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Abstract

This 3-year project focuses on the measurement of key properties of Ti-Ni thin
film and on the design of non-valve shape memory micropump. We have used Ti-Ni
thin film as the actuating source and developed a diffuser as the main part of
micropump’s flow channels.

On the point of view of measurement of properties of Ti-Ni film, we have
adopted the Scanning Electron Microscope (SEM) to observe the cross section of
Ti-Ni thin film, the Differential Scanning Calorimeter (DSC) to measure the
transformation temperature of Ti-Ni thin film, the EDS to qualatively measure the
composition analysis of Ti-Ni thin film, Electron Probe X-ray Microanalysis (EPMA)
to measure precisely the composition of Ti-Ni thin film. In addition, on the point of
view of mechanical testings, we have designed the clamp apparatus for Ti-Ni thin film
to qualitatively measure the sahpe-memory effect of Ti-Ni films and foils under
pressure.

Regards to the MEMS process of micropump, we have designed different
components of diffusers for the flow channels. In addition, we have used the
conventional FEM solver to analyze the internal stress of the thin film under different
pressure. The design criterion has been brought up for the development of the
non-valve micropump in detail. Finally, we have used the technique of anodic

bonding to assemble the flow channels and the actuation chamber together.

Keywords : Shape Memory Alloy, Shape Memory Effect, Diffuser, Anodic Bonding
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(DRE AT T W E e Ti-Ni EeRag > @ % aie £ (7 iy 5 5 452
HHANERFVWAHTIENG & 84 0 0 LIRS S EHPE  RED ki
Fao g NIE - A F N PRATE & N R MR AP T 0 et bR -
e & (e Ti & Ni)erde Bl > U 4e 3% F B4 ff 0 "8 e AR TS =
renrc o T AR R KA R pE Y A B =B > W R R AP eh
[4]1[19] -

Q)FHBeE: 1" A BAA B SR e RBFTRME RT B G
m B AR d RS SR K ARG R AR R R BB 2

=
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ki 7 NIi-Ti-Cu = ~ 25k & & & ’«‘s-fﬂiﬁ’?ﬁ [20] °
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BimAL G AR o Y gy A TING £ AR B AR
Pl R A BERT S E G T P R L MR T Rl
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BAZ 3 ¢ 5 1996 # > E. Quandt £ 4 ﬂ“ﬁ Ti-Ni-Pb £ Ti-Pb & % (7 H A 4 &
Fenpli[35] RS R BTl § %rﬁ* Ak et o

¥ Ti-Ni ;“ET’?E-'PE’P R REeAH F R 21997 # S. Stemmer % 4
8 i g B AR 2 [36] 0 i - Ti-Ni &304 525 ehB R (7i9 X ad® > &
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2.1 %3

A5 75 & £( Shape memory alloys, SMAs )d 4275 £ Jpr v 4TH % &
4% |4 ( Thermoelastic martensitic transformation ) » F|p* ¥ »2 1 * B & e 8 3 %
DAL @ JE AR ?e'r%ﬁif@( Shape memory effect, SME ) » £ &% 4c 7 4 i
B A FpFan A4 A28 ( Pseudo-elasticity, PE g Super-elasticity )eni7 & o
A AEHTA BT BT B4 o

2.1.1 P IR0 SR A

Fro ATHA R 04 G A S R R T SO 2R GE I f0H 0 A
Z R EBEAY (DR ATl £ 2 50 QR B SRE 4 o iﬁtﬁﬁr‘ CRER Ak
BT AR g R 2L 2NN R g A kel B A & R FIAGA R
TR L ALT 5 BRI Re STH -

FORMFre A AR AR 0 B R G £F UB R LR AR
e HcRiAp ehs £ {;ﬁd Hoaa R Ao aofdkdEL FRIRDTE 2
Prerfrn SCMAp g M A& R FERB LT ERE QR %z%“"mﬁﬁ%ﬂr«f Rl
gnaer.w,rﬂg‘_fg,‘n_)imﬁrﬁ”f“’ﬁak CBIEFFIIRAER A F 2 +"n_m@
AP L S P AR g FRALSE O e e ERR XU R

|l

RIR K Ap s b o AEGEM R MR ET L T HB ARG 0 AR
AR RS SR T S R IR LR FS R TR ST
v}@;rw%‘rmﬂ%?“i&? MR EFBBEGDL ) > HFERALTE AT L 3E > A5 8%

f2¢ HFRE DR B2bd & 2 v SglE 2 £ o @ Ad & AR 4p
R sk%frm}ﬁﬂfzﬁﬁw—i%%mﬁﬁw EF e A d FAORE T AT TR
FARIR KA AP A A AT Y A2 R AATA Rk BB ATE A
SR AR ST R - LTI R KRR A o AR T ¢ AR TR e
(16 LU L Y A

A oud #d Beanpghs f1% pod i RIFEH R R EARNSRR 4  AT gk
BT o e ST E P d S [42]7 AT AT

