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Abstract

The design of micro structure is according to the process specification of National Chip
Implementation Center. A CMOS-MEMS micro structure is applied to sensing the micron
scale crack of bridge pier based on TSMC 0.35um 2P4M COMS-MEMS common process.
The components will be installed in where bridge pier may have cracks, when the bridge piers
generate micron scale cracks due to external shocks. The leverage principle of the micro
structure results in the reverse displacement. And that brings the changes in the overlapping area
between the upper and lower electrodes of the micro structure and results in a change of
capacitance displacement. And that brings the changes in the overlapping
area between the upper and lower electrodes of the micro structure and results in a
change of capacitance. The width of the cracks is measured by measuring the capacitance.

The electrical signals are sent out to achieve automatic detection and warning by using
the amplifier and wireless transmission circuits. In addition, the micro structure with
micro springs design prevents from being broken due to the excess
external force. Spring structure can reduce the stress within the component. When the
thickness of spring structure is 0.64um, the width is 2pum and the pitch number of spring is 4
with the spring constant 0.1765, and those make an effective decrease on the stress of the
micro structure. The sensing micro structure of the micron scale crack can significantly

enhance the performance of sensing cracks of the bridge pier.

Keywords: Bridge pier, Micron scale crack, Displacement sensing, CMOS-MEMS
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2 I LB S Epoxy
B 13. iR ETEE
TRAMRE N R BERRIZ A fTHBERE  ATFTREREN K
o 14 bEABEHZ AR EADRAATEUETRA B 14 QLR ERLE
ERZHF R > ME 14(b) %R 36 E > h 246 B F R, o

A B HGE AR 2B (DM T 1 2 M6 B

B 14. &R &AHF X
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4.3 A%

AAHRBRRES R A%ExTPoRatz 035um CMOS-MEMS /A # 2 2 %3
ME o HAFdH CMOS-MEMS #44% - b L d LEE -~ TEE - EREHE - F ~
XTI AEEA G AR wB 15 B 16875 o F TR E G TR E AR R
R R > 8RN 8 E A MR R RG> & BBt 5B 69 ) 2SI
B MEBZAAREBRARAEREE LEEELAME L TEERI MY E2aH e
HE o AmERERMEAEIt RhhEREEAMRRREZTE - A K 8R4
ARENIREE R TR A BGB MBI RIREL - R AHARRTALHHR -

H & FEHmAMETAL 3 » F &4 AMETAL 2 » %3t b5 4s A — 18 6 B 253t k)
FL> URIEZ X #4768k %] FLIR£R %] » FASHHN 2 B A2 7T BEHCRT - 48 A 7% £k %] (Wet Etching)
49 % X,(Silox Vapox III) # 47 Metal3 2 Metal2 2. f #4 Silicon dioxide#y k4 » {84545 L F &
1BAERE > W — EEXRELEE -

METAL 2

METAL 3

METAL QL

()% a2 4w B (b) Tt & # AT & B
15. M&EHZTER

E L] - - AT E Ij
AL MR X é| :

(AT &4 (b)FE AR JE 7 4 4%
16. MEEHBEIR T E
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$R2F - ABBEAE
5.1 uHFHR

ARER 2z 035um #Az a4 K %45 (Aluminum) © £ AR E /7 % 0.15GPa
(150MPa) » ko[ 17 Fro~ » & T AEARIREER G B AR E /1B KM i lir X Bk
IR F R B Z RAEICR T AR R AME S A - [14]

Mechanical Properties of MEMS Murersals 2 3-23

TABLE 3.12  Initial Design Values

Young's Poissan’s Yield Ultimate or Fracture
Material Modulus (GPa) Hatio Sarenyth {GPa) Strength (Gl
[Abuminum i) — 0.15 |
Lopper 120 0.15 035
Gold il —_ -— 030
Wickel 150 — .30 .50
Wickel-1ron 120 — 0.70 160
Dramoad -bke carban A0 0.22 = 8.0
Polvsilicon [] 022 1.2-3.0
Slicon crysial 125=150 -— — =14
Shicon carbide A 0.2% e
Silicon nitride 50 on ab
Silicon oxide T - L4

B 17. MEMS ## 2 451
A RAELRAZ B 18 Fiw » ASUBRMKR R LR A2 RAF L2 k1L -

[ a#wes | —|azsgz-sagle — a2 xgmserT |
; > !

¢ H
""" R 378 5 S Fleerlawmr s aesgrele
" PE RREA~ EiJ | h%
; ZE TR ; g
BRES " P 5
B #£=100%

| | ag#8ar+ |

[ Beierd st |
.........

