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 Title of Project： Renaissance of Metallic Superlattices 

Koki Takanashi 
(Tohoku University, Institute for Materials Research, Professor) 

Research Project Number：18H05246 Researcher Number：00187981 
Keyword：Metallic superlattices, Spin-orbit interaction, Antiferromagnetic structure, Spin caloritronics

【Purpose and Background of the Research】 
Metallic superlattices, where different metal 
layers are alternated periodically in a nanometer 
scale, were extensively studied for the giant 
magnetoresistance (GMR) effect and interlayer 
exchange coupling in 1980's-90's, giving the basis 
of spintronics. The recent progress of spintronics 
shows the following new developments: spin 
orbitronics incorporating spin-orbit interaction, 
antiferromagnetic spintronics utilizing the merits 
of antiferromagnets, and spin caloritronics based 
on the interplay between spin and heat. For these 
emerging research areas, the importance of 
interfaces has attracted much attention because of 
the possible enhancement of spin-orbit interaction 
at interfaces. The metallic superlattice as an 
assembly of interfaces will be useful for the 
systematic study of interface effects.  
In this research project, as show in Fig. 1, we 
revisit metallic superlattices from the viewpoint of 
modern developments of spintronics. We aim to 
elucidate the role of interface on spin-orbit 
interaction by using metallic superlattices, 
demonstrate the spin-orbit torque switching in an 
antiferromagnetically-coupled superlattice, and 
fabricate a metallic superlattice showing a large 
thermo-magnetic effect and a small thermal 
conductivity.  

【Research Methods】 
For spin orbitronics, the layered structure of 
“Nonmagnet 1 / Ferromagnet / Nonmagnet 2” is 
used to evaluate interface magnetic anisotropy and 
spin-orbit torque simultaneously. The systematic 
study enables us to elucidate the mechanism of 
spin-orbit interaction at interfaces, leading to 
enhanced spin-orbit toque. 
For antiferromagnetic spintronics, “Ferromagnet / 
Nonmagnet / Ferromagnet” is the basic layered 
structure. We aim to find a nonmagnetic material 
showing both strong antiferromagnetic interlayer 
coupling and large spin-orbit torque.  
For spin caloritronics, we focus on the anomalous 
Nernst effect in metallic superlattices, and 
investigate a guiding principle for a high 
dimensionless figure of merit (ZT) by utilizing 
interface effect and nano-layering effect. 
 

【Expected Research Achievements and 
Scientific Significance】 

The observation of giant spin-orbit toque is 
expected due to the enhanced spin orbit interaction 
at interfaces in metallic superlattice, contributing 
significantly to the development of spin orbitronics. 
In addition, the study of spin caloritronics may 
open the application of metallic superlattice as a 
new thermo-electric material. 
 

【Publications Relevant to the Project】 
"Enhancement of anomalous Nernst effects in 
metallic multilayers free from proximity- 
induced magnetism", K. Uchida, T. Seki, K. 
Takanashi et al., Phys. Rev. B, 92, 094414-1-6 
(2015). 
 

【Term of Project】FY2018-2022 
 

【Budget Allocation】150,900 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http:// magmatelab.imr.tohoku.ac.jp 
koki@imr.tohoku.ac.jp  

Fig. 1  Renaissance of Metallic Superlattices 
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 Title of Project： Design and development of novel active sites on 
heterogeneous catalysts using direct interaction of 
molecules with solid surfaces 

Keiichi Tomishige  
(Tohoku University, Graduate School of Engineering, Professor) 

Research Project Number：18H05247 Researcher Number：50262051 
Keyword：Catalyst function, biomass, CO2 

【Purpose and Background of the Research】 
Lots of chemicals have been produced from 
petroleum. From the viewpoint of CO2 emission and 
limitation of petroleum, the technologies for the 
conversion of biomass and CO2 are necessary for 
the sustainable society. Heterogeneous catalysts 
are more promising in terms of the catalyst 
separation and reusability. At the same time, the 
increase of the total energy efficiency can be 
enhanced by the replacement of present multi-step 
processes with one-pot conversion using 
heterogeneous catalysts, which is also connected to 
the decrease of CO2 emission. The purpose of this 
research is to develop heterogeneous catalysts for 
the efficient conversion of biomass and CO2 and to 
propose the design and preparation methods of 
catalytically active sites as a key of the catalyst 
development.  
 

【Research Methods】 
The aim of this study is to make the catalytically 

active site with high performance through the 
synergy of modifiers such as molecules or clusters 
and solid surfaces by the direct interaction. A 
typical example of the preparation of heterogenous 
catalyst is shown in Figure 1 (a).  

 

 
Figure 1. Preparation method of heterogeneous 
catalysts (a), (b) and seed catalysts prepared by the 
direct interaction between modifiers with solid 
surfaces (c) 
 
 In this study, we challenge to transform to the 
highly active species by the direct interaction with 
solid surfaces (Figure 1 (b)). The combination giving 
strong synergy is very limited. Broad and careful 
surveys have been essential in order to find an  

effective combination. In this study, the details of 
our seed catalysts are investigated using 
near-ambient pressure X-ray photoelectron 
spectroscopy combined with various 
characterization methods and computational 
chemistry.  
 

