


=1

FZDTE eeeeeeerrreeenente e s e 1
1 THEEFFIODRETE - veevverrnressneersmemies st ettt 3
101 SHZERIEE cooevveerrveemsnemnree sttt e 3
1.2 TFHZEEIED cveervveesrnresnnesnseenieenre sttt s et 3
1. 3 THZEFIDRERR -veevereerrersreremnrenseneneniete st 4
O BHBEREE -+ everreerrenreeeete e s 5
9. 1 MEMS 792¢cceeseensenneerutterutitiiiiiiiiiiitiittiitttia e tataaseaas 5
9. 1. 1 FREFEEEHE coeeeererrerrereerers 5
(1) TT 1 veeeeeeeeeeeemmmmmmmitiitiiten s ee e e sttt s e s et eeeeee 5

() IT © eeevveereeeressmnimneneesinititieee s 6

(8) IT 8 +revesservreeersrasinnueeesaniniiinteeaes et 7

2. 1.2 SESSION A (A 7 T/3)LT) eeerrereeumecuneiniiiiiiie, 8
(1) OP 1 ceeeeerersermmtmmuiiii et sttt e 8

(2) OP 2 creereeessrererii e 10

2.1.3 SESSIONB (R4 27 a7 =427 af vT) e 12
(1) OP 3 ceeereserserrmimmiiiiiti e s 12

(Q) QP 4 ceeeeeceerereeeniiiii e e 14

(8) OP 5 crerererererirntiiiiiiiiiiiii s 16

(A) OP 6 ceceeeserserrtmummiii e 17

2. 1. 4 SESSION C (FEQG) ceeeereeerrrarnmmereemmiiiniiiiiii i, 19
(1) OP T  eeveeecererssemrnnettmmiiiitinee 19

(2) OP 8  eeeeeveeeeeeessiiineeeeseioiiitieesee et ee e 20

2. 1.5 SESSION D (FfT) cerereeverererneromeriiaiiiiiiiiiiiiiii 21
(1) OP 9 ceeeeeecemmnmeimmiiiiii i 21

(2) OP 10 cvevereorerereorernnnetetatotttuiititiieiiaitiiiiitiiiisaiesaes 29

() OP 11 eeeverersevreremsinteesnnteessninrieeeniiiteeesaennaeteeesaas 24

(A) OP 12 ceeeeverereessorurrerannnniiniieesesei ettt e aeeee e 25

2.1. 6 SESSIONE (E—aF|HDvA 7 al&E7 R v a v) 26
(1) QP 13 evereesssesrramsassasennnsnesennnittiessaniiiieteeeasssiseeeeaeseas 2%

O IO ) BT P 28
2.1.7 SESSIONF (R4 70 E =47 34700 Fy b) ceeeeeeeeeee 29

(1) OP 15  ceeereveresnettittttitttiiitiiiiiiiiiiiiiiieiit ittt teeeetenaes 29



(8) QP 17 eeervereesseartnretenettintietitiet ittt et e e 33

(4) QP. 18 crereevrreretetntiimiittintietiatietastietitsnetaataitistattotni 34

2. 1.8 SESSION G (57 R b HLOBEEER) worerrerrmrinnnrenieens 36
(1) OP 19  seeerreeereersresmssessassiniiintiissstectiitumiereereinnine. 36

(2) OP 20 +reeeereeerrreesreressteesnenanntenateennntsssits st s 38

2. 1.9 SESSION H (JiEHI) ceeeveererereessessssssisinniiiiiiiiiiiiinnnnnnnnnnnns 39
(1) OP 21 ceeeereerseeessersensuessumsntinitiiieesieesneesneesanssennees 39

(Q) QP 22 eeerereesseessressennennttitit et 40

(8) QP 98 -eeeeeeeerererertetitiii e 41

(4) OP 24 ceeeeeeeeesssorimmeiiniiiitiiii e 49

2 1. 10 POSTER SESSION :++eeeeeesesrennnseseuueecruisetmiiniimiciemin 43
(1) PP 1 eeveeeeennsennneeeunitttiiiitttinttiaeatianiti ettt 43

(Q) PP 2 eeeeereeereenieteiit ettt 44

(3) PP 3 -eeeeeeeeerereteeetttti et 45

(A) PP 4 eeeeeeereeernnnienttttiiaeie it sttt 47

(5) PP 5 eereeerecuseentettiititiiettiieetiiae ittt st 48

(B) PP § eeveeereeernnreeerrniiinteiiiieettie ettt 50

(T) PP 7T -eeeenerenseseeneetesentiiiiatn et 51

(8) o0 S S e L R LA 51

(Q) PP 9 ceeeeeeererreesiineiitt i 53

() PP 10 eevereorernorneroeroeustosuatuittetiotitiiitiiiiiititiietatitiane. 55

(I) PP 11 ceeeeeeerennnesensnnnonsantuuieneteeesettitiiuitiiittis 56

() PP 12 -eeeeeeereressunressssinittsi ittt 57

0 1. 11 T U DIV T eeereeeeeenreee it 59
(1) BESSY  -eeeeeeeressssnreesmmmnnertneniiiiiiasssssiiinasticetese 59

Q) 75 vh—7 HHZERT (NIV 1) IV )eeereencrmimeiinn. 61

(3) ALY Y TRIAEE woeereereereertsrtiiiinii e 63

9.2 XV e TFIWKE (RAR) FHE corerrecreecemrmeiiiniiiiiiee, 67
2.8 A VRYTFIKEFE (L FY R) TR cererrrvenvnmmmenreerecinem. 73



" P4 22y ViilkAREI Yy > a v

W &

et o

(MM)y~Ar7a<x ot 7 —



FAME

L AEFOHE
11 HESE
L2 FWEHRE
1.3 FAEMDHEK
1.4 MS TR®RDRHE
2. WAEHR
2.1 MST ickiFs#HAE
2.1 MST  92ic&= R UPANEL DISCUSSION
2.1. 2 TUTORIAL
(1) Requirements for a Design and
Simulation Environment for Microsystems ------

(2) State of the Art of MST-Design and Simulation Techniques

(3) Research Acitvities in the Field of MST-Design and Simulation ------

2.1.3 PLENARY TALKS
(1) The Future for Multichip Modules

(2) Microrobotics-Approach to the Realization
(3) Bionics -
(4) Biosensors

(5) First Applications of High-Temperature Superconductors
(6
(7
(

8) Microsysetm Technology for Consumer Products

Micromechanics Business Opportunities -

2.1. 4 PACKAGING «++veeveeee

(1) Bonding of Micromechanical Devices by Using a Combination of Metallic

and Insulating Interface Layers -

(2) Ultrasonic Bondability of an Electroless NiP/Au-Layer System

(3) Development of Filp-Chip Bonding Techniques on Green Tape Ceramic

Multilayer Substrates teeceeasscescse st et stsasscesses et eseasssessestsscas s a0

2 1.5  MATERIALS cvvcveeevrevnneneeeennmerrnmmeneanemnnieennennennanes

(1) Stress Compensation by Means of Ion Implantation in Si0.

and in Si3N4 Layers N

)
)
) Future Medical Applications of Microsystem Technologies ««--reseeereereseesenses
)

[ 2 T~ S V. I N e e

10
10
11
12
14
15
16
16
17
17

17
19

21
23

23



Developmennt of High Temperature Thermoplast Packaging Materials:
Fundamentals of Adhesion and Peculiarities of injection Moulding
PrOCESS -rrerrrerrereseesnenes

Investigation of Structure and Properties of Laserwelded Amorphous
Selective Liquid-Phase Epitaxy of Silicon for Microelectronics

Applications

2.1. 6 OPTICAL METHODS FOR CHARACTERIZATION

Optical Micron to Nanometric Surfacs Finish and Form Measurement

Optical Measurement of Profile, Lateral Dimensions, Length and

Vibrational Amplitude on Micromechanical Structures «-------s-ssereeemeeeeees

Deformation Measurements of Bare Chips Pressing

Against a Cooling Plate ---eeeeeeeeeeeeeenenn

In Situ Measurement of the Fracture Strength of Thin Films
Thin Film Thickness Measurement with the Help of a Combined
Ellipsometer and Spectrophotometer

Thermal Deformation Analysis of Epoxy Glob Top by Means of
Direct Coupling Speckle Metrology and FEM «:--eeeeeeseeeeeeee

2.1.7 SENSOR / ACTUATOR TECHNOLOGIES (MICROMACHINING) «e+eesseeeeeessnrmnsesnees

(1)

Plasma Etching Techniques for CMOS Compatible Micromachining Based
on Integrated Optics

Laser Machining and Anisotropic Etching of <111> Silicon for
Applications in Microsystems

Integrated Piezoresitive Accelerometers with Oil-Damping
Micromechanical Devices on Silicon with Integrated

Optical Read-Out

Air Bridges of Metallic and Dielectric Films in the Micron and

SUbﬂ]iCFOH Range feeetseceseiacsncetssresnnsanes

2.1.8 SENSOR / ACTUATOR PRINCIPLES

(1)
(2)
(3)

a-Si:H on ASIC-A New Approach to Intelligent Image Sensing
CMOS-Compatible Capacitive Silicon Pressure Sensor

Integration of Magnetoresistive Sensors into Micro Systems

2.1.9 MICRO OPTICS

(1)
(2)

Coupling Elements for Multimode Fibers by the LIGA Process

Micro Optic Components on Silicon Platforms with

EtChed MicromeChanical Ad]ustlng Elements eteecetetenacestst st etsccesesotcctrcsoestbae

24

24

25

26

26

28

30
31

32

33
34

34

35
38

39

42
44
44
46
46
48
48

49



(3) Monolithic Integration of Microbeam Resonators and Laser Diodes

Using AlGaAS/ GaAS MiCromachining R P P R T E TR

(4) Characteristics and Simulation of the Miniature Opto-Electric

Transformer

(5) Cross-Talk Minimization in Optical Directional Couplers -«--eeeeeeeeeencencens

(6) Large Scale Production of II-V Layers and Device Structures
by LP-MOVPE ---ceeveeceeveereaiencens
2.1.10 GAS’ BIO AND CHEMICAL SENSORS cecveeceeeererececencenannnns
(1) Biosensors in Microsystems

(2) CO;-sensitive Organically Modified Silicates for

Application in a Gas Seﬂsor T AN

(3) Implanted Thin-Film SnO. Gas Sensors
2. 1. 11 AUTOM]TIVE APPLICATIONS ceeessascscecsssecceesssses e

(1) Semiconductor Capacitance-Type Crash Sensor for Airbag Systems::----------+--

(2) Testing and Diagnosis of Networked Electronic Control Units
in Automobiles
2. 1 12 COMPUTER APPLICATIONS et ececscsccssssssssscens

(1) Silicon Planar Heads - Overview and Potential -e-eeeeeeeeeemermmeencenicinnnnnnn.

