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STRATEGIC PROGRAM “Construction of Fundamental Technologies for Nanoelectronics”

Executive Summary

Proposed is the strategic promotion of seed-oriented nanoelectronics
R&D based on a novel concept and emerging technology for penetrating
the technological limit of CMOS aiming at the establishment of a
long-term industrial platform in the future. For this purpose, academia and
government-financed research institutes should lead their strategic R&D
for exploring scientific and technological seeds for future nanoelectronics,
in parallel with a scenario for new nanoelectronics as one of the future
main industries.

Technologies for the down-scaling and integration of electronic devices
will remain indispensable for meeting the demands of an exponential
increase in information data that should be treated electronically.
However, we are facing serious problems, such as an intrinsic physical
limit of scaling, increasing dispersion of device parameters, and increasing
heat power density caused by the integration. In order to overcome these
difficulties, it is urgently needed to promote R&D, by making the best
use of emerging nano-science and nanotechnology, in order to realize
electronic devices based on novel principles replacing conventional
CMOQOS, and to explore new materials applicable to the new devices. Since
large public investments have already been made in this area not only in
the US but also in the EU, it is urgent to accelerate the R&D activities of
this area under the umbrella of a national strategic R&D plan.

Two specific R&D programs are proposed:

1) An R&D program for device operation and device technologies of
novel-concept logic and memory devices for realizing high-speed
operation, high capacity, low power consumption, and high reliability

2) An R&D program for exploring new materials enabling nanoelectronics
devices and for demonstrating their technological feasibility for device
application

R&D program 1) is concerned with novel logic devices using new
state variables that can replace conventional logic devices that
are basically operated by electronic charge, and also novel memory
devices for ultra-high speed, ultra-high capacity, and ultra-low power
consumption. R&D program 2) aims at exploring new materials necessary
for the novel logic and memory devices. The aforementioned “‘new state

CRDS-FYZ2009-SP-01 Center for Research and Development Strategy, Japan Science and Technology Agency



STRATEGIC PROGRAM “Construction of Fundamental Technologies for Nanoelectronics”

variables” include, for example, spin, phase, polarization, and molecular
configuration. These non-charge state variables have a possibility of
realizing ultra-low power consumption and ultra-high speed operation, due
to their characteristics without power dissipation and without signal delay
originating in the capacitance. However, such performance has not yet
been realized at present, and even the concept has not been verified for
some state variables. Therefore, the proposed program includes high risks
and high challenges, but the impact will be very high when the goal is
achieved.

For the effective promotion of the proposed R&D, establishment of

a research hub center, cooperative research of industry, academia and

government, globalization, and personnel training and education should be

evaluated as the achievement of the project. Specific promotion programs
proposed are listed below.

(1) Establishment of a research hub center: Highly controlled facilities for
device fabrication, processing, and characterization are indispensable
for the proposed R&D of fundamental nanoelectronics technologies.
The facilities should be constructed to adapt to the Japanese
environment, referring to several global hub centers in the US and the
EU.

(2) Cooperative research of industry, academia, and government: The
results obtained in the R&D should not only be conceptual ideas, but
also be guiding principles for the practical application in the real world.
For this purpose, construction of a cooperative system of industry,
academia, and government is desirable. Industry, academia, and
government should collaborate for the R&D of various germinated
seeds, and adjust the system according to the progress of the project.

(3) Globalization: An operation system that can promote participation of
excellent researchers and active students, both domestic and from
overseas, is essential for the proposed seed-oriented R&D.

(4) Personnel training and education: The most serious problem in the
nanoelectronics field in Japan is insufficient human resources to play
maijor roles in the next generation. The R&D should be promoted in a
way whereby personnel training and education becomes one of the
important achievements of the program.

Breakthrough or bypass of limitations in scaling, integration, and power
consumption reduction will be difficult to achieve by the extension of
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STRATEGIC PROGRAM “Construction of Fundamental Technologies for Nanoelectronics”

current technologies, and thus a long-term approach for the investigation
of novel-principle-based devices with new structures and new materials
is essential. For the realization of the proposed program, governmental
operation for maximizing funding efficiency, harmonizing with the current
and planned programs across the related ministries and agencies, should
be promoted.

