












Development and characterization of new Bi-substituted iron garnets 

GHz
4f

Nd
4f

Nd Pr Eu Sm
MOD GGG

MOD PrBiFe-04(0.5/2.5/5)
EuBiFe-04(0.5/2.5/5) SmBiFe-04(0.5/2.5/5) MOD GGG(111)

3000 rpm 30 100 °C 10 450 °C 10
590-810 °C 3

Pr0.5Bi2.5Fe5O12 Sm0.5Bi2.5Fe5O12 Er0.5Bi2.5Fe5O12 088
GGG

Pr0.5Bi2.5Fe5O12 Sm0.5Bi2.5Fe5O12 Er0.5Bi2.5Fe5O12 088

1



Bi
2.5 Pr Eu Sm

GGG

MOD Gd3Ga5O12 Bi,Ga:Nd3Fe5O12

MAG-19-105 (2019)
Bi Nd

A( ) Vol.140 No.3 pp.131-135 (2020)

, , , Y3Fe4GaO12

18p-PB1-52 2019 9 18-21

, , , , , ,

MOD Nd0.5Bi2.5Fe4.5Ga0.5O12 18p-PA5-1
2019 9 18-21

, , , , , ,

20p-E313-2
2019 2019 9 18-21

, , , , , ,

MOD Bi,Ga:Nd3Fe5O12 21a-C310-8
2019 9 18-21

, , , , , ,
MOD Bi 25pPS-12 9 25

2019 9 25-27

2



Fe
Development of strain gage using Fe-based amorphous alloy film 
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Evaluation of electron phase diffractive element
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Y. Uesugi, R. Fukushima, K. Saitoh, S. Sato, Creating electron phase holograms using
femtosecond laser interference processing, Opt. Express, 27(15), 20958-20964 (2019).
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2019 6 28 .

80
2019 9 17 20 .

74
2019 12 2 3 .

8



 

 

別紙様式２－２ 

 

収差補正電子顕微鏡を用いた 

金属ナノ粒子触媒の三次元計測手法の開発 

Development of a three-dimensional measurement method of  

metal nanoparticle catalysts using aberration-corrected TEM 

 

山﨑 順・大阪大学・超高圧電子顕微鏡センター・准教授 

吉田健太・東北大学・金属材料研究所・准教授 

齋藤 晃・名古屋大学・未来材料・システム研究所・教授    

 

１．研究目的 

 本研究では、燃料電池電極部などで高機能触媒として機能する金属ナノ粒子の三次元分

布を電子顕微鏡で計測する新たな手法として、収差補正 TEM の高さ分解能（電子線透過方

向への分解能）を活用した動画撮影に基づく計測手法を開発する。活性の異なる白金ナノ

粒子触媒の計測結果を比較し、三次元構造の差異と活性との関連を調べることを目的とす

る。 

 

２．研究内容と成果 

本研究で開発を目指す三次元計測法に必須な実験設備は、結像系収差補正装置を備え

た透過電子顕微鏡（収差補正 TEM）である。さらにレンズのフォーカス変更に伴う余

分なレンズ収差の発生を避けるため、モーター駆動では無くピエゾ駆動の試料高さ変更

機構を有する装置が望ましい。これらを備えた数少ない装置として、名大未来研の齋藤

教授が所有する電子顕微鏡を実験に用いた。 

 

  

図１ 像シミュレーションによって解明した、金ナノ結晶の収差補正 TEM 像における

正焦点位置の電子線入射方位依存性。左図は立方晶結晶の対称性を考慮した最小立体角

範囲における格子縞コントラスト極小条件、右図はコントラスト極小位置の模式図。 

従来の高分解能 TEM 結像理論は、弱位相物体近似と呼ばれる一種の運動学的近似に

基づいたものであり、この近似に基づく限りナノ粒子の中央位置に焦点を合わせた場合

に収差補正 TEM 像の格子縞コントラストが極小となることを、近年代表者らは主張し
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ている。本研究では、コントラスト極小焦点位置を検出することによりナノ粒子の三次

元位置を読み取ることに取り組んでいるが、上記の近似範囲を超えて計測精度を向上さ

せるため、入射電子線の動力学回折効果について電子顕微鏡像シミュレーションに基づ

く検証を行った。金結晶について様々な入射方位についてのシミュレーションを系統的

に行った結果、主要晶帯軸入射および特に回折効果の強い菊池バンドに沿ったごく一部

の入射方位を除き、直径 5nm 以内の粒子では中央位置から下方に 1±1nm シフトした高

さにコントラスト極小焦点位置が存在することが明らかとなった（図１）。 

 

 

図２ 25 度傾斜したカーボン

膜上ナノ粒子の電顕像と、その

解析によって得られた三次元

分布。計測された各ナノ粒子の

高低差は、本来のカーボン膜の

傾斜角度と一致しており、高い

精度での三次元計測に成功し

ている。 

この知見に基づき、カーボン薄膜に担持された金ナノ粒子をテスト試料として、３

次元計測を行った。図２に示すように、膜状試料を故意に傾斜して撮影した TEM 像

からナノ粒子の高低差を計測したところ、膜の傾斜角度を再現する結果が得られた。

従来の傾斜シリーズ電子線トモグラフィーで計測する場合 30 分から１時間程度の電

子ビーム照射を必要とし、その間の照射ダメージが大きな問題となる。一方今回開発

した手法では 30 秒から１分での計測が可能であり、画期的な成果であるといえる。

燃料電池用の触媒材料として用いられるカーボン担持白金ナノ触媒の三次元分布計

測への応用を今後目指していく。 

 

【研究成果の公表状況】 

＜国際・国内会議＞ 

・ Jun Yamasaki, Masaki Kano, Koh Saitoh, Kenta Yoshida, Keita Kobayashi, and Nobuo 

Tanaka, "Analysing 3D distribution of nanoparticles by aberration-corrected TEM focal 

series", The Fifth Conference on Frontiers of Aberration Corrected Electron Microscopy 

(PICO2019), Kasteel Vaalsbroek, the Netherlands, 6-10 May 2019. 