(2) Micro System Technologies and Their Use in LED Print Bars for
High Speed Printers ---ccceeeeeeeenee
2.1.13 MEASUREMENT APPLICATION/CONTROL ---:eeeeeeeeeeeeees

(1) A BCCD-Based Dosemeter for Mixed Radiation Fields ----e-eeeeeereeeeeeees

(2) Development of Smart Mechanical Components by Using
Microelectronic Technologies
2.1.14 TELECOMMUNICATION APPLICATIONS

(1) Multichip Modules for High Bitrate Telecom Applications «re-eesreeeeeeeeeeees

(2) Stable Chip to Single-Mode Fibre Coupling by Means of
Laser Weldlng ceceerescscctss st ase st aan sanse
2.1.15 MICRO SYSTEM DESIGN -veevreevreveeseenneeeens

(1) Microsystem Design of an Opto-Electronic Clock Recovery Circuit

(2) Digital-Analog Modeling Methods for the Microsystem
Design

(3) Miniaturized Chemical Analysis Systems

2.1.16 DEVICE SIMULATION «+eveeeeeesesseoeennnsnearenusensnnsunserenesunsnnersansnnssnsenennnsnseeenns
(1) Simulation of Electronic Circuits Including Thermal Effects «-c-cc-eeeeereeees

(2) Analysis of Electrostatic Micromotors Using Finite Element Method ---+------

90

ol
02

23
29
25

99
o7
99
09

60
61
61

62
63
63

64
64
64

66
68
68

71
71
74
74
75



(3) Propagation of High Speed Signals on Silicon Die wereeeeeeerereeisicniiiennnees 78
FRAUNHOFER INSTITUTE FOR MICROSTRUCTURE TECHNOLOGY(IMT) BARH -eeeeseeeereeeeee 80
KERNFORSCHUNGSZENTRUM KARLSRUHE GmbH ;D‘jflcﬁ L LT -1
MICROPARTS GmbH g}jﬁ:ﬁ e e et et et eeease ettt aet st 0t att st ansaecan et etsoes e ncs encnsoseoes 90
LABORATOIRE DE PHYSIQUE ET METROLOGIE DES OSCILLATEURS(L.P.M.O0.)
du CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE B e 03

2.6 CENTRE TECHNIQUE DE L' INDUSTORIE HORLOGERE FARE] cveeeeeeeeereesessssssnninninnens Q7

2. 7 LABORATORIRE DE MECANIQUE APPLIQUTE ﬁjjﬁ:ﬁ eecececrstctcececrsesetoctetoecessenasesansen 99

2.8 LABORATORIRE D AUTOMATIQUE DE BESANSON (LAB) OF INSTITUTE DE

2.9 UNIVERSITY OF PISA J% X ADVANCED ROBOTICS TECHNOLOGY AND

SYSTEMS (ARTS) LABORATORY ?jﬁ:ﬁ DT T N 101

210 TWENTE UNIVERSITY yjﬁ:ﬁ T T T 102

S I VU N



=493Y%

'K A s uz Y VKA

/41

Wi/ g/

o A O oE

e 3

Gt o -/ Viele Ve



EANE

1 PEMAEE

L1 FAEMOHRK

12 #AEER

1.3 MEMS#%ODHM%E
2. WEER

2.1 FHEHE

211 H6EMEMS

(1)
(2)
%))
(4)

e, BRI
smE., FERMK

REANBICHT BHEH
% £

2.1 2 FREETIERBY

(1) SR14v#%—7+% aF+i(Stanford Research Institute International)

9) UC/S—% L — (University of California, Berkeley) rs-reeseeeereroseceerce

3) w4 RV UARTTF4 ) U (University of Wisconsin-Madison)

(4) }[//f 777')‘1*"’7((‘40“1313"& Tech UnlverSltY) teesesesattesarsssatracacsteasrarsessasoen
2.1.3 2KEE

2.2 H6EMEMSICRIIHHE

2.2.1

(1)
(2)

3)

(4)

(5)

(6)

(7

(8)

WELCOME, INTRODUCTION, AND OVERVIEW -eeeeeceeveeereces

A Planar Variable Reluctance Magnetic Micromotor
with Fully Integrated Stator and Wrapped Coils

A FIRST FUNCTIONAL CURRENT EXCITED PLANAR ROTATIONAL
ELECTROMAGNETIC MICRORELAYS : CONCEPTS AND

Distributed Electrostatic Micro Acutuator «correerecesrererrerseenrrnsonrersmacancanees

Electrothermal Microactuators Based on Dielectric Loss Heating
Fabrication of 3-Dimensionally Shaped Si Diaphragm Dynamic
Focusing Mirror sseasees sesssvseesas e

Micro Alignment Machine for Optical Coupling

e = IS IS IS B = B ) B ) R - B

(o]

W W w oo 0 ~N =3

11

12
13
14

15
17



2.2.2 SESSION TWO : FABRICATION TECHNOLOGIES

(1)
(2)

(3)

(4)
(5)

(6)
(7

(8)

Micro Mochining by Machine Tools
REAL THREE DIMENSIONAL MICRO FABRICATION USING STEREO LITHOGRAPHY

AND METAL mLDING P

Single-Mask Processing of Micromechanical Piercing Structures

Using Ion Mllllng P T T T T T T PP

YAG Laser Assisted Btching for Releasing Silicon Micro Structure

Micro-grid fabrication of fluorinated polyimide by using maynetically
controlled reactive ion etching (MC—RIB) 8 800000 000800008 2808080088800 00800008808 000

Cryogenic Dry Etching for High Aspect Ratio Microstructures --sesceseeseoeeses

In Situ MONITORING AND UNIVERSAL MODELLING OF SACRIFICIAL PSG
ETCHING USING HYDROFLUORIC ACID --c-eeeecvneeneees

A DRY-RELEASE METHOD BASED ON POLYMER COLUMNS FOR
MICROSTRUCTURE FABLICATION

2.2.3 SESSION THREE : SENSORS AND ACTUATORS

(1)
()

(3)

(4)

(5)

(6)

(7)

Rechargeable Solid State Lithium Microbatteries «-:-e-:--

Two Dimensional Mathematical Model of Shape Memory Alloy and
Inteligent SMA-CAD

Viscous Bnergy Dissipation in Laterally Oscillating Planar
Microstructures : A Theoretical and Experimental Study
Measurement of Slow Crack Growth in Silicon and

Nickel Micromechanical Devices

A New Tonometer Based on the Application of

Micro-mechanical Sensors

Adhesive Force of the Microstructures Measured by

the Atomic Force MiCFOSCODe teetecsssestcrsesansens

A Fully-Suspended, Movable, Single Crystal Silicon, Deep Submicron
MOSFET for Nanoelectromechanical Applications

2.2.4 SBESSION FOUR : FLUIDICS AND ACTUATORS

(1
(2)
3)
(4)
(5)
(6)

Development and Industrial Applications of Microsystems ----
Micro Mixer with Fast Diffusion ---ecveeeeeeee

INTEGRATED MICRO-LIQUID DOSING SYSTEM :oveevveeversnevesersarennsrrinenen
Measurement of Micromotor Dynamics in Lubricating Fluids
POLYSILICON HOLLOW BEAM LATERAL RESONATORS

A New Step Motion of Polysilicon Microstructures

18
18

20

21
22

23
25

26

27
28
28

30
31
32
33
35

36
37
37
38
39
40
41
42



(7)

8)

Dry Releasing of Electroplated Rotational and
Overhanging Structures

Performance of Non-Planar Silicon Diaphragm Under

Large Deflections e 080800005080 000 008008880 080008 008000000000 00000s0rssrsserterssssttcceccsarsire

2.2.5 POSTER SESSION

(1)

(2)
(3)

*

15
(16

SCREAMI : A SINGLE MASK, SINGLE-CRYSTAL SILICON PROCESS FOR
MICROELECTROMECHANICAL STRUCTURES -« ceeveeeeeeneneneeses

OUTER ROTOR SURFACE-MICROMACHINED WOBBLE MICROMOTOR :eeeereeeeeereerensneuneneeces

NANOFLUID HANDLING BY MICRO-FLOW-SENSOR BASED ON DRAG
FORCE MEASUREMENTS

Phototorming Applied To Fine Machining

Batch-Fabricated Milli-Actuators

SINGLE-CRYSTAL SILICON TORTIONAL RESONATORS «eeeeceerseeceererses
An Isolation Technology For Joined Tungsten MEMS

Two Dimensional Metallic Microelectrode Arrays for
Extracellar Stimulation and Recording of Neurons

A Passive, IN Situ Micro Strain Gauge --«------

Implementation of a MEMCAD System for Electrostatic and

Mechanical Analysis of Complex Strutures from Mask Descriptions -:--=+=---

Fluid Driven Microactuator with Feedback Mechanism

A Microfabricated Flow Chamber for Optical Measurements in Fluids -------

Photo-Assisted Electrochemical Machining of Micromechanical Structures

PROCESS AND DESIGN CONSIDERATIONS FOR SURFACE MICROMACHINED BEAMS FOR
A TUNEABLE INTERFEROMETER ARRAY IN SILICON

HIGH-POWER AND HIGH-EFFICIENCY ELECTROSTATIC ACTUATQR -eceeeeeeeerecmnroreeees

Amorphous Silicon Carbide Films by Plasma-Enhanced Chemical

Vapor Deposition

9.3 Stanford Research Institute International 4R

2.3.1
2.3.2
2.3.3
2.3. 4
2.3.9

(1)

A 1E b
1A
Hilisp e RS E=]
B B
B FEBAFER G
K7aZitr—<

44

45
46

46
47

49
90
o1
92
93

95
o6

o7
99
60

62

62
64

65
66
66
66
66
66
67
67



(2) ZoMo<A 7 <y VBEOHET—<
(3) WFFLa%fs
236 & ¥
2.4 University of California Berkeley 3l
241 Fr £
242 # B
2.4.3 FEeiexdE
244 B E
(1) R T a—
(2) FRESBE
2.4.5 WFABAFRNKER
(1) Ronald S.FearingBhBIROBEETIE. UTIRT 2IHEAERELT
A0 VDO FRALED TUVzy woeerrrrereresssniiiiiiinn.

(2) TICAYFTFU—F4 FAEEEEET)  Dr. RICHARD S.MULLER -rseveversesserseemnens

B) =A7a#RFET4INI—i2DWT) Clark K
(4)  “Polysilicon Fuses & Welding Structures” {22\ T
(6) TA passive In-Situ Micro Strain Gaugel) I2>W\T
2.5 University of Wisconsin-Madison 2R

2.5.1 P 7£ i

252 #FmHA

2.5.3 FfExLE

254 Bt E
(1) Surface Micromachined Pressure Transducer -«
(2) Resonating FOrce TranSAUCEE -+s-rere-resessesereesssursessessennee
(3) Micro Electro Mechanical Systems

(4) Low Noise Electronics 060000000000 0000ssore  ussenanesocscecse ses sassesses sen en s coseos et oo sne

2.5.5 WFABARKMR
1) EAtery
2) ey
(3) BH<A/oE—%
4 LIGA7oeRIZHoW\WT
256 ¥ X
2.6 Louisiana Tech University &R
2.6.1 Fr 1E i
26.2 M A

67
68
68
70
70
70
70
70
70
7
71

71
13
13
73
(6]
75
75
15
[t}
75
75
75
7
76
76
76
16
76
76
17
19
79
79



2.6.3
2.6.4
2.6.5
(1
(2)
3
(4)
(5)
(6)
(7)
(8)
(9
2.6.6

HEE

PR E
Bt =
e PN

'?/f 7D%£m%§ (Dr. Friedrich) N P T TR LY LT R T TR TR
/rj!':/t“-—Aj]uI(Dr. Vasile) R R T T T TR T IR LT OT Y

27— hRT Y 2 DBERE (Dr.Gag) wwoweoeeoeeee

24T FaT—%, OFy PO Dr.Lin) coeeeeereeeeecemmemneniien

FAYEYREw NI (Dr.Lin) seeeeeeeeeeeeseeees

%ﬁm"{'”@ﬁﬁ% (Dl‘. Varahramyan) teeessensrseseanssssesesetecasarrresissasaran

&E*ﬁ*ﬂ'@%?'} v % (Dr. Almonte) «--rreveeveeees

FISE = 5 FHBABIE ¢ v 74 L4 OB Or, Almonte) «wwewweeeeeess
L T GA (Dr. ALOMLE) o reseesrerersmsnssnsssnssnsstasesuesissussnstnssiusinsss st seascnsee

z £

79
79
80
80
80
80
80
80
80
80
81
81
81

83



I EFE AL 7 VKA I vy v a v

B W O &

F A% 6 A 12 H

(Rt t vF—=



2.3

FANE
SO C i PO 1
1.1 FHEDEEER «ooooovereeeersrrrreeesiireesiiiteesite e eetee s e e ttr e e e e s s rane e e e s e nrraae e e e e nannaneens 1
I L =k = ORI 3
1.3 SHETHEZEEREE  -rrverererrerererseroresseteensee et e sttt ettt e e be et a e b a e e 3
DI L3 1 PP 4
TR 11 - S T P 4
9. 1.1 ZERATFTRHRED -rovovoverreesemessnrssesssmassnsse et s st 4
2.1.2 ZA REREREEHR T F—  eerrerremrerrrmmrenen 7
9.0 ZHRADFICHSBEIT I I BIHE -ovevoeresesesseressessmneti ettt 8
(1) LAAS (Laboratoire d’ Automatique et d’analyse des Systems) «eeeeseeesseesenescnescecseanceencs 8
(2) CETEHOR (Centre Technique de I'Industrie HOrlogere) «+:+s=-ssssssesssssssassassssssunaseaseanene 1
(3) IMFC (L’Institut des Microtechniques de Franche-comte) «essseessersessrasserenseennseranseennnns 15
(4) LETI (Laboratoire d’Electronique, de Technologie et d’Instrumentation) «««ssssssseseeeseesesees 19

(5) CSEM (Centre Swisse d’Electronique et de Microtechnique SA)