CRDS-FYZ2009-SP-01 Center for Research and Development Strategy, Japan Science and Technology Agency
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SUNY: State University of New York
CNSE: College of Nanoscale Science and Engineering
SIA: Semiconductor Industry Association %
NRI: Nanoelectronics Research Initiative %
CR: 2'J—=2I)L—LA
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FK101-2:BHDT /I UD OO ZM=BI(2)

ESR RE RT3, PR "
Hots) b (f = ) S hiEs iEaREIE] 1518
- CMQOS-based
- BP N)LF—=DT | nanoelectronics
SIS =Z)L—A | - Packaging, N/ 0ILY 0D
Vi interconnection A FI)F0/0Y—. 1B
-200mm™ =/\Xifiy | - Photovoltaics RBIEY AT ARAMTICHIT
CR. 300mm7~ x | - Biomedical DEXER”_—-AD3~10
IMEC 1984 | /\x¥iiCR (2004 electronics FIDERRFHIRDZET
F~) [CKDFAES | - Organic SvyY3VEUTEIL
1 electronics - HRBEHSKFRE (2
- HREBEOFEAE | - Wireless 15852, B1LERR) &%
EU EN/N—kF—&EL | autonomous A,
<z (~500%) transducer
solutions
- A& :3500A - DSV (RKXVI—0Ov
-200/300mm:stfE | - Nanoscience IN) DT T OHREEHE
51 - micro/ EEBFEERICZEHN
- i Grenoble nanotechnology EUTERIL
MINATEC | 2002 | CEA-Leti, the - Nano-optics APRR R (RN, 1HEF. T
CNRS, Joseph - Nano-magnetics OrRY17, 8R)
Fourier University | -Nano-manipulation| * @122 X304, MR
hoEE DRREBEDZITAN
IMEC: Inter-University Microelectronics Center
CEA: Commissariat a I' énergie atomique
Leti: Laboratoire d’ Electronigue de Technologie de I’ Information
CNRS: Le Centre National de la Recherche Scientifique
MINATEC: Micro and nanotechnologies innovation campus
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FK101-3BHDTF /I UD OO ZM=BI(3)

ESR BHE] RT3, A o
- b (f=sd ) iR THILRBIE ST
- FFO 0y
BRE0PT - SR
- . MRBRAM. > /% - Core Facilities Program
ITRI 1973 - AR :6000% F. FUEE. B | O—is
TFT. RENET/
J1vrPLA
- Probing the
electron
- Nano-scale
real-time
s R@BKREF observation
Center - Spin dependent
o - AE250AME | Tansport - SRRC, PIDC, NCHC,
Science 1958 | - X\jin\—d)%fﬁ’ﬂh_d: transport STCCt,tttlEEHf
& Sz EHEA . Carbon Si-C-N. - ITRIEHEHR
Technology TiO, Nanotube
(CNST) -CuandC
nanorods
Luminescent
- Single Electron
Devices
- The Ministry of
Education, Science and
- CR : 3500m" reinte, KISy, Ker
KANC | 2003 | - i&D/Venture HESMFBRCT S | o0 National Univ.
building : AR . )
A6650m? Hapyang Univ., Ajou
Univ., Sungkyunkwan
Univ., Kyunghee Univ.
DEEIPT
HE - BEOT /T /0Y—H
RRLstBICKDT /HE
-2370mM2M200mm| - Silicon-based DP TR —BERED
~1/\CMOS DA e —IR& U CKAISTARICES
package line -EEAT /ORYE| &
NNFC | 2004 |\ AisTodic4456 | - BaieARE; - 3ODF S FOHHR—
m?MDCR (V752X 1 | - MEMS/NEMS F—I:
~100) s FINAT Nano Process
NanoFusion
Measurement
ITRI: Industrial Technology Research Institute
KANC: Korea Advanced Nano Fab Center
KIST: Korea Institute of Science and Technology
KETI: Korea Electronics Technology Institute
NNFC: National Nanofab Center
KAIST: Korea Advanced Institute of Science and Technology
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102 KEHICHITDEDEH

KE T, 8K F /7 D0B8EDEZHBE DONRI (Nanoelectronics
Research Initiative) "IC35AK%., 21MASE. 2020FFTIC. FHLL\IY
Ea—SDrIHDFH 8 “Beyond CMOS” F/N1 RDFRFZBIELTCND, K
HP (Hewlett-Packard) D5, “CMOL". “Memristor” '2&. 1 UL \&M1FIRE
DTINA ZDMEESNTHD . ZOREBRIEDTHNTIND,

TP Y71 VIOBRTIE. NSFOIDFRA vF. DFAEUBRTIS0HEL
DIPIT1VT, BEBEERTIE., 3571V XIVTUPIVNDI P IT 1Y
The 2.