・山﨑 順，鹿野 正起，齋藤 晃，吉田 健太，小林 慶太 「収差補正 TEM のスルーフ

ォーカスシリーズに基づく金属ナノ粒子三次元分布計測法の開発」 応用物理学会 

第 80 回秋季学術講演会，北海道大学, 2019 年 9 月 18 日～21 日. 

・J. Yamasaki, M. Kano, K. Saitoh, K. Yoshida, K. Kobayashi, and N. Tanaka, "Analyzing 3D 

Distributions of Au/Pt Nanoparticles by Focal Series of Aberration-Corrected TEM Images", 

International Conference on Materials and Systems for Sustainability 2019 (ICMaSS2019), 

Nagoya University, 1-3 November 2019. 
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Electron vortex imaging study for development of advanced materials
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 Y. Noguchi, S. Nakayama, T.Ishida, K. Saitoh, and M. Uchida, “Efficient measurement of the
orbital angular momentum spectrum of an electron beam via a Dammann vortex grating”,
Phys. Rev. Applied. 12, 064062 (2019).
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IoT  
 

Study on strength design standards in environmental-resistant IoT devices for 
energy-saving promotion 
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in-situ TEM
In-situ TEM-MS of methanation using hydrogen storage alloys

IMaSS

CO2

CO2

TEM
3

TEM 0.01
CO2 CO2

0.01
Ti0.515Zr0.485Mn1.2Cr0.8M0.1 AB2-M M = Fe, Ni

ZrMn2 [1]
ZrMn1.9M0.1 M = Fe, Ni 900 24 h

X SEM-EDX

TEM 0.1
20% 0.01

ZrMn2 300 1 0.01
1 2

0.01
2 40

27 0.01
ZrMn2-M

17



CO2 ZrMn2-M CO2

GC-FID CO CO2 GC
CO CO2

ZrMn2

0.9MPa 200 1 0.9 MPa 200 30
30 2 PCTPro-2000 SETARAM
200

CO2 CO2 1 MPa 30
30 0.9MPa 200 3

GC-FID CO2

CO 1
CO CO2

CO AB2-M
CO2 CO

1 ZrMn2-M AB2-M CO2 A=AB2 AN=AB2-Ni AF=AB2-Fe Z=ZrMn2

ZN=ZrMn2-Ni ZF=ZrMn2-Fe

CO2 AB2-M ZrMn2-M CO2

Ni
Ni CO2

ZrMn2-Ni CO2

ZrMn2-Ni AB2-Ni

[1] 67 2016 1-6.

, , , , ZrMn2

CO2 14 2019
9

18



L10-FeNi
Development of deposition technique for realization of 

rare-metal-free ferromagnet L10 -FeNi
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M. Saito, H. Ito, Y. Suzuki, M. Mizuguchi, T. Koganezawa, T. Miyamachi, F. Komori, K. 
Takanashi, and *M. Kotsugi, “Fabrication of L10-FeNi by pulsed-laser deposition”, Appl. Phys. 
Lett. 114, 072404 (2019)

M. Kotsugi, M. Saito, Y. Suzuki, M. Mizuguchi, T. Koganezawa, T. Miyamachi, F. 
Komori, K. Takanashi “Fabrication of L10-FeNi by pulsed laser deposition system”, 
International Conference on Materials and Systems for Sustainability 2019 (ICMaSS 
2019), 1-3, Nov. (2019) 
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Fig.1 UV-Vis spectra for Au-nanoparticle with nitrogen nano-bubble for 10 
min. discharging (Black), for 20 min. discharging (Green) and without nano-
bubble fabricated by solution plasma method (red) 
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Energy Transfer Process on Hydrated Biomolecules
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X 51 (2020)
251-259.

K. Fujii, A. Yokoya, XANES spectral Changes of Hydrated Deoxyribose induced by K-shell 
Ionization of Oxygen, AIP Conf. Proc. 2054 (2019) 04005.

M-A. HERVÉ du PENHOAT, M-F. POLITIS, X
DNA 1

2019-4-11.

K. Fujii, A. Yokoya, M-A. Herve du Penhoat,  M-F. Politis, Physical Process of Radiation 
Damage to DNA utilizing Soft X-ray Spectroscopy, The international workshop for synergetic 
collaboration between material and synchrotron science through IMR-MAX IV joint research, 
Tohoku University, 2020-01-14 (Invited Talk).

K. Fujii, A. Yokoya,  M-A. Herve du Penhoat,  M-F. Politis, Physical Process of DNA 
Strand Breakages by Ionizing Radiations utilizing Synchrotron Soft X-ray Spectroscopy, The 
8th International Symposium of Gunma University Initiative for Advanced Research, Gunma 
University, 2020-02-03

K. Fujii, A. Yokoya,  M-A, Herve du Penhoat,  M-F. Politis, Physical Process of DNA 
Strand Breakage induced by Ionizing Radiations, International Conference on Materials and 
System for Sustainability, Nagoya University 2019-11-02

K. Fujii, A. Yokoya, M-A. Herve du Penhoat,  M-F. Politis, Physical Process of DNA Strand 
Breakage induced by Core-Electron Ionization, International Young Researchers Workshop on 
Synchrotron Radiation Science, Hiroshima University, 2019-09-03

K. Fujii, A. Yokoya,  M-A. Herve du Penhoat,  M-F. Politis, Ultrafast Proton Transfers 
between DNA strand and hydrating water molecules, The 3rd QST International Symposium

Quantum Life Science 2019-12-04
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Fabrication of Ga2O3 nanosheet photocatalyst for CO2 reduction
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1 (a) 823 K, (b) 923 K, (c) 1023 K, (d) 1123 K Ga2O3

TEM XRD . 
 