【Expected Research Achievements and 
Scientific Significance】 

  Seed catalysts are isolated ReOx species on 
CeO2 surface for deoxydehydration, ReOx clusters 
on Rh or Ir surfaces for C-O hydrogenolysis, and 
CeO2+2-cyanopyridine for the conversion of 
CO2+alcohols to organic carbonates (Figure 1(c)). 
These catalysts showed high performance in the 
production of value-added chemicals from 
biomass and CO2, however, a problem is the usage 
of noble metals or complicated molecules. For the 
substitution with cheaper and more abundant 
metals or simpler molecules, different counter 
components can be found effectively on the basis 
of the results of the analyses of the seed catalysts. 
The development of catalysts without containing 
noble metals and complicated molecules can 
enhance the feasibility of the process remarkably.  
 

【Publications Relevant to the Project】 
・Transformation of Sugars to Chiral Polyols over 

a Heterogeneous Catalyst, M. Tamura, K. 
Tomishige, et al., Angew. Chem. Int. Ed., 57, 
8058-8062 (2018) 

・ Self-Assembled Hybrid Metal Oxide Base 
Catalysts Prepared by Simply Mixing with 
Organic Modifiers, M. Tamura, K. Tomishige, et 
al., Nature Commun., 6, 8580 (2015) 

 
【Term of Project】FY2018-2022 

 
【Budget Allocation】146,900 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.che.tohoku.ac.jp/~erec/ 
tomi@erec.che.tohoku.ac.jp 
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 Title of Project： Magnet technology development for 50T cryogen-free 
high temperature superconducting magnet 

Satoshi Awaji 
(Tohoku University, Institute for Materials Research, Professor) 

Research Project Number：18H05248 Researcher Number：10222770 
Keyword：high temperature superconductors, superconducting magnet 

【Purpose and Background of the Research】 
More than 30 years past since the high 

temperature cuprate superconductor was 
discovered in 1986. Practical high temperature 
superconducting (HTS) wires are commercialized. 
Nowadays, many efforts are made for the 
development of HTS applications. In particular, 
high field magnets beyond 20 T using HTS are 
expected, because of those high performances in 
high magnetic field. However, it is difficult to 
realize a practical HTS high field magnet, since the 
magnet design concept for the HTS is much 
different with that of low temperature 
superconductor (LTS).  

On the other hand, a cryogen-free 
superconducting magnet (CSM), which is cooled by 
cryocoolers conductively, is used widely. We recently 
developed a 25T-CSM with a HTS insert and 
achieved 24.6 T in a 52 room temperature bore. 
In this study, we develop a new HTS magnet 

technology on the basis of the 25T-CSM, targeting a 
50 T-class superconducting magnet. The world 
record of CSM will be broken by our obtained 
result. 
 

【Research Methods】 
We set four subjects as the HTS magnet 

technologies in order to generate a stable high 
magnetic field as follows. 
1. Conduction-cooled coil fabrication technology 

without degradation  
2. To understand a mechanical reinforcement 

and a deformation under a huge 
electro-magnetic stress 

3. To understand a quench behavior and its 
protection 

4. Ac-losses and field induced by the shielding 
current and coupling windings.  

 
【Expected Research Achievements and 

Scientific Significance】 
By a construction of new magnet technology model 
for high field HTS magnets, a route to 50 T-class 
superconducting magnet will be obtained. The 
world trend of high magnetic field is to achieve  

 

more than 40 T using a large electric power above 
20 MW. However, we aim for corresponding high 
magnetic fields using the HTS magnet 
technologies obtained in this study. The stable and 
high precise high magnetic fields due to the 
superconducting magnet gives us new high 
magnetic field science. In addition, the HTS 
magnet technology impacts on various practical 
superconducting applications. 
 

【Publications Relevant to the Project】 
• S. Awaji et al., ” First performance test of a 

25 T cryogen-free superconducting magnet”,  
Supercond. Sci. Technol. 30 (2017) 065001. 

• S. Awaji et al., “10T generation by an epoxy 
impregnated GdBCO insert coil for the 
25T-cryogen-free superconducting magnet”, 
Suprerocnd. Sci. Technol., 29 (2016) 055010. 

 
【Term of Project】FY2018-2021 

 
【Budget Allocation】146,100 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.hflsm.imr.tohoku.ac.jp/ 
awaji@imr.tohoku.ac.jp 

Fig. 1 Progress of cryogen-free superconducting magnet and 
project target. 
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【Grant-in-Aid for Scientific Research (S)】 
  Broad Section D 
 
 

 Title of Project： Construction of new mechanism for dual-ion storage 
batteries concerted by lithium and multivalent ions 

Tetsu Ichitsubo 
(Tohoku University, Institute for Materials Research, Professor) 

Research Project Number：18H05249 Researcher Number：40324826 
Keyword：Polyvalent-ion conductivity, Concerted interaction, Dendrite free, Metal anode battery 