AG = AGeh +AGpeh = AGeh + (AGe +AG +AGs) = 0

(&

HY AGen %7 RLEAY CFAD Lt o d TREF Beme 4 o H
BT AT R A E A AGuen » P R AEARTA S b B pd g
i eFITEERG D R AGa > EEEA P D R AGy > B 5 oi #
it AG

ORGSR e ATl o RER D B e R AR BT

e
LA D g PEFRAR TS bh’lfrﬂfz%ﬂ%iﬁs4vm/ﬁ\ RN XN



g“ﬁ%lﬁ-“ FCREE B Ao P A FREFHRE N I A R gAY g
o LFRARDNF A TGS NS DR FADTRD 4 o FRGRL 5 5
QJ% LiEARY P pd BRIt Fpd 2 Bk 0Tk A o

BEGEM R SCMRE Y o G B8 RS TR R IS L B304
Flet H /m)i*.x/l/%( Temperature hysteresis )4 % -] » ™ AuCd & & 5 &) » H 5 B &
%( BMERZZT)SHFEF 16C =+ 5 ARd w2bBEM fro STl % L
15 f ﬁﬁ_" P AL R A L R FRL A g0 N B o T R AR
gJF P REFA A > bl4e FeNi & & r oA E 400°C ™ ang BB F
Yo BI(1-4)[42] %57 -

.Y‘

2.1.2 % i* 5%1( Ordered Structure)

AR s &5 TIRFR 2R TR > TR0 AOAR RS AT
575 8 )jfua\é’unilf% i@ A 0 3 b e ST H BB h D sy g
REIRGET ARG S Dol R 7 5 0 S Sl & e g
R H S o Fe SRR E &£ P T BB @ L] R
ST RE (KSR o

FEM borif > BSEE B TR E G T R
(D% EAZ TR RBFFF ) > - B3 5~20 2 o A7 LR EEMLY
% NS> 4 ( Transformation driving force )/ °
QBT WHTRE ) P 27 APE o STl AR S B OE
iz A d ﬁr}%ﬂ et
Gy An 385 AR L R PRI LRGBS T Y
e/ i%,\, RSy Jelg) oF

2.2 354k 3z 8 < i ( Shape Memory Effect, SME )

A Y SERES RN TR S I Y A L
( W6P%iﬂ4ﬁ’ﬁﬂ$ﬁﬁéiﬁ%ﬁ£%%A’Wﬁ%wﬁrﬁg
BB EA-T R R KGR EIERE Arfe R 2RI R KAk > 4oR
2-D[18]#771 » ﬂjﬂﬁfa.f@éﬂ@? RENIAN N2 E X

(1)"“ L &(Mfu*r),g H A )ﬁn FeREAR B A o

(2)¥5 4 ?h 4 44 m}g B2

(3)%;‘ b4, przws BT o

WﬂﬁimﬂF’ 4R E SRR

§ - FEETER AR 0 * An(Austenite)iE (T A E L Fr 0 FoRE AR R A

I E’% i ( Self-accommodation )& 7 $c4Y o ~ )jfumaﬁ“ P2 = H - e Seil
BEo g S H T oklla A2 4 B0 50 KPR PR b
AT o FEw ATH € P ARF D AR WwR(2-2)[43]7Eg 0 B P ASB o
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C D w f& % % fu( Variants ) & 58 p A F A8 L p FIFRTEAL SRR E
FUARI A 0 B PR A BTG I o

0 Sl L ,}’ﬂ._g 'ﬁ(%ﬁ'—]’?wﬁlﬁ%‘t”ﬁ””* M osgAs LL%I};E_EI‘%E‘%
A oo - R ERPRABHFH(Slip) > @ Ak E &R éfﬁg
R Y & B d B A& B 903 i 8% (Variants rearrangement) © F]pt ¥ A 4
il SV
PR B e SIS A PP AR A R RATEL R
o 97 4% b4 ﬁ%“f e bEREaIFLAYSLE D q,%mﬂ,;l%

FrfFE? cEHFRAERE D A LRI FRA L GRE 0 2 d
*"“‘L%;a*’aﬁﬂ/ﬁ-? e AN REF - TOERM %o F e ’mﬁg/ %"7 PN
Porhgd e BB RIS FERFN AP LBELRFOERER 2R
* 0 AERY v IR kA Kk o

kR Eorck @R AL LA B AR EEF R R DR D T
%’Aﬁgﬁﬂ*ﬁ”%ﬂéi%%°£$&k@mﬁ%%¢mw1%§k%’
BRI A g p B R B A AT M T X B g gl AL gren
WAL M F IR AR W SR e MEF R R 0 TR R AP R Y AR
W%%°%*&ﬁ@ﬁiﬂﬁﬂﬁ*ﬂ“i%*ﬁ%&ﬁ’%ﬁ#ﬂm—ﬁ G
Fenffhikln A2 B ATRA LG o el -

