B D - 2 =
- Iﬂhtﬂ?ﬁf/:‘-a/ny—j’sww:r—b ‘ \

$£1803777/0 =
A= P JT““'?L\

JAPAN Nf-lNG) 2020

“Quantum Science, Biotechnology and Al Technology driven by Nanotechnology” {

L/J

. _t!_) -

-

Date: January 31st (Fr|), 2020
Venue: Tokyo Big S|ght Conference Tower(Tokyo) ‘

Sponsored by > - / \ - -
Nanotechnology Platform by the Ministry of EducationjCulture, Sports;

¥ Science and~Technology(MEXT)

" Center,for, Nanotechnology Platform National Institute for, Materials

Science (NIMS) ' o ;

‘The Instltutlons partlclpatmg in'the Nanotechnology PIattorm

= Hokkaido University, Chitose Institute of Science and Technology,
Tohoku University, University of Tsukuba, ’ 4
National Institute for Materials Smence
National Institute of Advanced lndustrlal 'Science and Technology,
The University ot,Tokyo TokKyo Instltute (1) Technology,
Waseda University, Shinshu Un|ver3|ty, > D
National Institutes of; Natural Sciences Instltute for Molecular Science,
Nagoya University, Nagoya Inst|tute of Technology,Jr
Toyota Technological Institute, Qoto Unlve@ty, , :
Japan'Advanced Institute of Science andTechnology, .
Nara lnstltute of Science and Technology, Osaka University, \ {

Japan Atomic Energy Agency, ‘ ~
}f National lnstltutes for Quantum and Radiological Science andTechnology, -
Hiroshima Un|ver3|ty, Yamaguch| University,Kagawa University,

SN

Kyushu University, B y

Kitakyushu Foundation for.the Advancement of Industry Science and Technology

a

.

- ﬁ = > -fr ? . nanotech]apan
| _ N -
__._ g A\ R

Nanotechnology Platform

-



=18EF/57./09
SREIINIDL

— 1 JAPAN NANO 2020
___—_l [F/575/0J—hIDIRSET « IN1 4.« Al 3Ei5

— arpvE PR R
\IJ mea: 2020FL1A31H(E)

L £ I5:RREYIYALH
ol

SRtk 1L ETYaVik—Ib A CREETIRERA)

TSyhTr—LEV5—

. ) T XERPES/TO/09—TS5vhTr—L
\—' ENRARFREEAYE - MEARERST /7o./09—
g
— -J XEEREA > /70./09=05yhITF3—LEEER :
—e—e, EEXRE., FREAREMAE. RIEXE., FURKE.
ME - HRAREIE. EREITHESHRR. RRAZE.
RRLEXE. BEREXE. BMNKXE.
—_— | BARIZIAEES FRZERRAR,. BaEXE.
BOHEIXARE. SHIFKZE. REBAFE.

JERESTIm A AR AR B AF

T ) RRTImEFRIMARRATE, KIRAZE.
| BAREFOMFARERE. EFREIFARITRRRFERRE.

' LEXZ. WOXZE. BIIXZE. AMKE.

JETumESRF iR

nanotechJapan

ooooooooooooooooooooo




January 31st (Fri.), 2020, Reception Hall A

2020F1A31H (&) ZER1BELETVa2ik—IL A

10:00-10:30 [Opening Remarks / BEHRE]

10:00 -  Ministry of Education, Culture, Sports, Science and Technology/ 3 #F} 244

10:05 - Kazuhito Hashimoto (President, National Institute for Materials Science, Japan)
A A (g - worar s )

10:30-11:05 [Plenary Lecture / BFiEE]

Hiroshi Amano (Nagoya University, Japan)

RO (i k)

“En Route to Realize Zero Carbon Emission”
[H—RVIZvyarEOzB1HEUCEDEH ]

11:05-11:40 [Special Lecture / $§5IE8iE]

Jinichi Igarashi (COCN(Council on Competitiveness-Nippon))
P A — (it mEA s RS
“Launching the MI platform program toward energy innovation”

[TRIVF—FFHICEIT e MI BEDIBE]

11:40-12:30 [Session 1]

Quantum Science & Biotechnology / EF&EREIRE

11:40 -  Mutsuko Hatano (Tokyo Institute of Technology)
WU W Glor k)
“The potential of diamond solid-state quantum sensors”
[FAVEVREF VY OAFEM]

12:05 - Ichio Aoki (National Institutes for Quantum and Radiological Science and Technology)
TR PHRITS Gikr b Hir R 76 10 56 b))
“Nano- and Quantum Technology-based MR Imaging for Life Science”
[EMTBRZER T DT/ BRUEFRIMICKDBIHIBA X—I T ]

12:30 - 13:30 Lunch / B&

13:30-13:55 [Session 2]

nanotech 2019 award lecture / nano tech X& 201958&

13:30 -  Toru Ushirogochi (Ricoh)
BN E kattya—)
“Prospects for Digital Print Manufacturing of Lithium-ion Batteries”

[UFOLAFVEMDT I IVENRIZBEEUT ]



13:55-14:25 [Session 3]
Overseas Nanotechnology User Facility Programs / i 7/ 5 7 2 RifEz% - iR RLSRIBNT

13:55 - Daniel J. C. Herr (Joint School of Nanoscience and Nanoengineering, USA)

“The National Nanotechnology Coordinated Infrastructure (NNCI) and Selected Convergent
Technologies.”

