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US$10.0B (‘10)
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More than Moore approach

2nd Generation:

Multifunction devices

-Miniaturization
-High performance

US$4.0B (‘05) -High reliability

Generations of Technology Development

Integrated MEMS system
Integrated MEMS
-Multi-Functional System-on-Chip

-System-in Package(SIP) MEMS
- Combination with Nano Function

/ . AN
1st Generation:

Single-function MEMS devices:
Pressure Sensor, Accelerometer,
Scanner, Inkjet Head

Individual MEMS devices

MEMS devices being developed
by utilizing micromachining
and semiconductor process

Bulk-micro machining, Surface micromachining
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Dhynesn
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Dynein has a bigger head which b

may allow for large (>8 nm) steps

Bio molecular motor

5K F

(; ’ THE UNIVERSITY OF TOKYO




2011.7.14

MEMS E> v ZXb5M/NE TR

m

=R FE—FRD

o BN

FBa R

L]
i)
’//III \

EIRMM




2011.7.14

I |‘r

E R FE—FITEL D FEINE

- MRRNOMERES AT LEE
R ICEEL-EN ST Al

I 58 5N W mgmE W
NG - X ROVRSFE—HFIA ~ Q0 - £:>+ S
A

e 2

L—ILE—AMRIZEFAZTEK
MBI+ igE—IgHiHY ., TR

SulE+RICAEM>TEIK MEMST
HFEDRMRRHNET DD F)Z R gy
1F 2RI E S (B—%) ===y
b HTF-Y  BIMLIZYEIEIT S BING (L—IL)



T/HEER A VAT L

2011.7.14

12
szf;\?;f T’ N7 F /5
Hhe
HEDFZHELT KD FE—2DMH
LHDGEFRICHNET S F/Et Yy TMEMSAHIA
T/ PERE KB TIRET BT /N MR
e e
i 5K A7)

9 4




JLIESE

M/NEDHE-BFLEIZKSdF /L
1) BE—/NEDNBELHEE

=

Nano tweezers

@ ?

microstruc{ure \

MT solution
microtubule

(~

PLL solution
Coating tweezers tips with PLL _ o
A single MT bridging over a gap was
captured by tweezers
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Kinesin coated bead

PLL coated surface

Relocate MT’s on docking zone

Conveyance of beads by kinesin on MT
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M. C. Tarhan, et al. IEEE MEMS-2006
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N @ ‘ ' Electrostatic
) 3 % attraction

Mono disperse QD are well aligned on a DNA bundle

23
T.Yatsui, H.Fujita, et al: APL 2010
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A DNA and ZnO-QD mixture Fluorescent view
x100 objective lens

@50°C, 2h

Cover slip Combing of

7 DNAbundles

APS glass

DNA-QD solution
o— §

Daﬁ'fa?izg‘l'js DNA bundles are extended
INn the same direction

24
T.Yatsui, H.Fujita, et al: APL 2010
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A) SEM micrograph of a Polystyrene-b-methyl methacrilate
(PS-b-PMMA) block copolymer. B) Cartoon representation of
the block copolymer fi Im with PMMA
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A) pre-patterning with e-beam
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B) O; plasma & resist strip l

Density
Multipiication
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(A) Electron beam lithography
patterns at Ls=Lo (left) and

- La‘ 2L, Ls=2Lo (right). (B) Chemical

spin coat
block copolymer (L)

-]
© 2008 Hitachi Global Storage Technologies l,’ﬁ’ - _’ : \

contrast on the substrate after
O2 plasma exposure on the e-
beam defi ned spots above.
(C) Block copolymer thin fi Im.
(D) Guided self-assembly in
registration with the underlying
chemical pattern.
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Takeuchi Labs at 11S, U-Tokyo and Terumo Co.

