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STRATEGIC PROGRAM
Development of New Materials and Innovative Devices Using Atomically Thin 2D Functional Films

Executive Summary

This proposal, entitled "Development of New Materials and Innovative Devices Using

Atomically Thin Two-Dimensional Functional Films," is about research and
development (R&D) of new materials, innovative devices, and nanosystems' that use
atomically thin two-dimensional functional films such as graphene which has

attracted attention in recent years.

An atomically thin two-dimensional functional film is defined as a functional thin-film
material whose surface or interface has a two-dimensional atomic crystal structure or
an equivalent two-dimensional electronic state. Such films have properties and
structures different from those of traditional bulk materials or simple thin films, are
capable of having new functions or functions superior to those of traditional films, and
are anticipated to contribute to the development of new materials and devices. The
proposed R&D is expected to lead to significant reduction in power consumption and
device size, which is needed for next-generation electronic devices and systems, and to
the creation of new functions incorporated into such systems. These potential
outcomes can strengthen the international competitiveness of Japan's electronics
industry and other industries related to the production of electronic devices and
nanosystems. Moreover, it is hoped that the proposed R&D will lead to the discovery
of new material functions in basic science, to integration of academic fields related to
functional thin-film research, and to medium- to long-term training of young
researchers who will become international leaders in this field. At present, the field is
indeed at a stage where research activities are being intensified in Japan and
overseas, and thus it is essential to implement national R&D policies early so that
Japan can play a leading role in this field.

Two main R&D-related challenges are proposed: (1) creation of fundamental
technologies for innovative devices with atomically thin functional films that serve
application needs and (2) research on the functions of atomically thin films with novel
structures and establishment of scientific principles in device design that will
contribute to advancing technologies offered to the market. A multilayered approach
to R&D is necessary that responds to both the first challenge, which is based on clear
user needs, and the second challenge for which such needs are met through the
provision of relevant technologies. Application-oriented R&D is aimed at the practical
use of graphene and other materials in transparent electrodes, conductive thin films,
LSI wiring, various sensors, and high-speed electronic devices. Research topics related
to technologies offered to the market include various component technologies
associated with atomically thin films, particularly synthesis technologies; crystal

growth technologies; manufacturing technologies; measurement, analysis, and
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evaluation techniques; and exploratory theoretical analysis and simulation methods.

Achieving the goals in this proposal requires several measures for promoting strategic
R&D.

As international competition in R&D becomes increasingly severe, this proposal
suggests utilizing the Tsukuba Innovation Arena (TIA)” as a common infrastructure
for improving the efficiency of R&D investment to the greatest possible extent and for
increasing the speed of pre-application development. Through research projects
centered on the TIA (which has 100 corporate nanoelectronics researchers and 300
researchers overall), and through publicly offered projects sponsored by JST and other
organizations, it will be possible to promote R&D projects that are conducted
cooperatively by industry, universities, and independent administrative agencies. With
regard to the details of projects, it is necessary to strongly collaborate with the
Ministry of Education, Culture, Sports, Science and Technology, the Ministry of
Economy, Trade and Industry, and relevant independent administrative agencies, to
incorporate opinions from industry, and to secure industry's commitment to efforts for

realizing the practical application of technologies.

As for the promotion of R&D, execution of the aforementioned multilayered R&D is
expected to bring about incorporation of techniques gained through the development
of applied technologies into basic research and will consequently lead to the creation
of game-changing technologies.

As for R&D investment, this proposal suggests that integrative research be promoted
somewhat forcibly by designing rules that require interdisciplinary collaboration
among applicants to a publicly offered program, for example, between a team that
approaches problems from a physics standpoint and a team that approaches problems
from a chemistry standpoint. Also, in order to promote training of researchers which
will be needed in the field of atomically thin films, a funding system must be
established that will seamlessly connect the results of academic research projects
receiving Grants-in-Aid for Scientific Research to objective-oriented basic research
supported by, for example, the JST Strategic Basic Research Programs and then to
programs for the development of practical applications sponsored by the New Energy
and Industrial Technology Development Organization and other organizations.

In the case of graphene, Japan's R&D policy is less active relative to those of European
countries and the United States, and it is generally considered that Japan makes only
a small contribution in this field. However, Japan is a leading country in the field of
materials science. Since cooperation and collaboration among physicists and chemists
is essential to research on atomically thin functional film, Japan's future efforts
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should include promotion of large-scale national projects and programs that not only
are based on research integrated with related fields and "vertical" cooperation with
applied fields, but also should include researcher training and international
cooperation. The goal is to realize ultra-low-power electronic devices and systems with
new materials, to achieve energy and resource conservation, which is strongly needed

to create tomorrow's sustainable society, and to meet societal expectations.