NNCI £avN\=YzvhFo/09—]

14:25 - 14:40 Coffee Break / {A&8

14:40-15:45 [Session 4]

Topics and future perspectives of nanotechnology platforms /

F/579/09=FS5ybI#—LOREDREE

14:40 -  “Introduction”
[«bO5 03]
14:45 -  Yasutaka Matsuo (Hokkaido University)

B RF G
“Biotechnology research by using a nano, micro structural analysis with electron microscope”
[EFERMIRIC K DIBERITFEZ AL/ 1 F %
15:05 - Kentaro Totsu (Tohoku University)
FHE KRB Gk
“R&D support by open collaboration based on shared facilities”
KRR ZEEBEUA—T VSRV —raVIC KD RERTIE]
15:25 - Yoshinobu Baba (Nagoya University)
WY 55 (nuisxep)
“Research Support for the Interdisciplinary Research between Nanotechnology,
Biotechnology, Quantum Technology, and Al, and Future Perspective for Nanotechnology Platform”

[F/750/09—ENAF - BF - Al MEREOERRES /T5./0I—-T5vh T3 —LOFREE ]

15:45-16:35 [Session 5]

Beyond Nano+Al / F/577./09—-DY A5 LELEERGA

15:45 -  Daisuke Okanohara (Preferred Networks)
P BPIEE KB (st 2k Preferred Networks)
“Materials Discovery Using Machine Learning: Latest Trends and Future Prospects”
[P EZE M EHRROEHBMESEDRE ]
16:10 -  Hirohito Hirata (TOYOTA)
FH N aspmikt i)
“Nanotechnology in automobiles : Nanomaterials in parts and units”

[BEECHIDF/To/00— F/IFU7ILERR - A=vh]

16:35-16:40 [Closing Remarks / BASRES]

Shigeo Tanuma

(Chairperson of the Organizing Committee of JAPAN NANO 2020 / Director, Center for Nanotechnology Platform, National Institute for Materials
Science, Japan)

M %I JAPAN NANO 2020 $MAZEHE. WH - HEBIEHEHF 77 /0y =799 71— bk 5 —R)



Contents / BiR

Plenary Lecture / B8R

“En Route to Realize Zero Carbon FINISSION’  «««x-eerrreeeerrreeeemtuneteemttete ettt eiiieeeetiieeeeiiiieeeiainns 10
[A—KrvxIvyar¥urHBLIY A
Hiroshi Amano (Nagoya University, Japan)
KEF B (wtixoe)

Special Lecture / $55I5E:E

“Launching the MI platform program toward energy iNMOVALION™: -+ ++««««««x+== s rmmmrmesssiiiiiiiee e 16
[T 3V F— 3T 72 MI S ok |
Jinichi Igarashi (COCN(Council on Competitiveness-Nippon))
FA R AT (A R B R)

Session 1: Quantum Science & Biotechnology / EF £EMFEIE

“The potential of diamond solid-State qUANTUM SENSOTS” «««««xxxxrerrsssssssseeeeiiiiiiiiiiiii ittt 22
[F4 XY€Y FRETX ¥ OhEd:]
Mutsuko Hatano (Tokyo Institute of Technology)
WL W et Gk

“Nano- and Quantum Technology-based MR Imaging for Life SCIence” «+++++-+++rsrerrrrrmmmmmmmiiii 24
[HEGFRHFZF 5T 7 BLORTFEMNICE 5RHEAILBA A -T2V 7]
Ichio Aoki (National Institutes for Quantum and Radiological Science and Technology)
HA BT i ahrs i s i)

Session 2: nanotech 2019 award lecture / nano tech XE 2019 :&/#

“Prospects for Digital Print Manufacturing of Lithium-ion Batteries” ««««««---=-«xrwrreeeeemommmmmrena, 30
[VFo L+ v EBMOTFTY 5 VERIZHIE LT
Toru Ushirogochi (Ricoh)
BRITN & kst 2-)



Session 3: Overseas Nanotechnology User Facility Programs /

BN/ T I HEER -TRFRSRIBIT

“The National Nanotechnology Coordinated Infrastructure (NNCI) and Selected Convergent Technologies.” «-------- 36
INNCIL: a2 N—=Vzv by uy—]
Daniel J. C. Herr (Joint School of Nanoscience and Nanoengineering, USA)

Session 4: Topics and future perspectives of nanotechnology platforms /

F/59/09-F5yM I3 —LONREIREE

“Biotechnology research by using a nano, micro structural analysis with electron microscope”™ ««««+««-xcoeeeeereeeeecees 42
[ BTSSRI X DAEEMNT FE 2 HW723 A FF%E
Yasutaka Matsuo (Hokkaido University)

KR PR Gtk

“R&D Support by open collaboration based on Shared FACTIILIES” + v v rrr ettt e 44
[ E L Lot —7 v a g KL —v 3 VI X RS
Kentaro Totsu (Tohoku University)

=Rz Ly N D)

“Research Support for the Interdisciplinary Research between Nanotechnology,

Biotechnology, Quantum Technology, and Al, and Future Perspective for Nanotechnology Platform™-----«----------.- 46
[FIT77/0y—=n4F% - ®F - ALBGHEBORBREF ) T77/09 =T 597+ — 2D REE
Yoshinobu Baba (Nagoya University)

Y5 55 rimar)