 

2 Ag/cGa2O3 Ag/Ga2O3 (1123 
K) CO2 . 

K. Sonoda, M. Yamamoto, T. Tanabe, T. Yoshida, “The assessment of gallium oxide 
nanosheet photocatalyst prepared using graphene oxide template”, International Conference 
on Artificial Photosynthesis-2019, Hiroshima, Japan, Nov. 20-24, 2019.
M. Yamamoto, T. Tanabe, T. Yoshida, “Photocatalytic carbon dioxide reduction over gallium 
oxide with silver co-catalyst”, International Conference on Materials and Systems for 
Sustainability, Nagoya, Japan, Nov. 1-3, 2019.
K. Sonoda, M. Yamamoto, T. Tanabe, T. Yoshida, “Synthesis and analysis of gallium oxide 
nanosheet photocatalystusing graphene oxide template”, 12th International Symposium on 
Atomic Level Characterizations for New Materials and Devices '19, Kyoto, Japan, Oct. 
20-25, 2019.

124 2019
9 18-20 .

K. Sonoda, M. Yamamoto, T. Tanabe, T. Yoshida, “The evaluation of the photocatalysis of 
silver loaded Ga2O3 nanosheets made with graphene oxide as a template”, 14th European 
Congress on Catalysis, Aachen, Germany, Aug. 18-23, 2019.
K. Sonoda, M. Yamamoto, T. Tanabe, T. Yoshida, “Preparation of gallium oxide nanosheet 
photocatalyst using graphene oxide template”, 10 , ,
2019 6 7 .
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Development of in vivo dose measurement system for proton therapy 
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 T. Toshito, M. Kimura, O. Sato, M. Nakamura, Single Photon Emission Computed 
Tomography System using Emulsion to visualize Irradiation Fields for Particle Therapy, 
International Conference on Materials and Systems for Sustainability, 2019
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Applications of nuclear emulsion technologies for identifying cosmic ray nuclei
in generally scanned nuclear emulsion plates
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20-26(2019.12)
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Emulsion Gamma ray Telescope Experiments (GRAINE) and with HIMAC Heavy 
Ion Beam experiments”, International Conference on Materials ans Systems for 
sustainability(ICMaSS2019) 2019 11 1 3  
Saya Yamamoto et al., “Development of desensitized nuclear emulsion films for 
exploring the composition of cosmic ray nuclei”  International Conference on 
Materials ans Systems for sustainability(ICMaSS2019) 2019 11 1
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Analysis of network system for resource in ancient society
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Development of a new type of emulsion detector for a faster readout

1
3

10

X

Scientific Reports [1]

1

[1] R. Nishiyama, A. Ariga, T. Ariga, A. Lechmann, D. Mair, C. Pistillo, P. Scampoli, P. G. Valla, 
M. Vladymyrov, A. Ereditato and F. Schlunegger, Bedrock sculpting under an active alpine 
glacier revealed from cosmic-ray muon radiography, Scientific Reports 9, Article number: 6970 
(2019).
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A. Ariga, T. Ariga, A. Lechmann, D. Mair, , R. Nishiyama, C. Pistillo, P. Scampoli, P. G. 
Valla, M. Vladymyrov, A. Ereditato and F. Schlunegger, Steep bedrock topography beneath 
an active alpine glacier discovered by muon radiography, ICMaSS 2019, Nagoya University,
November 1-3, 2019.
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Very fast secondary neutron measurements in proton therapy 
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Mitsuhiro Kimura, Toshiyuki Toshito Hiroyuki Ogino Yuta Shibamoto Mitsuhiro
Nakamura and Osamu Sato ”Secondary neutron measurements in proton therapy with
nuclear emulsion”  International Conference on Materials and Systems for Sustainability
2019 (ICMaSS2019) Nagoya University Nov. 2019.
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Upgrading of momentum measurement techniques in emulsion-based particle detectors
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T. Matsuo et al., Upgrading of momentum measurement techniques in emulsion-based particle detectors,
ICMaSS (International Conference on Materials and Systems for Sustainability) 2019,
Nagoya University, November 1-3, 2019. 
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Fig.1   
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Application of nanostructured tungsten fabricated by helium plasma irradiation for 
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Fig. 2 60 MB SEM
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Y. Tomita, S. Kajita, E. Yasunaga, T. Yoshida, N. Ohno, H. Tanaka, Fabrication of a
nanostructured TiO2 photocatalyst using He plasma-irradiated tungsten and ethylene gas
decomposition, Jpn. J. Appl. Phys., 58 (2019) SEEEG01.

T. Yoshida, K. Komori, M. Yamamoto, C. Tsukada, S. Ogawa, S. Kajita, N. Ohno and S. Yagi, 
Study on nanostructured tungsten photocatalysts fabricated by helium plasma irradiation,
International Conference on Materials and Systems for Sustainability, Nagoya University, Nov.
1-3, 2019. 
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Spatial variation of neutral atom temperature in detached plasma generation process
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Development of measuring techniques for magnetization distribution at buried interface 
in spintronics materials using hard X-ray photoelectron spectroscopy
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[1] E. Ikenaga et al., Synchrotron Radiation News 31, 10 (2018).
[2] G. H. Fecher et al., Jounal of Phyics D: Applied Physics 40, 1576 (2007).
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CT
CT imaging of volcanoes by using cosmic-ray
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S. Miyamoto, S. Nagahara, K. Morishima, T. Nakano, M. Koyama, Y. Suzuki, 
“Omnidirectional muography for volcanoes : the plan for first experimental proof in 
Omuroyama, Shizuoka, Japan”, ICMaSS2019, Nagoya(Japan), 2th Nov., 2019. 
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Characterization of 100 MeV-class laser-accelerated protons using nuclear emulsion 
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Emulsion Cloud Chamber (ECC)
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Takafumi Asai, Masato Kanasaki, Satoshi Jinno, Nobuko Kitagawa, Nobumichi Shutoh,
Satoshi Kodaira, Tomoya Yamauchi, Keiji Oda, Kunihiro Morishima, Yuji Fukuda,
Application of nuclear emulsions for the identification of multi-MeV protons in laser ion
acceleration experiments, High Energy Density Phys., 32, 44-50 (2019).

