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Abstract

With the advancement of science and technology, there are many electronic products
and portable devices in the civilized life. Therefore, the energy demand is also increasing
at the same time. Piezoelectric material is a material that can convert the strain into
electrical energy. If the vibration of a relatively stable source of vibration can be applied,
it is bound to be the way to get electricity for the development potential.

This study is based on the micro piezoelectric energy harvester with mature process
technology of our team. According to the past research of our team: soldering after
polarization leads to a 44% drop in output voltage and a 69% drop in output power.
Therefore, this study proposes a method of first soldering and then polarization to avoid
depolarization. And after successfully soldering to the PCB, the output performance did
not decrease due to soldering. The output voltage increased 18% and the output power
increased 40% after soldering under normal pressure. The output voltage is 2.82V and
the output power is 9.94uW. The output voltage increased 19% and the output power
increased 42% after soldering under vacuum. The output voltage is 3.65V and the output
power is 16.7uW. In order to achieve this goal, the top priority is to research the electrode
layer, to break through the difficulty that stainless steel cannot be soldered.

The main research context is first to find a solderable and stable electrode by
changing the surface electrode layer. The way to confirm the mechanical strength is the
pull-off test. According to the standard of Association Connecting Electronics Industries
(ICP), the strength better than 200gw is adequate. The temperature resistance standard of
the electrode layer is 520 degrees, which is the highest temperature in the actual annealing.
Only the electrodes which have been successfully tested achieve the soldering. Then,
match the optimal impedance to measure output power. It is discussed whether the new
method of extending electrode signals proposed in this study leads to a decrease in output

or not.

Keywords: Heterogeneous Bonding, MEMS, Stainless Steel, Energy harvester,

Electrode improvement.
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BEACFRAL T B AT T AR LG T Bfa[17] ¢ 4kpk42 (BaTios
4xpe4y (PDTIO3) 4 4xfedl (Pb[ZrxTil-x]O3 > 0<x<1) i ¥ £ 5 PZT o 4r4x
Tt FE N5 ABOs HY AR e Bg+ @ ¥ 54 Pb &4
Ba'B f#] chs Baps » @ ¥ 245 Ti 24 Zro LWO[16] v &x  EA S
ot R 2 g T S (ABOs) i MR -

k. 48 8k (Curiepoint) ~ #4488 & (Curie temperature > Te) 2 g {4 4& % 2
gy p ot R REFEFEaER - USRS TSR TR
WG BT TR Bh e MO B AB BLIE R PRI T S S B ot o g MR
BB e 5 RAB S EAMEE > 5 TS SRR MRS T R
Bl e m i o

(a) x x (b) % ~ %
% o ’ - ve x ! x
@ © '
¢ ? ® e ®.te
x A
®0
e - : > .
D ® B % R spontancous
x- x ® polarization
x x
r T('u::c I< T( —

1 9 ABOs & .77 L

2.4 BT A

BEHCHF NG RIA VR E TASE BB RERYE (sol-gel
method) ~ R 45 (sputtering method) ~ -k 4 & = /2 (Hydrothermal method) ~ 4 5% Er
fi%  (Screen printing method) ~ # %2 (Aerosol deposition method) » % g 3 B

2 m%&r_ﬂé’ﬂ’ u'f:l.f,-xa‘.rr? B?_5/;‘mFg?/\'1£§’~19 /TT-"F_}FWO
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2.4.1 %55+ (sol-gel method)
R Y S SEEE -3 E T#Jszrﬁl 10 #77m [18] - 3Bz il & B BB R EF
-7 d g A RREA L BEBF 4 (metal alkoxide © * 5 £ HEER) (T4
F ez w Bpde Kilo S KRR EF B2 18 SEEF S FIRDTHL Y -5
&%ﬂﬁﬁl¢éﬁ%$ﬁﬁﬁﬁﬁﬁ%&£%K%?i%oﬁﬁﬁ*%%#&*’
BRAE T A1 24 L EK Lend il des - o 4b g 5 BT PR g
AR M R REAR T B A 6 S A g
A2 AR ERESFT & o

el
B

DR

® o 00

®

0600000 5|0 Solvent
0000000 g st 0 —_—
8888888 Extraction
Uniform Particles ¢ Gel Aerogel
D o -
O & @ ‘ @ @
w >
MMM Evaporation @
Xerogel Film of Solvent
@ @ it Xerogel
: ibers
Heat @
Heat Films: AR Glass Ceramics
Sensor Sealing Glasses
m Catalytic Catalyst Supports
N Dielectric Fiber Optic Preforms @
Dense Film Protective Controlled -Pore Glasses

