flux, but recovery anneals reduce
them to the level for iradiations af 1012
n/cm2s condition. The second lifetime
component reaches = 180 ps at high dose.
These PAS results suggest that UMD contains
mono-vacancy size open volume defects
that build up at least up to mid 1020 n/cm? at
a flux levels of the order of 1013 n/cm2s or
higher. The average UMD size may increase

with dose. Hardness recovery also increases
with dose, but is significantly smaller at 2x1013
than at 104 n/cm?2s suggesting large flux
dependence in the UMD number density.
These new findings are to be considered in
updating UMD models.

We obtain low flux long-time hardening
estimates of the RPV steels by annealing out
UMD and wusing effective dose after
compensating for enhanced recombination
at higher flux. Figure 1 shows an example for
a Cu-free steel. It also shows that the current
ETC models significantly under-predict the
highest dose data in recent UCSB study (blue
open diamond)l. The study confirmed the
extra hardening is due to the formation of
Mn-Ni-Si precipitates (so called late
blooming phases, LBP), that were not
observed at lower doses, but have long
been predicted. This study clearly indicates
that LBP hardening (dashed line) starts =
5x10" n/cm?, typically = 40 years of reactor
operation, suggesting critical importance of
ETC improvement. Further microstructural
studies using atom-probe tomography and
small angle neutron scattering are planned
for future collaboration.
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Synthesis of novel complex hydrides with mixed non-metal-based

and metal-based complex anions

A dehydriding reaction of LiBHs is drastically promoted by combining with Mgz2FeHs. The
dehydriding reaction of pure LiBH4 starts af approximately 650 K, which decreases with
increasing the amount of MgaFeHs added. The lattice parameter of Mg2FeHs measured by
in-situ high-resolution synchrotron diffraction measurements suggests the possibility of forming
a solid solution Lii«Mgax(BH4)1x(FeHs)x with mixed non-metal-based [BHs]- and metal-based

[FeH4]4~ complex anions.

A complex hydride LiBH4, consisting of Li*
catfions and [BH4]~ complex anions, is one of
the promising materials for hydrogen storage
due to its high hydrogen densities. The
dehydriding temperature of above 673 K,
however, is higher than the required
temperature for solid state hydrogen storage
materials, therefore many approaches have
been made to improve the property [1].

We have found that the dehydriding
temperature of LiBHs4s can be lowered by
combining with another complex hydride
Mg2FeHs composed of Mgt and [FeH4]4
complex anions [2]. Fig. 1 shows fthe
thermogravimetry/mass spectroscopy
(TG-MS)  profiles of  (1-x)LiBHs+xMg2FeHe
together with that of pure LiBHs The
dehydriding reaction of pure LiBH4 starts at
approximately 650 K by the following
reaction: LiBH4+ —  LiH+B+3/2H.. The
dehydriding temperature obviously
decreases with increasing the amount of
MgoFeHs added. At x = 0.9, the hydrogen is
released in the temperature range 530-580
K. which is more than 100 K lower as
compared to pure LiBHa4.
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Fig. 1 TG-MS profiles of (1-x)LiBHs+xMgaFeHs.

The in-situ  high-resolution synchrotron

diffraction (SR-XRD) measurements,
conducted at the Swiss-Norwegian Beam
Line at the European Synchrotron Radiation
Facility in Grenoble, suggest the possibility of
forming a solid solution between LiBH4 and
MgoFeHs. As shown in Fig. 2, the lattice
expansion of Mg2FeHs in LiBH4a+MgaFeHs (x =
0.5) differs from pure MgoFeHs across the
whole temperature range presumably due
to the different thermal expansion
coefficients. These results imply the possible
solid solution formation via the following
reaction:
(1-x)LiBHs+xMg2FeHs — LitxMga2x(BH4)1x(FeHe)x
Such a complex hydride with mixed
non-metal-based and metal-based
complex anions has not been reported to
date although combinations of metal-based
complex anions have been known to exist as
the Mg2FeH«—Mg2CoHs system [3].
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Fig. 2 Lattice expansions of MgaFeHs in
LiBHs+MgoFeHs (x = 0.5) and pure MgzFeHs

obtained from in-sifu SR-XRD profiles

Lattice constant of Mg,FeHg
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Heat-induced damping manipulation in YIG/Pt heterostructures

The damping of magnetization in a magnet was manipulated by heat-induced spin-transfer
forque. In the yttrium iron garnet/platinum (YIG/Pt) heterostructure the magnetization relaxation,
detected by spin pumping method, was controlled by a femperature gradient applied across

thickness.