Session 5: Beyond Nano-Al / F/57./0Y =DV AT L{ELEEELA

“Materials Discovery Using Machine Learning: Latest Trends and Future Prospects™ -« «-«+-«-oerveeeeeiieiiiiian.. 52
[ BB A %Al o oM RHR B O R B) 1 & SO R |
Daisuke Okanohara (Preferred Networks)
[P JEL KMl (bRt 24 Preferred Networks)

“Nanotechnology in automobiles : Nanomaterials il’l parts and units” ......................................................... 54
[HEEICB YA F /7270y = F 7Y T VERRM - 2=y }]
Hirohito Hirata (ToyoTa)
SEH A (13 p aslset et






[Plenary Lecture / BEAsEH]

=)

[Plenary Lecture / &






“En Route to Realize Zero Carbon Emission”
[H—RYIZwvyavtOxEEELERDEH]

Hiroshi Amano (Nagoya University, Japan)
RIF % it x)



10

EN ROUTE TO REALIZE ZERO CARBON EMISSION
H—ARrzIvaryrEurzBE LRV AL

Hiroshi Amano

Institute of Materials and Systems for Sustainability (IMaSS), Nagoya University,
Room 610 CIRFE Transformative Electronics Commons (C-TECs)
Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan

Abstract

The most important application of III nitrides is blue LEDs for full color displays and general
lighting systems. Most of the commercially available blue LEDs are grown on foreign substrates such
as sapphire, Si or SiC. In spite of high dislocation density over 10® cm™, wall plug efficiency (WPE)
of blue LEDs exceeds 50%, which is extremely high compared with that of LEDs made by other I1I-V
compound semiconductors such as GaAs or GaP. In case of other LEDs, WPE may be less than 1% if
such a high density of dislocations exists in the crystal. One of the reasons of high-efficiency of blue
LEDs based on III nitrides is short diffusion length of minority carriers in GaN and InGaN. By 2020,
more than 70% of the general lighting system will be replaced from the conventional incandescent
lamps or fluorescent lamps to LED lamps, by which about 7% of the total electricity consumption can
be saved. In this presentation, history and future prospects of the development of the blue LEDs will
be discussed.

AlGaN-based deep-UV (DUV) LEDs on sapphire substrates are effective for the efficient and long-
life devices for sterilization and purification of water compared with conventional UV germicidal
lamps. UNICEF reported that 844 million people still lack access to safe drinking water and 2.3 billion
people do not use safe sanitation facilities. New water sterilization and purification systems have been
commercialized, in which AlGaN-based high-power DUV LEDs are installed. Other applications of
DUV LEDs include as a sterilizer for sanitation facilities, resins and the curing of inks in large printers,
detecting forged banknotes, photolithography for manufacturing semiconductor devices, and treating
skin disease, which is called dermatology.

Microwave high-electron mobility transistors (HEMT) based on AlGaN/GaN on SiC substrate
works well in spite of high dislocation density over 10® cm™ because high-density two-dimensional
electron gas induced by polarization of these materials is used, therefore Fermi level in the channel
layer is very high and scattering by the dislocation is small. Majority of high-power amplifier in base
station of smart phone have been replaced from multichip GaAs-based HEMT to single chip GaN-
based HEMT.

Breakdown field of GaN is one order of magnitude higher than that of Si. Therefore, we can reduce
not only the size of the transistors, but also power loss to one tenth. If we replace all the Si based
transistors such as insulated gate bipolar transistors to GaN based transistors in the invertor circuits,
we can reduce 9.8% of the total electricity consumption in Japan. For power device applications,
vertical structure is more feasible to operate high current. Low defect density crystal is essential for
realizing low current leakage at high voltage. Therefore, requirement specification for the substrate
and epitaxial layer is much higher than that of LEDs and microwave devices. In this presentation,
substrate and epitaxy issues for the future power devices based on III nitrides will be discussed.

This research is supported by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT), Japan, through its “Program for research and development of next-generation semiconductor
to realize energy-saving society.



Hiroshi Amano joined Prof. Isamu Akasaki's group in 1982 as an undergraduate student. In 1985, while working
on his master courses and PhD courses, Amano developed a metalorganic vapor phase epitaxy (MOVPE) process for
low-temperature deposited buffer layers for the growth of GaN single-crystal films on sapphire substrates in 1985,
which led to the realization of the first III-N semiconductor based light-emitting diodes and laser diodes. In 1989, he
succeeded in growing the first conductive p-type GaN using Mg doping followed by low energy electron beam
irradiation treatment and in fabricating p-n-junction GaN-based UV and blue light-emitting diodes for the first time
in the world. After graduation, he has continued to independently do world-leading research on the growth,
characterization and device applications of III -N semiconductors. Amano has independently led his own world-class
research group since 1992 and he has moved to Nagoya University where continues to lead the world in the creation
of high-performance DUV LEDs, UV photodetectors and power devices.