Glucose-responsive
Fluorescentdye

Glucose

Glucose-responsive Fluorescenthydrogel beads

Transdermal detection

Syringe

Injection
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Sakai-Fujii-Takeuchi Labs at 11S, U-Tokyo, DNP and National Livestock Breeding Center

Bubbling
Chamber
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Cultured neurons
connecting to
the brain

Detection
chip

Cultured neuron cells elongate axons Prospected BMI
along micro patterns on a chip
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K. Gabriel, et al. Sensors and Actuators (1990)

1

SEM photographs showing (a) the worn out micro turbine after operation (b)
the under side of a turbine before operation and (c) after spinning at 2500 rps
for 5 min. Each white horizontal dash is 10 pum wide
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For Ag nano junction, the maximum shearing force was 10 nN. Shearing
force at the fracture was 7 nN with the displacement of 5 nm.

2010/06/17
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Fiber-type
substrate

Control the film thickness with PR oll-to-Roll progess
feedback of the pressure in the die

Al
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Film (t: 300nm)
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Fiber Organic Solar Cell
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Weft Warp
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Gap generation while
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Linear actuator for wefts
reduces destructive friction
between wefts and warps

sukuba East

By e ——— ,f{/,”,”_ \\

C’ THE UNIVERSITY OF TOKYO S.Takamatsu, T. Itoh, et al: DTIP-2011 i



EWEEERILTOER

EReEeERV AT LA
1]
S EEE 5L BEANSEH

FETINAR

Ef1 il
witR

NAA || T/ EEEER T

£ &Y+ SR iy

FEERTERAM

5K F

C ’ THE UNIVERSITY OF TOKYO



Grand Question

BEANSEIF o] ?
(&K, FREE)
A

B&H

v

gD
7RIt

)

& 5l5—~

<
TO0tRERE ZRitgs

JRE
5K

(; ’ THE UNIVERSITY OF TOKYO

2011.7.14

€Nz = 5 ?

= R

SBREE. 185
=

It

it

DH 5

(FE‘A d 7\\/ {4;(4)(—:))
A

va s

v
< : T/i"fD

S ny
AN
l'_.' ] :

Sler I
— /= Af Ax




9 X

MEMS ¥ ffrlEpZL . =)

FEH

MEMSZF+ /T . 1\ 71
ELAAEH T EMEEEIED
HiTOME

— *J?'S" )

- BEMEBIEDER

2011.7.14

MRS I ADT=
5 0 = 1 | I = A

ST ERE LT YT

TRIZT D

_R5— )L . ME .. TOtEREBZAESFHRES
BEANST AL I MIZDim#E L5 Hid A

AT, F)—2 ) R—

LN TS
5K

HE UNIVERSIT

A (ZmITRR A =F

L]
W 7i
’//III \

EIRMM




2011.7.14

S EF

. WENF| A - BEEXRA
e JST « NEDO
e JSPS « YAVARI T F—
. GCOEZO4 S A - BEANSHZEAME
« JSVARREMELUA— - EXBRFNERE
(COCN)
i 5K Plisiiis)

(; ’ THE UNIVERSITY OF TOKYO =1 E A M



2011.7.14

In collaboration with

« Professors affiliated with CIRMM

— Hideki Kawakatsu, Hiroshi Toshiyoshi, Dominique Collard, Teruo Fujii, B. J.
Kim, Shoji Takeuchl, Yasuhiko Arakawa, Alan Bossebeouf, Yasuyuki Sakali,
A.-M. Tixier, Y. Rondelez

 Prof. Teruyasu Mizoguchi, Prof. Masao Washizu , Prof. T. Yatsui

 Students, post-Docs and visiting scientists

— Dr. Momoko Kumemura, Dr. M.C. Tarhan, Dr. H. Sakaki, Dr. C. Yamahata,
Dr. C. Bottier

— Dr. T. Ishida, Dr. L. Jalabert, Mr. T. Sato, Mr. S. Nabeya, Ms. M. Sato
« Japanese partners

— Prof. Yonezawa (Hokkaido Univ.) and his group

— Prof. Naruo Sasaki (Seikei Univ.) and his group

— Prof. Gen Hashiguchi (Shizuoka Univ.) and his group

— Prof. Ryuji Yokokawa (Kyoto Univ.) and his group
» Global partner

— Prof. Fabrizio Cleri (CNRS), Prof. Karl Boehringer (U. Washington)
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