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MEMS Future =

* InJapan, we say semiconductor
chips are rice for the industry.

« Rice provide energy for the body.

 Beans contain proteins for bio
functions, such as eyes for sensing
and muscle for actuation. We hope
MEMS to be beans for the industry.

Fujita, Int. Sympo. Micromachine/Nanotech ‘07

MEMS Technology & Market Development Roadmap

US$ 22.0B
(2015 )

- Fo.r the Creation ufﬂaw Lffas!yfns
Areas of Applications Focused Process
_Environmental/ -Nano/Bio Integration

Energy Conservation -Large Area
-Healthtare Contlnuous Process

US$10.0B :
2010 .
( 2nd Generatioh: / f'l‘leMEMS
Highly Integrated and Complex MEMS
Multifunction devices Integrated MEMS
'ME_ia;UfiZ:fﬁO“ -Multi-Functional System-on-Chip
HIgH pareTIiaics -System-in Package(SIP) MEMS
US$ 4-B -High reliability - Combination with Nano Function
(2005 A\ st Generaflon: Individual MEMS devices
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New lifestyles being Enabled by BEANS

Emnronmem;al Prote ion
Energy Conservation

High QOL Healthcare

Nano/Bio Three Dimensional
Integration '

Robots for Hazardous Jobs

Target of BEANS Project

lInorganic  igh order
Convergence Stucture
Formation

Ultra Low

3D Nano Damage
Structure  Stvere
Formation Hetero-function

Integration

Micro/Nano Non-Vacuum

Structure i romaton
Large Areal Conlinuous
Continuous  Integrated
Process m&m::m

Devices Environment/Energy Health care Safety/Security
Energy  Large-area Environmental implanted Screening Sheet-type  Ultra Multi Siiper
_ Harvesting  E Materials Ml F Healh  Sensiive  Probe
Procass ?Jr::‘sce:l : conl:f;.rfgs% S:n;!:g Diorcf:% M::ilcr Sensor Dewiee5 SR
Bio-Organic Interface b 1l ’ " ' ’ b1

Enables Innovative
" Devices '
~ By Establishing
'Hetero-Functional
— Process: Platforms.

Modeling
Simulation j
O o ) )

3



The U of Tokyo

Life BEANS

—F—

Cnnln(Kyler/
\ B

S
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Categories & Subjects of BEANS

@ Bio/Organic Materials Integration Process
®Nano-scale Interfaces Treatment
@ Bio/Organic Integrated Higher-Order Structure Formation

@ Novel fabrication technology for 3-D Nano-structures
@ Top-down fabrication of monolayer-flat, defect-free 3D structure
@ Boftom-up technology for heterogeneous infegration of materials
and functions on 3-D platform
9 3-D nano-fabrication for aerospace applications

®@ Large Area Continuous Process of Micro/Nano Structure
®Non-vacuum large-area deposition fechniques of high-quality
nano/micro materials
@ Continuous nano/micro -machining and integration Process for
fiber substrates

@ Building up of Knowledge Database
in Heterogeneous Technology Convergence Process Development

BEANS Research Initiative

Macro BEANS Center
Large Area Continuous
Process of Micro/Nano

Structures

AIST

@eeans Lanoraicey Life BEANS Center
() Life BEANS Center Bio Integration Process
L

@ 30 BEANS Center

' Macro BEANS Center

o Universities: 7
Affiliate Laboratories: 1 Project Management
5”9 Companies: 15 Knowledge DB
Institutions: 4 \

Life BEANS Center 3D BEANS Center Shiga
Kyushu 3D Nano-structures for

Organic Materials Aero-Space Applications
Integration Process
Kyushu University Ritsumeikan University

Project Leader: Atsushi YUSA



@ -A Bio Materials Integration Process : Life BEANS Center

S.Takeuchi, Univ. of Tokyo

Market, Health, Medicine = Implantable Device,
Social Needs Highly Sensitive Chemical Sensors

Environment = Energy Harvesting Device
Harnessing Bio and Organic materials for MEMS

Technology Requirements

Research Overview

(1) Biohybrid nanainterfacial process | Development of Formation Technalogies:
*Long-term Stable Biginterface Formation
- Biointerface Functionalization

Top Down
TN

] Interl?lnes for n(ilntinunus in vivo recording
over taree montns

Microtluidic Uevice (7) lpid bilayers staying over a day
Functional Materials

Bio/0Organic
Materials

Bottom i!i
Bl RSSEMOIY
Phase Trnuh [ﬂ]ﬂiufﬂrga:ichiglwurderslmmhmmhn
S— | - 30 formation/functionalization

- H 4 Implantable continuous :
30 HBtBrugenanus organization e orine s 3D tissues