【Purpose and Background of the Research】 
Construction of energy storage technology is 
indispensable in the modern society. Although the 
mechanism of a storage battery using a 
monovalent carrier ion such as a lithium ion 
battery is well known or understood, the basic 
science of storage batteries system using 
multivalent ions such as magnesium as a carrier is 
almost unknown. We have been making efforts to 
develop positive electrode materials for 
magnesium storage batteries that utilize divalent 
carriers earlier and succeeded in proposing several 
potential candidates as positive electrode 
materials for magnesium storage batteries. We 
have also pioneered to propose the concept of 
dual-carrier rechargeable batteries that 
simultaneously utilize monovalent ions and 
divalent ions so far. Therefore, in this research, we 
aim to establish the material science for storage 
batteries that utilize multivalent ions as carriers 
and to construct the theory/concept of cooperative 
collaborations, i.e., concerted interaction, played 
between Li and multivalent careers.  
 

【Research Methods】 
The fundamental problems to be solved in this 
research are as follows. 
[1] Coherent strain-field effect due to phase 
transition: While a phase transition occurs along 
with the insertion and extraction of carrier ions, the 
coherent strain field yielded by lattice mismatch 
greatly affects electrode characteristics. Evaluation 
of the strain field is carried out by scanning / 
transmission electron microscope, soft X-ray 
spectroscopy, synchrotron radiation or X-ray 
diffraction analysis, and the strain energy is 
evaluated by the first principles calculation, 
micromechanics calculation.  
[2] Elucidation of concerted effects between dual 
ions: We have found that the activation energy of 
diffusion is markedly reduced under the 
dual-career situation, as shown in Fig. 1, by using 
first principles calculations. So, we try to clarify 
such “concerted interaction” between monovalent 
and multivalent ions. As a final goal, we try to find 
a mechanism by which multivalent ions can move 
even at room temperature.  

[3] Proposal of dendrite suppression mechanism: 
Prohibiting of dendrite formation during charging 
is a very critical issue. We have found that 
dendrite formation tends to be suppressed in the 
presence of Li/Mg dual-salt electrolyte. Based on 
the phenomenon, we conversely clarify/deduce the 
dendrite formation/ inhibition mechanism.  
 

【Expected Research Achievements and 
Scientific Significance】 

Focusing on the fact that two types of carriers of 
monovalent and multivalent ions can exert a 
positive concerted effect, we can produce a feature, 
which cannot be achieved only by a single carrier, 
and we want to create an innovative mechanism of 
storage battery carriers.  

 
 
【Publications Relevant to the Project】 
・ H. Li, N. L. Okamoto, T. Hatakeyama, Y. 
Kumagai, F. Oba, T. Ichitsubo, Advanced Energy 
Materials, 1801475 (2018).  
・H. Li, T. Ichitsubo, S. Yagi, E. Matsubara, 
Journal of Materials Chemistry A5, 3534 (2017). 
・T. Ichitsubo, S. Okamoto, T. Kawaguchi, Y. 
Kumagai, F. Oba, S. Yagi, N. Goto, T. Doi, E. 
Matsubara, Journal of Materials Chemistry A3, 
10188 (2015). 

 
【Term of Project】FY2018-2022 
 
【Budget Allocation】152,800 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://ilab.imr.tohoku.ac.jp/index.html 
tichi@imr.tohoku.ac.jp 

Figure１ Lowering of diffusion barrier (left) and 
diffusion path of dual ions (right) 
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【Grant-in-Aid for Scientific Research (S)】 
  Broad Section D 
 
 

 Title of Project： Evolution of Attosecond Science by Next-generation 
Ultrashort-pulse Lasers 

Jiro Itatani  
(The University of Tokyo, the Institute for Solid State Physics, 
Associate Professor) 

Research Project Number：18H05250 Researcher Number：50321724 
Keyword：Attosecond science, Soft-X-ray spectroscopy, Ultrashort-pulse laser, Frequency conversion  

【Purpose and Background of the Research】 
The advancement of Ti:sapphire lasers in the past 
two decades has realized the generation of 
attosecond pulses, and opened a new field called  
“attosecond science.” However, the limitations of 
Ti:sapphire lasers such as fixed laser wavelength 
and thermally-limited output power, is becoming a 
barrier to make further progress of attosecond 
science. In this project, we will develop intense 
ultrashort-pulse light sources of new generation, 
which consist of optical parametric chirped pulse 
amplifiers (OPCPAs) pumped by a 
high-average-power Yb-based solid-state laser. 
These novel light sources will transform attosecond 
science from the stage of proof-of-principle to a new 
optical technology that is applicable to a broad 
range of materials science. We aim to realize 
attosecond sources that cover vacuum ultraviolet 
(VUV), extreme ultraviolet (XUV), and soft-X-ray 
(SX) regions, with sufficient photon flux for 
ultrafast spectroscopy. We will also develop an 
attosecond beamline for advanced attosecond 
measurements. 
 

