ENmI R/ B 1BE&

bR T F i HER
RS E SEEI RS

 Jk
BAASSHSD
Hi3tR HrsEeYiE

i &

BATEEN N ABREF - TERARE AN~ EpBAFHEE

B E MBI E SO F RIS L K -

A EHPEE AR HESH LB TR R G »

EISC AR FHERRODMBE/MBRIRMEFSIRNRERME o

AX PR E T HFEOAISIR ~ AT ~ nhiddk »

AR W ERA LIRSS PR EHEREDEREE

Ffl 82 539

MARE /M E S (Micro-Electro Mechanical SystemsXMicro-System Technology) : /8423
(Sensor) : FEHEE(Actuators) : WAMRE (Micro-Optical-Electro Mechanical System) : &
A & e T (Surface Micro-machining) 5 &8 & #% = T (Bulk Micro-machining) : LIGA
(Lithographie , Galvanoformung , and Abformung)

’rii' % 3, 0 HEFHRRRE - BERR/I L EFIRIE
Bt WEIREEEFDHEFZEZEA

M E /MR (Micro-Electro DIEVFERREEHI : AR EBENZEREE(AIr
Mechanical System3X Micro-System Bag) =2 NI3E#7 2%:HI 28 (Accelerometer) ~ B
Technology) TTif - EREEEEES B FREAY IR FAEE S8 (Pacemaker) ~ [1/EE
B~ REE s EREAAEWIEEIRUN Et(Blood Pressure Sensor) * X UIIAESGETH
HBF - TEBERERJICOI I EREIIR HPENFR#FERY “Drop-on-demand” [E
ESREMZIBHICTTH - IRWIETT  EIEZEE(Thermal Bubble) BT - kR
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> E— MEMSTH
FE&E F2000-2005
FEIRMISFEDE S
in Billions)

BERIZLF : In-State

ENRI R/ EF1EE

US$12
US$10
US$8
US$6
US$4
US$2
US$0

2000

2001 2002 2003 2004 20054

25 20 15

AE=
BHRIZRF : In-State

bE_—
(a)MEMSITE 8
2001 TEEIRTHISE
B 2o #h 8 &
(b)MEMSHI# 8
2005FF = IRTHISE
=2 R b= fasl
ERIHAGE ¢ In-State

144

EFETRIFSE

10

Telecom Lasers

Telecom Filters

Blood Pressure Monitoring
Biochip

Ink Jet Printing

Industrial Equipment
Automotive

Relays

Projection Systems

Photonic Switches

5 0

2005510 AMEMSFEFR ERTEG

20014
Others Consumer
25% 14%
Telecom
7%
Medical Comm./Ind
7% 47%
(@)
20054
Others Consumer
10% 20%
Telecom
29%
Medical Comm./Ind
7% 34%

(b)

11 M8

TiEEEmE D WEIZERAATIER
N o RIRIn-StateTEB (2E—) WS
FIHEER A (Packaged Chip)TE2000E8Y1%
IHEMRIBEIZEUSS3B » FEAIE2005FO)E
US$11B » B FHMIBIHEEEEREBE
BRICIEFA TR Ol s S MBI aY I/ - UEIE
SaRBAEMEMS BT B E R ER E—
ERBELIRFTE “FFE G (Killer
Product )” o 0T FAFETERVHI0 T3
itT - o & B8t EE R R E R
ER CRATREIMEM S B MTAEES A D7 £E
= (Emerged)E| ¥ EE 62 FE FH 5B I 2 2 BUYY
IREmiBEmR

FE = &7 /T A& OF 2k B m 5L HLAE BV [E]
BF » STHESEIERKIE - LRKEE
BB EEZ KRB IRERE - (KR OYHEES
(Networking) - 1@?%1;(%%%%@%11
Optical Network) S EHEEIZH (FTTH) 43
HEREm T~ — (VBRI EREMmLE -
A EHEMOMES) il 7B EHERY Y6 E]
#£8(Optical Switch)TTIFIELF BB RNHEALE
EJG(E-O-E)FASREEIL - MEEITRYGSF
(Photonic)ZR{EIEFASE - I B T LUEANZS
SN EERNS » EFENUBRITHE
REESZBENERESZT/D LM (Dense
Wavelength Division Multiplexing)fEF<2k
AP B BRI o BN > B
In-StateFEA » SCUDIRAERAAE G E20045F
BUMHISIREETZEUSS 1B » (T EEERIEE
RitTERAERPRNERIRIVEGRLZ
— o RASB DA FE A BV L i & (Optical
MEMS or MOMES)#Zli 2 & BERN AR
S E R T E R AR <2 —8REN /I (Driving
Momentum) » #5E2 = SEHEEREN EREEIZR
BHFEVEEBO R EEREE - AR#RIn-State
DWTEE - I EEATREIE2001-2005
FHBEBEXRLEER (YWE ) » MTelecom
FERTEINE @A RERADIRE » HEI2005
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BRI R/ EF1EE