103 EUICHITBED#EH

EUDIMEC (Inter-University Microelectronics Center) ?[C &K 2t & D
TEORZEDHXER, F /T UVBEDEZBEAMRRMNEDSNTIND, BA
TEEIMECT OIS AICS. KDEEHNITEDIEIMINATEC (Micro and
nanotechnologies innovation campus) ° [CHMSEAEEIN TS,

2008F 1 AICIE. V571 VDUEMZERRIDIIFHNOTIOY D+
GRAND (Graphene-based Nanoelectronics Devices) ¥ (FP7) H'i15 &
[Toniz. FP7TIE. RERFPOBATH >IZEBAREXIRIC UL “Ideas” &
ILENTNDBEND DD, CDOPICEGRAPHENE (Physics and applications
of graphene) EV\S&F10OTOY D +HBHO. BIOMTHNTIND,

104 ERNDREEMRR
FEAEMIBRAITOY 2 320105 T, EREHEST /70 /0Y-JO7
SO TFIIUD ROZD REEGEFIN - HFTBSHRMFER—DBHIN - FBE
F/BFT/INAXJ(2007-2011) BKIUJISTHIBHRIEHFRHESE [ RN
TUDROZORTINA ADBIBICE T DEHMK - TORRAFRI(2007~) D
EDHSNTND,

DLEF/IUD FOZDO RSB URER

IRTE. EERTIE. BROBHZEZETTH /IUD FOZO ADMRFEREED
DEEHNEH. DSEBHMXIC MOLKEF /IO FOZDO AT S ] ZRET D
EVNSERHBREETSIN TN, BL. COWSRTIXITROEBERIE L
FHRMREZEFRIRTDIUVD FOZOREEZBIELDDE. BEOMRMHERSTE
IEFEREXNRELTRD, BEDE UNBEBICHIEERE L TIIISICZDE
DEZXEDER ERDEMDBHEICIEIRDEINENTERNRRICH D, BIZIE &~
REQODINZEEND—DTHD [/ YFv—I0Iv D] [CDNTIE. TEZEEIC
KD, BEERDADHFOMRZTNR—FL. KREZEC. EXNAZEIRET D
DUE I(BEXEDS) p.22) N TLD,

CDEXDIC, F/IUD OO RDSREZDELDEILICOIT TR DERER

CRDS-FY2009-SP-01 MAZATEGE NFHARO IR B TR Se s > ¥ —
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BIBERICIE. AF - IREARFHBEOSFSHRHTINTND,

105 Zofts

ITRS (International Technology Roadmap for Semiconductors . E
RAEARRMO— RV v D) 9ICHIFTBERD (Emerging Research Devices)
REE (2007F ) "TIE. Beyond CMOSHE: i IC KD IBRWIEB DIBER
I & U T. Computational State Variables other than Solely Electron
Charge (BRTMUMNDETERBER Z1BHETD6EEBNEITSNTINND (3D
SALZR), FLEITRSD2008FE ZEICH LN T ERD ./ ERM (Emerging
Research Materials) ZM{FEESXLD. SBREBHVISFHINEDH LT
“Carbon-based Nanoelectronics” DZE(F5NIZ.

SE
1) http://nri.src.org/

2) http://www2.imec.be/

3) http://www.minatec.com/

4) http://www.grand-project.eu/

5 REFINBEIACFIMZZRIEIDI T /IUD FOZDOR [(EREZRIED
ZHDFT /I UD OO RAAFRAREREDIRE) , EERFHEHMS, (2009
F£3H608) http://www.cocn.jp/common/pdf/nanoele.pdf

©) International Technology Roadmap for Semiconductors
http://www.itrs.net/reports.html
FEERMO— RV Y THEPEER (STRJI-JEITA)
http://strj-jeita.elisasp.net/strj/

7) ITRS-ERD 2007:
http://www.itrs.net/Links/2007ITRS/2007_Chapters/2007_ERD.pdf
JEITAFDER:
http://strj-jeita.elisasp.net/strji/ITRSO7/pdf/06%202007_ITRS_ERD
_Japanese_v2.0.pdf
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J54h  —ITRSICHIF3Beyond CMOSDIEE[RIE—

ITRSIC & 17 SERDIRESE (2007F i) TIlL. Beyond CMOSH fiif [C &K
DBEMUVIBOEBERIEBE LT, MTOBEBHEITONTND (SEXBT)
p.44. JEITAFIER p.51).