【Research Methods】 
There are two important scaling laws in attosecond 
pulse generation. With λ as a drive laser’s 
wavelength, the cut-off photon energy of high 
harmonics is proportional to λ2, while the 
conversion efficiency is proportional to λ-(5-6). 
Because of this trade-off, we will develop three 
OPCPA systems that are operated at different 
wavelength to cover the VUV, XUV, and SX regions. 
Advantages of the OPCPA over Ti:sapphire lasers 
are that (i) selection of nonlinear crystals and phase 
matching conditions allow us to design an 
ultrabroad parametric gain in various wavelength, 
and (ii) transparent nonlinear crystals are used as 
gain media that are free from thermal problems. 
We will also develop high-average-power Yb-based 
solid-stage lasers as a pump source for the OPCPAs. 
An attosecond beamline will also be developed to 
use high-photon-flux attosecond pulses for various 
advanced spectroscopy and imaging as shown in Fig. 
1. 

【Expected Research Achievements and 
Scientific Significance】 

We expect a significant increase of photon flux of 
attosecond pulses in VUV, XUV, and SX regions, 
which will enable a wide range of ultrafast 
spectroscopy of solids on the attosecond time scale. 
This will give us an opportunity to merge 
attosecond science and materials science, which 
leads to a new framework to understand the 
dynamics of non-equilibrium or highly-excited 
states of matters 
 

【Publications Relevant to the Project】 
N. Saito, N. Ishii, T. Kanai, S. Watanabe, and J. 
Itatani, “Attosecond streaking measurement of 
extreme ultraviolet pulses using a 
long-wavelength electric field,” Scientific Reports, 
6:35594, 1-5 (2016). 
N. Ishii, K. Kaneshima, K. Kitano, T. Kanai, S. 
Watanabe, and J. Itatani, “Carrier-envelope 
phase-dependent high harmonic generation in the 
water window using few-cycle infrared pulses,” 
Nature Commun. 5:3331, 1-6 (2014). 
 

【Term of Project】FY2018-2022 
 

【Budget Allocation】150,300 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://itatani.issp.u-tokyo.ac.jp/ 
JItatani@issp.u-tokyo.ac.jp 
 

Figure 1 Schematic of an attosecond sources and 
an ultrafast measurement system. 
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 Title of Project： Low temperature ammonia synthesis by 
heterogeneous catalysts enhancing electron-donating 
power 

Michikazu Hara  
(Tokyo Institute of Technology, Institute of Innovative Research, 
Professor) 

Research Project Number：18H05251 Researcher Number：70272713 
Keyword：Heterogeneous catalyst, Ammonia synthesis 

【Purpose and Background of the Research】 
The mass production of ammonia by so-called 
“Haber-Bosh process” using iron-based catalysts 
has supported the increase in human population 
and modern civilization for over 100 years. Because 
ammonia synthetic reaction is an exothermic 
reaction, increase in reaction temperature 
immediately decreases ammonia yield. In fact, the 
maximum ammonia yield at 400 °C cannot 
transcend 40% even under a high pressure of 20 
MPa. For this reason, commercial ammonia 
production process using iron-based catalysts with 
high working temperatures over 400 °C requires 
compression to tens-a few tens MPa in order to 
achieve an ammonia yield of ca. 30%, causing large 
energy consumption and heavy manufacturing 
plant. Thus, further decrease in catalyst working 
temperature for increase in ammonia yield has 
been remaining as a challenging subject since 
ammonia production by Haber-Bosch process.    
The aim of this study is to create a new 
heterogeneous catalytic system to give an ammonia 
yield over 80% under pressures below 5 MPa, i.e. a 
novel heterogeneous catalyst that works efficiently 
for ammonia synthesis below 150 °C, to overcome 
the above drawback in conventional ammonia 
production.   

 
【Research Methods】 

In this study, the desired catalyst is created by 
combining transition metal nanoparticles as active 
sites with a family of strong electron-donating 
materials that have both low work functions and 
stability under ammonia synthetic conditions via 
the followings. 
1. The optimal combination of transition metal 
nanoparticles with the strong electron-donating 
materials as supports is found by examining 
ammonia synthetic activities for transition metal 
nanoparticles-deposited electron-donating 
materials. 
2. The electron-donating capability of the selected 
electron-donating material is remarkably enhanced 
though several methods. 
3. The catalyst consisting of transition metal 
nanoparticles and support enhancing 
electron-donating capability is examined through 

ammonia synthesis below 150 °C and 5 MPa to 
find the working principles for further efficient 
catalysts. 

 
【Expected Research Achievements and 

Scientific Significance】 
While “Wind to Ammonia”(Figure 1), on-site 
ammonia production using H2 form wind power 
station, is attracting public attention as a 
sustainable ammonia production without using 
fossil resources, this is difficult to realize because 
conventional Haber-Bosch process consumes too 
much energy. This study to decrease energy 
consumption for ammonia synthesis can enable 
sustainable ammonia production through “Wind to 
Ammonia”.     

 
 
 
 
 
 
 
 
 
 
 
 
【Publications Relevant to the Project】 

•Komanoya, T; Kinemura, T; Kita, Y; Kamata, K; 
Hara, M*, “Electronic Effect of Ruthenium 
Nanoparticles on Efficient Reductive Amination 
of Carbonyl Compounds”, J. Am. Chem. Soc., 139, 
11493–11499, 2017.  

