MRMAEOHFBHEE
F/T79/80— - #H5EH (2015%)

I9€971792)—

F T mY— MBI WERTE. LR AaEbr IEEET BORR
FLVWo R EER R ER—RC, SO AT =V TETIHELERVEL IR FELE LT
BELTCELEST /WA A2 LHETDH, 2OLHEORIC, HBEEBHEINAHEE S
o, TN EARICHE - MR~ BHEIND Z & TT A A B M BB S,
RAEBICERE, =X VX — f/E - BE, 277, [FWwEE-=v 7 br=7
A7 ORI R L, HEEEFE L TEFE LT, TRbb T T Y

MBS, A R_N— g eV LTHREL TV,

F)79/05— - HEDFOMEE (20154Fh)

n SAGREEL S

§ IR N R ERIERES N EEOROE L

E S SaFAt REE  BEE 22k BEME WMERM 0 ®E dTx  UHaoL

o IFN¥— - ER t%:‘:;azm 2 thiERIE - TLIMO=HA
KO—FR14R . @ - 25 - e

3

| KTea THELF-N-KRE  wgmannn L) RAWS

Al KeAZZ R AEERAE HREER - BAAHA ¥ P2-2% 7~

28| mame ATHH - ATRE BT - AR R?—b - 124—72—R

| s HET R PIEAME Bl BT R KRR (b4, DKok, 9IPFTIL)

| ZhER- $e 2 BRE=R— (lm-rz:DDStmmfm E-4  BREHNEE Hﬁl{!-i«z'zb-f

THLE—FUT BECR=F7 bt b1—17 SF2-Ex:—7 - il ——

[ 27 4Lkl
K]

®IA-BEF

#

&
71 RUY 757 BRI ) =

i S o U b2 m“ R0 72Has W—ERIE  E-ThOE
E—LmT RE. 2—-F127 X588 - BEREm FTHNFE 72— 7s—-ILFi&
120%z b AEE (RREAE) PRI AT

F+IHLIUR
ummmMmﬂJm#um

o= ]|

T T ouaY— MBS EESORKE LGS T HEEENE LT
DRT v VEFALTEY, RERESHMFREZHES BE - =X VX — 0Bk
WTIE, [UBEZECE TR & o 7o BRI O R EfE R ~ D BIFF 2% | e - [
B W TITEREMHCHAE O QOL (Quality of Life) [\ b, BHIZ W - 1R,
TR - ERBEZW ~OHIFREN, S DICIIHBAEERBEIR~OMHEREE->TWDH, Fi#k
B IZEB VTS IoT (Internet of Things) DJA&ER MW N A2 LB+ 57 A A
MOERIZ, £/, By 7T —XONE - LBV EELHF TT — X R FEBRE L
T LUWHMEHER FIEOERICHFEREEZ->TWVD, 2TRNHOMFIZIEZ D I & T,
HARDE¥(ZEG L TCE Ly b=y RFEECMBEMPELITH L WE~LER
THAREMEEMO TV D,

F 77 7 mY—iX, Moore DIEHNCHRE S5 - EAROMAMLENM DIBERDH

CRDS-FY2015-FR-05 E AR EARZRIMREHE AERRBEBRE 52—



MERMROHBHREE
F/T79/80— - #H5EH (2015%)

T, T /A — OB EEZBH L, T CRETIHALZHML, HIET 2HME LT
1990 itk 7 5 2000 FFRPDITHIT TRE SR L, PFERBOHE IO E R
IXE TR O EmMERRIL, TV MEEHELED, 2y P HilfOoER M E - T
BHREBEESFICITEMEMEEINIREREE 2L L, TOEKTT /LY
fa=27 2%, ZOBROF /)T o a P —0EJIKEThHoTmEE 2L, —H,

2000 FERAPIFELLRE . B AEBA LI oM RICNEE S NBEAEL LT 5L, AEM
WALZEZIERHLTCH 2 A — Vo EEZAIVEZ ) EORBEBEL ENBD D, =
OMIZE, v M7 A0S iPS Mlao Bl ST FE I D S A A ok R
LELL T/ T 7 v Y= ANAFTEMMTOREIZE > TEWVOEEIXY) D B
RNL Do TE T, BITEIL, KIEEZBHNICRBINDEANZEBRE - =X /L ¥ —IZH
DOMEZ NEIZER LR o3, 26 okichmid<cr s 77 /gy —-
MBIO RT3 HE T —BoMEREE-> TS, THOHEBREEMRT 57-DI1C
. T T aT—0RI LT N AEMRREREN ., I DI IR R &
DEEIt., AT IMENRKLETH S,