Dense Ceramic

B 10 3 5% 2 7 & W

2.4.2 B®4gi= (sputtering method)

Bt - AP TS B e B 11 BTt e 4 & 0.1-10Pa <
B4 T XD F S WA (og § ) h&F o e g BRI ORI AT 1
2% # K,éft TP Ee L G oo T RSHE A AL ¢ 45 ALSTis Crs Pt L3
el ¢ 7 PZT fv ZnO o it ff i E 3 S B {odd 3 e W E & o i ff et
%%%ﬁﬁ?‘mﬁ s B A RER 3G T AR e e
[20],[21] -
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N Substrate  Exhaustion

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

Bl 11 4505 7 2 B[22]

2.4.3 sk# & %7 (Hydrothermal method)

kg R KOH i F i B4 2 B4 e 8 F e 2 BRT Er
Bk o hrBl 120 B - HIER RPIT B & asr ALK 0 ¥ - H B iR
T PZT o gt 2B D en PZT EWO B ¥ R 22 PZT { B IR
Bo BRI F G LE T H - F xS o B 2t KOH gk F ORei d o 951
LRI S R

o

Solution

@ =
\ || ] g N

g o -t

Teflon fixture R 3 =
for suspending —_| 2 z
a substrate e RS £ =
M~ 4 =

= 2

) =

) =

HEH
& H

(£OMYIS) APONIID WONOF

=

Substrate 1
Polished surface .~
for deposition

B 12 -k # & =2 7 & B[23]
13
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2.4.4 Ry E )iz (Screen printing method)
wt.%[24] - 1‘?%“ DR AR g SR ¥ o AR & A B R W R Ao s ATl e
CRERF LR A BIRE L L R R AL R RO S ] 2 R
BB AAAE o ho] 13 ¢ Arit o R BRI BRI 0 R SR T ARRID 0 AT
1 REPE ’;gwga?u AR I AT R AR i o RS i AR
EL

P B RS o R AR RIS S IR B R R Y g5 80

AER -G EF PR
Squeegee
r—
- /
Accelerometer #1 Accelerometer #2

B 13 5% kil % 7 7, BI[25]

245 F imfkiZx (Aerosol deposition method)

=
N
~

FOHAERARY A BE L T A[26] 4@ 14 7 0 A BE L B
F Fideew - F EUfEs (deposition chamber) v ¢ /g‘vﬁ Ao ik S
AR EAEY R LI RICPERHBRMNET S BEZEAALRY

LL
* /‘?mn‘wzﬂ’ﬁ;\% Foo B~ S REHEE KR & ehiR S kLo B B

23 R B
VAL

ﬁ_;lzn—ﬂiﬂ m@ ‘}n %%]1-? bl /ll,?fi 5*‘%@# @ "}ﬂ 13 @FF’ ﬂE
fid Bd F A E AT d R EES EEA  BES BRT
MEEXF I ARM-BBLIBRT B AERUMEE 7 i3
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Mas;s fII;W Deposition
controller ;
chamber

Q]

Aerosol
chamber i‘ F

Mechanical
booster pump

Powder| |~ |

éLs A
: Vibratioh
oylinder o stem

Bl 14 § B2 o & BI[27]

246 BREEIHF D R
PRy B S BRI 2 BRI R E R o o 15 L4
AR E e R P iAo S AL A B RO R Aok B AT
TR B SR TR ERRTEAL AR REERT
WA R A T PR S RE A Y KE SRR SRR RN N
ik fy 0 WEASTHFER T L RE S RERERZITHTT BB 0 ATHR DR A
R F RN R RIS LT RO 2 B - B R T e