Xy TIVKRE 242057 700 =TT (IMT) eeceecereerecrerannnamniiiee. 23

6) F2—1 v £#EIPLTEAFE (ETH) Physical Electronics Lab., Integrated system Lab. - 30
ZA Z AR T F — BT BT cooeerrrrrerrerese e 36
(1) Future Prospect of the Micromachine Technologies in Japan eeeseeesreecrescnesesereneneecnenee 37
(2) Future Prospect of the Micromachine Technologies in Switzerland ««rescreseeesseereenrrasenaeee 41
(3) OVerView Of R&D Activities in Japan ..................................................................... 44
(4) Overview of R&D ACtiVitieS in Switzerland ............................................................ 57
(5) Micro Wobble Motor Fabricated by a Concentric Build-Up Process «rreseessecessresrerneseaneees o8
(6) Wobble Motor for Watch ApPliCAHIONS «+s++sssssssssssessessssesresitiutsusnuiniinsttsnsnssnsaseaees 63
(7) SMA (Shape Memory Alloy) MiCrOACtUALOLr *+# s rsererseonrersassnrsncssstastsetssacsassnssntancntonces 67
(8) Connection and Assembly Technology —+++-s«++ssssesssssesssnssesintetmniunainsteseennneesennnsees 70
(9) Electromagnetic MiCrOACLUALOT +++-+++sssssssssssssetesssstastastestittiitttss sttt sttt 5
(10) Optical SCANNING SENSOT ««++resseressssssrssssssssstssestistastitit bttt sttt 1
(l) Perspective of Optical Scanning Devices —«+s+sssstssssesseststssessesiissuisiainsinissssssseaces 80
(19 Scanning Probe Method in Micromachine Technology «+s«+«+++ssesessssssssssmssnssssuannisneneas 81

(13 Medical Application of Micromachine Technology

- Introductions of the Intraluminal diagnostic & Therapeutic System - ccrerecececnerecererceee 85



(14 Application of Micromachine Technology in Drug Delivery Systems «:-eeceesescerseereesnanneeces 88
(15 Flagellar Motor of Bacteria

(Flagellar Rotation Rate and Swimming Speed) ...................................................... 93 -
(16) Control of Micromachine (Microrobot)

- Conceptual Mechanism and Formation Method L eeeessesssasscssscsscssessscesrcsrcaccsscsresncanes 94



VB v v a v
94 55 2 Inl= 4 2 v ¥ vk

I < S

Pk TH 5 H

(<=1t 7oty —



2.1.1
1)
(2)
(3)
(4)
(5)
(6)
(M
(8)
9

Ry TR (T H) ceerreecenseensenistiieiiiiiiiieiiiiineueeneens
SULT RTRIKEE (FT L A) vrverrereereeseasenetastacisinenrieenceaenns
BHL T RUREE (LY R) erereeroeraasseestosieriststisiaciniaennnns
AU RY TIVKZE (A FYUR) ceerereettaaaatttaenennsttetttssscssssccnnnns
BV A TIFZEAT (R A D) cvvvcnencncncnenaeaeaeatanateientaeananaans
FOLY U TRIREE (RAWP) coeereestastnsensentetatieiietatenaeetenannns
73‘/7§7j--_775}1:%,3ﬁ (i:,_‘//\:/ . }\/f‘/) ...........................
TSR T 4 —T FRFRFT (P L) cerenrtateni ittt
I MMAFZET evevvveennnesaneneenecssesctenaccenctssennccssentttcaannns

2.1.2 MEMS ’ O GZDUNT svveveesescesesccatessesesescacsoccscsocceancacns
2.2 B{%&E@%ﬁﬁﬁﬁ% ..........................................................

(1
(2)
(3)

(4)
(5)

(6)

(7

(8)
(9)

R L L T R weeeeneee et et
F7 hITRIKY (Delft University of Technology) «+ssereccccececrcceces
HH 7 ki K%E (University of Southampton,

Department of Electronics and Computer Science) ceccrrreerreretteateaienn
ALY TR (Imperial College) «eeeeerresrsssssssnssseecaneeccennes
H—N AN —TBFEMIFEE % —,/IMT (Kernforschungszentrum Karlsruhe
GmbH/Institut fiir Mikrostrukturtechnik) eeceesscescsreeecrncccncnneneeens
~)Y v IHREKY¥  (Technische Universitat Berlin, Forschungsschwerpunkt
Mikroperipherik) .........................................................
TS h—T 7 (I 2 U AURFGERT) cecrrrereeeernnae i
Fraunhofer Institute for Silicon Technology (Berlin) +eeececcecececccceces

I MM (Institut fiir Mikrotechnik Mainz) .................................

O =N N OO O OO S O OO R s R R W W e



2.3 MEMS > 9 5%%#&]@%&% ..................................................
.31 [IHHZETE vecvvertetanntttttttiiaaaeatttiiaa et ittt
(1) Microchemistry , Manipulation, Fabrication and Spectroscopy
i1 SIAL] DOMAIIS +* + v+ v+ vovesnsnsneseosssssescsensosssesssensasasananansns
(2) Out-of-Plane Permalloy Magnetic Actuators for Delta-Wing Control «--e<---
(3) Micromachined Hydraulic Astable Multivibrator seccccecrccrcccerececncanee
(4) A Bidirectional Silicon MiCromotor +e+esesesesessesensesancencarancencnes
(5) Surface Acoustic Atomizer with Pumping Effect cecccsccecccccccccnccccnnecn
(6) Pumping Mechanism Using Periodic Phase Changes of a Fluid ceecreeccccce.:
(7) Electrostatic Curved Electrode Actuators ceccececcecececcccccacncncocanns
(8) Vertical Comb Array MiCroactUators ««tescesssesssrncnesasssencneencancns
(9) An Ultrasonic Motor Using Bending Cylindrical Transducer
Based On PZT Thin Film ( University of Tokyo ) seeeeceeceeececcces AR
(10) Linear Microvibromotor for Positioning Optical Components sseccececcecces
(11) Deformable Mirror Display with Continuous Reflecting Surface
Micromachined in SiliCOn +e+++evssesssnncssassessssssasauassseannnsannnns
(12) Devices for Particle Handling by an AC Electric Field secccccerecrcceccces
(13) Nove Functionality Using Micro—gaseous Devices cecceccecceccerccccnnnnsen
(14) Micro—machined Integrated Optics for Free-Space Interconnections +=+++««-
(15) Micro Filtration Membrane Sieve with Silicon Micro Machining
for Industrial and Biomedical Applications secccecccccecccrcnarcenccnnnen
(16) The Black Silicon Method IV : The Fabrication of Three Dimensional
Structures in Silicon with High Aspect Ratios for Scanning Probe
Microscopy and other Applications ++e+eesestesesceseasasuonensnsranaraenns
(17) Effective Methods to Prevent Stiction during Post-Release-Etch
PrOCESSINE **+ v v eeteseetnsustusensensensaseaseacacasssnsnensnssasasanans
(18) Groove Depth Uniformization in (110) Si Anisotropic Etching
by Ultrasonic Wave and Application to Accelerometer Fabrication «+ecs+esece-
(19) An Electrochemical Micro AcCtuUator +ecccsveccecsoseeccecccssnscasccnsansns
(20) Injection of DNA into Plant and Animal Tissues
with Micromechanical Piercing Structures cceccecccccccecctcccccccncccccns
(21) Active Catheter with Multi-Link Structure Based on Silicon
Micromachining = ++eeseeeseeeeneeneeneeneeneeiteauneenacaeneeccnncennacans
(22) 3D Coupled Electro—mechanics for MEMS: Appications of CoSolve-EM s+eccee-
(23) A Computationally Practical Approach to Simulating Complex

Surface-Micromachined Structures with Fabrication Non-Idealities ce-+-+--



(24) Vibration Mode Investigation of a Resonant Silicon Tube Structure

for Use as a Fluid Density SENSOr «+eteeeseeceseessneereneaneneieanannnns
(25) Measurements of Physical Parameters with Ultrasound and Microdiaphragms --

(26) Development of Micro Photocantilever for Near Field Scanning Optical

Microscopy oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
(27) Integrated Flux Concentrator Improves CMOS Magnetotransistor seceeccceee-
(28) Nonlinearity and Hysteresis of Resonant Strain Gauges ccccececcrcececes:

(29) A Self-Diagonostic Airbag Accerometer with Skew-Symmetric Proof-Mass =«---
(30) F 7 A —LFESO=—X FHEM, Eiff. BE

(Chemical Analysis in Nanoscale / Needs, Possibilities,

Techniques and OUEIOOKS) + e+ +vesvrseenssnssnssoscosueteostecuocuetcacaenns
(B1) Zv¥ LI RMMEEL AW Fa—= AR IRT A NVF —

(Tunable IR Filters using Flexible Metallic Microstructures) =+scee=ccc=>
(32) KYvYaveSra®t—F&2EoBFEFA¥ v —

(Diffraction Grating Scanners using Polysilicon Micromotors) cscccecce--
(33) Variable Entrance Slit System for Precision Spectrophotometers <<<<++++**
(34) Molding Process with High Alignment Precision for the LIGA Technology
(35) Piezoelectric Composites for Micro—ultrasonic Transducers

realized with Deep—etch X-ray Lithography cecereeserereeceecereeececenens
(36) Development of Coil Winding Process for Radial Gap Type Electromagnetic

Micro-Rotating Machine ««eseeerrrssennneseneseresseuseiuatananeuaneencene

(37) “Spatial Forming”-A Three Dimensional Printing Process +++eeeccrcccccceee

2.3.9 RAHF—FEFF ceeeveccccttttititttttitttiiitiiitittttttttttsn et

(1) MEMS for Pressure Distribution Studies of Gaseous Flows

i1 MiCTOCHAMMELS + o+ e eeteseeensnssasnnenanasnscececasastosasuasosecececes
(2) Recent Progress in Thin Film Shape Memory Microactuators =----s===cccce=®
(3) Working Principle and Performance of The Dynamic Micropump se+ecccecccc=>
(4) Optical Tactile Sensor Using Surface-Emitting Laser «cccccccccenrcrrecccs
(5) Fabrication of Multi-layer Eddy Current Micro Sensors

for Non-destructive Inspection of Small Diameter Pipes ccctceccccccceeces
(6) DEEMO: A New Technology for The Fabrication of Microstructures =«----:*°*
(7) Fabrication of 45 Degree Optical Mirrors on (100)Si using Wet

ANiSOLIopic ELChing = e« cerererrsessennnssecunneseueeeunetennneeesoeees
(8) Self-Aligned Machining and Assembly of High Aspect Ratio

Microparts into Silicom ++ssssssssssseesssseseenneeeanunneeeeecneeneees

(9) Dome-Shaped Diaphragm Microtransducers +e=ssecerseseececeseesernennnces



(10) Piezoelectric Lead-Zirconate-Titanate Actuator Films

for Microelectromechanical Systems Applications cececcccceccerceccecccecs
(11) High Aspect Ratio Microstructures on Porous Anodic Aluminum Oxide <------
(12) Fabrication of Giant Magnetostrictive Thin Film Actuators s+ccscececesres
(13) A Novel Approach to Assembly and Interconnection

fOr Micro Electro Mechanical Sygtems ....................................
(14) A Micromachined Vibrating GyroScope ++++e+sssesesssenserancetaneccancanss
(15) High Voltage Photovoltaic Micro Devices Fabricated

by a New Laser Processing ++ecsecseveeesseneaectaactonttacccocecaannsnans
(16) 3D Structures with Piezoresistive Sensors in Standard CMOS «--eveccccc---
(17) Piezoelectric Impact Force Sensor Array for Tribological Research

on Rigid Disk Storage Media ++=+evseseesenseneaneieeiteaneaneeneannennnns
(18) Steering Mechanism and Swimming Experiment of Micro Mobile Robot

S WALEL e e vt teeesenneeeennnaeeenunnnsesnsnnssssessasannneesossssssosnnns
(19) 2 Dimensional Optical Scanner Applying Torsional Resonator

With 2 Degrees of Freedom «««ceeceesessentastnsenstnseseasensuaensnsennes
(20) A Quantitative Analysis of Scratch Drive Actuator Using Buckling Motion --
(21) Strain Sensitive Resonant Gate TransisStor seeceseescceccecceceeeccannnnes
(22) System Design for Cooperative Control of Arrayed Microactuator +++eesse+-

(23) Micro-optical Components for Fiber and Integrated Optics realized

by the LIGA TechniQUe ...................................................
(24) Ultrasound Barrier Based on Packaged Micromachined

Membrane Resonators .....................................................
(25) Carbon Dioxide Priming of Micro Liquid Systems seeceecceereecceeeaaennns

(26) Trial Production of Medical Micro-tool

by Metal Deformation Processes Using Moulds cecccecreereccecieecaniianan,
(27) Fluid Micropumps Based on Rotary Magnetic Actuators =eeeeeecccccececeenes
(28) A Differential Pressure Liquid Flow Sensor

for Flow Regulation and Dosing Systems «+««+sesseessnssnaseasaneeaennenns
(29) Fabrication of Electrostatic Nickel Microrelays

by Nickel Surface Micromachining «++«e+ee+sessensenesnnsnnssnesneeneennns

(30) Perforated Silicon Dices with Integrated Nerve Guidance Channels

for Interfacing Peripheral Nerves «tececseceseceeeetansoeaneataneanennnns
(31) Fabrication of Monolithic Microchannels for IC Chip Cooling =<<+++veeeeee-
(32) Performance Impact of Monolayer Coating of Polysilicon Micromotors =««+---

(33) Evaluation of the Micro Wobble Motor Fablicated by Concentric
Bui ld_up Process ........................................................