WE - MEtOHFIUCH ZHR U CA D & AR 2 MM #ED T 72 B RO % E
EIREL,FIME OB TIIHRAEZEE LSBT L, MEMOEREEL X2,
LWREXZERLH L TE, e, V5o a4 &, KABA., F6 LED,
N= KT 4 AT OEERRCHER Sy R 8 BARNEZEZRREY - RELZELS b oz
B3 B O L HAN A 2 HAFE L TV b,

ZOXIRBEENL, ODREOWMBMEXIL, mEEMEE P LIcEER Y =T
ERELR L TV 2 Z5A LT\ 5, {H x4 O EEREM B T 85 R 1A 3 A 12/
SV, BIRE LTI RERHHEER L TWD, EROMECIX, FEEME, 7
A AT UAMEBE, B, R FEMME, KB DB & BARBENE VR >
T R LTV DMERNEEAFIET D, — F T D TCHARGWHSEAHEE2H
LTWE Yoy #EEEZE FSLERYOy MERDO L =TI RAEXLIEFL, H
ANRBNE SN TVWAEEH 74+ FLURA RN T — T 4N B R E—HOEET 4
AT VAME, VF UL FUBEMMEEICBNTHLHAEORBIZEY T ®
BMTFLTWAEMLH D, BIE, HARESWEEFRSFNEAA L TWHERCT —
R RFEBHEEEM B 2 EColiG L HABHBETSBREIMEDL ETFHENTE
D, TNOEEBRFIIOME - BIEPKHEATHLZ EEFEERTE0,

HAAEOBR - BIEICEEZBT L AREZ TR L 2T _XCTOER, /77
T —=HLWIEMEIORABKR A L, ER EOBEASMNE LTHEESIT TWD,
20010 FoOXEIZBTLI2ERESF /77 /v Y —A =37 F 7 (National
Nanotechnology Initiative : NNI) BH#&IC L - T, 5O MRAN T — L Lo F
T mY—E, FORFTHEFEELERELTRO 7 2 —XZBITL2OH D, 2014
0O PCASTICE2HETIE, /77 /ny—GFyA27afbaRcHnz AR,
NNI2.0 ICBITT REMHICH L LoFENINTVD, ARIZCBWTH T2 /1=
U— MBI, B 4 B FEINEARFEICE T AR S L TESIT b
TV, B A ) N—a UG (2014) TIXo BT & L T

CRDS-FY2015-FR-05 ENRRAFEEARERITIREEE ARRREERE 2 —



MERMROHBHREE
F/T79/80— - #H5EH (2015%)

HBNTW5D, BFOEMTEITKE, BKIN (ECEEKEETHEOKRT) 1K 20 E L
B CHEZIE_TEBY, vy 7, AR, FAY PENSERAND 10 R0 fH
Thd, BRICBWTIHEHN FOBHHEREN 900 (EHERETHLDITK L, EER
T 9000 (EMREOM M BE NI ENTWVWD, HARTIIEE - tLSMHIfFo KX
WEBTNA A NU—x L7 br=7 X il (bR G RsHARE N TG -
S BREFEM e &), EEMEL, B =T AR (AR T RE, AT
L), LR, RENEAKEINLTWD, KETIE MHEERE (Materials
Genome Initiative, NNI %) |, &k (/L) BLOV Y —r X LX—%H
RAb, B T7 29 720 R TRFBMHMEESHEL DEHTESA TS,

ANMo#EmE RS E, S /77 8V — - MESBICEET 2 EERENEST
IEBENICEBHDBEY LTS (FICEERFREEOBION KTV ERNI SN D)

DR L, WSO EH 2SO BHITWMML TWD, EBICASE CENOFERKE
BIZBMLTWAET 7T 4 7828138 24 FATHY ., @EAERICH L& BE
LTCWb 77 //my— - MBSO EEIZ. K 356 TATHL, ZHiEHHE
(F114 5N, KkE (I8 HAN) RS EIMNOKETHD, Z0 10 FEMOHEE E &
L& ECKRIIZH LT, BADORIHAEZHOMNITELLL->TEBY ., S H%DOEER
MED—> LWz 5,

