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Nanotechnology

“Creation of Useful Materials, Devices and Systems by  a

Manipulation of Materials with Atomic and Molecular  I1mm
Precision.” T
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What is crucial:

Productive Alliance for Leveraging Individual R&D Efforts
and

Making Possible Continual Stream of Innovations from Basic
Research to Market Place

Ex. Adaptive / On-demand Production System

enabling Less Costly & More Environmental Friendly Manufacturing
—
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Quantum Leap of Industrial
Technology

Destructive Technology! For
Existing Industries

AIST



TOYOTA'’s latest hybrid car on the market:
35 km/l !

What if we could make it 100km/l or larger
by nanotechnology?
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Consumers are becoming more and more
environment and cost conscious.

So are we! >,
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Conventional Inkjet Super-Inkjet
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On-Demand
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Super Inkjet Technology

Manufacturing
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Multi-stable Liquid Crystal Device:

AFM-Fabricated Microscopic Surface Pattern

Appl. Phys. Lett. 78 (3035) 2001.

Nature, November 14, 2002. =
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Molecular Assembly and Functional Control
Based on Nanoparticle Systems
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This figure illustrates a novel type of synthetic liposomal nanoparticle (100 nm in diameter) which
bears sugar chain-protein conjugates and functions as DDS (Drug Delivery System) in a blood vessel.

AIST



Spintronic Device:
Single-crystal-junction TMR
for Gbit MRAM
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TMR: Tunneling Magnetic Resistance, MRAM: Magnetic RAM
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Carbon Nanotube Quantum Effect Transistor

. - Carbon

Drain

e
i E

(a) Single electron transistor SET)

(b) CNT channel
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Defect Induced CNT
Sio,

Si Substrate

(c) Schematic view of SET with defect induced
CNT channel
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(d) I-V characteristics of SET o

Collaboration with Fujitsu
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General Council of Science and Technology

General Council of Science and Technology
Chair: Prime Minister
BT =
| M "R
Ministry of Economy, 8 Ministry of Education,

Trade & Industry (METI) @8 Culture, Sports,
: B Science and

Technology (MEXT)

| Universities
_#,.r-""

Natlonal Instltute for Materials Science

RIKEN 5 T




Japanese Government is ever more strongly
committed to Science & Technology to revive
her economy, making pledge to invest

250 Billion US$

over S years.
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Global Funding (M USD)

Germany

Courtesy Lerwen Liu, NanoGlobe Ltd. AIST



Research Bases of AIST around Japan

Researcher: 2400

Total: 3100

Visitor: 3000

Annual Budget: ~ 1 B US$

Hokkaido 68

Tohoku 35

Kansai 188 v

Chugoku 34 E

Tokyo Waterfront 39

Kyushu 56

Chubu 143

Shikoku 31




FY2002 AIST Revenue
(total budget: 1B US$)

+ Extra: 700 M

R & D: 220 M
Payroll: 310 M & 0

Utility Expense &
Others: 110 M

Grants from Government: 110 M

Other Income: 30 M \_ - )
Contract Research &
Funds from Sectors Research Grants: 180 M

other than Government: 70 M

AIST




FY 2002 Distribution of R&D Investment
(total budget: 1B US$)

+ Extra: 700 M

Geological Survey& Life Science &
S(aagg/smence, Marine Science Technology
. o

15.4%

Standards &
Measurement 7.7%

Nanotechnology,
Materials &
Manufacturing 1m

20.7%

Environment
& Energy

28.0%

Information
Technology

19.0%
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Sequential Deployment of Nanotech Outputs
for Sustainable R&D

*Molecular Device/ Quantum Computer
Artificial Photo-Synthesis

Computational Materials Design

A

Drug Delivery System:
sSugar/Protein DDS
*Cubic LC Absorbent
*Nano-particle (DNA Tag)

Display Technology:
CNT FED
*Multi-Stabe LCD

Characterization Tool:

Manufacturing: *CNT Probe

«Super-Inkjet
*Probe fabrication

AIST




Current Nanotechnology Programs in AIST

/AIST P
Nano-
technology
R&D
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Nanostructure Polymer Project