18. AR insz
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AP 3% A Atk & 78 A ALk k52 IntelliSuite ¥ 89 ThermoElectroMechanical Module &

>

ATHEHE > Ao & AL UM L o BB T By BB ) BRALAS K AR By TR S

B EERIE > wB 19 Fiow o

(@)% ke pn & |ALB
B 19. # A IntelliSuite £%4F TAAE & 15 B

52 nH4EEAE

(b)¥ehe X I &y & {ALFS 4

Step 1 : #| A IntelliSuite F &) ThermoElectroMechanical # /785 #E » B2 #E 2% T H 18

1% stress/displacement > 4o [ 20 Fr7 ° F 4% metal ARIRJE 7 $8x AL FS o

Simulation Sething

Calealation Type

" Fremency

" Diynareic

(™ Macro Model Extraction

Analysis Type
" Heat Teanster
" Heat Teanstec!Thermal Stress
" Thermal Electrical
" Thermal ElectricaliThermal Stress
" ThermoElectrolechanical Relazation

" Electrostatic

" Electeostatic Forceys Displacernent

X]
Oypticn
Resutt

" Histeiry {* Last State

Displacement
(* Srnall " Large
Start Shape

(+ Tndeformed " Previonsly Deformed

Piezo Material
{* MoPiezo Materia
(™ Piezoelectric indeformed shape anly)
(" Piezaresistive - Transducer & ssembly

Contact
[ Cortact Analysis

Cancel

o]

Hpply |

20. EHEHBCRTE
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Step 2 : #H 4 A 4F 47 %] 49 4% (mesh) By 4F > AFH 5038 % #& K Mesh Size & 10um >
do 8 21 Ao °

oSy Yo . [o[X]

O & a8 Tw

Foo T, prem F s

21. ##A 47 2] 4845 (mesh) 15
Step 3 : XA 6935 RAxM - Hehw & MALAS AR P BRI > B 22
4 [ R PR T

F‘f_l.a-_r-_ A N I T

B 22. #eho & AL H R B
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Step 4 @ A a5 R - B X B AHE T3 > B 23 AT o

s

- |5 [x|

23. REXE AR T
Step 5 : B EATHEEE AT 0 EATAAEPTHEIEEER > wE 248 25/  °

7 ThetmuElectinMee banica] Analysia - [1]
T Bl Yww Gwmery Dueohtea Moensl Losls Bownbey bphc Arabms Eemit Midow  Hely
(=g = &S T W

Wi
134,406
110,034
HE LB
6113
AELETR

ek
<[ 2.228
JE.RTH
-£1.11

85,5862

-I34. 405

24. s R-Sxx JE A
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[T ThermoEiectmMes haniral Anatysis - (1]
I Fib Yiew Qe Jewdiia Mekod] Leade Dreedacy Mph filves Remk Windew [p

D@ S tTe

Wta

i-:

LE [0 1]
11756
LEREE. |
ELSa14
.91 658
13,3063
TLINE
-30.91 88
66,5314

-S04

-118.7%6

146363

Far Help, poen A1 HiM

25. B#ER-Syy EAE

53 ZRBAR

BN ARBIT I MEH A G FRIEMBRER > BE A HEEGHFEA KR
N EEAR S HOEATRBR T ERE B AR R RS HAEE R Y R
%— RIFELBSFBZHEAERT  EAFF R REICRTKRE -

FE AR B WAL 0 BRIEN R SEMAENIE > A% IR A X iF 3
PRI B 20 AEAERARRK > R RKFRABICRTHRER T ot
LEBEREF -

gt my

OL 8N PEL T 7 (b) L4535 £ 8 77 % o 40 0
B 26. RAEHEE N EF QD
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EANFE -~ AABEESH
6.1 3% 25 4k 4 B 1L 547

HE 260 F0REAE T AR HTH O ERIEEERERENGE £ > B3R
P Baan s AERARE - AWBRAERARBE R EHE > B 27 AT
o R B & MALAS HE A G2 BE -

()8 A (bR A ()R FAEZ A
Bl 27. =K R L& EE
Bl 28 A=FERFRBEEZMAHENHGE  ERLHBTARFIE X T
JEF1(Sxx)Fu y I ey by JE /1 (Syy) RAEJE /1A > e /1B G RABBEBYARIRIE /1 T A &
SfA% o BB 28ERTh  WwBIFERVZ RGN EGEHE RRAWBZERLY
MNT —RFEH BEREPHERAFESHIFIRAME > SIS SIBEEHBIIERA
WP gE—FRA - EHR LW > RBEE RAICKA LELERE -

il

iy
il
|

i
I

\
|

(1t

FETCSEAE rw) ENEHETIHE(pn)

(a)Sxx J& /1 41 E (b)Syy J& /1 1t H

B 28. BB LEEIMLHENHAE
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6.2 BR &M A RREH