FZEBE R B O FEBE LB S . HARO M IE L LT3 v d @ 2 & 23
LTWd, BE - =X VX —ICHTOEEREM NITE ., f@FE - EBE, =17 he=
JASNOIGEH TR, EWo L9 ST HHEESHOIE N EOMBEN AN
Lo KENX, BELOIGH., EEREFTHETED, BERMICHRIZRBEL TWVD, F
[ZNA A3 B2 3 T B O SR MRHI S B S LT 0 | LA 50 3 % i £ b~
ROTFTDHAE — RBREHWNZ ERRFETH D, BRI T, BANEE & OEgTIiE AN
AT DA EE S 20, EU2KORE N TIZEAEZ LR Z ik b, &M@
FEMEAREIMA TH D IMEC (X —) 0, 7T U h—7 7 —fF5efE (R
V)R ET, B =T N ALMEMS (I %#5%%#%%%&%%&T@ﬁn#
EHETHDH, PE, EEICIImBO TEATHEED DB, FERBORE L LT
R, A TIHBERRICEHELTEHERELNZ D, T, WS OO MHETIEEE
WZEPNES 50, U—FRTsmbALND, Rz, #EIX Samsung 7 /L — 7 %
bK\XEV%H:ﬁx(SW—M&MD\ﬁﬁivﬁFD%7X(74X7V4)
REDHFICBITHEERIF I TIEAERKZE S LALIZE > TWD,

FoT I aY— c MBS BEEROmICEE A RS L 2011 FLEIX, FE,
M, KE, BADIETH 2, FEOGHCEEMOBNTHLAZHNTEBY, KED 2
FIT W E o TV D, BARIT 2009 4FF THIEMEMICH 7208, T LLRRED - ]
EWEmTH 5, FFFICBE LTk, BARITR U TS, Lo bif, BEEm, U —
TL 7 b= ZARENEN, RV THREOBINERNEE TH D,

WFZEBRFEIC RIS, BT 2-3FD My 7 AL LT, A - BEANAT7 U v P

CRDS-FY2015-FR-05 ENRRAFEEARERITIREEE ARRREERE 2 —



iv

MERMROHBHREE
F/T79/80— - #H5EH (2015%)

N T AAA FRGER., BTy 7 NIV A koY BFarta—H
WICH e R R (77 7 = %), bAr Y izik, MOF (Metal organic
framework, 4B A ENR) R ENHROICER SN TS, BHARIL 2000 F LI
., BREEEAROFEEL, MOF OB, Xu 7 A4 M RGEMOREIE R L, 7R
FIZHER SNOBFENKREEZEEZICAHLTEBY, ZhblTVnTnd#M L Wits
BAFHB SO It d D,

ZOEHICTm =R THESFOHALT D ERBIL., BABEAE — R~ RN —
BELEE-o-TWnD, aRx b VR T IZEDHMBEAR A FOSE, U A7 K.
LHHEIZ X D 2R EMFEMOER ., LBIFIEBRIE A 7 T | FLE LA B i B
FHASDRIEE - X, AIMEOHBERNHZR2EDORXY v N2ZEZT 57200, #LE
BOA—T A ) X =g VU~OBMAENHERE M CREI N, EEHFZLL
THRERWNIZ > TWWb, ALBANY (k). IMEC (BR). MINATEC (BER). 7
2—Ya /AR R (YU HR=I), BINT 7RV R (F) OLD 727 v — " )|iF
59 D EFERBRAI SN WEIN TR A EHEI SN TETEY, HAL TIA-nano

(Tsukuba Innovation Arena — Nanotech) 723, &4 . Z2HEMffEE K. EH v =
7 NI EYERFTH D,

Fo. KEH, BEZIZIUD, BENEREZ R T 2720 O RS IREE | FETFE
AMER R EICHRNTH S LT, EmEmas LAl T 2%y U — 7 BNt
BLTWS, BRICBWTHLF /T2 /0y —7F vy b7 3 —5I2 X0 I, %
RS FREAT . 0 7 - ME AR OK D EICEB T D e o AR AL L T D,
— T, MEEK - BRI, Y7 MU= T O SRS E MO & E - ERICEED D E
FAIAMORREXF Y VT RNRAEENRREL 2> TEBY, BAROEZEVITNICBW
TH, AME RN - ZEMICTHER - BT 5+ FRITRELHE TW R0,