(34) Fluid Dynamics of Microwing .............................................



(35)
(36)
(37)
(38)

(39)

(40)

An Elec‘tromagnetic Micro Dynamometer oooooooooooooooooooooooooooooooooooo 149
The Fine Patterning of Diamond Thin Film eeeeveeeeeeeeeeeeennenninnnn. 151
Low Temperature SDB and Interface Behaviours cccseccceccccecccecceccencnnn 152

Fabrication of a Single Crystalline Silicon Capacitive Lateral

Accelerometer using Micromachining based on Single Step Plasma Etching -+ 153
Bulk Silicon Micro Electro Mechanical Devices Fabricated

from Commercial BESOI SUbStIates «cccccceeesesssnsecannseceansaaceannnnns 154
Lead Zirconate Titanate Thick Films by Excimer Laser Ablation

for Piezoelectric Actuation and Sensing ccctcccccccerccecccccnccoceccnces 155



= = R >/
952 A4 7 a2y VKA I v ¥ oa

o A W S

SE Ok 7 4 10H

MHEATA 7oy v v ¥ —



FAME
1. SHEFIHEEE  ceoveereeeesessesosssssemssessese et 1
1.1 FHEDHERR -eeereeeesrssrssessessessesmemss st s s 1
1.2 THZEHER  ceoeeeererereessserssssssest ettt s 9
1.3 SHETMFIEHER  --rveeeoereseeseeoesoesermer st 9
0. HZEEEL ooceereereseristerissssess et s 4
9.1 THZMEEE ceoveeeveerereesessssesset et s 4
9.1.1  SERAFRTEMBRE  -eroeereeeeseesemes sttt s 4
1) Royal Institute of Technology ......................................................... 4
(2) Uppsala URIVErSity «---sseeeeeesesseessssessissssmmssimmsssssentnms st ssisssssesseseas 4
(3) Technical University of Denmark «-wesssseessessensunsssmsnmusssnmasssssssssaseans 5
(4) SINTEF  coeeererescersenemsessusisnsnens eeeeeereeereeeeesreeeeaneeeeaaeeanesaeesesnnaeens 5
(5) IMFC  eeeeeeereeesesescscneunenas eeereeeeeeeerteeeeeeeseseeeeesnaeaas e 5
(6) CETEHOR  csereesessesessssssessessessessessssssssssssinsinsansts st ssssssssssssss 6
2.1.2  Transducers '95 - BUrOSENSOrs IX «eeesseereeseessessressssssansanssnssnessnnancs 6
2.2 HEIPFEMEBICIIF BTE  -wooeeeoerresererreser e 7
(1) Royal Institute of TeChnOIOGY «+---s-wssesssseescesersersaserssssnsrnmaesasssnssnssssanes 7
(2) Uppsala University «--s-eseeeeeesesesissessssnsanen. eeeeeereeesnteeeeneeesesaneeennans 10
(3) Technical University of Denmark ----ssesscssessescssesssssmmmmssasssnsenssasanes 14
(4) SINTEF  eeeeesessessssssssssssissssessessesessmssssssssssassssessssssinsassassnsasssssssasanes 19
(5) IMEC  ceeeeesesssssssscissssessersetsssssssstssssssas s s b s 25
(6) CETEHOR  ceoreeerersesssssessessssesssmssssississinsssssssnstssnss st sassssssssses 27
2.3  Transducers '95 « Eurosensors IX (517 BFHE  -wereeererreressrroesssesseesneeens 30
(1) Implantable Devices, Telemetry «-s-scsssecesessesssssesmussssmnsmssmnerasssssssanass 31
(2) Actuators : Optical APDCAIONS «weesseseesersesmsemsesstninssstnnastesisnsssnanes 35
(3) Biosensors : Enzyme Based ------cceeesseseescessususurinssnmsnmnnisisissenasaenass 39
(4) Gas Sensors : Pattern Recognition (I) «eeeeeeessesemserisunmnmninssnsnninienacs 42
(5) STlicon Processes (I) «-reeeesesseesemssmsissimsusisiusmsmssisssinsasaensssssassssssanes 45
(6) Magnetic ACLUALOTS «+ssesrsrerserssrrrerissmsssssssmssssssstsissas st sss s ssases 48
(7) Flow Sensors (I) «weseseeseeseseseesemsemssssesemsessissassmsasssiusassassassssassssessans 51
(8) Gas Sensors : Catalytic Gate DEviCes -----wswssesressssmsermarasrsensmasanianes 53
(9) Systems CIrCUits - -seseesersessessmsemsesemscssmssmsssisssssssasinsasssnnss eeeerereans 56
(10) Optical Devices  -srseessessersessessmsnmsemsessimimsssisssinstssss s sssnsas s senass 59
(11) Three Dimensional Processing «----s-ssessessesessues reereeeereeeenaeeeanreeas 62
(12) Micromachined Analysis SyStems ««esessesersreeesesessmscsmsmsissussasasmiasasannes, 67
(13) Silicon Processes (II)  «reesessessersesseemsemssmsimsiniasesisnesssissinsassssasssess 70
(14) Explorating Devices  -----sseessesresersmsemsessonsmsismmstsasisseasisssssasssssassens 73



(15)
(16)
(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)
(27)
(28)
(29)
(30)
(31)
(32)
(33)
(34)
(35)
(36)
(37)
(38)
(39)
(40)
(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)
(50)
(51)
(52)

Acceleromete.s (I) eseeeeeeeecsssnnmeeinmitetie ettt 7
Gas Sensors : Pattern Recognition (II) «:ereeeecerceresecmmnniniii... 80
Surface MiCTOMAChININgG  «++eeseesererserrersestssesisisiistintiiitststststsasnae 82
Piezoelectric ACLUALOTS  +rcetecrererseeressresrocecnrecroracanconsesasssrsnssssssssosonss 86
Pressure Sensors (I) -«e-eeseesessescescrscmeneseetiorsstiisissiissssssessns s 90
Gas Sensors : Thermal «eeesesssesesssssssisssssercusencesnnienssiicssiccseses 93
Bonding, Packaging -c--e-eesessesecsesssisiisiinnnitn e 97
Electrostatic Actuators, Applications — «:-esscecessersrreeririiiininie. 99
Scanning Probes, Tactile SENSOrS «::sesssesersesssmemsseressisestssaisseesisianeas 102
Chemical Sensors : New Sensing Layers-:----csssseseesessessessursmsunsunsannnns 106
Modelling ANalysis --ee-reeesesessersesssssmmstisussuisisintitestsenesssssssesness 108
Microvalves, PUIS -«rreerereressnreemeeninieiiinietittiesniatt et 111
Biosensor : Affinity Based «-e-eescereecsesressisnsiniiiie s 115
Chemical Sensors : PiezoeleCtric ««-essssseesererersmnrsrerserrmmnsierreenuseeeeenenns 119
Mechanical Properties —«--e-cs-ceseseeeseeessismsississtisiinseinsnssetsssiensnens 123
Inkjet, Thermal ACtUALOTS «--eesessersrscssssissmssinsiniesnetitaiatatasetansannas 126
Accelerometers (II)  «eeeeeeessrnmermennnmmiiinitttine et eent e 130
Chemical Sensors : OptiCal «--c-eeetssesessessmmsumsimniniinitistiesessiesataseeens 135
Thermally Based Devices «-:-:weereeremrsismermsansnsimnsmaessssansasntasinsessnne 138 .
Physical SENSOTS -+-eeessesessesissmsmssmsmstinistisisnessesssstatssas s ssssnssessanansas 140
Pressure Sensor (II) -eeescessesseesecssimmiiimniininiteeitentatses st 143
Gas Sensors : Capacitive and Conductive «---s--sessessssssessesssessssstiscnncen 147
PhySical SENSOTS ««e-se-reesesreresntsisstiisumiinientintintists s it sttt 151
MiCrogrippers, SWItChes «:-escssessssstsrmimimiisniistatsteit sttt 155
RESONANE SENSOLS ++eetreeresersserensannarsraserosrecrsstastosteasesistestnstassssractnananes 159
Cas Sensors : CETAIMEC «cececererrrmrmrrmernmmmrmnnmnemarassssasssanssecseesnsssssesssisen 162
NEW MAaterials oececceceeerrmmmmmmmmmmmmmmiiisisisssssssassssssssssasessenessassessssseseene 166
Electrostatic ACLUALOTS  -e+ereereeeersrrrrsssessmmmnmnriesssesesnnsssereerasssssnennassss 170
INFTAred ATTAYS «ecereesersesssssssmmmeinteiiitesetasta st ss st sttt 174
PH SEINISOIS erreresrrerernrmnsnrmniinnittittiet ittt 177
MAGNELIC SENSOTS +rreeesrreessresssnrersnssssstiesttiesttiietiist s ssn sttt 181
Flow Sensors (II)  «e--eeereessessessmssmnimitinntiiiestess sttt 184
Accelerometers (III)  -reeeceeseresessemsimmnmimiiintee st 188
TON SEMSOTS  +oeeeerevrrerereermrmusssensassnsnssnssessessasnsssssssssecnesssssessssssenssnsens 193
Microcoil FabriCation  ccceeeeseessererrrnsrsmreeessersnnmnssssseseennasseseeemmssemenmnans 197
BiOSENSOTS : SySLEINS «eeeesesereeesrrrserseirmmsirtrinetttneetta ittt 202
MeChanical SEMSOIS «cteeteeereererermmrmmrmmrmmmmmnmmnmsssnsesesesssetsermmmnees 205
Gas Sensors : WOrk FUNCLION «-eererrsrereerererrnmnrasnerreerenssseeresiinienineee 207

bEhE



952 4 7 vy ViR

M E

bhbb

444
N
\J

R -

R 8 & 5 H

HERAY o<k 7=

\’



B Loic
. AEHEE
L1 EH B
.2 H #®
1.3 TR
2. FAEREE
2.1 HEBE
2. L1 FEEHEBEICIOWT
2.1.2 MEMS9 ic>\W\T
2.2 TREBBIIAR
23 MEMS' 96REZANEHE
2.3 1 OHERE
(1) Porous Silicon - A New Material for MEMS
(2) Single-Crystal Silicon Actuator Arrays for Micro Manipulation Tasks
(3) Laminated High - Aspect - Ratio Microstructures in a Conventional
CMOS Process
(4) A Microactuator System for the Study and Control of Screech
in High Speed Jets
(5) A 1.5V Supplied, CMOS ASIC for the Actuation of an Electrostati
Micromotor ST
(6) Independent Tuning of the Linear and Nonlinear Stiffness Coefficients
of a Micromechanical Device
(7) Photolithography in Anisotropically Etched Grooves
(8) Integrating SCREAM Micromachined Devices with Integrated Circuits
(9) Multi-layered Fabrication of Microstructures and Thin Film Transistors
- Application to Polycrystalline Silicon Field Emitters Controlled
by TFTs- '
(10) Elimination of Post-release Adhesion in Microstructures Using
Thin Conformal Flurocarbon Films
(11) Anodically Bonded Silicon Membranes for Sealed and Flush Mounted
Microsensors
(12) Two-Dimensional Micro- Self - Assembly Using the Surface Tension