K AR PER YA L

T RS Lt YRR RS AER DL FF o - BRRER
AL PR R SERIIRS RTFLEA G L EN - 7 e
FPRNOBRTETRABRILE R P AR AR 16 FIERILE & SRR
U R BB 2 3 A K R HRL 3V A TR o 3 R BRI AT
SURT Y R OE & i 400°C 3| 800°C B R i N A o kAR & AR H fRiE AR
B 150°C M TR Y Ha o REERZFILERIAEY FFIIVFETRRFE
IR R 2 B > B AR K X5 % 800°C ] 1200°C o F Rk ARG
dd A RFAFFE S D e A4 INAES S 2 18 VR R X% 500°C 1] 600°C

EULASI

15

doi:10.6342/NTU202101855



Aerosol

deposition

Hydrothermal
Sol-gel

“

1nm 10nm 100nm 1pm 10um 100pum 1mm Thickness

Screen

printing

B 15 & #WAR = N 5 & v or £ B

Aerosol
deposition Screen
printing

Sol-gel
Hydrothermal Sputter
150 300 450 600 750 900 1050 1200 Temperature(°C)

B 16 & @A R R T B
TCAR AR WA RE I VERRM O R AT HBRT G R
Bum o SFEL i & AE R BE2 15 0 F OB TAAER G S (B 14) 0 F AR 2 AR
FORER O A B S AR A H o T AP L RE R F o2 o T - ke
FRTLEMEENURAS B WA BHBL FHETEE > TLAF L HFH
R
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Chapter 3 B & it £#H R4

iiéﬁ‘ﬁi;@mgb‘gﬁg"%ﬂfim fi’—”}‘z‘ A ﬂ—»l%} 245 ,kni‘/ﬁf‘;“/‘i‘
(Aerosol deposition method) 4% | i ¥4 iw f4 2 B/ 1F o “f TEF B E LR F
lig_yfi§£;é;i1%§_,, A er— ATRB T '@li%a,ﬁékﬁﬂﬁ,ﬂ?/}ajé_ijﬁf L

TasETY e hEe o B9 FkE 5 classl000 A7 E ~ 8% F ~ i
¥ P 2_class1000 -
3.1 T HAe

AEFTREA L A2z BTN EHBEL FEH S 8 301 F s g (TR
# o B R 5 60um - %“':}fg Linetal.[28] <% 5 45 1 > 7 &k A dp v w A > 5
T e Pl B F A RN BB 60 X0 7 My b e
B> TR A R E R AR ARES S o BI1T 2 RT N BBl
AR AFTEY PZTRTHR I EFRT WA -

Electrade

Substrate )
(a) : Pre-cleaning (f} : : Electrode deposition

Phatoresist
b) B ~| WetPR for PZT (g) Remove PR

PIT PR
() Sl ApepzT (h) PR for etching
(d) Remove PR (i) Remove PR and annealing
.'r. IIJ_‘

e} 55 N PR for electrode {j) - Poling

*4D: aerosol deposition, PR: photoresist

B 17 ~ i 4255 42 )

REMEEALRR 18 ek 4 L N BBt B 19 L0 B
EECHE OB 20 :REHEETHE D2 3y 1 AMEZER G BR o
Wik s o B HRFIFRA TTLFH D PRIE

17
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Proof mass (Tungsten)

%4 BB R
i 5L e g H i
w1 CREF v 6.0 mm
W2 FEHTAR 6.0 mm
L1 e RF R R 9.0 mm
L2 FEHER 4.0 mm
T FEHER 0.9 mm
18
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|

Bl 20 i B 55~ B9 A )