ZOM, FFRATCHHI L E D, SNA LT B ORBENLEE~OFIE L., KFH
B X OEFIRFEMNEICKE T 2 mdEE, WtOICH 77 7 a v —OERELEE &
U R 73 (EHS, ELSI & thas%) 2. Z2HOBENFET D,

b X, /77 7ay— Mooz ZLs e, AARIFIIRTIE, it
KREKOT /77 /vy — - MEERELEERTHDL LW D, L, R L
DEHFICL DT VL7 e =7 ZA5BIZB T2 HBAR-EO Y = TIRT, AM G - 5
PR DA O O AF T . WFZEBE JE BOR - BRBE i O L B 1%, A% b BUE DONLE & #EFF T
EOMETHZFHFST. E, FLEOXY —EORERERE L BREMNITEARD LN
L2 LTV ETHRN,

Ja— Vet SRR B M E LB E X, AARICBIT DERIE S T
Y RFx LYo ELTICRT,
s WEHEMERE LT o 28 LREOE = b, Kz 2 KFE-ZITWIT TK
FOIHE - Wk, ERER EIRFR IR D08 - WAEREME - v 2T A
o Wi BT NA A, NI LR E O Rm % X0 RIS - MRk L, Mifa - 4

CRDS-FY2015-FR-05 ENRRAFEEARERITIREEE ARRREERE 2 —



MERMROHBHREE
F/T79/80— - #H5EH (2015%)

EBE Do T VSOV TOMBEERZRIRICT DA 2T 7T 47 « XA T HRmEmD
FH

e Tl b= RIBFELZFT AT —LDO (7 ) HIEEHEL, B, %
vy, F. T o EEFNFRISR G Ul i~ o i B

N AV ANV SN S NV SN 7N o ) o e DS NI ATl iy mil/ e s P/ N
7 ARERE A /N (K2 A N O RERT v SICER L BEEE B, LB B REH iR O
2O 2T T T T T HTIVEAIER

s EMORETE . HREICHF D, TNEar o — FEMFIHNE 3D BERICAES
D OGNS DRI TN A A o A AR A T R H A o 1 5

o HWHMHL, Zotib T D mEkEE. BEE., K X M RIBAR 2 Bl b 57 — & BEE) Y
DM EHEESR « REHT 7o —F

PEEBFNOPWRELTH, 2 L THERNBEEORE~OXISOETH, 7/ T 7
J Y — s MBHC BT 2RI I OMERF - (LI A RIZE > TEMBTH D, T/
T a Y= MBI AW I R R m LNV RS, T AT I T EERN
IZWOTHEMEBRER~T 78 A L, 22 THIFNA /) RXR—varEzgl&idz L,
FRAL - AT Al - FEEAA~ORT TV FHREROEBH ZHEET ILERS H, &
WMDY Ial—varEAEeETHA—N—ar Ea—F—X WE - HEOH -
ML -GREMNRELETZF /)T /0y =7y b7+ —Ah, ELIIEEKRLMET
— A EEH B TEIMB T X BB EEHETOILERD Y 2D NEK & LS
IR L, 2ERNEICHEEZRD GoTHFEHTH L5, WhiX I /778y
— MBI RXR= a3 T Ty T =L HAARERICDT o TR T 2 &0 T
MR, KREEORKORA v -V THD, ZOXIFT /77 70y — - MEA
JR—=2 a7 Ty N7 —AF,FHFICYT T A4 MLUEER T, BARAEEICR v
T —Z L LTHRZESD LD BREELADE THET RETHD, ZNITED .,
ICW2ARN S G BASKRORIEIREIFICT 72 2 TE, -8B & R 0 A - d i
HLAREE T D5 & T, ot Emi - Big L., EoHIREXOIEME/IZE DR
LT ENMREEIND,

CRDS-FY2015-FR-05 ENRRAFEEARERITIREEE ARRREERE 2 —



Panoramic View of the Nanotechnology / Materials Field (2015)

Executive Summary

The field of “nanotechnology and materials” is built on nanoscience based on
fundamental sciences such as materials science, optics, life science, information science,
and mathematical science. Nanoscience has been developed as science dealing with
phenomena occurring at the nanoscale. Common basic technologies (manufacturing,
measurements, and simulations) are structured on nanoscience, and applications of these
technologies to materials lead to development of devices and components. Also, they
become cross-cutting technologies in the fields such as environment, energy, health and
medical care, social infrastructures, information and communications, electronics, and so
on. Eventually, they give rise to innovation and the field of “nanotechnology and materials”

plays an important role as an “innovation-engine”.