' A nanosystem is defined as a part, device, or system that is socially recognizes and is
capable of providing high-level functions contributing to the solution of important
issues as an aggregate/integration/unification of component technologies in the fields
of nanotechnology and materials science and other fields.

> The TIA is listed as one of the factors in science and technology that contribute to
growth in the New Growth Plan approved by the Cabinet in 2010 and satisfies the
description of the place for industry-academia-government cooperation promoted in
the Fourth Science and Technology Basic Plan. Also, some of the programs promoted
by the TIA are included in the Action Plan for the 2012 Priority Measures in Science
and Technology.
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FEL FREA AR R SRSy iy 1E Y
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= DARFE DRI & KERE R
JST CREST %kifk= L 7 hu=r |57 Fr U arstkh-|2007 — 2012 | HAL K
AT RA ZADRIBISE T D W | T 34 AHAfT OB 5 o
Bl - 7 e A5
CREST 7/ B a gl Uiz | M%) ) o — F 2Ok = | 2010 — 2015 | W& - MEMIFZERERE
HEHT I RIE H AR O ARk V7 ha=7 AT MR T | R
7t ZADORR%E
NEDO |#D&BNEBMEIRE 0 7 | EHEMBITA > YT A%2{FE7| 2010 — 2011 | HFHFEHRE  HE
k 5057 =DA% AR CNT & 58 #1 %L
e B A
W T =R s | BT e Xk D 75 T = & | 2011 — 2012 | BARAFSSES  HE
PR % TE U 7 5 8 I S FE G i WA | A CNT it & 57 4 LA
DRFFERE % TEBH RS AR
BB LTS T = BTER L FEREBERIE B
72T TV T A ADOHFSER ALK
¥
777 EIER U R LA A7 (BR)
FET /31 A& > B oAF5E R 5 NN
BRFHE L ERTHEFH D — | KESEITOREICBWTRE 2012 — 2014 | KIEESHITOR A
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KETE, FEE, F 7 7 EEOEEM R TH 5 NRI (Nanoelectronics Research
Initiative) 12 35 K%, 21 MBS H L, 20204F L TICH LW L Ea—X DD
Beyond CMOS 7 /3 2D 355EA BIETEHENAED b TV 5, S HICKEOE I ESFIH
A/ R=va VEIEOXEBIIBWNTH /T2 /7 a Y —0RBEEMEIE 5701,
OSTP (Office of Science and Technology Policy) 35 TN NNI (National Nanotechnology
Initiative) A/ 3—#EE8IZ, AITHEEEIC L 52 —F Y Mo Te 7 v 77 AL~ TO
FIOT I TR TF A =T F T L LT3 OO EEFELTEY, 0955
D 1O 2020 FFB L NEDEDF /=Ly hr=s ] ThbH, ZITREN—AS
Jx b7 bua=7 ZAORBEVHEE STV S, KENIERIFFIED LT, WAWAIRET )
SHTL 2ME ORED, Ik E U TREOM BRI Hi %2 X 2 T\ b,
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ﬁ Nanoelectronics Research Initiative
Funded Universities (SIA, NSF, NIST)

o % Notre Dame  Purdue g MDE-)‘C
- M | N D Penn State UT-Dallas +* SUNY-AIL
S —— Purdue MIT Columbia
= | - Harvard GIT . Virginia

(co-funds NRI centers) ' v | o~

UC Santa Barbara Q' SWAN

U, Nebraska-Lincoln ‘ﬂ( \ ) elay
U. Wisconsin-Madison il S A Yirginia Nanoslectronics
Dallas s A Center (VINC)
University of Virginia
Old Dominion University
College of William & Mary

‘.Over 30 Universities in 16 States

EU Cix, v *¥—® IMEC (Interuniversity Microelectronics Center) D i%7>, 7
Z A2 MINATEC (Microelectronis Nanotechnology Innovation Center) @ X 9 724l
RS (2007 42), 7/ =L 7 b =7 ZOMFEREMERILLTND, /77 =
VTR - TE 21X, 2009 4E|Z European Science Foundation 73 3 —1 v /X 22 4 [EHD 7
1 7 Z ., Euro Graphene #32fii L Tk V., 36 7 /L—71Z 2010 4EH 5 2013 4R T
TTM=2—n8 PESENTNWD, 52 FPT OFAA TIE, HEEER O/ O HE[F
WF3e~ 11 7' 2 Concept Graphene (2, 2010 425 2013 4T, 15 M 22— 3 & S
T2, BEU TiE, A - BHJE - JOHIIZE, A/ X—var b ZRRBEO T nY =7
PR AEL TWDLONRREETH L, o, #HE, FAYREDEEICENTH, /I 7 =
¥ OWFZEBAFEIT R D REA e B E DM T T 5,

