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Technology Definition
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Definition
Nanotechnology
Nanomaterials Nanoprocess
Nanoparticles, advanced structure < 100nm-1nm

materials, functional molecules . Nanoprocess
Nanodevices ]4_ [Chemistry—based process]
New concept devices

(data storage, revolutionized Bioprocess

transport speed)

Physics-based process

Nanosystems ]4—

Miniaturized system I

100nm 10nm ]
I

Nanoscale Mechatronlcs & Manufacturing

100nm-10nm, economic/mass producible/high productivity,
nanoprocess technology/equipment
.
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R&D scope for Nanomechatronics Tech.
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Roger, “Nanotechnology”, Ingenia, 2001

Center for Nanoscale Mechatronocs & Manufacturing (CNMM)

Cont'd
10000 [ J1E+12 s
J1E+11 §
~
£ J1e410 O
€ B
'~ 1000 J1.E+09 =
£ 8
5 q1.E+08
2 {1407 2
: ]
£ (100 J1.E+06 =
S =
J1.E+05 G
i )
| | 1E+04 O
Y I T =
1970 1980 1990 2000 2010 2020

Year

Christie, “From Microelectronics to Nanoelectronics”, DARPA Tech 2000




Center for Nanoscale Mechatronocs & Manufacturing (CNMM)
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Market Prediction
B 7.7% increase every year, and reaches about 7.7 trillion
$ (at2010)
A
PPN
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Introduction of Program
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Outline

The development of nanoscale mechatronics and manufacturing
process/equipments for the industrialization of nanotechnology

Nanoscale mechatronics
& manufacturing

Mechatronics

Smarter,
Cheaper,
and

faster
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Objectives

To develop technologies on nanoprocesses, nanofabrication

equipments, and nanoscale analysis/design/control/measurement to
manufacture commercial nanoproducts smarter, cheaper, and faster

B Fabricating 2D/3D shapes composed of 100-10nm level nanowire,
dot, and structure
B Fully 3D shape nanofabrication

B Nano-applications (Nano-wireless communication parts and Nano-
biosensors etc.)

B 5nm level 3D fabrication equipment

B Analysis/control/measurement of nanostructues
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Implementation system
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Technology roadmap

2002 ———— 2005 ————— 2008 ——— 2012

100nm level 50nm level 10nm level

Nanopatterning process

Parallel probe process

100x 100 High-productivity

32x 32

Nanofabrication equipment

nanopatterning nanofabrication

Nanostructure measurement/analysis/design technology
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Nanopatterning process technology

Multi-functional nanoprinting Plasma nanomachining technology
Process technol ogy

UV-nanoimprint lithography  Micro contact printing
Wold Master
Vold

Substate

Prepolymer

r w. K Sotution
resi FEey B
= Pressing ik it
e o EEEold substrate
v

—
A m—y Tool

Plasma for
planarization

T
Nanomold

Nanopart

Organic nanopatterning
process technology

Nano-bio process
technology

Nanopattern molding
process technology
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Nanoprobe Application Technology

Scanning Probe L ithography Parallel Probe
Process Technology Process Technology
Near-field lithography Micro actuating Process

T —

Dip-pen lithography System Process

?“ . APPLICATION :

e 5 “—r

FEaas

Nanolithography Data storage

== I§

CNT Batch Process anocomputer Portable
P % . nanosample'_

Blood Integrated
bio analyzer

i T TWET
— e —
l— =
Nanoassembling Nanobio interface
Process Technology Process Technology

g 1 21C Frontier R&D Program,MOST 2 N T TV



Center for Nanoscale Mechatronocs & Manufacturing (CNMM)

Nanoprocess Equipment Technology

Nano Patter ning Equipment Large-area Serial-processing

Unit Technology

Hybrid Pattern

Nano Positioning Technology Nano Control Technology
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Elementary Technology for Nanoscale Process