 
 T. Asai, M. Kanasaki, S. Jinno, N. Kitagawa, N. Shutoh, S. Kodaira, T. Yamauchi, K. Oda, K.
Morishima and Y. Fukuda, Application of Nuclear Emulsions for the Identification of
Laser-accelerated Multi-MeV Protons, International Conference on Materials and Systems
for Sustainability 2019 (ICMaSS 2019), Nagoya, 1-3, Nov. 2019.
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Development of borehole muon imaging method for archaeological investigation
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Development of a novel monitoring system for a micro-hydraulic  

turbine in winter period  
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Development of textbook for a pico-hydroelectric system introduction 
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Noise and Pressure-flowrate Characteristics of a Cavitating Jet
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M1
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A. Watanabe F. Yoshida, S. Iio, T. Uchiyama, K. Takamure, Noise Characteristics of
Cavitating Jet through a Rectangular Orifice with Various Aspect Ratio. ICMaSS 2019, Nagoya
University, 2019 11 1 3 .
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別紙様式２－２ 

 

オンデマンド型相乗り交通システムの動的需要管理と運行最適化手

法に関する研究 
Study on the dynamic demands management and operation optimization method for 

customized bus system 
 

劉鍇・大連理工大学・交通運輸学院・教授 
陈志举・大連理工大学・交通運輸学院・大学院生（博士） 

王江波・名古屋大学・工学研究科・大学院生（博士） 
山本俊行・名古屋大学・未来材料・システム研究所・教授 

 
１．研究目的 

In order to promote the service level of customized bus system (CB) and kinds of demand 
responsive shared transit system (DRSTS), as well as to optimize its operation system, the better 
understanding on the CB demands and their spatial-temporal evolution is required. Further he 

operation optimization models should be developed in order to achieve the complex decision-making 

on bus routing, timetabling and bus deployment. 
 
２．研究内容と成果 

・ A better understanding of passenger loyalty toward the CB service will help provide 
better operation. The urgent and outstanding issue is how to incorporate the unobserved 
heterogeneity in loyalty—in other words, how to reflect the effects of the frailty to terminate 
subscription. This study fills the research gap through an empirical study in Dalian, China. 
Three different survival models are developed to investigate the mechanism of subscription 
behaviors, among which the shared frailty model considering the unobserved heterogeneity is 
demonstrated to be the most appropriate. The results indicate that the historical purchase 
characteristics are the most important to CB user loyalty modeling and forecasting. Males are 
more sensitive than females to the number of intermediate stations because of the potentially 
increased uncertainty in waiting time related to the intermediate stations. The heterogenous 
frailties resulting from the heterogeneity of the perceptible service quality in terms of 
convenience and efficiency in subscribing/returning tickets and information availability in the 
progress of the CB system significantly contribute to user loyalty deviations. 
・ This paper proposes CB demand models to investigate dynamic adjustment, spatial 
interdependence, and spillover effects using spatial dynamic panel data techniques and a 
balanced panel dataset over two years. A wide range of variables for factors in terms of 1) 
quality of service, 2) demographic characteristics, and 3) land use and accessibility, were mined 
from the operational data and additional geospatial big data sources and fused to explore their 
direct and spillover effects on CB demand. The key findings of this study provide important 
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theoretical foundations for potential marketing orientations of the CB service. 
・ In effect, the customized bus network design (CBND) problem is indeed a complex 
optimization problem mainly involving request combination (i.e., combining individual requests 
with similar spatial and temporal characteristics into an aggregate request), request selection 
(i.e., the choice of requests to be served), route planning, timetable design (i.e., estimating the 
arrival time at each node), vehicle deployment (i.e., determining the number and type of buses 
to serve each route), etc. This is what motivated our work to develop a tangible optimization 
model for the CBND problem with known requests of commuters. Formally, given a fleet of 
heterogeneous buses, we seek to formulate an integrated model consisting of routing, 
timetabling, and vehicle deployment, so as to generate a set of demand-oriented bus services to 
cater for the commuters’ requests. Given the travel demand and a mixed fleet of vehicles, a 
mixed integer linear programming (MILP) model is put forward for the complex 
decision-making on bus routing, timetabling and bus deployment, with the objective of 
generating a set of profitable bus services to cater for diverse commuting-trip requests. Due to 
the NP-hardness of the customized bus network design problem, a branch-and-price method is 
implemented to exactly solve the model. In addition, a column generation based heuristic 
algorithm is proposed to seek (near) optimal solutions for large-scale instances. The 
effectiveness of both the exact and heuristic methods is validated in the numerical experiments. 

 
【研究成果の公表状況】 

・ Wang, J., Yamamoto, T., Liu, K. Spatial interdependence and spillover effects in customized 
bus demand: Empirical evidence using spatial dynamic panel models, Submitted to Transport 
Policy, under the second round review. 2020. 

・ Wang, J., Yamamoto, T., Liu, K. Key determinants of passenger loyalty to customized bus: 
An investigation on hazard of users’ subscription termination, Trans. Res. Part C: Emerging 
Technologies. In press. 2020. 

・ Wang, J., Yamamoto, T., Liu, K. Role of customized bus services in the transportation 
system: insight from user perspectives. J. of Adv. Transp. Article ID 6171532, 2019. 