European graphene funding
2006 Annual Graphene Week Conference series has been started (MPG, ESF, ICTP-UNESCO)
2007 Netherlands: VOM Programme Graphene (5 M€ in 2008-12)
2008 UK: EPSRC Science and Innovation Awards for 4 Graphene Centres, 15 M€ in 2009-14
2009 ESF (22 countries): Eurocores Programme EuroGraphene, TM€ for 36 groups in 2010-13
2010 Germany: DFG Priority Program Graphene , 15 M€ for 36 groups in 2011-16

EU-FP7 STREPs GRAND, ConceptGraphene; RODIN, GRANADA (15 M€ in 2010-13)
2011 UK Graphene Hub (£50M investment into infrastructure in 2012-2013);

Sweden: 10M€ investment in Chalmers graphene centre (2012-2016);

Denmark: 5M€ investment in Danish graphene centre (2012-2015).
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5 [E%. nanomaterials based soft electronics, D CTHEY L ED, 42 N\D T T 7 =
VIFRE NI COERO T 0 Y 27 FEERLTEY ., FER $9M — $13M 4%
BINTWD, EEROT 7T 47 4 & LTE, Bl o200 LG BNERICHZEE
LTEY, F—Z/LTRIEKUS $200M OHBEOEE N7 ST\ 5,

VRN DT T T 2 H—ZiE, BLE 5 M T S$I00M (100 S U A - v
VIHR—IV RV) OEEEOR SR D, HRFPOESRMFTE L AT FLTEBY, &K
A~ RK-Neto B ZFTRIZEH L TW5D, i & 130T S§30M Nt CEERIZ 7 7
VT AT EINTEY, 2K LTI S$130M NEE I T\ 5D,

HETIZ 93 7y =l FO—RELTTZ I 72D vatrrar=7 FRHY .,
BHERFEZ T L ZER USSIOM & SN TW5D, AT, Hx OFsEEIC S 2
BNDHT7 7 RR$AM BV 26 DOEFE L THERMKI US$20M — $30M T7 7 7 4
VI BERIILTWD,

B, BOERFFFIT AT [ 1] L TTRFM B OZF O HE ] ik 23 4 RrET
HFEENMRA ) [ 2] [2kD & o) 2 REZME (CNT, 7/ 77 A3, 77— L %)
DD RIRZR DK LT, 7T 7 2 200E (B KERPEE~o) HFEIE 2006 4 LIS
LTW5A,

[ 1] http!//www.meti.go.jp/press/2012/04/20120425001/20120425001.html
[ 2] http!//www.jpo.go.jp/shiryou/pdf/gidou-houkoku/23tanso_ouyou.pdf
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LT, 7o 7=, NEMEMFYHE (h-BN), v Uty FRv Uhuis (&
mE)., TV 754 by—1b (CHAETY 75> MoSe), B{bF# ) /v — bk, BR
~ A7 L)L (BigTes) 2 E0d 5,

J27x> kFE (FT7774 ) ORI BERFE S, — RIS ORI —R
F ) Fa—T T, Pukichlbon7o7—1> (C60) Thb, £7-. UARRIZHIY
WMozt DE 7T 72 F 7 URy ERES,

PUEZ SIEFRAN=I L (BORIR) MiEEHRD kLY — MROMEL, 777 =
DY 3R,

RO HIVIERE - B FRBIBEROERENMEL ERMBEDOT (MR Y—) [ZHES<
FEIC K VBRI 8 LRI, NED (v 27) I3HERAR T, Rifl D Rk 74 IR e
ELOT, MEE LTI, EAXATAT AL, EXSRELURERD D,

TINNI XXy T 1T TIVYREDND 10 7 7~/ RO O JF B8 & 75 4
IRTNA APFIELIRNZ LD, ZO#IMET 7~ VY Xy v 7 LIRS,
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SENR

(1] BB RIE Y — 2 29 v 7 TEEREME R 5 0 TSR ORI A & REHAI & '
EillEca=r

(2] BB Y AR — L [ =L bo=7 2AHMBEMORIKR M, £Eb, KE
FE M DR SR 2 HER L T (09SP01)

[3] Bt AR Y —2 v a v 7 TRitREHL T/ 2L hr =27 2= 2030 ED %
ROT—] HEHE

[4] RpEES 1 7V — 2 IT #atE %A% 2008

[5] International Technology Roadmap for Semiconductors
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