Impacts *Implantable glucose sensors
Applications *Single molecular Level, Ultra highly sensitive chemical sensors

*Sensors for drug kinetics with minimal load of animal experiments

(3) 3D heterogeneous tissues

@ -B Organic Materials Integration Process : Life BEANS Center Kyushu

Nano-Process Technology Enables Innovative Organic Devices
C.Adachi, Kyushu Univ.

i Process development for Organic Nano-structures

Low-cost, large area and high optoelectronic performance
Contraol of 100nm nano structures

@DHigh performance arganic Display devices

Amazing film forming
capability



@ Novel fabrication technology for 3-D nano-structures : 3D BEANS Center
Sensor network for safe, secured and healthy life M. Sugiyama, Univ. of Tokyo
High-sensitivity sensing, energy harvesting, high-density recording

A monolayer-flat, defect-free 3D
structure (Si, SiO, etc...)

Research items

(1) Top-down fabrication of monolayer-flat,
defect-free 3D structure

Neuitral beam etching
Nano-domain modification by fslaser

Surface functionalization by foreign materials (2) Bottom-up technology for heterogeneous

and nano-structures A/ = integration of materials and functions

on 3-D platform
SuperaiticaHiuid depasition and coating
Assembly of nangpartides, nanodots and nanctubes on 3D
platforms
Alignment of =
nanoparticles on trenches Supercritical-fluiq )
conformal deposition (3) 3-D nano-fabrication for aerospace

applications

Nanostructure imprint on a3-D microstructure
Fitters for multiband selection

Multi-scale&uniform nano-fabrication

Simulation, nano-ribology
Super-capacitors, Ultra-high-sensitivity sensors, Tbit/‘cm? recording, nm-
resolution high-throughput lithography, Multiband-spectroscopy from space

Large—area Large—area Sheet—t}/pe hea]th_care
communication display devices (mom_t_ormg) devices
devices L f 7

e e == —

Meter-size devices ﬁ}

Ultrasonic wave sending
and receiving electrode
Movable electrode

Piezoelectric thin film
‘ S Electro-conductive fiber

To develop new fabrication process which deposits
high quality nano/micro materials on meter-size

substrate without vacuum process equipment Wearableenerey

Flexible sheet-type devices |IAEREEAEEIES

To develop new fabrication process thatrealizes flexible
sheet-type large-area devices utilizing micromachining

and weaving integration offiber substrates instead of
micromachining of large substrates
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deposition techniques of high
quality nano/micro materials




Outcome of 2008

. Life BEANS 3D BEANS Macro
Life BEANS Center 3D BEANS Center BEANS

Headquartel center Kyushu Center Shiga Center

Patents 0 1+(3) 4+(2) (1) 2 3+(2) 10+(8)
Press
Release 3 2 0 0 3 0 8
Publications 7 11 2 3+(7) 0 4 27+(7)
Conference
Publications 0 (1) 2 0 0 0 2+(1)
Journal

( Junder Applications

BEANS Laboratory

Establish March 24, 2009
-Executing BEANS Project ( Hetero-functional Integrated device Technology Development Project)

Mission
-Sending researchers who are assigned from the member companies of BEANS Laboratory to BEANS
Centers, and collaborating with researchers of universities and National Institutes
Chairperson Hisao SAKUTA
Executive Director Keiichi AOYAGI
Director Atsushi YUSA (Project Leader)
Members 20 Organizations (Companies and Institutions) as of July, 2009
DENSO Corp. FUJI Electric Systems Co., Ltd. FUJUKURA Ltd.
FURUKAWA Electric Co., Ltd. LINTEC Corp. Mathematical Systems, Inc.
MITSUBISHI Chemical Medience Corp. MITSUBISHI Electric Corp.
MIZUHO Information & Research Institute, Inc. OLYMPUS Corp.
OMRON Corp. PANASONIC Electric Works, Ltd. SEIKO Instruments Inc.
TERUMO Corp. TOSHIBA Corp. TOSHIBA Machine Corp.

Institute for Unmanned Space Experiment Free Flyer
Institute of System, Information Technologies and Nanotechnologies
Japan Resources Observation System & Space Utilization Organization

Micromachine Center

Number of researchers 81 (Including affiliates)
BEANS Center Life BEANS Center, 3D BEANS Center: Institute of Industrial Science, The University of Tokyo

Life BEANS Center Kyushu: Center for Future Chemistry, Kyushu University
3D BEANS Center Shiga: Ritsumeikan University
Macro BEANS Center: Advanced Industrial Science and Technology

July, 2009
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BEANS Laboratory 67, Kanda-sakumagashi, Chiyoda-ku, Tokyo, 101-0026 Japan
Phone : +81-3-5835-1870 Fax : +81-3-5835-1873
http://www.beanspj.org/lab/
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