11






4L} / @4nyda7 |padG]

i
i
[

[Special Lecture / 5RI5EIE]







“Launching the MI platform program
toward energy innovation”
[TRIVF—ER(CAIFTeMIBEEEDIEE]

Jinichi Igarashi (COCN(Council on Competitiveness-Nippon))
Fid A (CREEEEA RS R

15



16

LAUNCHING THE MI PLATFORM PROGRAM TOWARD
ENERGY INNOVATION

TRV —EEHN BT 7 MIEAE DR 4E
1J. Igarashi, K. Nakayama, ’K. Oyaizu, ’K. Hatakeyama-Sato, and H. Nishide

!Council on Competitiveness-Nippon (COCN),
2-2-1, Uchisaiwaicho, Chiyoda-ku, Tokyo 100-0011, Japan

2Central Technical Research Laboratory, JXTG Nippon Oil & Energy Corporation,
1-2, Otemachi 1-chome, Chiyoda-ku, Tokyo 100-8162, Japan

3Department of Applied Chemistry and Research Institute for Science and Engineering, Waseda University,
3-4-1 Okubo, Shinju-ku, Tokyo 165-8555, Japan

Abstract

Materials informatics (MI) is an emerging data-driven science, which is expected as a powerful tool
for materials innovation. We targeted to develop the MI system to design novel functional polymer
materials for energy-related devices as a benchmark of the MI-assisted materials science. With the
use of the informatics techniques and a functional materials database originally developed through the
collaboration of industry and academia, we have found intriguing highly ion-conducting polymeric
materials for lithium-ion batteries. Based on these activities, we plan to create the open platform for
the MI-assisted materials development within Waseda University. The open platform will include
high-throughput synthesis and analysis, which largely enhance materials development. Education
and development of MI human resource and difficulty in acquisition and accumulation of the
experimental data for MI, which are buried and lost in industry, are also discussed.

I. INTRODUCTION a)
] . ] ) Polymer A Y =f (X) X
Recently, materials informatics have been attracting + | Wttty
substantial attention to discover novel materials. Artificial . 375:: SRl (conductiity
intelligence (Al) analyzes and extracts the important trends of Qalditiverl ;{'\5‘ ' Activation
the big material databases automatically. The trained Al can + Al energy
predict the properties of materials with even new structures. Additive C @
Such capability has been partially pursued to discover novel + X =f1(Y)
ceramics, alloys, drugs, and functional molecules.
On the other hand, polymers have been still frontiers for Al,
because they have highly complicated primary- and higher- b) | Prediction of ionic
order structures. Further, the system becomes much more *] conductivity by AI
complex when polymers having special functionalities such as Lg
electric or ionic conductivities are composited with additives o 4
to improve their performances. These features of polymeric =
materials with functionalities make it extremely difficult to & s
design experimental polymer databases. ~Although databases P o Yaining
for polymer informatics are under development, PoLyInfo!') 3 & test

of National Institute for Materials Science (NIMS) is a world-
leading big database of polymers including functional
polymers.

8 7 5

§ 3 4 3
Log (0ep /S cmt)

Fig. 1 Ml-assisted discovery of ion-conducting
polymers for lithium-ion batteries.



II. DEVELOPMENT OF MI SYSTEM FOR FUNCTIONAL MATERIALS DESIGN

A research group in Waseda University developed Al to explore new polymeric lithium-ion conductors for solid-
state secondary batteries (Fig. 1).*¥ A new database was created from data in public literatures (with >10°
scientific articles) and contained more than 10* cases of the experimental ionic conductivity data. The
relationships among the chemical structures and their conductivity were trained with the Al. The prediction
was successful not only for homopolymers but also for copolymers and even for composite materials. Al
predicted the untrained performances of the recently reported conductors accurately, which suggested the high-
level predictable capability of the present MI system. Several next-generation conductors were also proposed
by the AI. Some of the conductors were actually synthesized and successfully examined. Such automatic
screening shortens the period of exploring new materials dramatically, which would facilitate future high
throughput production of functional materials. Thus, the MI tool developed by the group in Waseda University
based on a small-medium database can be a powerful tool for materials innovation.

ITII. CONCLUSIONS

Based on the activities described above, we are planning to create the open platform for the MI-assisted materials
development within Waseda University. The open platform will include high-throughput synthesis and
analysis which, along with the MI system, largely enhance materials development. Since education and
development of MI human resource are urgently required, Waseda University launched the new curriculum for
MI in their graduate school in last fall. We will also discuss the difficulty in acquisition and accumulation of
the experimental data for MI, which are buried and lost in industry.

References

[1] PoLyInfo: https://polymer.nims.go.jp/

[2] R. Yoshida, et al., npj Comput. Mater., (2019) article number 66.
[3] K. Oyaizu, et al., Chem. Lett., vol. 48 (2019), pp. 130-132.

[4] K. Oyaizu, et al., Polymer Preprints, Japan, vol. 68 (2019).
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The potential of diamond solid-state quantum sensors

A Y¥EV FEFETOWHEME

Mutsuko Hatano

Department of Electrical and Electronic Engineering, Tokyo Institute of Technology,
2-12-1, Ookayama, Meguro-ku, Tokyo 152-8552, Japan

The electron systems localized at point defects in solid are stable sources of controllable spin states.
Nitrogen-vacancy (NV) centers in diamond have superior physical properties at room temperature for
quantum sensing of magnetic fields, electric field, strain, and temperature enabling scalable
applications from atomic to macroscopic range. In this talk, we review the sensor materials, quantum
control technology, and applications. The perfectly-aligned NV ensemble is well suited for sensing of
biological/ medical systems and battery/ power energy electronics.