(13)

of Water

Fine Surface Finishing Method for 3-D Dimensional Structure

15
16

16

18

21

23

26

29

31

33

35

37

39

41

43



(14) Electroplated Thick CoNiMnP Permanent Magnet Array

for Micromachined Magnetic Device Applications s e 46
(15) Micromachined Polymer Magnets B T L P ¥ |
(16) Nanotribology and Nanomechanics of MEMS Devices S EEa N SRR Y O BRREEESS B

(17) Miniaturised Friction Force Measuring System for Tribological Research
on Magnetic Storage Devices s 53

(18) Micro Mechanical Single Crystal Silicon Fracture Studies - Torsion
and Bending PATEIEAEN EAA aR 57

(19) A Surface- Micromachined Shear Stress Imager . 1

(20) Scaling of Thermal CMOS Gas Flow Microsensors: Experiment
and Simulation Ty e RN - |

(21) A Virtual Prototype Manufacturing Software System for MEMS s 66

(22) 3D Modeling of Contact Problems and Hysteresis in Coupled
Electro_MechaniCS Sanaas sas sbe aes dae ven ner man 68

(23) Coupled 3D Thermo - electro- mechanical Simulations of Microactuators T (]

(24) Dynamic Observation of Superconducting Vortices Near Pinning
Centers Using Electron Waves T

(25) @ (6H)-SiC Pressure Sensors for High Temperature Applications  wreeeeeevinns 74

(26) Standard CMOS Piezoresistive Sensor to Quantify Heart Cell
Contractile Forces NRRIRERRAPOREHETAREROT i /

(27) A Coriolis Mass Flow Sensor Structure in Silicon T £

(28) A Silicon Micromachined Vibrating Gyroscope with Piezoresistive

Detection and Electromagnetic Excitation T ORI : 1
(29) Single- and Multi-layer Electroplated Microaccelerometers ceeesssiiiiii e 83
(30) A Pure CMOS Surface Micromachined Integrated Accelerometer srreseensesnne e 86
(31) A Wide Frequency Range, Rugged Silicon Micro Accelerometer

with Overrange Stops vt B8
(32) Low Power, Wide Range Threshold Acceleration Sensing System e reennieene e 92
(33) Micromachined Silicon Fuel Atomizers for Gas Turbine Engines RO TERTTRN. ¢ |5

(34) An Inproved Valve-Less Pump Fabricated using Deep Reactive
Ion Etching sibsEnR e s 98

(35) A New Micropump with Bidirectional Fluid Transport and Selfblockmg
Effect P [ 1)

(36) Monolithic Capillary Gel Electrophoresis Stage with On- Chlp
Detector 05

(37) A Modular Micromachined High - Density Connector for Implantable
Biomedical Systems RSRRRSTRIRNIR | | | -



(38)

(39)

(40)

(41)

s 12

(1)

(2)
(3)

(4)

(5)

(6)

(1)

(8)
(9)

(10)
(11)
(12)
(13)
(14)

(15)

(16)

(17)
(18)

(19)

Packaging and Qualification of MEMS - Based Space Systems

Attachment/Detachment Electrostatic Micro Actuators for Pan - tilt
Drive of a Micro CCD Camera

A Micromechanical Relay with a Thermally - Driven Mercury
Micro - Drop

Heat Transmission Effects of Hetero- Material(Al-PZT) Direct

Bonding on an In-Pipe Micro Inspection Machine
Ry —REK

Surface - Micromachined Electrostatic- Comb Driven Sanning
Micromirrors for Barcode Scanners

Exploring Polysilicon Micromotors for Data Storage Micro Disks

Electrostatic Microactuators with Integrated Gear Linkages
for Mechanical Power Transmisson

Response Time Measurement of Electrostatic S-Shape Film Actuator
Related to Envirmental Gas Pressure Conditions

Transverse Mode Electrostatic Microactuator for MEMS - based
HDD Slider

Development and Characterization of Micro - Mechanical Gratings for
Optical Modulation .

Fabrication of Packaged Thin Beam Structures by An Improved
Drying Method

Polycrystalline Silicon Carbide for Surface Micromachining

Design and Fabrication of a Miniature Pressure Sensor Head
Using Direct Bonded Ultra - Thin Silicon Wafers

(Nd, Tb)-Fe-B Thin Film Magnets Prepared by Magnetron Sputtering
Deep Dry Trench Etching in Silicon for MEMS Application

Low- Strain Sputtered Polysilicon for Micromechanical Structures
Sputtered High d3 | Coefficient PZT Thin Film for Micro Actuators
Heavy Ion Induced Etch Anisotropy in Single Crystalline Quartz

Silicon - Silicon Anodic- Bonding with Intermediate Glass Layers
Using Spin-on Glasses

Thermally Assisted Ion Beam Etching of Polytetrafluoroethylene
a New Technique for High Aspect Ratio Etching of MEMS

A Multi-level, LIGA - Like Process for Three Dimensional Actuators
Active Endoscope with SMA (Shape Memory Alloy) Coil Springs

Electrochemical and Optical Processing of Micro Structures
by Scanning Probe Microscopy (SPM)

- 110

- 113

- 115

« 117

- 119

- 119

- 121

- 123

- 124

- 125

- 127

- 128

- 130

- 132

- 133

- 134

- 136

- 138

- 139

- 140

- 142

- 145

- 147

- 148



(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)
(33)

(34)

(35)
(36)
(37)

(38)

(39)
(40)
(41)
(42)

(43)

Development of Mass Productive Micro Stereo thhography
(Mass-IH Process)

A New Fabrication Method for Micro Actuators with Piezoelectric
Thin Film Using Precision Cutting Technique

Micro Ultrasonic Machining and Self - Aligned Multllayer Machmmg/

Assenbly Technologies for 3D Micromachines

Fabrication of 3D Quantum Optical Devices by Pick- and- Place
Forming

Coil Winding Process for Radial Gap Type Electromagnetic Devices
with Cylindrical Stator

Fabrication of Microcomponents Using Adhesive Bonding Techniques

Status and New Evaluation Method of Interfacial Oxide between
Directly - bonded Si Wafer Pairs

Mechanical Properties of Relatively Thick, Surface Micromachined,
Polysilicon Films

Friction and Pull-off Force on Silicon Surface Modified by FIB

Adhesion Forces Reduction for Micromanipulation Based on Micro
Physics

Micro Tensile-test System Fabricated on a Single Crystal Silicon
Chip

Comparison of Wall Attachment and Jet Deflection Microfluidic
Amplifiers

Micromachined Diffuser/Nozzle Elements for Valve - Less Pumps
Bistable Microvalve with Pneumatically Coupled Membranes

Modular Concept for Fluid Handling Systems; A Demonstrator Micro
Analysis System

Micro Electro Thermo Fludic(METF) Liquid Microprocessor
Capacitive Sensors Made by Polymer Processing on Silicon
A Monolithic Optical Displacement Measurement Microsystem

Flexible Microgripper and its Application to Micromeasurement
of Mechanical and Thermal Properties

Optical Micro Encoder Using Surface- Emitting Laser

An Ink-jet Head Using Diaphragm Microactuator

A Micromotion Amplifier

High - Density Silicon Microprobe Arrays for LCD Pixel Inspection

Non - Contact Micromanipulation Using an Ultrasonic Standing Wave Field

- 150

- 154

- 158

- 161

- 162

- 163

- 164

- 165

- 167

- 169

- 170

- 172

- 173

- 174

- 176

- 177

« 177

- 178

- 180

- 183

- 185

- 188

- 190

- 193



(44)

(45)

(486)

(47)

(48)

(49)

BbHOic

Fast Mixing by Lamination.

A Force Sensor Using a CMOS Inverter in View of its Application
in Scanning Force Microscopy

Piezoelectric Cantilever Array for Multiprobe Scanning Force
Microscopy

Micro Active Forceps with Optical Fiber Scope for Intra- Ocular
Microsurgery

Power Characteristics of 3-D Operated Microturbines for Minimally
Invasive Therpy

A Miniature, High Performance Magnetometer Based on Electr
on Tunneling

- 195

+ 197

- 199

- 201

- 203

- 205



GEHFTf 7Y VEAEI v a v

HEHEE

R 848 A

HRAEATA Zus oty —



H&

PBRAEI vy Vv a VBREBRANCHFET (1) « » = v v 0o v oo e e e e 1
PRALEI v Va VBEBRANCHFET (2) -« - 00 v e e e 3
1. AEHBE
IR =17) -3, A R IR 5
12FHFHEHR - ¢ - ¢ v e e e e et e e e e e e e e e e e e e 6
13FARIBFTSHEBE - - « o ¢ o o e e e e e e e e e e e e e e e e e e 6
2. HEER
2.1 7,{9;17?/*/4}-3“/}, ..................... 8
2.2 iR ABBEICBITSHE
(1) Neuchatel University, Institute of Microtechnology SAMLAB - - + + - ° 11
(2) Swiss Federal Institute of Technology Lausanne; EPFL  + « « « « -« * * ° 14
(3) Mirano Institute of Technology ~ * * * * « * + + ¢ =+ ¢+« o o o o 18
(4) Saint Anna School of University of Pisa, MiTechLab, + « =« = = = * « 19
(5) Fraunhofer Institute IZM ..................... 22

(6) Technical University Berlin oooooooooooooooooooo 24



g7~vaA4 A~k KkPFEI v

HERESE

TR OFTH

HEEAYNaA2OY R4 —



B X

XFEI v a CHRESRACEHFET (1)
EXFEI v a CBESRTICHFET (2)
1. AEEAWME

1.1 F B D REBR  coeeereereeremremmmentntetcn sttt
12 FHE H B coovrererrmmii s s 2
13 iAo 8B - e 2
2. AEER
P21 EIMMIT A T HET Y UH I W B e, 5
22 I EHABBEICBIIHRE
(1) SIMON Fraser UNIVETSity « s +sewsseerssesssssusesssmmsinisisisississisissitss e, 9
(2) Louisiana State UNIVErSity - wsesssesesessssssssmsssmssmmsinisniimiitiiississsssssssnes 15
(3) Louisiana TECh UNIVErSity - wsseesseessssssssusssussimssissnimissismsitisneniississst s 19
(4) Case Western ReServe UNIVErsity s wwwsseseussmsismmiesismisiisisssnississssisinsseses 23

(5) Massachusetts |nstitute of Techno'ogy ..................................................................... 27



97 24 7 uv v v iRHAR

RS S

FR 104 3 N

HHEAN </ 7ua<x oty —



FaAME

1. aﬁ@ﬂg ...........................................................
1. 1 %ﬁmoﬁm ...................................................
1. 2 FHIEFR vttt i i

2. MEMS 9 8HEIERE
2. 1 Dﬁ%i .......................................................
2. 1. 0 ﬂﬁ%ﬁ ...............................................
2. 1. 1 AFM Data Storage
Microfabrication and Parallel Operation of 5x5 2D AFM Cantilever Arrays
for Data Storage and Imaging - -cccrrr et ii i
Sidewall-implanted Dual-axis Piezoresistive Cantilever
for AFM Data Storage Readback and Tracking - cccercreerreee
2. 1. 2 3D Technologies
Combining Microstereolithography and Thick Resist UV Lithography
fOl' 3D Microfabrication .......................................
3D Micro-structures Folded by Lorentz Force «+--ccoeereeeccceee: R
Universal MEMS Platforms for Passive RF Components:Suspended Inductors
and Variable Capacitors =+ ccscrrrer ettt ittt
Diamond Microstructure Replicas from Silicon Masters === c-ccccvereeeeeeeen.
2. 1. 3 Valves and Injectors
A Normally-Closed, Bimetallically Actuated 3-Way Microvalve
for Pneumatic Applications <« ccreer i it
Microfabricated Capillarity-Driven Stop Valve and Sample Injector =« cccveveee-
The Fabrication of a Micro Injector Actuated by Boiling and/or Electrolysis <+« -
A Novel Microinjector with Virtual Chamber Neck ===« vceccecercreceeceeee.s
A Low Power, Small, Electrostatically-driven Commercial Inkjet Head -+ -+ -+
2. 1. 4 Applications
A Silicon IR-Source and CO2-Chamber for CO2 Measurements « - e
Miniature Ice Detection Sensor Systems for Aerospace Applications - ----->----
Operation and Testing of Electrostatic Microactuators and Micromachined
Sound Detectors for Active Control of High Speed Flows  + - covvev v
A Suspended Microchannel with Integrated Temperature Sensors for Micromachined
Sound Detectors for Active Control of High Speed Flows -« «-:>------
Three Dimensional Silicon Triple-Hot-Wire Anemometer Based on Polyimide Joints
2. 1. 5 Optical Devices
A Fully Integrated Micro-Opto-Mechanical Steering Device ==« ovvereerenes
A Novel Asymmetric Silicon Micro-Mirror for Optical Beam Scanning Display - ----
A Rotary Electrostatic Micromotor 1x8 Optical Switch ~ + =+ e cvereerreeeeereens
2. 1. 6 Fluidic Devices |
A MEMS Electrostatic Particle Transportation System =« eeeerceecenn.
Nano-Channel on Quartz-Chip Laboratory using Single-Molecular Detectable
Thermal Lens MiCroscope === ccreeccrsrresereene e,
Biochemical IC Chip Toward Cell Free DNA Protein Systhesis -+ <+ s coceeeees
Micromachined Membrane Particle Filters « - ccccccvcvererrcrveeee.s
2. 1. 7 Actuators
A New Basic Technology for Magnetic Micro-Actuators ==« ccccrcrreeeeeee.