311 B ahdn 84 ¥ A
B AR D F L (9emx9cm) o F oK H-TF Ak B (T R 0 @ ¥
WG R RRRE G 3 B K LB iRk N E T A4 fk R sk
et kAR R LB REDAMICRP MBI LT AEFET BT
RREL T F F R 0 e 00 RS HEEA KK Hir o #E - RPFR R R
hdnw FE R WRIEI P RS ¢ R R
312 BT A kK
FEWH G A o SarE 2 SR E e~ QAR A ERY SR
% (Lift- Off) » A (48 MR35 g 3 (6 WE15 G B4 Bpr ok e gL
gzl Eo RAPEFRLTRIR R X2 8RR PRLY B F
MR RS S L SR Gk Rk G BR AR ST F
Foo B BB T RRME 2 SR APURLE B LY FF EE L
BT R F R ER IR F R R E RTH AL A B dok BURELT AR T
HREHEERY > T oSBT FRAFZORRTE
313 mHRT A

P B AR 7 R S B S (7§ ORI AR R AR E

‘#ﬁ*“‘“‘

N
2k
=

PREOPEREIR T LR EPRTELET by A {wE ki g

g + 3.2 % F L) i fg‘ = m’_%"_ S 1\;'1;3—5\]7:&)3’3 .

19

doi:10.6342/NTU202101855



314 Tk LT R

WA SRR AT R AT RRT AR SRR i
PR AR R g AR Y RE ALY b A4 RIRRIL S SAR R
ERFAT  SEFRP R BEREIRAAMmLY b A8 kiR §
FHrRACie e~ 00 Rk L Rk ic FE- EFRRFZITFVERL
*FW%_Lémﬁ%@”?ﬂ%W’i”é4{. gz R g A
SRR G o NI B E A B BRI g g2 I H g R R
RTEARORER P2 R AFPRZ? EEHPR A AP LR
Pkt G B AR I F F R St RS T AR LT
BT R ETH O FF R GCERRCEILA Y ORI F R AR e

FTB A A B ek AR T RERAR LA S P T - BB TR T
BT ET -
315 Tk f

TR TR AR Y AP % nT S+ & 4518 (E-beam Evaporator) - #k * F4Ee
ﬁﬁ%%?i%%%ﬁ%’%@%@iﬁ%ﬁ?ﬁéﬁwﬁ&mwmmmp%wé

el TT R AT S8 AMER Y P A ARaprE 0 T IR R
EE AR AR RAFAHEY EFS AR FRERSAFR T A AT
P FP B 2 R RS A A T G TR ERY 4/
4£(20nm/200Nm) > T T RS ke B R Y A MG T TR AT Y £ B A4
HIRwFmy > FI R atifse /I FLBA -

1.6 4% ke 2 &

PR EEET I RERRY A2 SRS AT R AR TETE

-

.ﬁh

Ak > g P AT KL FARRE YR ARML Y S
&g’,r@/ﬁj\&,ﬂn s & xe iﬁﬁgmﬁ 5 54 >
Aokt F FHeRacis o 00 R R-A KR F i B E - RER R

TE A b T EABL R Ewg 2 nd s Ay ke

\\\

sk L AR R E I

s
BOERE PR A PRI % 7 € ERARF e A F ALY e
Eo A RINRE T G Tk k- o L iR pg-@] kpE P o BEo Rk
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EERETEAGR R L2 R AEERZ? EEEE R S EREN S

FRico R Bk T REER
2 (6T EPUKRIAT R EFFH FFHEICEERKEERT MG EEEEY
fit PR A€ ATR 4 A B oS BB T AR LA A
~iE R T - ﬁ?ﬁ#«%—@ﬁ# KA B o
3.1.7 2 -k4%

FERB A0 Fr ek pe F 432 (8 i R P|dfs - B Am A
FAAFI R EERREHA Y LG R EER
AT /RN R AR R A ,}, PR A A
FRERREAMRSCBAMF FRRITZ B BB B RPY LR
Fo BTN BB AE A KR
32 F B