The field of “nanotechnology and materials” possesses a potential as a technological
basis capable of leading the future of diverse industrial fields and carries the weight of
high expectations for society. Such expectations include solutions for global problems
related to the environment and energy such as climate change and depletion of the
natural resources and drinking water, prevention of excessive rise of medical expenses,
the improvement of quality of life of patients through early diagnoses and treatment, non-
invasive diagnosis, and regenerative medical techniques in the fields of health and
medical care. Growing expectations exist also in the field of information and
communication technologies for advances in device technologies which realize a
widespread dissemination of the Internet of Things (IoT) as well as for advances in
exploration of novel materials fully utilizing data science taking into account the rapid
advances in collection and processing techniques of “big data”. Through meeting these
expectations, electronics, components and materials industries, which have been driving

Japanese economy, possibly evolve into a new look.

While pursuing further advances in semiconductor microfabrication technologies as
predicted by Moore’s law, researchers had developed techniques to observe nanoscale
structures and to understand and control phenomena that occur at the nanoscale, leading
to great advances in nanotechnology in the period from around 1990 to the early 2000s.
Developments in semiconductor microfabrication technologies propelled progress in the
digital technologies and improvements in the performance of electronic devices and,
coupled with advances in network technologies, led to major innovation in
telecommunications that became known as the IT revolution. In this context,
nanoelectronics can be regarded as the driving force of nanotechnology during this period.
However, while obstacles to further miniaturization in semiconductor microfabrication
began to come to surface after the early 2000s, many researchers began attempting to

produce nanostructures through self-organization using autonomous chemical reactions.
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During this period, there were significant developments in biotechnology, including the
human genome sequencing and the emergence of iPS cells, and the roles of
nanotechnology and biotechnology became an inseparable part of each other’s
development. Today, humankind is facing grave issues related to the environment and
energy, such as climate change, and this has further increased expectations on the role
that nanotechnology and materials will have in finding solutions to these issues. However,
these issues cannot be resolved solely through nanotechnology. We, therefore, have to
tackle these issues with the nanotechnology combined with biotechnology, information
technology, and materials science and engineering.

Concerning the materials field, Japan has played a major role in promoting R&D,
particularly leading the world in the development of new materials, to support key
industries of components and materials and to create new industries. Many key
technologies in the field of materials were greatly responsible for some of Japan’s most
important inventions and achievements, including photocatalysts, lithium-ion batteries,

permanent magnets, blue LEDs, and media and magnetic heads for hard disk drives.

Under these backgrounds, components and materials industries have developed
numerous products centered on functional materials that claim a large share in global
markets, despite the market size of each sector is small. Japan’s companies also possess
numerous products that have captured a large share of the global market in individual
materials, such as semiconductor materials, display materials, battery materials, carbon
fibers, and separation membranes for water treatment. On the other hand, Japan’s once
high market share in hardware such as PCs, cell phones, and TVs has declined
considerably due to fierce global competition. Japan has also suffered a loss of shares in
its previous stronghold of raw materials including some of its LCD materials such as
photoresist and color filters, and materials for lithium-ion batteries. The global market
for batteries, power semiconductor devices, and carbon fiber composite materials, in
which Japan is presently very competitive, is expected to see great expansion in the future.
Needless to say, it is vital for Japan to maintain or strengthen its industrial

competitiveness in these markets.

Looking at the policies and strategies of foreign countries, all the countries addressed
in this report have a basic national strategy for nanotechnology or materials, positioning
these fields as prior technologies. Nanotechnology is now transitioning to the next phase
more than ten years after the U.S. launched its National Nanotechnology Initiative (NNI)
in 2001, which created a kind of boom worldwide. A 2014 report by the U.S. President’s
Council of Advisors on Science and Technology (PCAST) recommended that looking ahead
of outcomes, it was time for nanotechnology to transition to NNI 2.0 through
systemization. In Japan, the 4t Science and Technology Basic Plan positioned