In the field of magnon spintronics the
control and manipulation of magnetization
relaxation are gaining much attention. Here,
we show the manipulation of spin-wave
damping utilizing a temperature difference
across the thickness of an yttrium iron garnet
(YIG)/platinum (Pt) multi-structure (Fig. 1(a)).
It has been demonstrated that this
temperature difference AT gives rise to the
longitudinal spin  Seebeck effect[1]: an
imbalance between the effective magnon
and the effective electron temperatures
causes a spin current across the YIG/Pt
interface. In addition to this effect, since the
created spin current transfers spin angular
momentum, a tforque is exerted on the
magnetization (Fig. 1(b)), and damping
modulation in  the magnetization s
expected to be detected by spin pumping
method.

In the experiment an external magnetic
field H is applied perpendicularly to the YIG
waveguide in the YIG fim plane (Fig. 1(a)).
The magnetization precession is driven by
the alternating microwave field of a
confinuous microwave signal. The spin
currents injected into Pt film by spin pumping
is detected as an electric voltage by the
inverse spin  Hall effect (ISHE). The
temperature  gradient applied across
thickness was monitored by an infrared (IR)
camera. Although in  the magnetic
resonance condifion the sample
temperature rises producing an additional
electric voltage due fo spin Seebeck effect,
this can be subtracted by monitoring the
sample temperature using the IR camera.

In Fig. 1(c) the ferromagnetic resonance
linewidth A Hrmr were shown as a function of
applied temperafure gradient A T and
microwave powers of +14 dBm, +20 dBm,
and +25 dBm at 4 GHz. The magnetization
precession is either enhanced or suppressed
depending on the sign of AT. As it is visible
from Fig. 1(c), the variation of the linewidth
per 1 degree temperature difference (slope
in Fig. 1(c)) is approximately the same for all
microwave powers.

Assuming that the observed
heat-induced damping variation is due fo
an effective spin  current representing
thermally induced torque, we calculate the
variation of the magnetization relaxation in
YIG/Pt hetero-structures based on the model
developed in Ref. 3. We modify this model
by substituting a heat-induced spin current
for a SHE-generated spin current: the charge
current Jc is replaced by the temperature
difference AT. Then the spin fransfer due fo
the temperature difference across the
YIG/Pt interface has been estimated
comparing to previous works that use
SHE-generated spin currents. It turns out that
the heat-induced spin current density Js per
degree is of the order 107A/m?2.

In conclusion, we performed detection of
damping modulation by heat-induced spin
fransfer forque in magnetic materials
infroducing analysis for the calculation of
the heat-induced spin current density.
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Fig. 1 (a) Experimental setup of the heat-induced

damping manipulation in the Pt/YIG. (b) Schematic
of spin-fransfer torque damping modulation. (c)
Line-width of the ferromagnetic resonance as a
function of temperature gradient.
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Measurement of the Spin Seebeck Effect in an Insulating
Ferromagnetic Inorganic-Organic Hybrid

The Spin Seebeck effect is a newly discovered effect which can convert a heat flow into a
spin voltage in insulators [1]. An attached Pt fiim in the longitudinal configuration can then
fransform it info an electrical voltage [2]. So far, the spin Seebeck has only been found in
ferromagnetic inorganic materials, while this work fries to extend it to ferromagnetic

inorganic-organic hybrids [3].

The inorganic-organic hybrid under study
is a two-dimensional ferromagnet with a
(finite) Curie temperature of 13K [3]. The
structure is shown in Fig. 1(q).

A new setup for the measurement of the
spin Seebeck effect in this material was
made, based on the longitudinal spin
Seebeck setup published before [2]. Since
the Curie temperature is too low for the
measurement setup used in those studies,
the new setup was made for a Quantum
Design Physical Property Measurement
System (PPMS) which can reach lower
temperatures. The sample is clamped
between a copper heat sink and a sapphire

plate which is heated during the experiment,

with temperature sensors on both sides. A
temperatfure gradient is created over the
sample, which creates an electrical voltage
by the spin Seebeck effect and the inverse
spin Hall effect in the Pt layer sputtered on
top of the material.