Nanotechnology Glass Project

Nanotechnology Carbon Project

Nano-Materials,
Processing

Nanostructure Coating Project

Nanotechnology Material Metrology Project

Synthetic Nano-Function Materials Project

&

Nano Structure Forming for Ceramics Integration Project

Nano-

Manufacturing,

R & D of 3D NanoScale Certified Reference Materials Project | Measuring

MIRAI (Millennium Research for Advanced

N

\ 4
>
Advanced Nanocarbon Application Project \
Focus21l
Advanced Diamond Technology Project
\_
( Advanced Semi-

Information Technologies) Project ConQUctor .
Device Project
D
Nanotechnology Support Project MEXT
J

.\

Yokoyama ERATO Project Tokura ERATO Project

5

CREST” Functional High-Axial-Ratio Nanostructure Assembly

JST Program i

for Nano-Space Engineering”

5 AIST




Billion US$
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MEXT
nology Support Proj

NanoFoundry Group

NanoProcessing Partnership Program (N&PPE)

http://www.nanoworld.jp/nppp/index.htm
nppp_info@m.aist.go.jp




Resources/Activity Strengthening of R&D Infrastructure

Lowering the Entrance Barrier
Lowering the Cost of R&D

Materials-----Devices----------
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Nanotechnology Business Creation
Initiative, consisting of 300 member
companies, IS now being established In
Japan by METI’s lead.

Its mission Is to enhance competence of
Japanese nanotech community in the
highly competitive international arena.

AIST
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Expectation on Network

Complementary R&D

Mutual Benefit (Technology,
Information, Patent, Business...)

Human Resource Development

Standardization

AIST



Toward Nanotechnology Global Network

| CNRS, France

~ | *KISTI, Korea
_|+ITRI, Taiwan
L Cambridge University, UK (in progress)

~ e etc.




Million USD

Global Public Funding Comparison
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Courtesy Lerwen Liu, NanoGlobe Ltd.
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Asian Funding during 2003-2007
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Zealand

Talwan

Courtesy Lerwen Liu, NanoGlobe Ltd. AIST
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= AAIST
Toward the Gateway to Naroteelr Asia

Across All Layers of Nahotechnology

0

- 2nd Asjan Nanotech Forum Summit i Ia?é?iland, March

%4. Jointly Sponsored by Royal T énl Government and
NEBQ, METI &A«Ié{% g
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Let’s enjoy nanotechnology!
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Government R&D Investment: FY2001

Nanotechnology : US$ 500 M
US$100M US$100M
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Crossover of Top-down and Bottom-up Technologies
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Environment
Energy

Materials Life Sciences Electronics
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Ultra-hight density Molecular Mach B = P =
Storage olecular Machine DNA, anntum

Manipulation of Matter with
atomic and molecular

precision :>
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Next Generation Semiconductor Technology

O Millennium Research for Advanced Information
Technology (MIRAI) Project (FY 2001-2007)

70-50nm node and beyond for SoC

Schematic Cross Section of CMOS Transistor/Interconnect
and Five R&D Focuses of MIRAI Project ALST



Noritake-Ise Electric AIST 40-Inch CNT FED Panel
Nanotech 2003 + Future
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Emitter-Grid Electron Emission
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Liquid Crystal

Patterned Surface

Nature, November 14, 2002. =,
Satel State2 State3 AIST



The world's largest High-Tc
superconducting film
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a) YBa2Cu307 superconducting film b) Superconductive

(30cm x 10cm) made by coating characteristic of the film.
pyrolysis process.
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Use of Carbon Nanotube SPM Tip for DNA Imaging

¥
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Scanning Probe

‘ ' Electro!%:\

Anodically Oxidized -
Line Scanning
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v
ik dsorbed Water
\
FrA S 03430011 ad 10 - 100 nm silicon, metal

Q40 1 CNT 03F0131

JA0F 2 H-Si0013 81 um /s

1Ah 3247 my ~0.206 0.47Hz Oxide lines on n-type silicon.
10 V, 0.2 micron/s
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Environment Control + in situ Current Measurement

Joint Development with Seiko Instruments

AIST