The NV center consisting of a nitrogen atom and a lattice vacancy in diamond (Fig. 1 (a)) preserves the
quantum coherence even at room temperature under ambient conditions. The spin state of electrons localized at
the NV center exhibits spin-1 triplet ground state (Fig. 1 (b)). The energy levels in the ground state are modulated
by external magnetic field [1,2], electric field, strain, and temperature. In conjunction with spin state
manipulation using microwave radiation, optically detected magnetic resonance (ODMR) can be utilized. The
quantum state of the NV center can be detected by the red fluorescence difference between the quantum states
ms=0 and ms =+ 1 when excited by a green light source. The energy levels of the state m—= 1 split depending
on the magnetic field due to the Zeeman effect, so the system is used as a highly sensitive magnetometer.

Tablel shows a comparison of the quantum magnetic sensors. The diamond sensors can operate at a wide
temperature range (several mK - 700 K) and are superior in the dynamic range and the linearity to the magnetic
field. The spatial resolution is scalable from nm to mm by using single to ensemble NV centers. The diamond
sensors have the unique functions of the vector magnetic field imaging, as well as multi-modality such as
temperature and magnetic fields.  Due to the wide range of spatial resolution, the diamond quantum sensor
has many potential applications, particularly well suited for sensing the magnetic field in the biological/ medical
systems and battery/ power electronics (Fig. 2). Measurement set-up illustrations for magnetic field imaging of
living cells are shown in Fig.3 as an example.

We will introduce the core technologies on material, devices, and sensor systems;

» Materials and devices [3-7]
- Selectively-aligned NV ensemble formed by distinctive CVD-growth for scalable applications.
- The heteroepitaxial growth of NV-contained diamond on Si substrate for large area and on chip
integration.
- Sensing devices by band engineering using pn junctions.
»  Multi-scale and multi-modal sensor systems for biological and energy electronics applications. [8, 9]

This study was supported in part by MEXT Q-LEAP JPMXS0118067395,
and KAKENHI (17H01262 and 18H01472).
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Table 1 Comparison of quantum magnetic sensors.
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Mutsuko Hatano received the Ph.D. degree from Keio University. She joined Central
Research Laboratory, Hitachi Ltd., Tokyo, Japan, and was engaged in research and
development on the superconducting devices, mobile displays, and power electronics. She
was a chief researcher at the CRL and the project manager of the environment electronics.
She was a visiting researcher at the University of California, Berkeley from 1998 to 2000.
In 2010, she joined Tokyo Institute of Technology as a professor of Electrical and
Electronic Engineering. Her main research field is wide-gap semiconductor devices for
power electronics and for quantum sensing. She is a member of the Science Council of
Japan, a fellow and a vice president of the Japan Society of Applied Physics, and a council
of Tokyo Institute of Technology.
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Nano- and Quantum Technology-based MR Imaging for Life Science

12 ARFHF Ichio AOKI

TE SRR R IE AN B TR R EIN R R RS, BT AR 2ER
YU R B SR AR T,
T263-8555 FIEMMER AT HIELS

Abstract

TR Rl o TR A ORI, MRT 2N R E R BEEZ L5 L TWD, T/ R 1%27 7
v N7 — A& LIeEFIEES 2T L (DDS) &, RIS The . AR A =2 v V7 EO B2
DY =)Lt LTREREMPHEESIN D, MRI TRIH(LTX 2 F 2RI, JRRNICIEE S5 3HA
DOIREHEE SO, BE T O O Z2 R A TRIEBIARNZ AL T X 5720 BR TOIREN RO KiEb o
725, HAIOBREMICB W THEERFINTH D (2 =4 EEA) . AT, fEkoid

EAOKEZPGRME T 10 HEE TR LEIEs TEFEMmR &V B FEIRNER SN TWD, AGHH

T/ E 254 & UTZRIERIR MRT (128 W T, @R E O MRT & F 2 ki FiE Ao il 2 it
DOHES &L Fox OELD fA % OISR L, AT, BEEE % EBL T 2 BHEMR MRT & J 7 HilF ol
AERLTEO TR ERE L,

I. INTRODUCTION

VRT 13RS5 DK 7 1 b o DNEERGE & ICIEEL G 4 28 U DI (NMR) A FIH U 72 A= (KW
JEA A=V 7VETHY  FEARFHEL LT, SZMOMREE (= 7 A T50 um F2EE) | #EBHLAE O E
ay b7 A b ERRE R L7 DR B 72 DI CL RO IR T T < BERE (TRER. 1A
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Prospects for Digital Print Manufacturing of Lithium-ion Batteries
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RICOH COMPANNY, LTD:
Innovation / R&D Division, ? Printed Battery Material & System Development Center
2-7-1 Izumi, Ebina-city, Kanagawa, 243-0460 Japan

Abstract

A new approach has been developed to produce lithium-ion batteries (LIB) using inkjet printing. Newly
developed nanodispersants have been found to successfully disperse relatively large and heavy
particles such as ceramics and graphite used in lithium-ion battery electrodes. Additional materials for
“inkjet printable nanopore paper” have also been developed and all three major LIB components
(cathode, anode, separator) can be applied to roll-to-roll LIB manufacturing using digital inkjet printing.
These technologies are suitable for the production of IoT devices and wearables that require batteries
of various shapes. This technology is expected to allow device designers to choose battery placement
in the final design phase. Meanwhile, hybrid inkjet printing methods that integrate inkjet printing with
existing electrode coating lines are also being developed. This method can be expected to improve both
LIB safety and yield in lithium-ion battery manufacturing. By taking advantage of these printing
technologies, the prospects for future manufacturing technologies that use digital printing methods to
generate LIBs have been explained.