Pl

CF o L1 DA Rt 4E e

Bl 21 F oo f 2 WARK & 7 & BI[28]
@2137"@”;"%%}1 Tﬁ/zﬁlﬂ_&%—r,&@’;; ,4 ,f_,l‘tur’}f“’l? '737%
BRI oL RSB I A u L g g (Deposition chamber) -
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v 3 T 3 s sg(Powder chamber) o A ¢ HE it 2 fF R OXY HHL LTS
s PZT R B AZ S HEIRFT 50 T 07233 Sddrd o Bhigp o
PP B E R B ABRR GGG EE S F T 2
PREI KA ZEELYERE P AFIEE LIRS REFEETER
BT UEIEZ oM T ORI N F F A TR L SR RE T
MARET AP R AFISRS L@ A4 i 2 i g R R A o
MHENXY BT LT UBEFERIASBERNE FRRPERFAEE
(8 5 LI o

o

Y =ER

:}4

3.3 }E 9539 A
R TEAZ S FTERTWIRTORBEILN NP ERRETS

R EREF VR BT o LT GES T LT RS AR R G T A
N4 ﬁ%ml%J%% P oIV 2 B R EREBRT AIMRER SRR

AR B B E AR > & FIE A BB AT T 0 7 Atk A AT 650°C P g
%%géikﬁﬁﬁmiﬁﬁﬁm‘%@mﬂ°“4’*@%@&ﬂ$ﬂ&%ﬁﬁ
VER S AL20CFRFER 3/ A7 B8 442 BT MR T %3 ﬁ%]
Moo R ELI N A 22

600 - Temperature
500
£ 4004
o
2
@ 3004
(]
Q
5
= 2004
100 4
0 X T ¥ T Y T y T ’ T Y 1
0 5 10 15 20 25 30

Time (hr)

@22‘23 m.)i‘:" 45{'1’ ,Lg]
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3.4 it

WU R Az BRTECSURT BERIRI DAL T LB EEHI- A
Pt BT HEE RS I HHP AASE R AR INT B RER
AR R A ERBES T LR R SE ST H R PSS N0 2 18 R
BIBERI S N - R AR BRTEEE L o i PEA T R Bl4cB) 23[16] -

Wit RBERBACE 24 ERF4emit A EFT FELHARAEYT T
RN V- AR ITARAEEEDL AR oI BB AR
PAOETBEE] a8 e PEPRERZE BB R et
T H O FIT R GIEPRTIRLE O BE - EFRZE RIS R
NEFHFEINEREFTRE L LR LTFMP oL FAEY R RES G
AARRE > o5 o fmit 2 S AR FERTT LEFRE - AP Y o fE R

& % 90V (15V/um)

Unpolarized

Polarized by an applied electric field
+ + + + + 4+ + + + + + + +

Bl 23 & L4 7+ R BI[16]

23

doi:10.6342/NTU202101855



Hot Plate Power Supply

B 24 4& 1 78 K T L W

Bt RIUERTEEHFUR B A ORI EERESTT FHEP BT R
oo oRAN5 315 THRA T PR R Bt e
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Chapter4 7 £ &% 3t
vl 2315 A i WARIARY BRI T IRA 0 P ABRR Y A7 HER
% #5/¥ £(20nm/200nm) > 3.3 BT HI VR T VR FE 520 B T A £
FAE T AR ML R RZREN N F R R ARB ARG AT 7
HETLZRIE Y ent T4 £ S LIFL T THROA M L HFT 2 % A
EAWFELE R G % o FIp s ARAPM I A B P 2T o R T R T ARG
Bi A THE 2B T AGELC A RAIPEE 2N AZ SR THE
FERPE T URFFRREY A2 PRAEABIEFHTEA AT = F
Wigr > FPRFTORT N EHE-ETRE RS D PCB I > 549 3 E
BEER  LBRBEH AT A LB LB LR TR c AR
AT L2 vt BIDER £ RN ROTERE OEE AT
foT LA HmACE 597 0 P ARG B 60um A &k b TR 6um BT K 2 2T
THRA o TR ARA D 4L 60um F Ad P R AR TR BRI SR B8
A RGRFERRIERR -

250 TiEE 45T

T i
TR TR
T A
BT ARE Ti/Pt =
Ti/Pt Ti/Pt
M R A
Ti/Pt/Ti/Cu/Ni | Ti/Pt/Ti/Cu/Ni
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41 F EimiE®

j\,J\ & g;jl—/‘ I

wl T FTEE > PR RABRT ALY RERTA ER
T RARBFER Y FL R 4RE s/ £ (20nm/200nm) F HR K 0 142w oG

< v AL ekl 6 & 144144 (20nm/2000m/20nm/500nm/200nm) » 4 s K T 1
RN AR

4.1.1 4%/ & (20nm/200nm)