8 26 TS0 AR B 8 A 4 b KA 0 B TARE ) AR B X 4
AN—TREE BITER RS RN LR e — @R T ARE

RIFFEE > EREREN  BENHRS) F BRI HRESILE x RAEMEMA > B

F = kx (6.1)
ek RERZERNERER DG TFAKRED AKX
F=-kx (6.2)

Ebf k REBZOBUAH > ChBIHROEET R RMIMUARAT  REATES
FrEANBIREME (RBH) I aER > SEBABAREN  ATFCHELRLE

BT A S B R R AN AMEH P B E S B 29 AT E S AL

R A #% B A5 5 KB A1 B - [15]

=

F

Yy

.,

29. BEEHTEE
WRIFSRR[15] @ BFZ e BHAETERT AKX E

= |817a +2nb7 | abn[3b+(2n+iYdn+1)a]

3EI 3GJ
2
na2{2na+(2n+])b} 5 _]
EIX GJ _nb L+ b (6 3)
5 a +L 2 (GJ EIly '
El, GJ

A2 4% Dimitrios Peroulis % A Z #F %2[16] & CIC CMOS-MEMS # £2 65 & /& B & ~ #3# &
EIMR > THERE—BEZEHEEMBALTH > Wk 2T -
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% 2.CIC CMOS-MEMS # 42 8 — 38 5 4538 & 384 R ~F B AR # 3%
FHFEE (a)

7 um
* w3 WHE (b) 16 um
BFLEEEE () 0.64 um
BELHEE (W) 2 um
£2 694 K4 (E) 70 GPa
ey iafkatt (v) 0.296
20 A EH (G) 27 GPa
BEHEE I 0.0437 pm*
HEHEE I, 0.4267 pm*
ByHEE I 0.4704 ym*
2EFH J) 0.1943

Hk 2 EABHEARNOGHR T > REESGHE kG B n ABFTEMIHH -
AXBHESHA 335 R4 H#THH > URFE 0 BITBRELEHZIN - T
B 3MmE AR BERARD —F > ok 3T RRTAH MR BE R EHE
HAIAG GBS > EME R AR O RAREIGBE -

% 3.CICCMOS-MEMS ##2 8 — B2 & 5 # i 2 h iz

n (3% & ) k (3B P14 20) F (%7 AN
3 0.3723 1.061 (uN)
3.5 0.2509 0.715 (uN)
4 0.1765 0.503 (uN)
63 BF L& MBI

AHERABREEBETH P ENACE  REEATBILEBIIGRE R

Tum ~ RdbFERED A l6um 9T > 2SI BR B EZHHA 3G ~3BS5H 4 H2 Y
it 4@ 30 Frow o
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Bl 30. R F) & $eay ik &k
B 31 ARYELZHHIMBHEAMGE > HERTh 4 HEEZZEARMANH
ol 0 3t B A K AMF 2.5um » B Sxx JE 5 & 119MPa & Syy fE /1 & 130MPa -

1o 160
120 110
= 100 / ~1 /'?‘
= —— A1 =1 —— 4
Z ra — 35 5 : P ——3
I i
] - g ]
0.5 1 1.5 2 2.5 U5 1 1.5 2 2.5
FmESIS ) REERL e n)
(a) Sxx J& /] 41t (b)Syy J& /1 4t H

31, BB HIENHGE
6.4 B¥% ¥ —H AR H

HBTHEBREHERAEILL HBEZTEEE - LEETHY  wE 2H7r - LEXH
YeMz i RAE ak Tum > R RAED & loum ~ i E A 4 HagFRNT > 55 0E
SRS — 8 X E A Tum ~ 8um ~ Yum AT AT ©

a\ %

1

(S il B W4
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B 32 BEE—
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W 33 HRTh o HRWEE—HLAHES

MR LB E o 2 RRF —
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NS 2 m) i AME=ES dng: 0|
(a)Sxx J& 1 41t (b)Syy & /1 %1t
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4um F =B FLREAT O B A BRUBSH RG> R&ERwE 36 /i > TH

fo % H A 2um 852 JE /7 AR o

140 160

120 140 e
=100 e /,]f/‘
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—f_ &0 ——3 i “ : ;)///‘ B 3up
o W ——14n 5 4 /I’/ ——2un
Z al

Al EE Rk ENESRB pm)
(a)Sxx J& JJ AL (b)Syy J& /1 4L H

36. S B2 A HIE S B4R
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FE A BMAEEEBMEICZH G > wB 39 )T - RFAXGCHT 4 0 REER
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6.7 R RIE /) A A2 R AR

AU & 75 E CMOS-MEMS # {22 &8 %42 > HLARRJE /1 & 150MPa> 0 R
BRI SATE > BREARIRE ) N TF R R > R R E 40 AR 0 £K
ARBEBYARIRIE /)T » T4F s R A% & 2.85um » H Sxx J& /118 & 139.4529(MPa) ~ Syy
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