MEMS Product

itz [Pz | | Les EEE | | Mirror Array | |Channels/Nozzles| | Others |
filheanome o | —I sl | Capacitive | —I Photonic Switch | —I Channel | —I Filter |
Biometric | —I T | pezElectny | —|Projection System| —I Valves | —I Tunable Laser |
Humidity | —I Piezoresistive | Force-balanced | _I HDTV | _I Chambers | _I o |
—|Wearable Display| —I Nozzles | —I u-pump |
—|Bar Code Scanner| —I Biochip | —I u-phone |

Optical pick-up

AEPM ISR D 2RI TTE (Sensors) K2 Bl EN TTIAF (Actuators) F A 8

FRISETTIHFHEGBERLI30% » P10
R EfE A E R TR E TelecomTEIE -
St B D8 (Optical Switch) ~ BEIER
22 BHORBES=IE (WE—) » 53
NiZRu-Relay K2 fil#8 T (u-Display) BV FEFR B
BEE -

M EEREARMRIET DR Kovar

Movable mirror

Glass - A Metal ring

Getters

IS4 (Sensors) S HllEN T (Actuators) Cefamiivl ror i Heat sink
K#EE » WEIATRESARE - HEBME @

F B - BB - REMASEE - S .
NENEFERERKAIRL - WE T(a)

= TIQ T Mirror Arrayfll &) JT 14 &
Projection System<Z —[&F3 ; E L (b)BIZE
Mirror Arrayhll&)T{4EPhotonic Switch '

(2D/3D)>—EF - Input Fibers Z Unactaated Meinor

1 A T

M STV RIEIBRIE - KEE 2k
SRS 3 B E BY D0 L (Surface Micro-
machining) ~ 8884800 LT (Bulk Micro-

.. — s AET (a)TI DMDEProjection System (-

——— Y3 sz o
machlnlng)&LIGA_j(*E\ Hassmizdl Display)=2Mirror Arrayf&FH 5 (b)@FHEZ£2D/3D
B/ EE R AEEGRERNBE— Photonic Switch)Z Mirror Array[f&F
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146

|

h.

Silicon |

xide

e ot

st

Silicon

Patternef] photoresist

Silicon

Silicon

AEN BEEMIITERNRE

EFETRIFSE

Remove photoredist

LABEREIFRESTIIN - ADRIEK Hot
Embossing=F °

— > BERIIT

Fl A 1BE (Build-up)BI75 3\ - 7EFIB
EEXREESNWERKE L » FREKERE
{EBRRABTIEALPCVDETIEEEEIE
Elmicro2 Z &MY (poly -Si)y—E—EHI{E
RS - &% - BAIBREOM dIsotropic)
BRI TS OB MG PRSI E  (Sacrif-
icial Layer » @& &L Phosphosilicate
Glass (PSGOMRIZRTE) 1228 » {EFRITHY
ZERWELKIMERENREISHE
BEEMI T RZWE /AT - WEIR
(Base Silicon)—_&F{biY(Silicon Dioxide)
— PR E M X — ENE > EIT
BE-E&bE (BE=E) -

— o~ BERERIIT

BRMII TN EEEEEREE
S AN ZI ENEERITIREZE R A R T =2 00
TR AR (WKOH ~
TMAHZ) B2ZR > AIRWERAEFE

11 M8

Silicon nitride

Remove photoresist

Anisotropic etching

Photoresist

=

Patterned photoresi;

ABET

=S

BB A0 T E A

({1.0.0}, {1.1.0}, {1.1.1 )N RFREZEEE
EERE  MEEARETIONM (Anisotropic)
BYBRXZIERER » MAZ A PTERE ZM LGB
(LEHZEBRRmEEHE) - SN —&
e Nezl 75N ORRE M &S ehZl
DRIE) INOLEERSHERIIEEZERER TEY
MO0 TSN - BBEYHI0 LimiEelE SR
T WEIR S ERE B E M
— PR R > B % — RS BE - E AR
Al -