(1) ERIUNDFHBRIRREZE

(2) BRI RT I

(3) FHUWIRILF—ImZEBEER

(4) 7 RT— )UERHIE

B BTIVITST v IOERTOER

B IN—IVIP—FTDTFv

NnslEZENZN. UMTOLDEH. BBREEICEDNTID.
(1) REWICIRILF—BURDOHF DIERMINC, HIEBFTEICEZ DIRREEH

=eANAYa)
(2) BB VDR yFYITIRIVF—DYIERF Z0hE TEDF IS
AV

(3) BHRICRITDRCIRAZL B TEDFH

(4) BN T FER

O HHMEDMERR TR ITERAH SN IRFHIRAZITH I F
24

B) T —ILREGRBED P —FFTIF v
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FAs8sREA

O3 O H

(A+BlE. [ JRBEES)

Collective Spin Device [29] : %R SR BEH ZEENICANDC &
(Collective-effect state variables) THRRDSI-CMOSDIFTOARBEHIRRZRZ
RUKDETBRHUNWIVET RCEDNWEREVEF, Bz, S EVRIVE
BEREY FIVDHIEREEDRIBEE DT EDREMERESNTUD,

EUVUYZIS52« (EUV lithography) [31,35] : EUV (extreme ultraviolet:
BRI CER1~15 nm)) ZEBI /NI —ViErSiil, 'JVUT ST« DfF
BEIIMRDBRRICLLEIT DD, MHEEDIEOICIFIBIEREDIERMNE N,
B, EE13.5 nmZBUDEUV VTS 1 BifTDEERIED 5N TLND,

N1 3>1J5« (chirality) [9,10,21,30,33] : 3RITOEENZDIREEENRS
NITEDTERNESE, D—RY T /Fa-—TJEIBEROUMUTT (J3@) TAHA

PAHEE MOtmORBEE BRKBREEISID i HINEIS

=
=k

ST DERD, S8, DF. AEVFEONAIS )T 1DHD. %
b
&
E W8 E (DMS: diluted magnetic semiconductor) [10,33] : &1 s
WBIRCBREBEERILE. WHERDEEIHE, &
£
G
&

Fa—Ev bk (qubit) [3]: EFIVE1-—YDRIBRF TRODNIEFHRIE
REBNOCET, OC 1 DERENHEIRINEER DCEZHEET D,

Fa)—BE (Curie temperature) [10,33] : @A BHIMEARICEILT D
IRE, ERCHEPEEESDLEHCIE. Fa1 —RBENEEIDSV\UENDH D,

BRSO it d BT TR

BRI (strongly correlated electron state materials) [3,7,.23] | 2%
DEFHNO—OVEEERICED., BENCEBVFIOSIHERZIULENS, FIE
gMEES L. ERERRBIEMICCORDIZBRIMPBEFEREI CENTED,
RIEREEFNELIE. BEIBICKD FSIRT 1 vDICZOMHEEEZD (1@
BIAGLRIRE) 2. FHRIEBOBERT/NA AMBE LU TOTEMEEET D,

JVRYw ¥ (composit materials) [11,34] : S\ RIOEHEM R ED
FUANILTIEEIS N EIMIBRNICRE T DCE T, EAROMBBESTIER>TUE
D OIZH LU\ EEEERIR T DR,

i
B
B
Bl
e
)
D
=%
|
A
e
R
B
5

RRBZH (state variable) [1,6,21]1: O35 A (p.3) SR
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23w FF—T%% (Scotch tape method) [31] : ZOvFF—T (TM) %85
DIFIFTTIEINTCETEEDI ST VY — EERT D5, LLERBEEICTS
D VBESDEEE LUTENMN TS,