AE R AR F g TARE T E4K/d £ (20nm/200nm) > 4] 25 & ot

LT
W0 P 315 THEA THH (T - A BT R A o &
B his ] L g

BSR4
51 PR E b2 84 PIEREXRY A

v {8k

oo

RIGE P AIIR R 24 RIGER AN K

W 5%
X g*’:
Pl

o

PZT

B 25: + 24k 45/ £(20nm/200nm) 7 & % -+ . F)
4.1.2 gx/v & /&k/4 /45 (20nm/200nm/20nm/500nm/200nm)

N |

PZT

B 26 F T4 45/% &/4k/4% /45 (20nm/200nm/20nm/500nm/200nm) § & & 7 &, B
1245 Shih, T. 1., etal.[13] 9= 3 300nm 4£%,300nm 44 2 500nm 4% ¥ 2 § = T &>
S RA G AERRREBRFETRE FEI PR TRAZAY WwF 26 5T

TR B o Flt o 5[0 & [E%[4F 145 (20nm/200nm/20nm/500nm/200nm) A % 3 ) endT
TRk E AR AR R Flpt R R AT £ 18

N Jr o5 4%

NESE VI P ¥ A
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42 T F iR ,

TR AW T A A A S L TR e A R
FEEAEAA ST AT T4 DA 49 £ (20nm/200nm) T 18 & it T
2 BRI AR B E RSB ROTI PR RFET AL
4.2.1 gk/é & (20nm/200nm)

FABBR & ) T4k 45/9 4 (20nm/200nm)— 4 0 4oB) 27 5 4 T &7
LB PR 315 THRA oA AR (T - M AR T 4N LR N &
BFLEFIN R A PFREBERUZ LA RRE PRI P PREDERE
WIS 5L PATR S E e 528 4 BIEERY 48 .

Bl 27 T §4& 4%/9 £(20nm/200nm) T &K T 2. B

4.2.2 gkle & /&x/4 /4% (20nm/200nm/20nm/500nm/200nm)

W 28 : T R i& 4%/v &/4%/4/4%(20nm/200nm/20nm/500nm/200nm) T 4& & -+ &, B
% F 4.1.2 4x/9 & /45/4r /45 (20nm/200nm/20nm/500nm/200nm) s & & & » 4o
B 28 50 o Rd > HMITFRFIEIVPFENF R 43 RAEBEMERES
AT £ 4o B 29 1T 0 e ML 50 RRF EHE RIEITA M h
A& & Mok 411 £/6 £(20nm/200nm)#& Tl ek % 3 B LT ) § LAk F 4
FHEF 2 BRIV RBTH LR EBE BBV E T3 AP 7S
CSERE RS 3EBEF 200 RAAIE S E A SR PRET R
B o LIS R T AR R P4 RITRRIE G B R R R
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B 29 @ 4F 4833V 18 miE BT ME

AR D T LA BHRE A BB ARIER Y TIEK 2 AR AT T
BA > E ol P ESREFEFES RRERIE T - R REFTERA RIBA T
Hm TR A OTRA -
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Chapter5 # b T &k £+ BE% % ##H

- R EIIOTRA 0 LY S1 S EE L HSRE RS2 PRI
R AT T PIES N EF RS LA BT RAEK FMEE 60pm 17 4
o & - Bk GRE10TPRIE B0 RBIR U A §RIFARE - BIRE AL
Bchp o HARKE B T Ak 2B ER USRI A MA AT > K E R
Azt el P REAE RO G FETERERRELZRE T BZE T
Bl Bedp i VO UERIPTABE AR F1S R KRBT 4 ff‘u? DR
Tk B AEET - RHRRETF 1 £ 44 € (Association Connecting Electronics
Industries, ICP) 4% 8k3¢ & e 2 > A8 7 ¢ % 8L 200gw _* 12 2| %5 B33 98 e
e
51 &z