Polymer Actuator Driven by lon Current at Low Voltage, Applied

to Catheter System .......................................... 28
A Bistable Microrelay Based on Two-Segment Multimorph Cantilever Actuators - - - - 29
A Novel Pneumatic Actuator System Realized by Microelectro-Discharge Machining - 30
Micro Balloon Actuators for Aerodynamic Control ==+ -+ cvvroeeecerecen... 31
2. 1. 8 Fluidic Devices |1
Micro Liquid Dosing System ........................................... 39
A Self-priming and Bubble-tolerant Piezoelectric Silicon Micropump
for Liquids and Gases «« st riei ittt 33
Liquid Micromotor Driven by Continuous Electrowetting =+« -cccoccveeeeeeceen 34
2. 1. 9 Experimental Characterization
Microchannel Fiuid Behavior using Micropolar Fluid Theory -« ccvcveveeen 35
Cavity Pressure Determination and Leakage Testing for Sealed Surface
Micromachined Membranes: A Novel On-Wafer Test Method -+ ----:: - 36
Anisotropic Etching Rates of Single-Crystal Silicon For TMAH Water Solution
as a Function of Crystallographic Orientation « -« cccccreceecceen. 31
Periodic aand Chaotic Behaviour of the Autonomous Impact Resonator -+ -+~ 38
2. 1. 10 Pressure Sensors and Microphones
Implantable Low Power Integrated Pressure Sensor System for Minimal Invasive .
Te|emetric Patient Monitoring .................................. 39
The First Surface Micromachined Pressure Sensor for Cardiovascular
Pressure Measurements ...................................... 40
A High Sensitivity Polysilicon Diaphragm Condenser Microphone ~ + -« « -+ ev--- 41
Design and Fabrication of a Novel Integrated
Floating-electrode-0"electret"-Microphone(FEEM) - == e ceeveeeereeenn 42
Single-Chip Condenser Microphone using Porous Silicon as Sacrificial Layer
forthe AirGap ««eecrrrrrrrrreereniiii e 43

2. 1. 11 Packaging and Bonding
A Highly Flexible Design and Production Framework for Modularized

Microelectromechanical Systems  +«cccccerereriiiiiii i 44
Fully Packaged CMOS Current Monitor using Lead-On-Chip Technology ---::---- 45
Studies on Si02-SiO2 Bonding with Hydrofluoric Acid --Room Temperature
and Low Stress Bonding Technique for MEMS-- <= -+ vrveeeeenn. 46
2. 1. 12 Inertial Sensors
A New Silicon Rate GYroScope =« + -ttt sersreseereteseenneteeannne e 47
Design and Fabrication of a High-Performance Polysilicon Vibrating Ring Gyroscope: 48
Micromachined Accelerometer based on Convection Heat Transfer =« c-c:- 49
CMOS 3-Axis Accelerometers with Integrated Amplifier <« cvereeeeeenee.. 50
Capacitive Sensing Type Surface Micromachined Silicon Accelerometer
Wlth Stiffness Tuning Capablllty ................................ 5 1
2. 1. 13 Acoustic Systems
Micromachined Acoustic Fabry-Perot System for Distance Measurement -+ - - 92
Surface Micromachined Capacitive Ultrasonic Immersion Transducers -+« -- -~ - 53
Tunable Acoustic Absorbing System using a Deep Hole Array  « -« - ccceeeeeees 54

2. 2 RRI—-FR
2. 2. 1 Simulation
Simulation of Gas Damping in Microstructures with Nontrivial Geometries -+ -« - -« 99
AutoMM:Automatic Generation of Dynamic Macromodels for MEMS Devices - - ---- 95



2.

Simulation of a Thermomechanically Actuated Gas Sensor + -+« cveereenen.

2. 2 Experimental Characterization

Contact Materials for Microrelays .......................................
Shape Effect on Mechanical Quality Factor of Micro-Resonator =+ - --ccccvcveen

Characterization of Anisotropic Etching Properties of Single Crystal Silicon:

Surface Roughening as a Function of Crystallographic Orientation ------

2. 3 Fabrication Technologies

3D-Structuring of Photosensitive Glasses <« - ccccrecereerereeecentettn,

Deep Micromachining of Insulating Materials by Etching

of Laterally Constrained Distributions of lon Tracks <=+ cccccceveen.
Taguchi Optimization for the Processing of Epon SU-8 Resist -« +--+--ccovvvvnn
Novel Processing of High Aspect Ratio 1-3 Structures of High Density PZT - ------
Anisotropy and Selectivity Control of TMAH - -+ - -creeveeceiinncneenn.

New and Extended Possibilities of Orientation Dependent Etching in Microtechnics
Industrial Fabrication Method for Arbitrarily Shaped Silicon

N-Well Micromechanical Structures  « -« cccerecerererecnrececeens

Fabrication of Free Standing Structure using Single Step Electrochemical Etching

in Hydroﬂuoric Acid .........................................
A Dissolved Wafer Process Using a Porous Silicon Sacrificial Layer
and a Lightlydoped Bulk Silicon Etch-stop <= ---ccccceereereeeen...

A MEMS-First Fabrication Process for Integrating COMS Circuits

Wlth PonSiIicon MinOStrUCtUI'eS ................................
Flexible Integration of Nonsilicon Microstructures on Microelectronic Circuits - - - - - -
Fabrication of Microstructures using Aluminium Anodization Techniques -+ --
A One-body MEMS Device composed of Mutually Insulated Metallic Parts ==« ----
Fabrication and Surface Modification Process for Micro Gas Bearing +-----------

New Micro Stereo Lithography for Freely Movable 3D Micro Structure

(Super IH Process with Submicron Resolution) -+ cccceerereeeeeeen

Ideal Adiabatic Structure LiTaO3 Pyroelectric Microsensor Fabricated

by Sandblastlng Technique ...................................

2. 4 Packaging and Bonding

Grlpplng with Low Viscosity Flu|ds ......................................
Microflex:A New Technique for Hybrid Integration for Microsystems ===« s oo v
Stacking Technology for a Space Constrained Microsystem <« -« cceeeeeeeeeeeen

Experimental Evaluation of Anodic Bonding Process using Taguchi Method

for Maximum Interfacial Fracture Toughness - ccrreeeeeeenn.

2. 5 Sensors
Silicon Angular Resonance Gyroscope by Deep ICPRIE and XeF2 Gas Etching

Dual-Axis Microgyroscope with Closed-Loop Detection =« - xccrceeeeeccecce..

Dimensional Measurement of Microholes with Silicon-based Micro Twin Probes

Single Mask Lateral Tunneling Accelerometer =« coocvereremrereneecenee..n

MAMOS - A Novel Displacement Sensitive Transducer

for Fully Digital Integrated Accelerometer - -« cvrereeeccceeenn.
Thermal Flow Sensor for Liquids and Gases ==
A High-Speed Mass Flow Sensor with Heated Silicon Carbide Bridges --:-------

Strain Gauge Pressure and Volume-Flow Transducers made

by Thermoplastic Molding and Membrane Transfer -« «ccccoceveee-.

A Precise and Contactless Angle Detection Sensor

using Surface Micromachining Technology -+«

96

a7
57

08

99

o9
60
60
61
61

62
62
63
63
64
64
65
65
66

66

67
67
68

68

69
69
70
70

71
11
72
12

73



3.

W w www

w

REBRVGRARESE

1

g b wiN

Amplitude Detecting Micromechanical Resonating Beam Magnetometer = -« -----
A Rod-Shaped Vibro Touch Sensor Using PZT Thin Film =« cccceereerceeeeeen.
2. 6 Actuators
Mesoscale Actuator Device with Micro Interlocking Mechanism ~ «++cccceveevee.s
Surface Acoustic Wave Linear Motor Using Silicon Slider =« - cocveeceeceere.
Development of a New Type Piezoelectric Micromotor — « == ccccemeeerceeeeeenen
Application of Sol-Gel Deposited Thin PZT Film
for Actuation of 1D and 2D Scanners +ccccsrcss et e e
High Precision Electrostatic Actuator with a Novel Electrode Design =+« -----
Closed Loop Controlled, Large Throw, Magnetic Linear Microactuator
Wlth 1000 um Structura| Helght .................................
Small Diameter Active Catheter Using Shape Memory Alloy === -ccceeveeecc..e
2. 7 Fluidic Devices
Miniature One'ShOt Valve .............................................
A New Device for Multifunctional Dosage of Liquids by a Free Jet - -------v-----
Self-filling Low-cost Membrane Micropump == s cscrerrererere oo
Silicon Micromachined Mass Filter for a Low Power,
Low Cost Quadrupole Mass Spectrometer =+ cerrerereeceeens
A MiCI’O Ce" Lysis Device .............................................
Single-chip Fabrication of Integrated Fluid Systems(IFS) =+« ccevereeceeere.
In-Plane Microactuator for Fluid Control Application  « -« cocceerecererecee..
2. 8 Optical Devices
Micro-electro-mechanical Focusing Mirrors === -ccreeeececceccrrceceen..
Annular Shutter Mirror for a Digital Video Disk Pick-Up Module - -« -veveen
Micro-Flex Mirror and Instability Actuation Technique -+ +cccveerrrreceeeen..
Electromechanically Actuated Evanescent Optical Switch
and Polarisation Independent Attenuator - - reereeeeeenen
Nanomechanical Optical Devices Fabricated with Aligned Wafer Bonding - -------
Evanescent-Field-Controlled Nano-pattern Transfer and Micro-Manipulation ------
2. 9 Medical Devices
Micromachined Needles for the Transdermal Delivery of Drugs  + - ceveeve-e
A Cutter with Rotational-Speed Dependent Diameter
for Interventional Catheter Systems  + - - cceeeecccrereaneeenn..
Micro Force Sensor for Intravascular Neurosurgery and In Vivo Experiment - -----
Microsystems for Measurement and Dosage of Volatile Anesthetics
and Respirative Gases in Anesthetic Equipment - ------cvceeeen..
Flexible Silicon Structures for a Retina Implant ==+« ccreeveceereeeeee...

ﬁ—}bZ)la—IHf%"i,E‘i ...........................................
HSG=1 Ml T sttt tantanatanacansonsas

OA—<vX%

.....................................................

/“)b-kﬂj-k* .................................................

CNM PP

13
T4

15
15
76

76
11

11
78

79
79
80

80
81
81
82

83
83
84

84
85
85

86

87
88

89
90

91
92
93
94
95



8v¥AoaAxX L UEMN - Za— =5 F
HESRET S

FR1 056 A

MEEARA ORI 25—

HE

11

S

4,

\l



Bix

&
BN —a—C—S5  FREI v a s RESRTNICHFET

1. HEFSE
1.1 R DR

12 RERE

1.3 &%

2. WERE
21 F4mE~rrovs oIy b

2.2 FHEEHAEEEICBITSRAE
(1) University of South Australia

(2) Royal Melbourne Institute of Technology
(8) The Bionic Ear Institute

(4) CSIRO

(5) Industrial Research Limited
(6) University of Canterbury

11
15
21
23
25
29



'9 8NA VAL UKETE

i

mE B S 8

ERR115E3A

MEAiEA~NA AR 25—



(F407. ]t

1. REAAE
1. 1 BEHAOME C e e e e e e e e s e e e e
1. 2 HEAEAR C ot e e e e s s e s e e
1. 3 EEHTHmM C e e e e e e s e e e s e

2. MEMS' 9 9iE#{

2.

(1-
(1-
(1-

2.
2.