•Hara, M*; Kitano, M; Hosono, H*, “Ru-Loaded 
C12A7:e- Electride as a Catalyst for Ammonia 
Synthesis“, ACS Catalysis, 7, 2312-2324, 2017.  

 
【Term of Project】FY2018-2022 
 
【Budget Allocation】146,600 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www.msl.titech.ac.jp/~hara 
mhara@mas.titech.ac.jp.  

Figure 1 Wind to ammonia
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【Grant-in-Aid for Scientific Research (S)】 
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 Title of Project： Creation of platform for the next generation 
synchrotron radiation microspectroscopy by 
multi-dimensional X-ray ptychography 

Yukio Takahashi 
(Osaka University, Graduate School of Engineering,  
Associate Professor) 

Research Project Number：18H05253 Researcher Number：00415217 
Keyword：Synchrotron radiation, X-ray ptychography, Phase retrieval, X-ray absorption spectroscopy 

【Purpose and Background of the Research】 
Many practical materials are heterogeneous 
complex systems with domain structures from 
nanometer to sub-micrometer scale. Therefore, it is 
important to understand correlation between the 
fine structures and the function at nano-meso scale 
when we design and develop new functional 
materials. 

So far, we have developed high-resolution and 
high-sensitivity X-ray ptychography that is nano 
structural imaging method based on the 
synchrotron coherent X-ray diffraction and phase 
retrieval calculation. Recently, we have 
demonstrated ptychographic-XAFS method which 
can visualize both the structure and chemical state 
of bulk materials at the nanoscale. 

In this study, we will improve 
ptychographic-XAFS method, and then apply to 
correlation analysis of the fine structures and the 
function of various functional materials. Finally, we 
will create the platform for the next generation 
synchrotron radiation microspectroscopy. 
 

【Research Methods】 
We dramatically reduce the measurement time of 
ptychographic-XAFS method using X-ray optics 
approach and information technology approach. We 
establish multi-dimensional X-ray ptychography, in 
which ptychographic-XAFS method is extended to 
three-dimensional space by combining with 
computed tomography. We perform the correlation 
analysis of the fine structures and the function of 
functional materials, such as catalyst materials, 
polymeric materials, and magnetic materials. 
 

【Expected Research Achievements and 
Scientific Significance】 

Currently, TEM-EELS is widely used as a main 
tool for microspectroscopy. However, it is difficult 
to observe thick samples more than a few tens 
nanometer in thickness by TEM-EELS. On the 
other hand, multi-dimensional X-ray ptychography 
can observe the thick samples at ten nanometer 
resolution, and hence can pioneer the frontier of 
science of correlation between the structure and 
the function of heterogeneous complex systems. 
  The next generation synchrotron facilities 
provide us high-intense coherent X-rays. By 
utilizing the platform in the next generation 
synchrotron facilities, the design and development 
of new functional materials will be facilitated. 
 

【Publications Relevant to the Project】 
・A. Suzuki, K. Shimomura, M. Hirose, N. Burdet, 

and Y. Takahashi, "Dark-field X-ray 
ptychography: Towards high-resolution imaging 
of thick and unstained biological specimens", 
Scientific Reports 6, 35060 (2016). 

・M. Hirose, K. Shimomura, N. Burdet, and Y. 
Takahashi, "Use of Kramers-Kronig relation in 
phase retrieval calculation in X-ray 
spectro-ptychography", Optics Express 25, 
8593-8603 (2017). 

・M. Hirose, N. Ishiguro, K. Shimomura, N. 
Burdet, H. Matsui, M. Tada, and Y. Takahashi, 
"Visualization of heterogeneous oxygen storage 
behavior in platinum-supported 
cerium-zirconium oxide three-way catalyst 
particles by hard X-ray spectro-ptychography", 
Angewandte Chemie International Edition 130, 
1490-1495 (2018). 

 
【Term of Project】FY2018-2022 

 
【Budget Allocation】136,400 Thousand Yen 

 
【Homepage Address and Other Contact 

Information】
http://www-up.prec.eng.osaka-u.ac.jp/takahashi 

 
 Figure 1 Representation of ptychographic-XAFS 

method. 
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【Grant-in-Aid for Scientific Research (S)】 
  Broad Section D 
 
 

 Title of Project： “Materials Science of Anisotropy” for induction of 
bone tissue anisotropy 

Takayoshi Nakano 
(Osaka University, Graduate School of Engineering, Professor) 

Research Project Number：18H05254 Researcher Number：30243182 
Keyword：biofunctional materials, bone anisotropy 

【Purpose and Background of the Research】 
Biological apatite crystallizes in an anisotropic 

hexagonal crystal system, which governs the 
mechanical function of bone tissue. The apatite 
orientation varies depending on the bone 
anatomical portion, which corresponds to the in 
vivo stress distribution (Figure 1). 
In this project, we raise a fundamental and core 

question, “what makes anisotropy in bone tissue?” 
and try to answer it by an interdisciplinary 
approach merging “Materials Science” and “Bone 
Biology”. We apply two identical strategies; (1) 
elucidation of mechanisms for spontaneous 
organization of bone anisotropy (direct approach) 
and (2) development of anisotropic bone implant 
using additive manufacturing (indirect approach). 