— ~LIGA

LIGA(Lithographie, Galvanoformung
, and Abformung)EBXEERME -
i~ BBIZHER - STEIEMURLE(Aspect
Ratio) YIS BT KT 38 B HHY— 18500
THMT » LIGARNEREIMSE ~ EiEK
BIRFIBIE - MEEZVRFREMEBIE
PERASEEZ X-rayBUN—RXZ U VIR
HEISHORIEZEE - KBFBEIRE
T3NS HEBEAE (Resist Mold)IEARE -
B EFRCIEE - BT NEGRISELRD -
HRBEBRRBEBH L AAEE ZMold Insert »
LIGAKMERFEARYERIFBE (2
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K— dEEER G
Bonding Method Tem.(C) | Intermediate Hermeticity | Stress
Si fusion bonding >1000 no yes low
Anodic bonding 300-450 | no yes low
Eutecic bonding 363 Au yes high
Glass bonding 415-650 | glass frit, SOG yes high
Pb/Sn solder bonding | 240-300 | 63/37 eutectic yes high
Polymer bonding 130 SU-8, AZ4000 no low vEN,
Epoxy bonding 120-150 | epoxy no low Releasei& S E
HROTHMTE
X-rays

14 4

Substrate | > PMMA Resist

Conducted Layer

Remove Resist

_—

Substrate

i

Electroplating

Substrate

Remove Resist

Substrate

Polysilicon
Substrate E
Silicon Oxide

Water Molecular
P

é )
| Substrate

Stiction
Polysilicon

olysilicon

Substrate

AE/\ LIGAWIITZERRIZ

Polymer ~ Plastics) 200 L4 - LIGA
Il TimiZE ) \ B o

O (CEESEEMII) =%
FELBMITH M (Release) BFE - #5
HFERZE EBRIBHE & - B AKIEE
BYIERR - ARKPEKRERIDSSEM
ToiEMYE (Stiching) IRIEM (EJ1) » 20

http://www.materialsnet.com.tw

SEZFIMYE (Anti-stiching) R 21T
BECNEESAVER -

e E] R AT A
(Wafer Bonding)

BN T RENSERBOTHE - =
ARt — BEiEiBRelease B EIZFEEE
RIRNEPBREZIBIRRITL - AULTFE
YVENMFREEIES - KIBEERTEFHE
SRBEEEST » 25— P -

ﬁgﬁ?ﬁﬁ(Si Fusion Bonding, SFB)3&
B mTERY WaferB BV B BEIEHE » FEiBEY
Wafer SiO JEIRIR[E CHYO-HEE Z YL
BRIERBEIGIERMA » SFBETER]
RKEWRERERERE LRIV GSOHIIH
2 BIEREZE1000°CRA L - BiBRES

£ 11 H ETRITRMS

147




ENRI R/ EF1EE

R POTIREN SRR KBRS
MEMS Packaging | Concerns Remarks
Release Stiction Non-stick coating, Dimple design,
special drying
‘Wafer bond/ Delimination, MEMS Cleaniness, Oxidation control, Working
Capping over-stressed temperature, Lowresidual stress
Wafer saw Contamination Release after sawing Wafer cleaving
Housing Ceramic Hermetic, Widely used, High cost
Metal Hermetic, Early adopted tech, High cost
Molded Plastic Not hermetic, Low cost
Die attach Die over-stressed Placement accuracy, Collet, Low module
material, Thermal management
Cure Outgassing/stress Low outgassing material, Long time relaxiation
Wire Bond Low bonding strenght | Low working temperature, Low die attach module
Encapsulation Die stress Relieving gel coating, Low stress encapsulation
Sealing Hermeticity Vacuum, Reactive, Getters
Inspection/Testing | KGD, Process yield Infrastructure, Methodology
Automation Packaging cost Infrastructure

363°C » IEERIBEALRIRE » PILARFIFEK
BHiEC BEES - SNEBENHE—
IBEEZENESE - {FAPb/Sn SolderiES
YIRIFEE R UBMEIE - E/ERRET T
BEEK240°CET - FRITEBESYI
N BN S Y (Polymer) K 2121515
FEM B (Epoxy) B LAZ R EWafer
BondingMVESY) - —HRERMSAIERDY

(Anodic Bonding)3& A RIFIEWafer¥ii9
WaferZ BBV B ZIEHE - HHERISSFBT A
{FREERVEZERE (300~450°C) » 3EE|
BEREEBEDNBEIERN - #iRESh
BECSHERBIES » AREBEEBE
R O] 3Z E 28 E] (Hermeticity) » {B¥ISERS
fEHIWaferZRENFEEZREES - tB
REFBEOXRESREUED T EIRX
BEEL  SRIEEEEERAR - RS YtBE#F¥HUV Photoresist) » 20SU-8 » AE-