 
＜国際・国内会議＞ 
・ Wang J., Yamamoto T., Liu K. Insight on propensity to persistently subscribe customized bus 

service based on long-term continuous observations, ICMC 2019, Kobe, Japan, 2019, 
Aug.18-22. 
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Study on Evaluation of Deterioration of Electrical Insulating Material  
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Non-contact Charging System for Electric Vehicles
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Development of biomass gasification process for low tar emission by porous ceramics

in situ

Fig. 1
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5
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heat insulating material
Gas washing bottle
Burner

Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2
Fig. 3

Fig. 2
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Yuya SAKURAI, Yuji SAKAI, Jun KOBAYASHI, Effect of AAEMs on Pyrolysis and
Gasification of Different Species of Wood, ICMaSS 2019, Nagoya Univ., Japan, Nov. 1-3
2019.
Jun KOBAYASHI, Hiroyuki KATSUMATA, Hideki Murakami, Naoki KUBO, Hajime IIDA
and Ichiro NARUSE, Characteristics of exhaust heat recovery by catalytic reforming using
mixture of fuel and exhaust gases, ICMaSS 2019, Nagoya Univ., Japan, Nov. 1-3 2019.
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Fig. 2 Temperature properties in the riser

Fig. 3 Produced gas compositions
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DC

Direct analysis in dc pulse glow discharge mass spectrometry 
for atmospheric particulate organic aerosols
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Wagatsuma: Direct analysis of saturated hydrocarbons using glow discharge plasma 
ionization source for mass spectrometry, Talanta, 204: 310–319, 2019.
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Naruse: "Glow discharge plasma mass spectrometry for direct analysis of saturated 
hydrocarbons", International Conference on Materials and Systems for Sustainability 2019 
(ICMaSS 2019): Nagoya: Nov. 2, 2019.
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CLP CO2 CO
CO production from CO2 with a gas switching type CLP equipment
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Oxygen Carrier using Fixed Bed Flow Reactor System, International Conference on Materials and Systems for

Sustainability 2019 (IcMass 2019), Nagoya, Japan, 2019 Nov. 1-3.

Kenji KAMIYA, Nobusuke KOBAYASHI, Yoshinori ITAYA, Akira SUAMI, Study on CO Conversion from CO2

with Oxygen Carrier, 18th Asian Pacific Confederation of Chemical Engineering Congress (APCChE 2019),
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Assessment of sustainable resource potential in multiple scales to support forest 
biomass energy utility planning applying information technology. 
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 Fujimoto, A., Haga, C., Matsui, T., Machimura, T., Hayashi, K., Sugita, S., Takagi, H., An 

End to End Process Development for UAV-SfM Based Forest Monitoring: Individual Tree 
Detection, Species Classification and Carbon Dynamics Simulation. Forests, 10, 680, 
doi:10.3390/f10080680 (2019-08). 
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Coniferous and Broad-Leaved Forests by Comparing UAV and LIDAR methods, 
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Application of microbial extracellular electron transfer on metal-biotechnology 
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Technical development for the bioelectrochemical promotion of nitrogen fixation. 
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Dehalococcoides mccartyi NIT01

Molecular mechanism of chloroethene degradation by Dehalococcoides mccartyi NIT01
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Study on Diffusion and Evaporation of Micro Mist Introduced in Duct Air Flow
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Development of smart networks 
to realize end-to-end communication among IoT devices 
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Improvement of Data Transmission Speed Using Rotatory LED Transmitter  
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Nano-laminated Fabrication of Nano-porous Anodic TiO2-TiN Composite Films and 
LiTiPO4 Solid Electrolyte toward High-Security LIB Anode Materials

LIB

LIB
LIB

Ti TiO2-TiN
Sn TiO2-TiN

LiTiPO4 TiO2-TiN/Sn(O2)
LIB

2.1 Ti
TiO2-TiN/Sn LIB

Fig.1
Ti 0-80 nm

TiO2-TiO-TiN
Sn2+ Sn4+

Sn TiO2-TiN/Sn-SnO2

CV Li

 
Fig.1 schematic drawings of (a) 
smart anodizing and (b) hybrid 
electrodeposition in plating 
solutions containing Sn2+ and 
Sn4+ ions.
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“Direct Fabrication of TiO2-TiN/Sn-SnO2 Composite Films on Ti Foils by Smart Anodization 

and Hybrid Electrodeposition as High-Performance Anode Materials for Lithium-ion Battery”,

Xuewen Chen, Song-Zhu Kure-Chu, Yota Sakuma, Masazumi Okido, Reona Miyazaki, Takehiko 

Hihara, Hitoshi Yashiro J. Power Sources .

Yota Sakuma, Song-Zhu Kure-Chu, Takashi Matsubara, Takehiko Hihara, Masazumi 
Okido, Hitoshi Yashiro, The Role of Anodic Titania Films in Fabricating 
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Films on Ti Sheets as High-safety and Ultra-high Power Density LIB Anodes”, The 26th 
Topical ISE Meeting in Tainan, Taiwan, March 29th -April 1st, 2020.
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Characteristic analysis of oxide nanoblocks for development of energy devices
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“Guanine crystals regulated by chitin-based honeycomb frameworks for tunable structural 
colors of sapphirinid copepod, Sapphirina nigromaculata” T. Kimura, M. Takasaki, R. Hatai, Y.
Nagai, K. Uematsu, Y. Oaki, M. Osada, H. Tsuda, T. Ishigure, T. Toyofuku, S. Shimode, H. Imai,
Sci. Rep., in press (2020).
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Oxygen-storage behavior and local structure in hexagonal manganites
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Nanosheet Coating for Ceramic Heat Exchanger Fabricated by Stereolithography
(Fabrication of Practical Materials Components by Additive Manufacturing)
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1. Soshu Kirihara, Stereolithographic Additive Manufacturing of Ceramic Components with 
Functional Geometries, 1st Global Forum on Smart Additive Manufacturing, Design & 
Evaluation, 1-3 September 2019, Osaka.
2. Minoru Osada, Smart Additive Manufacturing Using 2D Materials, 1st Global Forum on 
Smart Additive Manufacturing, Design & Evaluation, 1-3 September 2019, Osaka.
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Development of functional interfaces by dissimilar nano-joining
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Fig.1 A 3D colloidal periodic structure of NiO/YSZ nanoparticles.
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Fabrication and characterization of Hybridge atomic films for efficient flexible 
Thermo-Electric system
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High-performance nanocarbon capacitors activated by electrochemical reactions
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Development of exhaust-treatment catalysts for the energy saving engines 
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Study on hydrogen absorption of metallic glass-derived nanomaterials