(P-

(P-
(p-

(p-

(P-

2.

(P-
(p-

2.

(P-

(P-

(P-

1 AR

1) Structured Design of Integrated MEMS R R
2) The Nanomechanical NOSE C e e e e e e e e e e
3) Neurointerface

——— Interfaces of Neuronal Networks to Electrical Circuit —— -

2 RRy—R&
2. 1 ACTUATORS
AC-1) Micromachined Relay which Utilizes Single Crystal Silicon
Electrostatic Actuator = « = » ¢ o » o 2 2 o o o 0 o 0 0 o
AC-2) A Fully-Packaged Electromagnetic Microrelay R
AC-3) Bent-Beam Electro-Thermal Actuators for High Force
App]ications ® o o o o s o 8 ® 8 e & e 8 8 o s s »
AC-4) Soft Micromanipulation Devices with Mulitple Degrees of
Freedom Consisting of High Polymer Gel Actuators e e ne
AC-5) Two-Dimensional Micro-Conveyer with Integrated
Electrostatic Actuators L
2. 2 AFM & DATA STORAGE
AF-1) Low Voltage Driven Piggy-Back Actuator of Hard Disk Drives -
AF-2) MEMS Fabrication of High Aspect Ratio Track-Following
Micro Actuator for Hard Disk Drive Using Silicon on Insulator
2. 3 INERTIAL SENSSSORS
IS-1) A Surface Micromachined Silicon Gyroscope using a Thick
PonsiIiconLayer s 5 s s s = 8 8 e o s 8 = e 8 e = &
IS-2) Fabrication of Accelerometer using Single-Step
Electrochemical Etching for Micro Structures (SEEMS) « = = - -
IS-3) Comparative Study of Novel Micromachined Accelerometers



employingMIDos ® ® s & 8 5 ® 3 5 8 8 s 8 53 ® 8 s & @

(P-15-4) Presettable Micromachined MEMS Accelerometers R
2. 2. 4 PHYSICAL SENSORS

(P-PH-1) A Modular Integrated Pressure Control Unit for Gases TR
(P-PH-2) A Low Cost Batch-Sealed Capacitive Pressure Sensor N

(P-PH-3) Direct Integration (DI) of Solid State Stress Sensors with
Single Crystal Micro-Electro-Mechanical Systems for Integrated
Displacementsensing s s s s 8 8 8 8 8 8 5 s s 8 8 8 = »

2. 2. 5 SENSORS

(P-SE-1) A Novel Micromachined Magnetic Field Sensor (MFS) I

(P-SE-2) Direct-View Uncooled Micro-Optomechanical Infrared Camera - -

(P-SE-3) Spectral Infrared Absorption of CMOS Thin Film Stacks =+ - - -

(P-SE-4) Design and Fabrication of an Integrated Three-dimensional
Tactile Sensor for Space Robotic Applications R L

2. 2. 6 FLUIDIC SENSING & CONTROL

(P-FL-1) A New Flow Sensor with High Time Resolution Based on
Differential Pressure Principle L R R

(P-FL-2) Three-Dimensional Sound Intensity Measurements Using
Microflown Particle Velocity Sensors » = = = = ¢ ¢ o o = o = &

(P-FL-3) An 8-Bit Microflow Controller Using Pneumatically-Actuated
Microva|ves ® 5 5 s 82 8 o 8 8 5 8 8 8 8 e s 8 = »

(P-FL-4) MEMS Based Transducers for Boundary Layer Control s e e

(P-FL-5) Development of Bi-directional Valve-less Micropump for Liquid -

(P-FL-6) A Practical Thermopneumatic Valve cee e e e

2. 2. 7 JETS & FLUIDICS HANDLING

(P-JT-1) Flight Performance of Micro-wings Rotating in an Alternating
MagneticFie|d « ® 8 8 85 8 e 8 8 s 5 s 8 8 @ 8 o s s »

(P-JT-2) A Microchannel Heat Sink with Integrated Temperature Sensors
for Phase Transition Study = = = = = = » = = ¢ = = ¢ o o o oo

(P-JT-3) Micro Jet Array Heat Sink for Power Electronics I

(P-JT-4) MEMS Impinging-Jet Micro Heat Exchanger s e e e e

(P-JT-5) A Parylene Micro Check Valve S L R R R R R

(P-JT-6) High Pressure Check Valve for Application in a Miniature
Cryogenic Sorption Cooler O

2. 2. 8 MATERIALS & FABRICATION

(P-MF-1) A New Chemical Grafting Material for Stiction Reduction e

(P-MF-2) Direct Drawing for Microfabrication without Photolithography -

17
18

20
20

21
22
23

24

24

25

25

26
27
28
29

30

31

33

34

36

37

38
39



(P-MF-3) Dendritic Materials as a Dry Release Sacrifical Layer ..
(P-MF-4) A New Ultra-Hard Etch-Stop Layer for High Precision
Micromachining e s s 8 s 8 8 s s 8 8 s s .
(P-MF-5) Bosch Deep Silicon Etching: Improving Uniformity and Etch
Rate for Advanced MEMS Appsications I N L B
2. 2. 9 POLYMER MEMS
(P-P0-1) Cylindrical Plastic Lens Array Fabricated by a Micro Intrusion

Process a » 8 85 8 8 s 8 o 8 e ® e * 8 e & & &
(P-P0-2) Re-Configurable Fluid Circuits by PDMS Elastomer
Micromachining . . . . . L] . . . . . . . [ L] [ . . [

(P-P0-3) Silicon as Tool Material for Polymer Hot Embossing B
2. 2. 10 3-D FABRICATION
(P-3D-1) Freeform Fabrication of Functional Microsolenoids,
Microlectromagnets and Helical Springs Using High-Pressure
Laser Chemical Vapor Deposition N L
(P-3D-2) A Novel Micro Electro-Discharge Machining Method Using
Electrodes Fabricated by the LIGA Process N
(P-3D-3) EFAB: Rapid, Low-Cost Desktop Micromachining of High Aspect
Ratio True Three-D MEMS L R R N L L
(P-3D-4) Moving Mask LIGA (M2LIGA) Process for Control of Side Wall
|nc|inati°n e » 5 ® 85 ® & ® s e 8 8 8 8 e s 8 8 8 e = 8 »
2. 2. 11 PACKAGING, BONDING & CONNECTORS
(P-PK-1) Development of Microconnector with Automatic
Connecting/Disconnecting Mechanism L
(P-PK-2) Micro IC Probe for LS| Testing R R R
(P-PK-3) Tantalum Oxide Thin Films as Protective Coating for Sensors -
(P-PK-4) Flip-Chip Assembly for Si-Based RF MEMS I
(P-PK-5) A High Sensitivity Polyimide Humidity Sensor for Monitoring
Hermetic Micropackages N A R R R R R
(P-PK-6) Localized Bonding with PSG or Indium Solder as Intermediate
Layer L R
(P-PK-7) The Surface Adhesion Parameter: A Measure for Wafer
Bondab“ity e o 5 5 8 8 s o s 8 8 ® 8 8 s s ®
2. 2. 1 2 MEASUREMENT, MODELINTG & SIMULATION
(P-MS-1) Effect of Holes and Edges on the Squeeze Film Damping of
Perforated Micromechanical Structures L L

(P-MS-2) Nano-Meter Resolution of Three-Dimensional Motions Using

40

41

42

43

44
45

46

47

48

.49

50

50

51

51

53

54

56

57



2.

Video Interference Microscopy L L L R
(P-MS-3) Optimization of Sample Injection Components in Electrokinetic
Microfluidic Systems e
(P-MS-4) Comparison of Anisotropic Etching Properties between KOH and
TMAH s°|uti°ns ® 8 s s s 8 8 s s = 8 8 8 8 8 s »
(P-MS-5) Accurate Fully-Coupled Natural Frequency Shift of MEMS
Actuators due to Voltage Bias and other External Forces .
(P-MS-6) Automated Optimal Synthesis of Microaccelerometers © e
(P-MS-7) Simulation of Anisotropic Wet-Chemical Etching Using a

Physical Model ® » e o 8 & 8 8 8 = e 8 a @
(P-MS-8) Simple Modeling and Simulation of the Squeeze Film Effect
and Transient Response of the MEMS Device S

2. 2. 13 OPTICAL DEVICES
(P-OP-1) Optically-Powered Optical Power Limiter for Use in Lightwave
Networks S e s s e s e s e s e s s e s s
(P-0P-2) Highly Sensitive Optical Coherent Detection System using
Surface Micromachining Technology L R I I
(P-0P-3) Fabrication of Optical Micro-Cantilever Consisting of
Channel Waveguide for Scanning Near-Field Optical Microscopy
Controlled by Atomic Force L
(P-0P-4) A Novel Fabrication Method of the Tiny Aperture Tip on
Si Cantilever for Near Field Scanning Optical Microscopy - -
(P-0P-5) Fabrication and Properties of Three-D Polysilicon Photonic
Lattices in the Infrared L L R
(P-0P-6) Self-Generated Light Emitting Device using Micromachined
Si Mirror Array T e s s s e s s s e s e e e s
2. 2. 14 MICRO REACTORS
(P-RE-1) Micro Concentrator with Opto-sense Reactor for Biochemical
IC Chip ® s s o o s & 8 8 8 s 2 s s s &
(P-RE-2) Palladium Based Micromembranes for Hydrogen Separation and
Hydrogenation/Dehydrogenation Reactions L L L R
(P-RE-3) Droplet-Based Nano/Picoliter Mixer Using Hydrophobic
Microcapillary Vent R L
(P-RE-4) A Micro Reaction Tool for Heterogeneous Catalytic Gas
Phase Reactions ® » » 8 = e s 5 3 » s » e @
2. 15 RAAGHFADICH

(P-BI-1) An Active Catheter with Integrated Circuit for Communication

v

58

59

60

62
63

63

65

66

6 6

67

68

69

69

70

71

73

75



and Control B e & -
(P-B1-2) An Array of Hollow Microcapillaries for the Controlled Injection

of Genetic Materials into Animal/Plant Cells = = * « « « o+« 77
(P-B1-3) Development of a Microfine Active Bending Catheter Equipped

with MIF Tactile Sensors I R I T A -

2. 3 OmWR%E
2. 3.1 FATFT4HN - TNKAR
(S1-1) Multi-Element Thermo—Capillary Optical Switch and Sub-Nano
Liter 0i| |njecti°n e o & 8 8 ® 8 8 ® & 8 8 ® 8 ® s s 0 s 8 8 7 9
(S1-2) A Low Voltage Micromachined Optical Switch by Stress-Induced
Bending ® e o o o s 5 s s s 8 8 8 e 8 8 8 & s s e = & 8 2
(S1-3) A Micro-Sized Visual Sensor Based on a Fly's Compound Eye with
a scanning Retina ® o 8 o o o 5 e 8 e 8 8 5 0 s 8 s e s & 8 4

(S1-4) PZT Thin-Film Actuator Driven Micro Optical Scanning Sensor by

Three-D Integration of Optical and Mechanical Devices e s+ 87
2. 3.2 77Y495—->3>
(S2-1) Micro-Actuators for Tera-Storage s e+ s . 88

(S2-2) Parallel Scanning AFM with On-Chip Circuitry in CMOS Technology 90
(S2-3) VHF Free-Free Beam High-Q Micromechanical Resonators =« = = + « Q1
(S2-4) Pneumatically Driven Microcage for Micro-Objects in Biological

Liquid e s s s o s 8 s s s 8 8 s s s s s s e s 8 s s 92
(S2-5) Three Dimensional SMA Microelectrodes with Clipping Structure

for Insect Neural Recording = * » « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ oo o+ 93

2. 3. 3 NRyG=—SoUERYTaY

(S3-1) Vacuum Encapsulation of Resonant Devices using Permeable

Po]ysi|icon s & 8 8 8 ® 8 0 5 ® 8 8 5 e 8 = 2 ® » s ® 9 6
(S3-2) A Batch Wafer Scale LIGA Assembly and Packaging Technique

via Diffusion Bonding ® o s o o s ® 8 5 8 s 8 e 8 8 8 8 s 8 8 » 98

($3-3) Batch Micropackaging by Compression-Bonded Wafer-Wafer Transfer- 100
(S3-4) Low Pressure and Low Temperature Hermetic Wafer Bonding using
Microwave Heating . . [ . . . ] . ] . [ ] . - . [ . ] . ] . 1 o]

2. 3. 4 EHhEVY
(S4-1) A Low Voltage Force-Balanced Pressure Sensor with Hermetically
Sealed Servomechanism =+ = = « ¢ o o ¢ s o 0 s o s 0 o s 0 s o102
(S4-2) Surface Micromachined Multi-layer Moving Gate Field Effect
Transistor (MOGFET) Pressure Switch with Integrated Vacuum Sealed



cavity e ® 8 8 8 & ® ® ® ® @ ® 8 5 8 @ ® ®
(S4-3) Fabrication of Dome-Shaped Diaphragm with Circular Clamped

Boundary on Silicon Substrate = = ¢ ¢ ¢ ¢ &« ¢ ¢ o o o o

(S4-4) Wireless Micromachined Ceramic Pressure Sensors I
2. 3.5 PxybETIATAOR - NRYDY
(5-5-1) Digital Micro Propulsion T

2.
(5-6-1) Micromachined CMOS Calorimetric Chemical Sensor with On-Chip

2.