nanotechnology and materials fields as common science and technology bases, while the
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Comprehensive Strategy on Science, Technology and Innovation (2014) redefined these
fields as cross-cutting technologies. The annual administrative budget allocated for
nanotechnology and materials was approximately 2 billion dollars for both the U.S. and
Europe (totaling all national budgets in the EC), and was between 500 million and 1
billion in Russia, Japan, Germany, and China. While Japan’s government has invested a
total of about 90 billion yen in these fields, the industry has spent approximately 900
billion yen on research and development. The priority of Japan’s investments has been in
areas showing great industrial and social promise, including energy storage devices,
power electronics, catalysts (catalysts for chemical synthesis, artificial
photosynthesis/photocatalysts, fuel cells, etc.), structural materials, sensor devices (for
health care, environment, and infrastructure, etc.), and the critical materials of the
Element Strategy program. The U.S. has placed emphasis on advanced manufacturing
(through the Materials Genome Initiative, National Nanotechnology Initiative, etc.),
semiconductors (nanoelectronics), and clean energy, while Europe has focused on

graphene and carbon fiber composites.

Looking at trends in human resources, membership in major academic societies
involved in nanotechnology and materials fields is gradually decreasing in Japan (the
decline is thought to be largest among company researchers), while membership has been
increasing in major academic societies overseas. About 24,000 active members
participated in annual conferences and the like in Japan related to these fields, while
about 35,000 researchers in nanotechnology and materials fields published papers on
these topics over the past year. The latter number ranks third behind China (about
140,000) and the U.S. (about 80,000). When examining the increase in published papers
over the past ten years, Japan’s advancement lags well behind that of the U.S. and

countries in Europe and Asia, which could be a cause for concern.

A comparison of international trends in R&D shows that Japan still keeps a high level
in all areas of basic researches. One can see a direct correlation between the research in
each field and the activity of the corresponding industrial field, such as Japan’s high
industrial technology capability in applications for the environment and energy and its
low capability in applications for health and medical care and electronics. The U.S.
demonstrates strength in all fields, from basic to applied research and in industrial
technology capabilities. The U.S. has a powerful national support system in place,
particularly for biological fields, with a distinctive ability to promptly link achievements
in basic research to industrial applications. When compared to Europe, Japan leads
individual countries in numerous technological fields, but is overtaken by the collective
strength of the EU as a whole. Europe’s major R&D centers, such as IMEC in Belgium
and Fraunhofer Institutes in Germany, are actively engaged in R&D, from basic research

to practical development on sensor devices and MEMS. While China and South Korea are
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blessed with extremely talented researchers, at present their overall capabilities in R&D
are still inferior to Japan, Europe, and the U.S. However, these nations have shown
superiority in some areas and it appears that the gap in several fields is steadily shrinking.
South Korea, in particular, has reached a level of technological capability surpassing
Japan, Europe, and the US in such fields as spintronics (STT-MRAM) and organic

electronics (displays), largely owing to deep commitment of Samsung Group.

The countries/regions that have published the most papers overall on nanotechnology
and materials since 2011 are, in order, China, Europe, U.S., and Japan. Most conspicuous
among this trend is the rapid increase in papers coming from China, as they have
published nearly twice as many as U.S. The number of research papers published in
Japan slightly increased up until 2009, but since then has remained in the same level or
on a declining trend. Japan as a whole has been active in applying for patents,
particularly on fuel cells and power electronics. However, as should be expected, China

has also shown a remarkable increase in this area.

Over the last two or three years, R&D on organic-inorganic hybrid perovskite solar cells,
organs-on-chips, trillion sensors, quantum computers, atomically thin two-dimensional
functional films (e.g., graphene), topological insulators, and MOFs (metal-organic
frameworks) among other topics have been attracting worldwide attention. Since 2000
Japan has steadily produced technological achievements that have drawn attention
around the globe, including the discovery of iron-based superconductors, the development
of MOFs, and the development of perovskite solar cells. All of these achievements were

made in the midst of heated competition.

This type of global, intensely-competitive R&D has further increased the need to speed
up development. Efforts to establish an open innovation model at centralized research
hubs are being carried out around the world in order to share in the costs of technological
development, reduce risk, gather diverse groups of specialists at centralized research
hubs, and enjoy the advantages of shared infrastructure, public investment and support
for the development of basic and core technologies, and the mutual use of intellectual
property. Extra-large research complexes for industry, academia, and government are
being established overseas one after another, including Albany NanoTech (USA), IMEC
(Belgium), MINATEC (France), Fusionopolis (Singapore), and Nanopolis Suzhou (China).
These research complexes are developing their activities on a global scale. In Japan, the
Tsukuba Innovation Arena - Nanotech (TIA-nano) is currently expanding its funding and

the numbers of participating researchers and research projects.