B>V Ea—4 (brain computer) [7,21,25] : ABEDID XN Z X LEEM
LIZDYEa21—A/ T, BRWEP)LITY ZLAEBEINICIES T DEE M EBIsIE
EHEF ORI/ AV YR DO YE2—H,

IN=DXBZ)V (half metal) [10,22,32] : VY TREVEFEIDYREVE
FDOI5. ATADH I TI)VIEMD/NY FRICHD, @RE Y DIRREZEDZE TR
FDREVRBEN100 %D,

INURSF 1 w8 (ballistic transport) [9,30] : #ERP TEFHIEESINT
[CHEIERSNDIRE NNURT 1 wDd#E), (BT IEHNEBEFOIHEIBERIIE
FOFRENBEICETD,

E7 (via) [9,29]: ¥ BHREBOIBICHT, EizE (BREitkR) C8RE (&
RBEIRE) ZXRICEEIDICHICBEERE LTREITIN, EPR—-ILEBID,

Ea-X/"PYUFea—ZXXEY (fuse/anti-fuse memory) [8,28,29]: ¥ a1—
IWRIC K DEEM/NADEREDBRERAB UL XEY, RROE 1 —AXEUIE,
PROM®DEDIC, (BUEEICEHINTUZE 2 —X &> 0) ElREEEHEIZIR
RBICEZDCEICKOTT—HEETADAEY, PYFEa—IXEUR. ZN
EILBICEIEIFHBIZIARBC oICE Y FEBBARBICTDCEICK > TT Y EES
ABXEUT, LNFNEOTP (one time programmable) XEJ, £a1—X2/
PIUFEA—IAXEUISHEDRUEETBZIREBRREREXE,

RERMRIBRF /OB (nonvolatile logic device/nonvolatile logic circuit)
(6,21,26] : ERZU > TEZNITTORBZRFTIDIRBIEBEERT O, C
DEOBHRFZFNALTC, EBRZY>TE. RICERZANCEEICEERZLD
RIDRENSEICRY—FFTD3IVE 1 —YDERIENPRFINTLD,

i RAS5—8&E (Heusler alloy) [32] : 8K TREMEERLRN_yTILOVYY
Y. AIDLAZEDEBHNERERD., IFEDBSEEDEZEEMZERT ED,

MEAP Y TIFEE (bottom-up method) [11,24,34]): RF-DF&ET I RT—
VDRSS THEEIE U THEEZSISH I FA. BolBiitEEZiA, (& bty
T VFRMEZEI > THEEZB I DB EEFRITDFE UV T ST «
S ITYvFUIE Y TIOYTOER,)
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VIVLFD xO04 v OB (multiferroic materials) [3,7,10,22,32] : s&b# M.
SRS, WEMREDUEEERBIDIMERZIET, VILFIIO1vIOME
L. ERDRFRRBOERERICKDFEFRMSIRENBHFINDITH,. WiHIC
RDEIDIBDIMBOEIZIC KD EDMBEREZRB UL XEUDEYTT/\A
213 ENDHANHFIZIN T D,

O3 O H

AXAURZB (memristor) [21,25,38]: HPHAZBPADIARF—LAN. IV T VT —
(C). Bz (R 1 VFDH— FEEBF. L EL\DOBERBRIDDEREBZRNDS
HDEFORBIC. ABEDERBRENAL, COFUWERERD “memristor”
(memory resistor. ECEET) CIEENTND, SEICK > TEREBHZEIL U,
DD, BEZEINE S EE. REDEEICHEHETIIENENRE (R sNd,

Ew FEBXED (Mott transition memory) [8,21,28] : Tv ~&xi (£
— @I ANBERT8) ERBULRERF. SFIRXETEID—DT, SEDFTAICK
DBBREAEF N SBEREEF DGR ESL L. ZORREE—RZAGRBESIE

PAGEE MOtimORBEE BRKBREEISID i s

9,
il
5
8FE vk (quantum bit) [8,21,24,28] : Fa—Ewv ~ S8 2
t
BFEDNIREE (quantum entanglement state) [8,28]: B ORI FDIEREAN §§
— D DD FDEHNERETIRLERNEE, ZNEOHFIEZBFE DNIREE g

(ZVHVTIVIRRE) THDEWD,

BRSO it d BT TR

i
B
B
Bl
e
)
D
=%
|
A
e
R
B
5
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