400 1000
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Fig.1.  SEM images of Zr65Pd35 
sample after heat treatment at 
800 °C for 3 h in air. 
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Development of new modification methods aiming at remarkable improvement of 
photocatalytic activity for water splitting

Hong Phong DUONG M2
M2

10

Z

Rh
SrTiO3 SrTiO3:Rh Fe3+/2+

[Co(bpy)3]3+/2+

Z

Ru
Ru(pd)

Ru(pd)
M(imp)

Table 1 Ag, Pd
Ru(pd)

Ru, Rh, Au
Ru(pd)

Table 1 Activity for Z-scheme water splitting 

using SrTiO3:Rh, BiVO4, and Fe3+/2+ redox 

couple

cocatalysts evolution rate / μmol h–1

H2 O2

none 0 0.2

Ru(pd) 84 42

Ru(imp) 43 20

Ru(pd)-Ru(imp) 166 82

Rh(imp) 28 13

Ru(pd)-Rh(imp) 134 67

Ru(pd)-Pd(imp) 28 14

Ru(pd)-Ag(imp) 15 7

Au(imp) 2 3

Ru(pd)-Au(imp) 116 58

1 M F (SO ) H 2 4
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H. P. Duong, M. Kobayashi, H. Kumagai, A. Iwase, A. Kudo, M. Kakihana, H. Kato, 
Improvement of activities of Z-scheme systems composed of SrTiO3:Rh and BiVO4 by 
deposition of two kinds of cocatalyst on SrTiO3:Rh, 124 2019

9 18 20 .
H. P. Duong, T. Mashiyama, M. Kobayashi, A. Iwase, A. Kudo, M. Kakihana, H. Kato, 
Improvement of Activity of Rh-doped SrTiO3 Photocatalyst Aiming at Enhancement of 
Efficiency of Z-scheme Water Splitting, International Conference on Materials and Systems 
for Sustainability 2019 (ICMaSS2019), 2019 11 1 3 .

 
Fig. 2 Decay of photogenerated holes.
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Fig. 1 TEM images of SrTiO3:Rh modified with Ru(pd), Ru(pd)-Ru(imp), and Ru(pd)-Au(imp).
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Detailed study of radical formation step in photocatalysis 
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radical formation step in photocatalysis, ICMaSS2019 Nagoya Nov.1 3, 2019. 

                                                   
1 Chiesa, M.; Paganini, M. C.; Livraghi, S.; Giamello, E., Charge trapping in TiO2 polymorphs as seen by Electron 
Paramagnetic Resonance spectroscopy. Phys Chem Chem Phys 2013, 15 (24), 9435-9447. 
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In situ observation of chemical state of Rh in Rh-doped titanate nanosheet by ESR at 

extremely low temperature during photo-induced hydrogen evolution reaction 
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 Takuya Fujimura, Jun Kumagai, and Ryo Sasai In situ observation of chemical state of Rh in 
Rh-doped titanate nanosheet by ESR at extremely low temperature during photo-induced 
hydrogen evolution reaction, ICMaSS2019 Nagoya Nov.1 3, 2019. 
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Fabrication of antibacterial metallic materials with an energy-saving process

0.1 1 M
Ti 15 mm 15 mm 50 mA cm-2 30 min

450
SEM

MB

/ Gly / EG Ti
SEM 0.1 M / Gly 0.1 M / EG

EG
1.0 M / Gly 0.1 M

133



/ EG

Gly

0.1 M / Gly

Gly
1.0 M

/ Gly

TiO2 MB

MB

0.1 M
Gly EG

0.1 M
Gly EG

1.4 3.0
0.01 M / Gly TiO2

Gly

11. R. Kuroda, K. Kuroda, M. Okido, K. Yamaguchi, N. Ohtsu, Antibacterial Properties of Ti 
Surface Using Metallic Ions Adsorption, ICMaSS 2019 (11/1 3, Nagoya, Japan)

2. N. Ohtsu, T. Kawakami, Y. Konaka, K. Kuroda, Fractional analytical procedure for adsorbed 
proteins onto a material surface, ICMaSS 2019 (11/1 3, Nagoya, Japan)
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Investigations on the surface modification of polyethylene directed to the energy-saving 

removal of sessile organisms 
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Fig. 1 Change in water contact angle during surface treatment. 
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Polyethylene for the Antifouling Application in Seawater, International Conference on 
Materials and Systems for Sustainability 2019, 2019 11 1 3  
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Fig. 2 Photos of PE samples after the immersion in the 
sea for 404 days. 
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High proliferation of cells on titanium alloys with controlled microstructure
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S.Okano, K. Nisogi, S. Kobayashi, K. Kuroda and T. Okamoto, “Effects of Titanium Surface 
Wettability on Osteoblast Behavior” ICMass2019, , 2019 11 2
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Precise preparation and assembly of hollow nanoparticles for development of 
transparent insulation sheet

nm

1 : 

( )

(Chem. Mater (2018))

30 nm

Fig. 1 
TEM  
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15 nm 2nm Fig.1
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, , , , , , Preparation of Colloidal 
Monodispersed Hollow Siloxane-based Nanoparticles with Controlled Shell Structures, The 
13th Pacific Rim Conference of Ceramics Societies, , 2019

10 27 11 1 ( )
, , , , , Preparation of Colloidal 

Monodispersed Hollow Nanoparticles with Double Organosiloxanebased Shells, 
100 2020, , 2020 3 22 25 (

)

Fig. 2  
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Investigation of relationship between band alignment and interface resistance in 

all-solid-state battery 
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Fig. 1: XRD patterns of LLaZTO and 
LSmZTO powders. 
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Fig. 2: Raman spectra of LLaZTO and 
LSmZTO powders. 
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SiC AlN
Elucidation of sputter-deposited AlN/SiC interface structure

   
    

   
    

Ultraviolet light-emitting diodes (UV-LEDs) have attracted considerable attention for a 
variety of applications such as purification, sterilization, solid lighting, biochemistry, and so on. 
Recently the high-quality sputtered AlN films grown on sapphire and SiC by high temperature 
“face-to-face” annealing has been realized. The Si substrates are candidate templates for the 
heteroepitaxial growth of III-nitrides because of various advantages such as low cost, large area, 
high quality, and established processes. Accordingly, a SiC layer formed by carbonization on Si 
substrates can be used as a buffer layer for nitride growth; that is, a buffer layer can be obtained 
by this simple, inexpensive process. In order to realize further quality improvement of AlN 
grown on carbonize-Si substrates, it is necessary to conduct structural analysis of sputtering 
AlN/SiC interface. In this study, the structure and properties of sputtering AlN/carbonized Si 
interface would be elucidated.