41 P RHREF v 42 T THRE? L BHm T LIREATOTIRA 0 Aok £
EPRBALTRERT AL REFPHRAEETRATE T A RT G
B/ 2mm-~ 1.5mm - 1mm 3t 07 dhdn e dE > @ Imm 3tF R ES A ) TP R
- RAA4cB 30 o 0 B )‘;.f:/-]i:“,gfililmumi T oA A7 10% 0 4F F R - &
SAC305 «77 &7 F » & & * b 4 RRHA TR PRI I > BEHR
hoAg (84 frdicf) » T HH AR A g 0 T ¥ g M- AR K- Koo

200 - —s— Height|
150 4 ./0-—'—'.\./'\./’\0
g
2 100
=
=
]
X
50 4
0 B ———
0 2 4 6 8

No
Bl 30 : 4Fzk & o) szt
AR AL ARL B AR RIEA G LA FRAET B FIIE R
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IEL s FP M- kA X P B P H SR (S T R ERS RS
5.2 4 BIFEK

F4 plgkie s Epl gk P % * Digital Force Gauge HF-2 2 2 £ jp|-T - p| &
PARBRIFB 3 BFNTHE UEE R BN EXTLE R ETA
BRT 28 HEEREERIFATINLA T EBHERT SR £, T 0
BEPF PEERIA S 4 EH A G o e % PR ERET ORRE 4 2§ ek
TEhRAE WRENFERERE RS > PR T P PR T
Pl AL~ B AR L el B2 (5375 T35, B & T - 3 - Digital Force

Gauge HF-2 = & 5 1gw °

Bl3L:RET 52439 4E
S.S with single core wire
[
e *
Moving direction

Testing console 1_

Bl 32: 24 RIRFERT LW
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53 1} &P 4 R

Aol @41 RHRE Y AH I TRA R 5284 PREER KT b S
BIE oV RCERER R AT XY o
5.3.1 4k/9 & (20nm/200nm)F~ 4 P&

600 - —e— Force

5004

400 - i
z 1 o—"
2 300 4
@
8 ]
=) °©
L 2004

100 -

0 ¥ T v T ¥ 1 . ) N 1
0 2 4 6 8 10

No
B 33: + §1& 4%/9 % (20nm/200nm)$ 4 ipl2E & & B
&x/v £ (20nm/200nm)sds 4 JpliE % % 4 @) 330 45/9 £ (20nm/200nm) 5 *~ [ F5
W PRk 2 E RO A 2R BB AMPERRE S G LAY
FORTBBEEHT O ZREEEC Lo RGN HAAE- BIREL

hiiz {3 enT 398 3200w £ > B AT e ERS 0 BF r BEA o
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5.3.2 4%/ &/4x/4¥ /44 (20nm/200nm/20nm/500nm/200nm) T & & +> #
B3P
400 - —e— Force

300 -
=
2 200 °
Q
2
8 /
100 - / \.
. L ]
0 v ; ’ : - T v T T T
0 2 4 6 8 10
No.
Bl 34 F 3 4& 4&k/v £ /4%/4r /45 (20nm/200nm/20nm/500nm/200nm) 4 4 Jp 28 & &
)

&xlv & 14514 145 (20nm/200nm/20nm/500nm/200nm) sad 4 JpliE i % 4o 34 »
PIHACE - BRI L chiE2 {5 enT 308 165gw €04 F B F R s B k7o
THIROEIRVRIE BZEAFSH B FEEFAHIVEFESR R A
fo— TERATT THRE 13N F & A 4 % - = A4845/9 £ (20nm/200nm) >
ISR Y A £ 4190 % o & L 4845/4r /45 (20nm/500nm/200nm) 0 2R {8 B IE T A
B2 200 B - i BALEF AL IV TV ERAMTIRL Y FF A N
Fuseffas  $REEF-KEBHFTF FRBEZFRNB ST KRG AT
A oo En ERBAEIFET BTG ES FIL AT FEE R KA RN
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54 T TP RF
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