I. Introduction

This year is a memorable year when Dr. Yoshino et.al., who invented modern
LIBs won the Nobel Prize"®. We would like to express our gratitude and
congratulations as one of the researchers in this field.

This may be the result of pursuing mass production for the spread of lithium-
ion batteries, but in recent years, the flexibility of lithium-ion battery
manufacturing has declined. In response, several attempts® have been made to
enable digital printing of lithium-ion batteries, but there have been few reports
of practical application. This time, the authors have developed a technology for
inkjet printing of lithium-ion batteries into more free shapes using
nanotechnology.

I1. Developing Inkjet Printable Battery Materials

Major approaches of Inkjet Printable Battery Materials are how does it convert
the high-viscosity slurries typically used in the battery die-coating to low
viscosity inks. Conventional LIB cathode and anode slurries both containing
several mixtures of material and polymer dispersant, so the viscosity of them are
usually very high (c.f. thousand mPa.s.), and total solids amount in them is for
the range of 50-60%. Therefore, new nanodispersant technologies are
developed for inkjet printable battery inks. This technology was applicable o printed battery.
most types of electrode materials used in existing LIBs, not only acheving  Figure above: Postcard blinking
relatively higher concentration up to 40wt%, but also typically low viscosity as  with printed battery.
several tens of mPa.s. We have developed high printing speeds using these inks ~ Figure below: Running an IoT
and in-house printer that are acceptable for production performance. In addition =~ Wwireless device with a battery
to the electrode material, we have succeeded in develop a printable separator ~ Printed in an R shape.
called “ink-jet printable nanopore paper” with high lithium ion mobility. These
LIB component inks can be printed using RICOH MH / GH series industrial

Fig. 1 Typical application of 1J



printheads. Using these inks, heads, and prototype printer systems, a freely shaped unique LIB sample is shown
in Figure 1. Inkjet printable LIB has also fined to have high output performance of 30C higher. these type LIBs
are thought to be suitable for a power source in loT devices, that usually implemented process to supply higher
power for transmission, such as Bluetooth. Our goal is to supply power to a myriad of loT edge devices equipped
with batteries by flexible printer system (Fig.2).

J oz R o Cathode Printing
)/ ™ e - y
4 oy
> S L S "
P P AL
y CCo®
»

Fig. 2 Prototype Printer System (Left) and image of Flexible Printer System (Right) of LIBs.

ITI. Hybrid Printing System Removing the Risk of Battery

Prior to the realization of fully printed LIBs, we found that using a hybrid printing concept that combines
inkjet printing with existing electrode coating systems effectively improves LIB performance. The main
advantages of inkjet printing are non-contact and thin printing properties, the ability to form layers on an
electrode, or arbitrarily positioned printing capabilities. Promising applications having advantage of these are
the realization of ceramic and / or separator layers those are either directly coated or partially printed at the
hazardous location of the electrode. This has been shown to reduce the risk of ignition in abuse tests such as the
nail penetration test” and the heat-resistant oven test. Similar approaches using gravure coating or small gap die
coating found to have productivity disadvantages such as electrode layer damage and final electrode breakage.

On the other hand, the inspection system installed in the coating line also offers the possibility of detecting
defects and fixing during manufacturing. At this time, an inkjet print can be used to wipe out these defects in
the desired location. This system, which prevents defects with real-time feedback, will become a future
application of inkjet battery printing that is attracting attention.
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Joint School of Nanoscience and Nanoengineering,
2907 East Gate City Boulevard., Greensboro, NC 27401 USA

Abstract

In 2015, The U.S. National Science Foundation (NSF) launched the National Nanotechnology
Coordinated Infrastructure (NNCI). This network of user facilities was created to provide academic,
industrial and government researchers with open access to state-of-the art nanofabrication and
characterization facilities, tools, instrumentation, and expertise within all disciplines of nanoscale
science, engineering and technology across the U.S. Its overarching goal is to “advance research in
nanoscale science, engineering and technology”.! The NNCI framework builds on the National
Nanotechnology Infrastructure Network (NNIN), which enabled major discoveries, innovations, and
contributions to education and commerce for more than 10 years. Specifically, the NNCI broadens the
scope of potential users, as it supports the infrastructure needs of traditional, convergent and emerging
nanotechnologies.

This five year program builds and maintains a distributed network of sixteen academic clusters across
the U.S. that leverages and engages twenty-four universities, as well as an additional thirteen non-
university partners. The NNCI encourages each cluster to compose, integrate and coordinate its core
facilities, so-as-to offer unique sets of resources that benefit and align with the local, regional and
national needs of its user base. The distribution of the lead institutions for each of the sixteen academic
clusters is shown in Figure 1 below.

‘ | arvard University
¥ LWhiversity of
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RV LA University w/ Pacific
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no State University
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e
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Fig. 1. A site map of the lead academic institutions for each of the sixteen NNCI clusters.



The NNCI also strategically supports and shares the development and integration of best practices and
resources in education and outreach programs across the network. Additionally, it assesses the impact
of these programs at the local, regional, and national levels. Finally, the NNCI’s social and ethical
implications programs enable social scientists to interact and engage with nanoscale scientists,
engineers, students and the community. Such programs foster critical thinking and a common language,
so that all stakeholders can proactively consider the potential impacts and unintended consequences
that new discoveries might have on society. This integrated network approach effectively makes the
whole more than the sum of its parts.