Nanoscale M easurement and Nanoscale Analysis and Design
Evaluation Technology Technology

“Atom-To-Structure”

and of Multi-scale/multi-physics analysis and design
= Property measurement & DB = Multi-scale/multi-physics analysis
= Testing method & in-situ measurement = Nanoprocess design Improvement
= Process design improvement = Simulation of process condition
= Reliability evaluation = Prediction of structural behavior

APPLICATION

Nanopatterning/Nanoprobe Application/Nanoprocess Equipment

Nanoprobe Application
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R&D scheme

2002 2003 2004 2005 2006 2007 E 2008 2009 2010 2011

10nm level
nanopatterning
High productivity of probe

process and application
technology

50nm level
nanopatterning

100nm level

Nanopatternin,
P 9 nanopatterning

20nm level 32x32
Nanoprobe parallel
nanoprobe process

20nm level 100x100
parallel
nanoprobe process

100nm level 50nm level hybrid 10nm level 30 hybrid
Nanoequipment Nanofabrication Nanofabrication o y.
. X Nanofabrication equipment
equipment equipment
Elementary 100nm level nanostructure 50nm level nanostructure 10nm level nanostructure
technology measurement and analysis measurement and analysis Measurement/analysis/design

Fundamentals and

Commercialization
Infrastructures

Applications ||

Phase 1 (3 yr.)

Phase 2 (3 yr)
2005 ~ 2007

Phase 3 (4 yr.)

2002 ~ 2004 2008 ~ 2011
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Major R&D Projects for the 1st phase

Nanopatterning | o Multi—functional nanoprinting process technology

process
technology e Plasma nanomachining process
e Development of organic thin films
* Development of process technique for medical nanoscale
blood analysis system
* Replication process technology of nanopatterns
Nanoprobe e Development of nanoprobe process
application
technology e Nanocomponent assembly and parallel probe technology

* Nanointerface process technology

Nanoprocess * Development of the nanopatterning equipment technology
equipment )
technology ¢ Nanodrive and control technology

Nanoprocess e Analysis simulation technology for nanomanufacturing
elementary process

technology « The measurement and evaluation technology of nanoscale
materials properties for nanoprocess
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R&D Results for the 1st year
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Nanopatterning process technology

Line width : 377nm

E-beam lithography

<L

Width:157nm,Pitch: 500nm

Master/Stamper
fabrication

UV laser (LBR)

Dia.:270nm,Pitch: 500nm

Holographic lithography

T

Nanoelectroforming

Dia.:100nm,Pitch: 250nm

R&D Program,MOST
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Nanopatterning process technology

Results of Pattern Transfer

[ 1. UV Imprinting J 2. Grating pattern transfer by
Thermal imprinting

200nm grating pattern
on mri-8020 polymer

Nanoimprint equipment
(EVG620-NIL/pCP)

: TSR820
A e UV Curable polymer
- Siwafer
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Nanopatterning process technology

Results of Pattern Transfer

[ 3. Contact Printing ] [ 4. Thin Film Printing ]

Printed
line Line straightness:
2
Circle: 5
Line width: < 10

pepth: 05 ~5

- Coating of Au on Cr-coated Si wafer

- Printing process using PDMS stamp
- Achieve 400nm nanopatterns after Au etching

[ 5. Nanomolding ]

Nanomolding machine

Hole pattern (200nm dia.) Pilar pattern (100nm dia.)
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Nanopatterning process technology

Application Technology Development

l Optical devices ‘

[

(i
y 4 — -

Single-mode wavelength

. B

Unpolarized Light

S—polarized Light

///—polaﬁzed Light
s

Quartz stamp for i i
Subwavelength grating polarizer

single-mode waveguide
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Nanopatterning process technology