 
【Research Methods】 

(1) Spontaneous generation process of anisotropy 
in biological system 
Unveiling the biological mechanisms underlying 

the endogenous regulation of bone anisotropy 
mediated by cellular signaling. 
(2) Construction of novel biomaterials which 

realize the anisotropic bone regeneration 
Elucidation and control of regulatory 

mechanisms of anisotropic atomic arrangements 
in metal additive manufacturing for novel 
implants with biocompatible mechanical 
performances. 

 
【Expected Research Achievements and 

 Scientific Significance】 
An interdisciplinary approach for unexplored 

mechanisms underlying the expression of 
“anisotropy” in bone tissue will pioneer a new 
scientific field, “Materials Science of Anisotropy”. 
 

【Publications Relevant to the Project】 
・T. Ishimoto, K. Hagihara, T. Nakano et al., 

Scripta Materialia, 132 (2017) pp. 34―38. 
・T. Ishimoto, T. Nakano et al., Bone, 103 (2017) 

pp. 216―223. 
 

【Term of Project】FY2018-2022 
 

【Budget Allocation】148,800 Thousand Yen 
 

【Homepage Address and Other Contact 
Information】 
http://www.mat.eng.osaka-u.ac.jp/msp6/nakano/  
nakano@mat.eng.osaka-u.ac.jp 
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Figure 1 Apatite orientation depending on the 

bone anatomical portion 

Loss of anisotropy Gain of anisotropy

Atomic arrangement
isotropic

M
at

er
ia

ls
 S

ci
en

ce
Bo

ne
 B

io
lo

gybone cells

Conventional
Bone Implantology

Novel Anisotropic
Bone Implantology

Atomic arrangement
anisotropic

collagen/apatite

Figure 2 Development of a novel anisotropic bone 
implantology by merging “Materials Science” and 

“Bone Biology” 

- 93 -

Grant-in-Aid for Scientific 
Research (S)



【Grant-in-Aid for Scientific Research (S)】 
  Broad Section D 
 
 

 Title of Project： Dynamics of Composite Electrodes in All-Solid-State 
Ionics Devices 

Masahiro Tatsumisago 
(Osaka Prefecture University, Graduate School of Engineering, 
Professor) 

Research Project Number：18H05255 Researcher Number：50137238 
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【Purpose and Background of the Research】 
All-solid-state ionics devices are attracting 

attention. Among them, the inorganic solid 
electrolyte-type all-solid-state batteries are the 
ultimate energy storage device having high safety, 
high energy density, high output and long life. 
Beginning with the commercialization of 
all-solid-state batteries coming in the near future, 
the arrival of all-solid-state ionics device era such 
as all-solid-state capacitors and all-solid-state air 
batteries is predicted. With respect to the 
construction of the solid-solid interface, which is a 
problem unique to all-solid-state ionics devices, 
there are many problems that have not yet been 
dissolved. We have found "a phenomenon of room 
temperature pressure sintering" so far and 
succeeded in constructing a favorable solid-solid 
interface. On the other hand, there are almost no 
academic approaches to various problems 
associated with mechanical phenomena occurring 
during device operation despite its high 
importance. Currently, it is only an understanding 
of phenomena caused by substance alone such as 
volume change of the electrode active material 
itself, and the essence of dynamics in the entire 
electrode composite is not understood at all.  

In this research project, we aim to establish an 
academic foundation on the solid interface, which 
is a common problem of all-solid-state ionics 
devices, such as clarification of tasks related to 
composite electrode dynamics and suggesting 
solutions from the viewpoint of materials research. 

 
 

【Research Methods】 
We engage with the development of a method for 

quantifying the relationship between the structure 
and the electrical properties for the composite 
electrode, and the construction of a foundation for 
the properties of elastic and plastic regions of the 
composite electrode. Furthermore, we aim to 
create rubber elastic ionics materials and 
self-healing solid interfaces by plastic ionics 
materials. Mobile ions are not limited to lithium 
ion, but also sodium ion and the other ions. Also, 
we do comprehensively conduct research that 
contributes to solving common problems of 
electrode composites of all-solid-state devices, 
without limiting material types. 

 
【Expected Research Achievements and 

Scientific Significance】 
We are aiming to establish the foundation for 

"the construction and maintenance of the 
solid-solid interface" which is a common problem 
of all-solid-state ionics devices. These research on 
composite electrodes are an unexplored research 
field and thus the knowledge obtained here is 
extremely useful for a wide range of disciplines of 
engineering and other fields including material 
engineering and electrochemistry. 

 
【Publications Relevant to the Project】 
・A. Sakuda, A. Hayashi, M. Tatsumisago, “Sulfide 

Solid Electrolyte with Favorable Mechanical 
Property for All-Solid-State Lithium Battery”, 
Sci. Rep., 3-2261, 1-5 (2013). 