BEEEBEHESD AN - KEKRIBRLME 40002 LIGA YSPE =2 PMMA Z Polyimide 4
# > IR EESMEIAGIass (Frit) ~ ¥l BOfERAREBERMITHES A
Au > Pb/Sn ~ PolymerEZEFEpoxy ° #l F o RRXEBHEREREERE (KR

TR ZEMTI TN (SOG)AG Glass B RIS IR
B MY A Glass;BBR(Frit) AZE
(Screen Printing)JITVERIE » —AX{EZFATE
RE#250~650°C2 » Au-SiBVHRE

FEHESN—IEEE - TEE[VIY Wafer
IBHEE L CACERE - O PUSRISHS
BERESNGES r —WRIEERERN

SFaERESE B 11 B

150°C) » B —EFZERIFFRGEMETLEY
WoTiEmE R — BB AVERE » FIAE

EXH(Epoxy)EREEH B EKEZER
IR NMBICITTHFFIREZER » — AT T A
L2 (Dispensing)ZX 222 (Screen Printing)
FTITNERY o B ARSI EREBEIE
(Sealant) #1550 N FRZE R (T THURTR
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BB —fikMS - EEEBTIHEIER
GlassBHBIPUEEHE3EBFR - MGlass
ZEE X BROrganic B EFI B H1E E V=3
HHR ©

Organic BHFIE|EIZFEBRZERXRSR
N HEEFEZETIE|Outgassing BRI RE »
MEESHRMOTHFREITHR - EMmeE
WOTHBIEEDIRE - MEBIEILSY
A #l(Polymer Based Getters)#Z A IDIEEEE
AR “#H¥E” (Capture or Kill)ZEFIE
(Sealed Cavity) I REEHY K EE(Organic
Vapors) ~ B (Mositure) & & §2
(Particles) °

Wt

WMITHBREERAEIEE - B B
] EFFEWEECE - IRER
FETEHN M B8 (Transducer) M A B ZERY
NN » FALAUOTIF B BRI R RIEZRIRE
I RENRSE IR BER - DA
MERITH IEEHEIRBVINEE - RUTIFFIE
BIBE KN T D A EEIRFIZE (Ceramic
Packaging) ~ SEEATIEE (Metal Packaging)
R ¥BiEE758E (Molded Plastic Packaging)=
- (FHBEZEERTETLISIERSE
SHFM - BRI RITTHSEESET - B
BEHITRNEEE - T|EAREE (WTO
Canilik) EREALERFEAI—EL
EET - BEEBESIEE «- BHIHESF
R - (FRERBHENT D ARTEE(Pre-
molded) 52 & (Post-molded) T&E - FEEY
HEHNESNDERZRBEERTER
EEERIEE 2 BBETERE (Sealed Cavity)
1518 - BERIBEHNESNEIE—HRIC
IR BIFEAEE - FI B REE R (Transfer
Molding) B E42 7530 (Liquid Encapsu-
lation) SEANOTIFETEE o BERETERANAAE

http://www.materialsnet.com.tw

BRI R/ EF1EE

Permeability (g/mm-s-Torr)
107 100 10t 103 105 1017

102 J /l f ) .
1014 Silicones
Epoxys
1004 /
Fluorocarbons
I Glasses
/ / Metals

Min Hr Dav Mon Yr 10Yr 100Yr

Thickness

AE+ ARERNEBIEEI50%NFREEZ R
H YRR S I1ELEER

HREEBEHETNEHVIRE - HUTHF
B F IR B EE & (Wafer Level or
Level 0) & EEEI9E(Package Level or
Level 1)EERBYPEELOISTERVELE ~ (KFE
7ItEEE ~ RISHIRIE - BRENRIERE
B - IR mREZEERK - 53
B LEHUTH IR BIZERAIPEE -

B EFXRESHEIROTHEmMA
X ZEZEKiller Application » {ESINE L
5 -

BrIZEDEiE20R Moo {418 LR
(Foundry) X T+ EE R SRIADM)IEEL
BUEARFS - BILABRIEBEHBTHERSZE
FEAIEURN IR - MUTHF IS BRI E R
=PV EZE - Ffl{b(Customerized)F1Z2E
= B 18RE E 2 2 B8 S (Infrastructure)
MRS EHBEREZRE -

SECBRICHERRSEERES
B MEETHRENFTEEERES
B2 - BRETEASATERETHRIS
BECEREKRUFED EEEEAE -
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