The new setup was first tested for a
material of which the spin Seebeck signal is
known from other setups: Yttrium Iron Garnet
(YIG). This measurement is shown in Fig. 1(b)
where it can be seen that the signal is
magnetic field dependent which is the key
characteristic of a spin Seebeck signal.
Other features are also equal to the signals
reported by earlier studies [2]. So it has been
found that this new setup can find spin
Seebeck signals which also proves the
robustness of this effect.

The same experiments have been
performed for the inorganic-organic hybrids
with the result also shown in Fig. 1(b). No
dependence of the voltage on the
magnetic field could be found in this
experiment. The noise in this experiment,
while lower than in the previous setup, was
still higher than the expected magnitude of
the spin Seebeck effect in this material in this
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Fig. 1 (a) Structure of the inorganic-organic hybrid.
(b) Dependence of the voltage in the spin Seebeck
experiment on the magnetic field for both the
reference material YIG as the inorganic-organic
hybrid at 10 K.

measurement. Tackling problems of this
noise level and the formation of cracks in the
sample material are expected to be very
difficult to solve. It seems wiser to explore
other materials to measure spin Seebeck
effects in (partly) organics.

Concluding, this study has created a new
measurement setup for the measurement of
the spin Seebeck effect which has reduced
the noise level and proven the spin Seebeck
effect of known materials in a different
environment. The measurement of the spin
Seebeck effect in inorganic-organic hybrids
has proven to be a very difficult fask and has
not produced meaningful results.
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The pressure and torsion effects of High Pressure Torsion process on

Zr-based bulk metallic glasses

In this study, Zr-based bulk metallic glasses were deformed by high pressure torsion process at room
temperature. After each stage in the HPT process, the structural and mechanical properties of the disk
sample were observed to reveal pressure and shear strain effects. Nano-indentation creep tests proved
there were significant changes of free volume and residual stress was analyzed by finite element method.

Bulk metallic glasses (BMGs) generally suffer
from low ductility and catastrophic failure at low
temperature. The discrete deformation in localized
shear bands governs the deformation mechanism in
metallic glasses. The shear band region is severely
plastically deformed and there is a significant change
of structure, such as the increase in free volume. High
pressure torsion (HPT) has been the subject of many
investigations as a new method of processing because
of its ability to impose extremely high strain and
hydrostatic pressure without failure [1]. It is reported
that the HPT process introduces an excessive free
volume and nanoscale microstructural heterogeneity
in BMGs and enhances ductility of BMGs [2].The
HPT process can be divided into two stages. The first
stage is compression stage and the second stage is
torsional stage. It is important to know that effects of
pressure and torsion are different in BMGs due to
free volume mechanism.

Zr65Al7.5Ni10Cui2.sPds BMG was produced via arc
melting the pure elements (99.99%) under a purified
argon atmosphere in button-shape ingots of the
desired composition. Each button-shape ingot was
turned over and re-melted four times to ensure the
homogeneity of the chemical composition. BMG
cylindrical rods with a diameter of 8 mm were
prepared via tilt casting into copper molds.
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Fig.1 (a) High resolution TEM image after 5 turns, (b) XRD results
and (c) SEM image on radial surface after 5 turns

Fig. 1 (a) and (b) show high resolution TEM and

XRD results of HPT processed bulk metallic glass,
respectively. Amorphous state was maintained
without nanocrystallization during the HPT process.
In Fig. 1(c), it is noticeable the BMGs were severely
deformed without failure.
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Fig. 2 (a) Hardness results, (b) Nano-indentation creep results and
(c) Residual stress analysis using FEM

Hardness was increased compared to as-cast
specimens after the compression stage (not shown
here) due to free volume decrease under high
pressure. Then, hardness was dramatically decreased
along radial direction after the torsional stage (Fig. 2
(a)). In shear bands region, structurally free volume is
higher than undeformed matrix. The HPT process
gives more shear strain from the center to edge, so,
lower hardness was observed at the edge. BMGs
show creep displacement at the ambient temperature,
and the amount of creep is dependent on load and
free volume. Fig. 2 (c) shows larger creep
displacement after HPT process. From the NI tests, it
is concluded that the shear strain effect is stronger
than pressure even at the center. Compressive
residual stress can interrupt shear band propagation
and enhance ductility of BMGs. Residual stress after
HPT process was analyzed by finite element method

(Fig. 2(c)).
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