・ A. Hayashi, A. Sakuda, M. Tatsumisago, 
“Development of Sulfide Solid Electrolytes and 
Interface Formation Processes for Bulk-Type 
All-Solid-State Li and Na Batteries”, Front. 
Ener. Res., 4:25, 1-13 (2016). 

 
【Term of Project】FY2018-2022 
 
【Budget Allocation】143,400 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
http://www2.chem.osakafu-u.ac.jp/ohka/ohka2/e
nglish/index.html 

Fig. 1 Conceptual diagram of all-solid ionic 
device and the composite electrode. 
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【Purpose and Background of the Research】 
Over many years, ultra-fine grained (UFG) 

metals have been proved to be attractive structural 
materials because of superior strength, especially 
when compared to their coarse-grained (CG) 
counterparts. However, the downside of 
homogeneous UFG materials is typically in a low 
elongation because of the plastic instability in the 
early stage of deformation. Therefore, fabrication of 
materials with superior combinations of high 
strength and high elongation remains a hot issue in 
material engineering.  

The Harmonic Structure (HS) design can be a 
candidate materials design, which combines high 
strength with high ductility at the same time. Fig.1 
demonstrates a concept of the HS design. As 
opposed to a “Homogeneous-UFG“ material, “HS” 
material has a unique heterogeneous 
“Three-dimensionally (3D) Gradient 
Microstructure” wherein the UFG areas form an 
interconnected three-dimensional network 
surrounding CG regions, and CG and UFG areas 
are periodically arranged in all the directions.  

The HS materials demonstrate various 
anomalous deformation behaviors, such as 
“preferential recrystallization”, “preferential stress 
induced transformation”, and so on. Therefore, the 
purpose of the present research project is to reveal 
these unique deformation behaviors, and to create 
an innovative structure metallic materials design 
concept.    

 
【Research Methods】 

The first step of the research is to develop 

efficient process to fabricate the HS materials via 
several severe plastic deformation powder 
metallurgy processes. The HS materials are 
provided to deformation behavior analysis not only 
by an in-situ SEM deformation analysis facilities 
but also the Spring-8 synchrotron facility. 
Simulation techniques such as MD and FEM 
modellings are also applied to clarify deformation 
mechanism from the atomic scale. 
 

【Expected Research Achievements and 
Scientific Significance】 
By this research project, we can expect to solve 

the strength-ductility paradox. Understanding of 
the micro- and macro-scale deformation 
mechanisms will be the guide to create innovative 
structure materials. From the engineering point of 
view, the HS materials can be fabricated by 
combination of the classical industrial methods 
based on the powder metallurgy processes. It is 
worth to note that this research project will be very 
useful in the practical applications.  
  Furthermore, the young researchers as well as 
students expected to be grown through the 
international research collaborations in this 
research project. 
 

【Publications Relevant to the Project】 
S.K.Vajpai, M.Ota, Z.Zhang, K.Ameyama, 

Three-Dimensionally Gradient Harmonic 
Structure Design: An Integrated Approach for 
High Performance Structural Materials, 
Materials Research Letters, 4, 191-197, 2016. 

J.Li, J.Liu, G.Dirras, K.Ameyama, F.Cazes, 
M.Ota, A three-dimensional multi-scale 
polycrystalline plasticity model coupled with 
damage for pure Ti with harmonic structure 
design, Int. J. Plasticity, 100, 192-207, 2018. 

 
【Term of Project】FY2018-2022 

 
【Budget Allocation】155,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.amelab.se.ritsumei.ac.jp/en/home 
ameyama@se.ritsumei.ac.jp 

 
Fig.1 Concept of the HS Design 
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Yousoo Kim  
(RIKEN, Cluster for Pioneering Research, Chief Scientist) 

Research Project Number：18H05257 Researcher Number：50373296 
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【Purpose and Background of the Research】 
The interaction between light and matter is the 
origin of various "functions" such as color, 
luminescence, photochemical reaction, photoelectric 
conversion, etc. 
When irradiated on a metal nanoscale structure, 
light can be collected in a tiny region of several nm 
which far exceeds the diffraction limit (several 100 
nm) of light. We have studied spectroscopic 
measurements and photochemical reactions at the 
single-molecule level by using extremely small light 
(near-field light) localized between a metal probe of 
a scanning tunneling microscope (STM) and a metal 
substrate. However, the frequency and polarized 
state of the near-field light used so far have been 
extremely limited. That is mainly because that only 
the electric field component has been examined in 
the limited frequency range such as visible to near 
infrared in the linear response range. 
This study aims at realizing near-field 
photochemistry and developing single-molecule 
spectroscopic measurement based on the 
interaction between the near-filed light at the STM 
tip and various quantum states of a target 
molecule. 
 

【Research Methods】 
For further development of near-field optical 
science, it is necessary to understand the near-field 
light itself more from the basic scientific point of 
view and to elucidate the interaction with the 
substance. However, in order to examine the 
near-field light itself precisely, it is enavitable to 
use a microscope having a spatial resolution of an 
atomic scale (~0.1 nm) which is sufficiently smaller 

than the size of the near-field light of several nm. 
Therefore, in this research, we precisely control 
the frequency and polarization state of the 
near-field light induced just under the STM probe, 
by changing the irradiating light variously. In 
addition, we clarify the interaction between 
near-field light and matter by conducting 
high-precision measurement and theoretical 
analysis using the quantum state of a single 
molecule as a probe in a system defined at the 
atomic level. 
 