4{ Data storage } } Biosensor }7
. |

Nano-thick enzyme electrode

-

Nanoporous
: - - "/ electrode
High density optical Patterned Media r"

data storage device

4{ Display device }7

=]
Nanoporous biosensor test-device

iepoon & oo s

Cell manipluation
chip

Charged TFT Plate
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Nanoprobe Application Technology

’ Probe-applied patterning (Preliminary study) ‘

__——
| ! ! !
NSOM DPN Mechanochemical Electrochemical
approach approach approach approach

' NSOM lithography

SAM k Thin Chrome Film Patterning
[ Metal | Selective Resist Removal .
by Light Source Patterned line on /.\u substrate
(using NSOM Probe Coupled
B— Femtosecond Laser)
——
[ Meta |

SAM Removal
by Chemical Etching

SAM
|_Metal | [ Metal | Nano Pattern
by Metal Etching

Topographical Image
of line pattern
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Nanoprobe Application Technology

’ Probe-applied patterning (Preliminary study) ‘

— .
{ ! ! !
NSOM DPN Mechanochemical Electrochemical
approach approach approach approach

Introduction of DPN

Etching Etching

(Top-Down)

Au line fabricated through
HDT molecular patterns

® 0 8 scifasshmbly HOT Pattem

Condition : RH=55%, T=2°¢C
Tip Scan : 12 m/s, 40 times
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Nanoprobe Application Technology

’ Probe-applied patterning (Preliminary study) ‘
_——

| ! ! !
NSOM DPN Mechanochemical Electrochemical
approach approach approach approach

’

Mechanochemical approacjh

Thywwd foyes

L ™

Crpunc 14 $ai fid
i e

Patterns on FDTS / Si

Pl ba” [iew w0 (Pattern width ~300 nm)

Patterns on SS 304 in H,SO,
(Pattern width ~300 nm)

Mo hawad Boribineg  Cha Bl Mg
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Pulse= 1 ps, Voltage=3.5V
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Nanoprobe Application Technology — SPL system

4{ Design of probe array F

Fabrication of unit probe
(PZT+PR sensor contained)

4‘ CNT assembly }7

Horizontal assembly of CNT

—Dielectrophoresis (Elr @l A e

-AC+DC, 1 MHz

CNT on AFM tip
-AC only 5 MHz, 7 Volts
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Nanoprocess Equipment Technology

Mechanism development for UV nanoimprint

-
| e

Equipment elementary technology

LTS e

Vibration nsuamnﬂ Nanopositiong 1st V. of Nanopatterning
(Inplane/vertlca

Nanostage
Equipment

Nano Leveling Unit
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General comments for the 1st year’s R&D results

W Papers : 124
m Patents : 22

B Ensure of possibility for R&D successes in the field of
nanofabrication equipment

B Nanoprocess measurement is expected to be a viable
technology in view of commercialization

m R&D for fusion technology (NBT, NIT) is performed,
which suggests new challenging areas for nanomechatronics
technology

m Ensure of potential significance for nanomechatronics
technology in various applications

2 T
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Closing Remarks
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Strategy for R&D Thrust in CNMM

m Organize collaboration system among industries, universities,
and research institutes

B Promote International cooperation and collaborations

B Emphasize conducting self-motivated, interested, and valuable
researches

m Multi-disciplinary networks
- Encourage creative and innovative ideas of all researchers

B Construct effective communicating systems between research
teams on a basis of reliability and cooperation

B Maximize research outputs through adaptive management system
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International Collaboration & Exchange Activities

m Thrusts for International Collaboration Projects
- U.C. Berkeley, USA
- Purdue Univ., USA
- MIT, USA
- Stanford Univ., USA

- National Academy of Science of Belarus, BERALUS

® Ongoing Strategic International Collaboration for CNMM
- Northeastern Univ., USA
- Purdue, USA

m The 1st International Nanomechatronics Symposium
- To be held in Feb. 5~6, 2004 at Hoam Convention Hall, SNU

- International Experts (from USA, Japan, EU) invited
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Thanks!
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