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What's MEMS

B Micro-Electro-Mechanical Systems (MEMS)

» Integration of mechanical elements, sensors, actuators, and
electronics on a common silicon substrate through micro-
fabrication technology

» Size from micrometers to millimeters Electronics are
fabricated using IC process sequences (CMOS, Bipolar, or
BICMOS)

» Micromechanical components are fabricated using
compatible "micromachining" processes

» Selectively etch away parts of the silicon wafer
» Add new structural layers
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Microsystem Structure
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W Sensors: Mechanical,
Thermal, Magnetic,
Chemical,Biological

B Actuators: Motors, Pumps,
Valves, Gripper, Switches,
Relays, etc.

W Interface:
» Electric: A/D, D/A, for energy
and information interface

» Microfluidic: substance
interface

» Optical, Thermal, Acoustic

Major Componentsin MEMS
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MST Techniques
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MST in Europe

B Euopraclice (il S NS R E

S o AL B ORI W - O A T i
i - R RN T e - TSR RN T 1T R

W I TR O D O R - LA R
By - TR L e R R -

EMEEENT - -REREERSKRE -BOER
N0 O b G - N - kR -

WM S W - R AR RN - e
00 B R WM - TR R RN -

FimrETREERE- SRS EAcEHCHE
i N O L B - SR TR S
Moo - NN - RO R G N R

9 i 1 B -
MEMS 1 ah @
8

©2004



=® NKFUST

MST in Europe
B European Community: NEXUS, UETP, Jessi, Jamie,
MUST
[ ]
[ | $55-200 million 20 70
B Germany
» BMBF

(since 1990)

» Karlsruhe Research Center (FZK)
» Fraunhofer Society for Applied Research in Munich

(FhG)
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MST in Europe

W Switzerland

» CSEM (Swiss Centre for Electronics and Microtechnology)
» Sensor research
* Micro-mechanical components
» Microrobots

» Swiss Foundation for research in Microtechnology

» National Foundation for Scientific Research

» University of Neuchatel

» Application-oriented research in Silicon based Sensors
and actuators
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MST in Europe

B France
» Laboratorire d’Automatique et d’Analyse des System (LAAS)
» Laboratorire d’Electronique, de Technologie et d’'Instrumentation
(LETI)
» Institut des Microtechniques de Franche-Comte (IMFC)

» Centre Technique de I'Industrie Horlogere (CETEHOR)
B Netherlands
B United Kindom

W Belgium
» University of Leuven

B Sweden
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MST in Japan

W Intensive corporation between larger companies and university
» University of Nagoya, Tokyo, Tohoku

W Ministry of International Trade and Industry (MITI) found Micromachine
Center (MMC) in 1992

B MITI sponsor MST $25-35 million 10

B National Research Facilities
» Mechanical Engineering Laboratory (MEL)
» Electrotechnical Laboratory (ETL)
» National Research Laboratory of Metrology (NRLM)

B From industries: Advanced Machining Technology & Development
Association (AMTDA) 15-25

W Focus on microsensors due to medical applications
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MST in Japan

B MITI's Goal: Manufacture very small machines and
instruments
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MST in USA

W Very active and application-oriented

W 18 MST centers from Engineering Research Center Program
(ERC)

B NSF provides Solid State and Microstructures Program to
support
» National Nanofabrication Facility at the Cornell University

B Federal level:
» Chamber of Commerce and the National Institute of Standards and
Technology (NIST)
» Advanced Research Projects Agency (ARPA) for Military
application: $8 million a year.
» NASA, NHF, FCCSET
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MST in USA

B University research

» Cornell University
University of California, Berkeley
Massachusetts Institute of Technology (MIT)
University of Wisconsin at Madison
University of Michigan
Case Western Reserve University at Cleveland
North Carolina State University
Carnegie Mellon University
Louisiana Tech University

v v v v v v v Vv

B Sandia National Laboratories

W Institute for Molecular Manufacturing (IMM) : Focus on
Nanotechnology
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MST in USA

B [ndustries: IBM, AT&T, Ford, Texas Instrument,
Honeywell, Motorola, Nova-Sensor, HP, Analog Devices.
» Developing components of microsensors and microactuators
» Competition among companies.
» Few collaborations.
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B MEMS ISI
» http://mems.isi.edu
B EMSTO
4 WWWw.nexus-emsto.com
m VDI/VDE-IT Teltow
> www.vdivde-it.de/MST
B DARPA
> http://web-ext2.darpa.mil/MTO
B Nist Gaitherburg
> www.atp.nist.gov
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Alexandria
» www.ida.org/MEMS
W AIST-MITI
» www.aist.go.jp
[ | Sandia
» http://www.sandia.gov/
|
» http://nscmems.iam.ntu.edu.tw/
» http://www.ncku.edu.tw/~nckumems/
»

http://www.ndl.gov.tw
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MST Market Prognoses
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MST

B Sensors to measure physical
and chemical parameters
» Temperature
» Pressure
» Acceleration
» Chemical concentration

B Actuators interact with the
real world

B Nanotechnology
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Potential MEM S Market

B Medical Technology
B Environmental and Biotechnology

B Automotive Technology
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Medical Technology

B Endoscopy
B Implantable Dosing Systems
B Tele-microsurgery

B Artificial Prosthesis
» Pacemaker
» Hearing Aids
» Neuronal Prosthesis
»

B Implantable Sensor System
>
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Minimal-l nvasive Surgery Spectrum
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Miniaturized Surgical Effectors
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| mplantable Fiber-Optic Dosimeter

Eils oW A ) MRS S - BB the Jidich Research Center
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Potential MEM S Market

B Medical Technology
B Environmental and Biotechnology

B Automotive Technology
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Environmental and Biotechnology

B Contaminant Analyzer
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Potential MEM S Market

B Medical Technology
B Environmental and Biotechnology

B Automotive Technology
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H Sensors

Automotive Technology
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Microaceelerometers
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Nanotechnology
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Scanning Probe Microscopy (SPM)

[ | 0.3nm

B Scanning Tunneling Microscopes (STM)
» Tunneling effect

(Tunneling current)
»

W Scanning Force Microscopes (SFM)
Atomic Force Microscopes(AFM)
»
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Scanning Tunneling Microscopes
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Scanning Force Microscopes
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Scanning Force Microscopes
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