Countries such as the U.S. and South Korea are working to establish a research

network for the shared use of advanced equipment that can be beneficial for the
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integration of different research fields, collaboration among industry and academia, and
development of human resources in order to maximize cost-effectiveness. Japan is also
earnestly developing the Nanotechnology Platform for the shared use of state-of-the-art
research equipment in the fields of nanofabrication, nanostructural analysis, and
molecule and material synthesis. Japan, however, faces a shortage of specialized
personnel capable of supporting users of facilities, equipment, and software and engaging
in the accumulation and advancement of skills, as well as the necessity of putting in place
career paths for such personnel. Any of Japan’s industry, academia, or government sectors
have not yet found any policies that are adequate for securing and fostering the personnel

in the long term and a stable manner.

In addition to these issues, there are several other problems in Japan, including
approaches to bridging basic bionanotechnology research to clinical applications,
strategies for handling intellectual property in university research and in collaborative
research between industry and academia, strategies for promoting standardization in
nanotechnology, and risk assessment regarding environmental, health and safety (EHS)
issues as well as ethical, legal, societal implications (ELSI), and social acceptance.
Regulations and government approvals and licenses relevant to these issues should also
be addressed.

Based on the recent trends in the field of nanotechnology and materials described above,
Japan is considered to be one of today’s world leaders in these fields. However, it remains
to be seen whether Japan can maintain its current position with the rise of China, South
Korea, and other countries when comparing aspects of each country’s R&D policies and
strategies and considering the declining shares in Japan’s electronics products, as well as
Japan’s stagnant growth in the development of human resources and the numbers of
published research papers and submitted patent applications. Clearly Japan should
establish closer collaboration among industry, academia, and government and conduct

autonomous actions to strengthen its R&D capabilities.

Considering social expectations in the global scale as well as recent trends in R&D, the
following are some Grand Challenges that Japan can aim for in R&D.
* Environmental pollutant removal, more energy-efficient separation in chemical
processes, separation and storage of hydrogen for the coming “hydrogen society,” and
functional materials with separation/adsorption capabilities for medical care and
numerous other fields along with their system applications
* Interactive biointerfaces that enable favorable interactions between cells or biological
materials and diagnostic and treatment devices at the molecular level by designing more
sophisticated interfaces between artificial devices and living organisms

+ In electronics, establishment of control technologies for nanoscale heat (phonons), and
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evolvement of these technologies through integrating different quanta such as electrons,
spins, photons, and phonons

* Wearable and implantable electronic devices for healthcare and the augmentation of
mind and human’s ability, realized by integration of nanoelectronics functions such as
sensing, networking, and energy harvesting, on ultra-small, low-cost semiconductor chips
* Formulation of bio-inspired manufacturing technologies by studying the structures and
functions of living organisms and incorporating this knowledge in advanced
manufacturing technologies represented by computer-aided design and 3D modeling

* Data-driven approaches for high-throughput search and design of materials with higher
performance, higher reliability, and lower cost consisting of complex and multi-element

system

It is vital for Japan to maintain and strengthen its R&D capabilities in the field of
nanotechnology and materials, whether as a source of industrial competitiveness or for
the measures of addressing global issues. To this end, Japan should create a scheme of
nanotechnology research and development for a new age that will enable to maintain the
world’s highest level of base technologies and will allow both academia and industry
always access to them, and will derive technological innovation leading to practical
applications, system integration, and industrialization. In addition to supercomputers for
high-speed simulations and a nanotechnology platform for enabling the measurement,
characterization, nanofabrication, and synthesis of materials, Japan should build a
material information infrastructure to manage vast quantities of material data and to
provide them to users on demands. Then Japan should construct a nationwide triangular
Nanotechnology and Materials Innovation Platform using these three components to form
regional research centers that closely collaborate in their activities. This is the most
important message of this report. The Nanotechnology and Materials Innovation Platform
should be constructed together with establishment of satellite research centers in various
regions of Japan which allow their network to spread its roots throughout the country.
Such a platform would allow researchers in any region of Japan access to advanced
technologies in other parts of the country, which could help revitalize regional industry.
It would also facilitate networking and collaboration among researchers and enable

Japan’s researchers to collaborate with and compete with the rest of the world.
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