2.

(S-5-2) Polymer-Based Electrospray Chips for Mass Spectrometry =« ¢« « -

(S-5-3) Fabrication and Characterization of a Micro Turbine/Bearing Rig

(S-5-4) Manipulation of a Round Jet with Electromagnetic Flap Actuators

(S-5-5) A High-Performance Silicon Micropump for an Implantable Drug

Delivery system e ® & ® 5 2 » B 0 5 s B 5 5 s B 8 ° B °

3. 6 Y

LowNoiseAmp|ifier ® o s & & 8 8 8 ® s s = ® ® 8 8 s »
(S-6-2) A Micromachined Strain Sensor with Differential Capacitive
Readout " s s 8 8 e & = 8 ® 8 ® 8 8 e s s »
(5-6-3) Quasi Monolithic Silicon Load Cell for Loads up to 1000 kg
with Insensitivity to Non-homogeneous Load Distributions
(S-6-4) Microfabrication and Testing of 32 x 32 (1024) Cantilever
Array Chip for AFM Storage
3.7 79Fax—-%
(S-7-1) Prototype Microrobots for Micro Positioning in a

Manufacturing Process and Micro Unmanned Vehicles o .

(5-7-2) A Robust Micro Conveyer Realized by Arrayed Polyimide Joint

Actuators s 5 & 8 ® 8 8 = e w8 ® ® ® » ® 8 s " »

(S-7-3) A Micromechanical Switch as the Logic Elements for Circuits

in Multi Chip Module on Si (MCM-Si) = = = = s = & ¢ o » &
(S-7-4) Compliant Electro-Thermal Microactuators tee e e
(S-7-5) Magnetostatic MEMS Relays for the Miniaturization of

Brushless DC Motor Controllers

3. 8 &ty
(S-8-1) A High Sensitivity Capacitive Microaccelerometer with a

Folded-Electrode Structure R T R
(S-8-2) A Lateral Capacitive CMOS Accerometer with Structural Curl

compensation ® & ® 8§ » s 8 8 s 8 ® 5 8 8 8 s o o =

vi

04

06
07

08
09

20

20

21
22

23

24

25



(S-8-3) The Symmetrical Z-Axis Gyroscope Having a High Aspect Ratio

by a New and Simple Fabrication Process . .

(S-8-4) A Micromachined Vibrating Rate Gyroscope with Independent

2. 3.

Beams for the Drive and Detection Modes . .
9 Alternative Materials & Fabrication

(S-9-1) Monolithic Integration of Three-D Electroplated Microstructures

of Unlimited Number of Levels Using Planarization with a

Sacrificial Metallic Mold (PSMM) I

(S-9-2) Post-CMOS Integration of Germanium Microstructures

(s-9-3)

(S-9-4) Fabrication and Testing of Surface Micromachined SiC

Micromotors ® & ® o 5 8 8 8 s » s e & @

(5-9-5) Anisotropic Etching of Surfactant-Added TMAH Solution

3. TRRUBAEAMR

3.1
3. 2
benme

Georgia Institute of Technology L LI I BRI

University of California at Berkeley I L I I

vi

Application of Germanium to Low Temperature Micro—Machining = -

26

27

30
31
32

33
34

36

41

47



i1 168

BREARA AT R —

w3



BR

AIE &
FoSEIvA 7~ Iy b EEI vV a VREREERTICHFET
1. REMBE
1.1 B DR 1
12 RERRE 2
1.3 BRI 2
21 Es5El~Af7u~<vy ¥ Iy b 3
211 BFNE 4
2.1.2 5" World Micromachine Summit Programme 8
2.2 FHRIERFHEEEIC R IT HFRE
(1) RAL (Rutherford Appleton Laboratory) 13
(2) Exitech 15
(3) Smiths Industries 19
(4) University of Strathclyde 21
(5) STS (Surface Technology System) 25
(6) BAE (British Aerospace) 27
(7) CRL (Central Research Laboratories Limited) 31
(8) Imperial College 35




AEE11E W— 2

YRk 1 1
BN BITE A 7~ o BEifo
JoRRILICE T 2B R FLRESE

Sl 100 Ml

HEHEAN BAEE TEESS
MHEN A 2uerrrBr 2 —



1-1. AEFROER
1-2. AEHREOBH

.............................................................................

-----------------------------------------------------------------------------

.............................................................................

.............................................................................

oooooooooooooooooooooooooooooooooooooooooooooooooo

..................................................

1-3. A OV HMDIETE vttt

1-4. REHENE
1-5. HMEEOHER

----------------------------------------------------

oooooooooooooooooooooooooooooooooooooooooooooooooooo

EOEE YEIDIGFIIRIIETIZD oo vrrrr v et
2-1. BBANTBITABZERERRIRITL  crcrrrre v rrre et i
2-1-1. T=A7a=v ATy 7 2 b REFERRSE -0
2-1-2. FEERELSEND BIETFFEEREME oo
2-2. WBACBITAEZENADBVAIIRGL v,
221 AT ERIC L BTEIGE TR oo

BIE wm—Fvy7 -

...................................................

G1 T eH AR =3 RT A cereet ittt i et
311 BEFTOTFT—FXPRL—UU AT A crevvrcecenensacaenceen.
3-1-2. VRTADEL, v A7 vV rBIRORRDY e
3-1-3. VAT ADIGEODEBREE +cccrercererett ittt

82 TV T AUT VAT I ceerrecettteetteattiattectttattattnstns
321 BEFTFTOTFYVUTAUVT VAT A cererrrrtcnnaeeecanencen.
3-2-2. VAT ADE, A7 vV UBIOPRDY e
3-2-3. VAT ADGHKDOEBR ottt

3-3. XBEVRT A

..................................................

¥ ¥ ¥ ¥

U DN = e

SN

10
13
13
17
28
31

33
36
36
40
43
46
46
50
58
61



3-3-1. BIEETONRIBIET AT L crrereetrmetiniitrititiiteiienees 61

3-3-2. VAT ALADEN, w7 u I EROPIDY e 64
3-383. VATADIERDEBRE ot i 65
3-4. EEIERIIE S AT A crccrrret ittt i i it ittt 69
341 BHAEITOHBIEEEI AT A ettt 69
3-42. VAT ADE, w47 U ERORDDY e 76
3-4-3. yxﬁ‘—A@ﬁ;E@EEﬁ ........................................ 80
3-5. JHPBBATHHI/ AT L srvreeretrnettnatetentotinennsensetasenssaoenns 83
3-5-1. BEE CTOERRATEI AT D crrreeerereraeettietiiieeiieienn, 84
3-52. VAT ADE, w7 uv T EROPNDY e 89
8-58. VATADWIRMEBE vt 90
8-6. PIAREET AT cvvrrrr i i i e 93
36-1. BET TOREIEEI AT A crrrrrreretitiiieiiiiiiiiiiiiiieaan 93
3-6-2. VAT ADEI, v 7w EROPRDY e 97
3-6-3. :‘/Z?“.L\(D!{%ﬂé@ﬂﬁﬁ ........................................ 98
3T7. EFEBHT —FT LU AT I rreerrerseentsetiteiisettiiitinsctnseons 99
3-7-1. BETTOEEAIT—FTIAIURATA ccerreccrantcinniiiieean, 99
3-72. VAT ADE, ~f7u~T U EROPIDY oot 103
3-7-8. VATLDIFEDREBE it i 104
38. IN—YFNANLAYRE = RI AT A cevrrrrrerettiinnnneiiiinnnnns 105
381 BEEFTON—YFAANVZAFR-DVRT A coeereeieii. 105
3-82. VAT ADEIL, v A7 u< U EMONPRDY oo 107
3-8-3. f/xﬁ-A@ﬁ;’E@EEﬁ ........................................ 116
8-9. BIETF *DNASFATI AT A covvvrereneteanaietttinniiieeeeneannnens 118
39-1. BHEFTOBMELT DNAGITI AT A ccrrrrrreereeiiiiinea 118
3-9-2. VAT ADE, w47 ueT U ERONRNDY i 122
3-9-3. VX?‘AU):I—?;;E@EEE ........................................ 123
310, ULT TTIVHEIES AT A ettt ittt 124
3-10-1. BREFTTOUTT TTMIBRT AT A rrrrrereriiiiiiiiiii, 124
3-10-2. VAT ADE, A 7wV UHEROPDDY e 129
3-10-3. VAT LDIGEDEBE -« cvvrrr i e 131
3-11. %Bﬁ:.%%:‘/%ﬁ"‘.b. ................................................ 133
3-11-1. BHEFT COIIEIED XTF A crrverrriti ittt 133
3-11-2. YRTADER, v 7u~<T rBROPhbY e 136
3-11-3. VAT ALDIGODBRET ccovvvrrr i i i i i 140
312, FE/INEIRBIER T AT A crrriiiii i i ittt e 141

3-12-1. BIEE COBUNMERBIZRT RT A ~rrcrrerrrettteennniiiienann, 141



3122, VRFADEA. <A T O U ERODDIID e 144

3-12-3. VAT ADWEEDEBE +-ccccrrrr it 144
318. TEAA U TAVERIT AT L ettt 150
3-13-1. BEFITOIEAA L TAVRBITVAT L cooeerrrraeeeeeeeen. 150
3-13-2. VAT ADE, w47 aT  EROPNRDY e 150
3-13-3. VAT ADIGHEDRBER oot i 155
814 AUTTF U AT AT A crvreetertertettttttettttttttctttsssntsnanes 157
3-14-1. BEFTTODRAUTFURAI AT A crerrrerentcaactieiinceinaes 157
3-14-2. VAT ADEN, v A7 a< T UEOBPRDY oo 163
8-14-3. VAT ADYIFDEBRT - covvvrrrrt it 166
315. BIEToHF YU T U AT A rrrerrarentanteetiiiiiitiiiiiianeeenns 169
3-15-1. REFTTOBRBEETESHY VT URAT L rrcererartteiintinnein, 169
3-15-2. VAT ADE, A7 a< T U EROPRDY oo 169
3-15-3. VAT ALDIGHEDRBET -t i i 172
3-16. FBBHS/ AT L cvvrerreen ittt i i it ittt 174
3-16-1. BREFTTOMMEIT AT A < rrrrererereietttetteeitiineiieieennns 174
3-16-2. VATADEI, w4 7T U EMONRDRDY oo 177
83-16-3. VAT ALDIGEDREY +-ccccrre i i 178
3-17. BYIFRE DL R T A ccrrer ittt it ettt 180
3-17-1. BT TOERMFEEI AT L ccvorvrrrretnrnenenentnnennnen.. 180
3-17-2. Y RATADEIL, A 70wV UEOPPDY oo 186
3-17-3. VAT ADIERDBED o vovvrvrvrenrrrrrenraiiienenean, 186
B-18. FRE— ¢ AV /R T AL s rerteetoeennnunneeseeannneseannnnnanas 189
3-18-1. BREFTTORE — c AV AT L correrrrreeiattatneciatnaanaes 189
3-18-2. VAT ADE, w47 u<T UEROMPNRDY et 194
3-183. VAT ADWGDEBEY +-crcvvrrrrr ittt 194



	(91)海外技術調査
	’92秋訪欧調査
	’93春訪米調査
	’94春訪欧調査
	'94第2回訪欧調査
	’95訪欧調査
	’95訪米調査
	’96春訪欧調査
	’97北米調査
	’97訪欧調査
	’98豪州・ニュージーランド調査
	’98訪米調査
	第5回マイクロマシンサミット・英国ミッション
	平成11年度海外におけるマイクロマシン技術の応用状況に関する調査研究