(1) The strain in AlN/SiC during high temperature annealing
The a-axis lattice constant (a) of AlN layer on SiC was investigated by X-ray diffraction 

measurement and the transition of the a-axis lattice strain ( ) of AlN films at each stage of 
sample fabrication was calculated. The values of a and  for AlN layer sputtered on SiC 
substrates at different process temperature were calculated by using Eqs. (1) and (2):

, (T )=( , (RT)× , (T ))/( , (RT))            (1) 
(T )=( , (T ) , (T ))/( , (T ))                   (2)

The results are summarized and compared with AlN layer sputtered and annealed on sapphire in 
as shown in Fig. 1. The illustrations of explanation are shown under graphs, respectively.

The strain state of AlN sputtered on SiC is different from that on sapphire substrate. It could 
be caused by the different interface of AlN and substrates.

(2) AlN film sputtered on 3C-SiC/Si
An AlN film with 175nm thick was sputtered on 3C-SiC/Si substrate (with CMP process) and 

annealed under 1300ºC for 4.5 hours with N2 atmosphere. The surface morphology and crystal 
quality of sputter-annealed AlN films on 3C-SiC/Si and sapphire were investigated by AFM and 
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XRD. The results indicated that it is possible to improve AlN film quality on 3C-SiC/Si by 
annealing.

Fig.1 the transition of the a-axis lattice strain ( ) of AlN films on (a) 4H-SiC and (b) sapphire 
at each stage of sample fabrication. The illustrations are shown below the graph, respectively.

Fig. 2 The X-ray rocking curves (XRC) of AlN sputtered on 3C-SiC/Si before and after 
annealing at 1300ºC.

.
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Direct Observation of Spontaneous Electric Polarization in GaN Crystals through 
Ultra-High Sensitive Nuclear-Spin Measurements 

 
研究代表者  
     佐々木 進・新潟大学・工学部・准教授 
 
研究分担者 
     天野 浩・名古屋大学・未来材料・システム研究所・教授 
     久志本真希・名古屋大学・未来材料・システム研究所・助教 
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GaN をはじめとする窒化物半導体では，自発分極（＝イオン結合性が強いことに起
因して，物質内部に生じる静電界）が存在すると考えられており，その傍証として複数
の実験事実が報告されてきた。しかしながら，申請者の知る限り，このような自発分極
を実験により直接観測したとの報告は無い。研究代表者は，物質に照射した非破壊の電
波に対する核スピンからの微弱な応答を検出する装置をゼロから独自に構築し，市販装
置の数 100 倍の超高感度化を実現している。核スピンは，対象とする物質の構成要素
であるため，物質内部のミクロな電界を直接的に観測できる，内蔵された究極のプロー
ブである。この事実に着目し，GaN 結晶の Ga 核スピンをプローブとして，GaN 結晶
内部の自発分極を直接的に観測することを目的とする。今回はとくに，最新の精度をも
った第一原理計算を援用し，実験で得られた Ga 原子核での電場「勾配」の値をどの程
度再現するかを調べる。もし，実験とのよい一致をみた場合には，理論計算で得られた
内部電場（＝自発分極）の方向が明らかとなる。 
 

最新の計算手法である WIEN2k と OpenMX とを用いて，第一原理計算により c 面
GaN 自立結晶の Ga 原子核位置での電場勾配を計算した。 
 
＊＊＊＊＊＊＊＊＊ 非公開箇所 その１ ＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
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 この計算によって得られたGa原子核における電場勾配は，4.8 x 1016 [V/m2]となり，
実験値 6.3 x 1016 [V/m2]と極めてよい一致を示している。 
 以上から，理論と実験の両面から，c 面 GaN 自立結晶においては，自発分極は確か
に c 軸方向に生じており，Ga 原子から N原子への向きであることが明らかとなった。 
 
＊＊＊＊＊＊＊＊＊   非公開箇所 その２   ＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊＊ 
 
 

＜国際会議＞ 
Susumu Sasaki1, 2, Ryo Kusanagi1, Kohei Suzuki1, Yusuke Mori3, 4 , Maki Kushimoto 4, Hiroshi 
Amano4 and Kenji Shiraishi4, “Direct Observation of Spontaneous Polarization in Freestanding 
GaN Through Nuclear Magnetic Resonance”, SSDM2019, Nagoya University, 2019 9  
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/CNT  
Development of the organic semiconductor/CNT thin-film for the direct energy 

conversion from radiation to electricity with high efficiency 
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Atomic and electronic structure analysis of oxide based memristive materials for low 
power consumption artificial synaptic devices
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2, 4

As-reduced
TEM JEM-ARM200, 

Cold-FEG S/TEM STEM-EELS
Ti 1(c-g) TEM

EELS TEM
EELS Ti-L3

Ti

2
2, 4

TEM TiO2

Z. Nagata, T. Shimizu, T. Isaka, T. Tohei*, N. Ikarashi, A. Sakai*, Gate Tuning of Synaptic 
Functions Based on Oxygen Vacancy Distribution Control in Four-Terminal TiO
Memristive Devices, Scientific Reports, 9, 10013 (2019).