This presentation provides the background and justification for the creation of the National
Nanotechnology Coordinated Infrastructure. It also offers an overview of the NNClIs structure, key
attributes and performance metrics. Additionally, it will briefly examine selected NNCI related
convergent nanotechnologies, such as the SemiSynBio Roadmap initiative*, as well as selected recent
research highlights.
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Biotechnology research by using a nano, micro structural analysis
with electron microscope
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N21W10, Kita-ku, Sapporo, Hokkaido 001-0021, Japan

Center for Advanced Research of Energy and Materials, Faculty of Engineering, Hokkaido University
N13WS8, Kita-ku, Sapporo, Hokkaido 060-8628, Japan

Abstract

Hokkaido University provides support for the analysis of (1) surface structure, (2) internal/3D
structure and (3) electronic state. The surface analysis equipment includes the latest X-ray
photoelectron spectrometer, electron probe microanalyzer and UHV-SPM. The internal structure can
be studied by several electron microscopes including the world’s only ultrahigh-voltage electron
microscope with two high-energy ion accelerators and laser, FIB-SEM and so on. The electronic states
of nanomaterials can be measured using a time-resolved photoelectron microscope. We provide
comprehensive care and total supports for advanced characterization and analysis of material surface
and 3D structure. In this presentation, we will show you some supporting experimental of
biotechnology fields.

I. INTRODUCTION

Various electron microscopes play a very important role in the biotechnology research field. In particular, it
has a wide range of applications, from structural analysis of proteins for drug development to structural analysis
of whole tissues in nanometer order. In addition, various kinds of nanoparticles are developed for cancer
treatment and exploring in vivo structures, and it is also necessary to investigate the structure and dynamics in
vivo of them. Here, applications of TEM and FIB-SEM will be reported, we talk about how our advanced
characterization nanotechnology platform program should interact with your research in the future.

II. SUPPORT EXAMPLES FOR BIOTECHNOLOGY RESEARCH

Recent efforts to make effective and safe vaccines
or drug delivery system (DDS) have focused on the
development of various kinds of nanoparticles. In
order to avoid antibody production, gold
nanoparticles (AuNPs) are strong candidates. In fact,
gold nanoparticles (AuNPs) have already been used
as antigen carriers for subunit vaccines without the
production of anti-AuNP antibodies. In this support
case, binary mixtures of small and large GNPs
modified with a glucose-terminated fluorinated OEG
ligand (GFL) spontaneously self-assemble into a
size-segregated yolk/shell structure in solution, in
which clusters of large GNPs are covered with a

Fig. 1
(a) SE-STEM and (b) HAADF-STEM images of small

. . and large Au NPs mixtures with a glucose-terminated
monolayer of small GNPs due to entropy-driven size fluorinated OEG ligand (GFL)

segregation was reported ([1]-[3]). The surface and
internal structure of binary mixtures of GNPs were clarified by using two observation modes of a STEM. (Fig.

1)



In addition, three-dimensional observation of the tissue internal structure by FIB-SEM and analysis of the
tissue structure by TEM tomography were performed in our supports.

ITII. NEXT STEP OF ADVANCED NANO-CHARACTERIZATION SUPPORT

In biotechnology research, electron microscopes are used in various objective. Recently, it has become possible
to observe chemical reaction dynamics in a solution through the development of a high-speed camera, a liquid
MEMS cell holder, and it is also possible to observe the dynamics of living tissue with an electron microscope.
On the other hand, in life science, optical microscopes, including super-resolution microscopes, have advanced
one step further, and it has become possible to observe living individuals and brain tissue in vivo. It is important
that there is a complementary relationship with each other, and it is thought to advance new research field
through seamless the sample transfer and data interpolation and the development of new technology.

Another important issues in the microscope observation, especially in the field of biological research, are
problems of how to prepare the sample, how to find the best condition of observation and how to analyze the
captured image. Numerous data (sample preparation, measurement conditions) have been accumulated in the
nanotechnology platform program. By processing these many support contents with Al technology, it is thought
that we will be able to extract the optimal experimental conditions and the optimal measurement method. We
would like to accelerate user’s research in this way.
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nstitute of Quantum Life Science,
National Institutes for Quantum and Radiological Science and Technology
Anagawa 4-9-1, Inage-ku, Chiba, 263-8555, Japan

Nagoya University’s nanotechnology platform for molecule and material synthesis has been
supporting the interdisciplinary research between nanotechnology and biotechnology and more
recently we are expanding to support the Al system for nanobiodevices and quantum technology for
biomolecular imaging.

We have supported to develop nanofluidic devices, in which billions of nanowire structures are
fabricated. This nanofluidic devices efficiently isolate billions of extracellular vesicles in a 1-mL of
body fluid sample, such as blood and urine. The performance of the isolation for extracellular
vesicles is much superior to those for the conventional techniques, including ultracentrifugation and
1solation kits. The nanofluidic devices also enable us to detect over two thousand miRNAs, which
can extract from the billions of extracellular vesicles. This efficiency is also much higher than the
conventional techniques. We can isolate extracellular vesicles and detect miRNAs from over five
hundred patients and normal person. Machine learning system is applicable to this big date set to
diagnose brain tumor, liver cancer, lung cancer, pancreas cancer, bladder cancer, and prostate cancer.