【Expected Research Achievements and 
Scientific Significance】 

The detailed studies of the interaction between the 
near-field light and the matters will provide the 
establishment of the principle which governs the 
elementary process in the near-field optical 
microscope, near-field photochemical reaction, 
enhanced Raman scattering spectroscopy, etc. 
 

【Publications Relevant to the Project】 
・E. Kazuma, J. Jung, H. Ueba, M. Trenary, Y. 
Kim, “Real-space and real-time observation of a 
plasmon-induced chemical reaction of a single 
molecule” Science 360 (2018) 521. 
・ H. Imada, K. Miwa, M. Imai-Imada, S. 
Kawahara, K. Kimura and Y. Kim, “Single 
molecule investigation of energy dynamics in a 
coupled plasmon-exciton system” Phys. Rev. Lett. 
119 (2017) 013901.  
・ H. Imada, K. Miwa, M. Imai-Imada, S. 
Kawahara, K. Kimura and Y. Kim, “Real-space 
investigation of energy transfer in heterogeneous 
molecular dimer” Nature 538 (2016) 364. 
 

【Term of Project】FY2018-2022 
 

【Budget Allocation】150,600 Thousand Yen 
 

【Homepage Address and Other Contact 
Information】 
http:// www.riken.go.jp/Kimlab/index.html 
ykim@riken.jp  

Figure 1 A schematic of creation of 
near-field light and its interaction with a 

single molecule 
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【Purpose and Background of the Research】 
One by one transfer and detection of electrons 

based on the single-electron charging effect in 
nanostructures enable us to build ultimate 
electronic devices such as quantum current 
standards and high sensitivity sensors, which will 
be applicable to ultimate precession measurements. 
This project is dedicated to the development of high 
speed single-electron transfer and detection devices, 
high-resistance quantum Hall arrays and current 
multiplication devices for high-accuracy current 
measurements. We aim at realizing the quantum 
metrology triangle (QMT) (Fig. 1), which is an 
experiment for the consistency check of three 
quantum electrical standards, with the best 
accuracy in the world. 

 
【Research Methods】 

In the 5 years project, NTT, AIST, and UEC will 
develop component devices and measurement 
techniques and combine them to perform 
high-accuracy QMT experiments cooperatively. 
 NTT will develop sub-10-GHz clocked silicon 
single-electron devices, which are key devices for 
quantum current standards generating a high 
(nanoampere level) current. Electron dynamics 
and error mechanism related to the single-electron 
transfer are intensively investigated to realize a 
high precision current source. 

In order to convert the generated current to a 
voltage comparable to the Josephson voltage 
standard, AIST will develop 10-MΩ quantum Hall 
array resistance standards. Towards the final goal 
of QMT experiments, AIST will build a unified 
measurement system in a refrigerator including 
all quantum electrical standards (Fig. 1).  

UEC will develop quantum current mirrors for 
precise current multiplication based on coupled  

arrays of Josephson tunnel junction. A novel 
scheme of single-electron detection in a 
sub-10-GHz regime is also studied utilizing single 
magnetic flux quantum (SFQ) circuits, which will 
be applied to absolute evaluation of the accuracy 
of single-electron current standards. 

 
【Expected Research Achievements and 

Scientific Significance】 
 QMT has been perused for decades towards 
consistency check of the fundamental constants of 
nature such as the Planck constant and the 
elementary charge. Scientific impact of the QMT 
realization with the world-best accuracy will be 
significantly high. Furthermore, developed 
devices and techniques in the project are expected 
to lead to portable standards/calibration systems, 
real-time sensors for chemical and biological 
applications, and ultimate precision 
measurement apparatuses, which are all 
beneficial in various engineering and industrial 
fields. 

 
【Publications Relevant to the Project】 
・G. Yamahata, K. Nishiguchi, and A. Fujiwara, 
Gigahertz single-trap electron pumps in silicon, 
Nat. Commun. 5, 5038 (2014). 
・G. Yamahata et al., Gigahertz single-electron 
pumping in silicon with an accuracy better than 
9.2 parts in 107, Appl. Phys. Lett. 109, 013101 
(2016). 
・ N. Kaneko, Review of Quantum Electrical 
Standards and Benefits and Effects of the 
Implementation of the ‘Revised SI’, IEEJ Trans. 12 
627 (2017). 

 
【Term of Project】FY2018-2022 
 
【Budget Allocation】151,400 Thousand Yen 
 
【Homepage Address and Other Contact  

Information】 
NTT：http://www.brl.ntt.co.jp/people/afuji/ 
http://www.brl.ntt.co.jp/e/group_004/group_004.
html 
AIST： 
https:// unit.aist.go.jp/ripm/qelec-std/ 
UEC：http://inaho.pc.uec.ac.jp/ Fig. 1 Quantum metrology

triangle (QMT) 

Fig. 2 Silicon single-
electron devices 
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