T. Isaka, T. Tohei, T. Shimizu, S. Takeuchi, N. Ikarashi and A. Sakai, Atomic and electronic 
structure analysis of resistive switching regions in rutile TiO2-x based four-terminal 
memristive devices, ICMaSS2019, Nagoya, Japan, November 1-3, 2019.

Fig. 1. (a, b) Optical micrographs of TiO2 four terminal devices. (a) before and (b) after the voltage application.
(c-e) TEM images and ED patterns of different regions in the device (c) As-reduced, (d) Colorless, and (e)
Colored regions. (f, g) EELS analysis of resistive switching regions of the device.
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/ TEM
Project Title: Plane/cross-sectional TEM analysis on defects and grain boundaries of 

transition-metal di-chalcogenide film having magnetization characteristics
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R. Otsuki et al., International Conference on Materials and Systems for 
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Chiral Nucleation in Optical Magnetic Field Enhanced 

 by Mie Resonance of Dielectric Nanostructure  
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Deep-Reactive Ion Etching (Deep-RIE) Cr
Si (Fig. A) Si

(AFM)

Fig. B C

Si
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Si
( ) AFM ( )

Si

Si

Si

 
 

 

Fig. 1 A Fabrication process of Si periodic nanostructure. B Scanning electron 
microscopic image of resist layer after development. C Atomic force microscopic 
image of the resulting Si nanostructure. 

154



 

155



 

2 0       3 0       4 0       5 0

2  

156



Optical characterization of deep-ultraviolet light-emitting diode structures

280 nm 300 nm AlGaN LED
EQE 6%

10% EQE 265 
nm LED EQE 3%

285 nm 265 
nm AlGaN LED

AlN AlGaN:Si
AlGaN

AlN

AlGaN:Si
AlN

AlN
AlGaN:Si

QW

AlN

265 nm LED (a1) (a2)
1 265 nm LED

(a1) SEM (a2) CL 285 nm LED
(b1) SEM (b2) CL

157



CL

Rq CL
I

I 38 K
I
RQY

2
RQY

RQY

LED
RQY

Y. Nagasawa, K. Kojima, A. Hirano, M. Ipponmatsu, Y. Honda, H. Amano, I. Akasaki, and S. F. 

Chichibu, "Comparison of AlxGa1-xN multiple quantum wells designed for 265 and 285 nm 

deep-ultraviolet LEDs grown on AlN templates having macrosteps", Appl. Phys. Express 12,

064009 (2019).

Y. Nagasawa, R. Sugie, K. Kojima, A. Hirano, M. Ipponmatsu, Y. Honda, H. Amano, I. Akasaki, 

and S. F. Chichibu, "Two-dimensional analysis of the nonuniform quantum yields of multiple 

quantum wells for AlGaN-based deep-ultraviolet LEDs grown on AlN templates with dense 

macrosteps using cathodoluminescence spectroscopy", J. Appl. Phys. 126, 215703 (2019).
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Development of polarization inversion method for nitride semiconductors and 
structural characterization of polarization-inverted heterointerfaces
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R. Tanabe, N. Yokoyama, M. Uemukai, T. Tanikawa and R. Katayama, “Bonding Strength of 
Polarity-Inverted GaN/GaN Structure Fabricated by Surface-Activated Bonding,”
APWS2019, OIST, Japan, 2019 11 10 15 .

AlN
80 2019

9 18 21
Y. Morioka, M. Uemukai, T. Tanikawa, K. Uesugi, K. Shojiki, H. Miyake, T. Morikawa, Y. 
Fujiwara and R. Katayama, “Input Focusing Grating Coupler for AlN Deep UV Waveguide 
SHG Device,” SEMICONNANO2019, , 2019 9 24 27 .
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DNA
DNA scaffold design for the development of water-soluble crystal sponges
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HVPE GaN GaN

Growth of bulk or thin film GaN crystal by HVPE
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SiC  
Motion control of basal plane dislocations in SiC crystals 
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Evaluation of thermal conductivity of natural superlattice titanium oxide
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“Thermal Conduction in Titanium Oxide with an Ordered Arrangement of Planar Faults in 
Nanoscale”,
Shunta Harada, Naoki Kosaka, Takashi Yagi, Katsushi Tanaka, Haruyuki Inui, Toru Ujihara
MRS Spring Meeting & Exhibit (2019), QN04.12.03.

“Thermal Conduction in Magneli Phase Titanium Oxides with an Ordered Arrangement of 
Planar Faults in Nanoscale”,
Shunta Harada, Naoki Kosaka, Takashi Yagi, Katsushi Tanaka, Haruyuki Inui, Toru Ujihara
ICMaSS2019 (2019), A3-II-7. 
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GaN  
Nondestructive Characterization of GaN Crystals Based on Multiple-Excitation process 
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/GaN
Study about control of metal/GaN interface using femto-second laser irradiation

175



Tatsuya Okada, Takuro Tomita, Hiroyuki Katayama, Yuki Fuchikami, Tomoyuki Ueki, 
Hiromu Hisazawa and Yasuhiro Tanaka: Local melting of Au/Ni thin films irradiated by 
femtosecond laser through GaN, Applied Physics. A, Materials Science & Processing, 
Vol.125, No.10, 690 (1-6), 2019

Tatsuya Okada, Takuro Tomita, Yuki Fuchikami, Yusaku Mizuo, Hiromu Hisazawa and 
Yasuhiro Tanaka: Formation of Ohmic Contact at Ni/SiC Interface with the Assistance of 
Femtosecond-Laser-Induced Modifications, International Conference on Materials and 
Systems for Sustainability 2019, A3-P-8-(1040), Nagoya, Nov. 2019.
Takuro Tomita, Hiroki Kawakami and Yoshiki Naoi: Femtosecond laser irradiation aided 
low-temperature thermal anneal of Ni electrode on SiC, The 8th International Congress on 
Laser Advanced Materials Processing, We2-L8, Hiroshima, May 2019.
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