We have supported to prepare quantum sensor based on diamond nanoparticles, which has nitrogen-
vacancy center and develop the method for transfection of nanodiamond quantum sensors into the
stem cells and cancer cells. These nanodiamond quantum sensors are successfully applicable to
highly sensitive measurements of temperature inside stem cells and cancer cells with higher spatial
resolution less than 100 nm. The information obtained by nanodiamond quantum sensors are so
useful to know the functions of stem cells and cancer cells.

Nagoya University’s nanotechnology platform will expanding the research support from the
interdisciplinary research between nanotechnology and biotechnology to material technology,
quantum technology, Al, and bio-economy in order to support not only each research topics but also
the prototyping, the process science/engineering, and clinical research to accelerate interdisciplinary
research and industrial-university collaborations as the open innovation platform.
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Materials Discovery Using Machine Learning:
Latest Trends and Future Prospects
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Otemachi Building 1-6-1 Otemachi Chiyoda-ku Tokyo,
100-0004 Japan

Abstract

Machine learning technologies, such as logistic regression, support vector machines, and random
forests. have been widely used for materials discovery. In particular, deep learning has recently been
applied to the challenging problems of generative design of molecules, estimation of properties of
molecules, and retro-synthesis planning. In this talk, I present a basis of deep learning and the latest
works of materials discovery with deep learning and also discuss the remaining problems and prospects.

I . Deep Learning

Machine learning technologies, such as logistic regression regressions, support vector machines, and random
forests, have been widely used for materials discovery. In recent years, a new machine learning paradigm, deep
learning has emerged and been applied to many challenging problems in materials discovery.

Deep learning [1] is a machine learning framework that uses large neural networks. A neural network represents
a complicated function by combining many simple computation units. These units are called neurons, and
parameterized connections between these neurons are called synapses. The backpropagation algorithm computes
the gradient of the function and updates these synapses very efficiently. Although a neural network is one of the
oldest models in machine learning research, only recently, wide and deep neural networks were found to be very
effective, and they are called deep learning. Deep learning can solve many challenging problems such as image
recognition, speech recognition, natural language processing. Unlike a traditional neural network with three to
five layers with hundreds of neurons in each layer, deep learning uses a much larger neural network with up to
hundreds of layers with 0.1~1 million neurons per layer. The success of deep learning was first examined
experimentally. Recent theoretical findings support these successes and show that deep learning has much more
representation power, and unlike the traditional machine learning common sense, the bigger network is easier
to train and generalize better. Also deep learning can now handle structured data, like graphs, and set and utilize
more data found in materials discovery. Deep learning frameworks and libraries support the rapid development
of deep learning models.

The success of deep learning is based on more computational power, larger data, and new techniques, such as
piecewise linear activation function (for example, ReLU), batch normalization, skip connections, attention
modules, and accelerated optimization techniques.

The training of deep learning models requires huge computational resources, but inference is fast. In particular,
when a deep learning model is used for approximating existing simulation results, it can approximate the result
100~1 million times faster than conventional simulators. This is because deep learning is very good at the
interpolation problem and can learn a smooth function that can approximate simulation results well in an
interesting region. Besides, deep learning fits well for parallel computation and can benefit from recent advances
of accelerator chips such as GPUs and new Al chips.

Let me give three application examples where deep learning is effective for materials discovery.

II. Generative Design of Molecules
A generative model is a model that can generate a set of data in the target domain. It was very difficult to

design generative models for high-dimensional data such as images and speeches. Now, deep learning can
generate high-dimensional data very well, and generated ones are indistinguishable from real data even by



humans. Such a generative model that uses deep learning is called a deep generative model. The representative
examples of deep generative models are variational autoencoder (VAE), generative adversarial network
(GAN), normalizing flow, and auto-regressive models. They have different strengths and weaknesses, and
users should use appropriate generative models based on their goal.

Such real-world high-dimensional data tend to lie on low-dimensional manifolds embedded within high-
dimensional space, so-called manifold hypothesis. In other words, such data can be described by a small
number of parameters, and users can generate data interactively by changing these parameters. Deep
generative models are good at discovering such manifolds, and by changing the latent parameters, they can
smoothly change the complex data.

Such deep generative models are now used for generating molecules [2]. For generating molecules, not only
structures, but also their positions, need to be generated, and new techniques are introduced to generate valid
structures and positions.

Il. Estimation of Energy potential and properties

Deep learning is good at classification and regression, and it can learn to estimate the property of molecules
from training data in a supervised way. Recently deep learning is used for modeling the energy potential of
molecules [3][4]. Although ab initio calculation of energy potential requires very high computational cost,
neural network models can approximate energy potential with a fixed cost and 1 million times faster in some
cases.

Using such a very fast energy potential evaluation, we can examine the properties and reactivity more quickly
and exhaustively.

IV. Retrosynthetic planning

Retrosynthetic planning is a task for searching a path backward from a target molecule to simpler starting
materials through a series of reactions. Since the search space is probably too large to enumerate, researchers’
heuristics are critical. Recently deep reinforcement learning (reinforcement learning with deep learning
models) achieved remarkable results in planning tasks such as Game of Go (e.g., AlphaGo), and these
technologies are also useful for retrosynthetic planning. Such successes are achieved by better learning
algorithms, exploration strategies, and a deep learning model that can learn and approximate better.
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