> Ak R R EHE NI Ti-Ni & £ i2 {73 & P 22( Constrained
aging )*7 & 4 FE R f o BT BB IR TR ER L £8d $35018 Ao
KT I A Aris § p v h kens £ k> FERBERS M
RIHK G 8P AL chip ik S 00 > PR E R R G 0 R g w R RAL A oD
At dept BR B E MR T AR R 2ApF IR % o B d 3 do L EaahifeY §
Foacd TigNig 7y > i P R AMAL F 3w bnfF S > @ 2 & 2
ferehp FARFL AL 23 A RERTE -

b

2.3 42 3# 4 ( Pseudo-elastic, PE )

AP AT B AR e AT B IR e IR R BT Ar MY My
(Mg = BaApic A2 s A8 o STMAP R L B3 R R)FERFFIN - %67
ﬁ%ﬁMJ’w%ﬁvﬁwwgéiw%ﬁﬁwﬁ’Eﬁiﬁﬁm@Jg%ﬁa
748 4p % i ( Stress induced martensite, SIM ) ° F AL (7 5 AT R A - K
£ o X T2 S AT Superelastlc VPl o e BI(2-3)[12]° % T
AP A ke il G il B G ARBEFMHELBAFET R (o)
Aea AR FE Ao T EERJBREE L NFHA AR T H DK
%%%’»ﬁmwﬁm@4¢%AMM~wb@ﬁfwméi&@,%zgj
AN AL AN ARBERF 2 TERAT AT Mg o

APT IRA KRS £ RREIRR M R BR8]k AT 0 F
R MePF o R RS A% 0 € AR R DAE AARRP FHRE
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F R KRR G M Mgin® R > kel £ 65 SIMem g 23 o
FARGERE 28 AR RS SRR M L
R17 5 pdek — SRR AR § AL R R RS R M % B(2-5)[20]
PP -k B R s 20 SME S PE 2 £ 8 ke

24Ti-Ni £ £2 LW B
Ti-Ni = =~ & & % %z T 74 Bl4oBl(2-9)[43] %77 » 4 = ~ 4L x sd » 4 &
F=FEA $/§_—, L& F V:F 3 T12N1 ~ TiNi ~ TiNiz = fi4p > & B =3 4p Bl ® F 4% ~
GBIV EITUE FHORFE B Y ZRIVOTIENI & £ L2 F A kR AgsEME

i B hHMEE AT RS #ﬁﬂf % CsCl 38w = 3 ‘~*1‘#(Bz) * e B1(2-10)[37] 47
7o St BcE a=3.012A5 A MGR SFE R ek AR PF S H AL 5 882 H( Monoclinic
structure, B19°) » & 4 ¥ #c 3 a=2.883A - b=4.121A ~ ¢ = 4.609A ~ B=96.54°[7] -

AR TI-NIGREBELEPIRRELE XL BOM 25d - £ 7 ka3
2o blde (D NI g £ 5 Qg Q)R ik > H R ETA
By@ROM e RAPRE AL &7 P2t £ &6 Mo & Te(R *B%,\aiﬁ)i)ﬁﬂiﬁ_}i :
EFREMS>TRPERT » B3 ByOM e i (7 5 5 Fi0d # A frd] M, i
A REMKTR Bl €F ByOROM - R BEFT L A2 o

“q/;P‘ el kn 5 0 RO MR R R AFETHRTLI R R
WO FIMF U ATETAREHAEA L AT Ac R R S AR p T
= ‘Kfﬁi“ﬁ’ Rerjfk > RS p REEFIFTEYR = JF e AckEAR %\%H*:C'f‘%f"i
BT SR NBRE AT AIREATY T U LR LR E o AFERY L€
R e T R BT SRR WY TN £ & e s i kB L
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%L%mAﬁ@ BiEARY > Ban g2 AR TIEF A g &
BAARPFTIEICEASERA A AL BT PA R BT

= Mg & iﬁ’.)iif?r.sﬁ"‘é‘ Mo PR d  TIEFTPIGEREMA N L ¥
T RBARR R T d AN TR BH BT H L Mo

3.1.1 = BRIF & %K

AU PR T engE 45 B 28pin endg R 0 @ AR EERERER ] 0 T
Ren B i A0 RERER WwB(-b)T BP v BiFEs D55 T hik
Lo BB EABDTRE WwB iR o RABERLR Y chd_ Agilent 6625A
T RIER BT BRI * hE_Agilent 33410A eh= * T Ao BERE 2 ﬁ‘dxrﬁ?](l -C)
t-'Li—ﬁ— o

Foobo 30 A A R ARy oo BRI Tl G R A TR D
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¢nega1ive = Awegative X Vnegative

:’E! ¢ 'Aﬁsositive”‘;i“7 Awegative é“ %%/{ gﬂ é o ﬁ"? I ﬁl]: ’ é-:C Apos'tive = Alegative = A ’ ElJ
3-5 3-6 ¥iEH s

Drosive = AXV osiive (3-7)
Brasane = AX Vo (3-8)
#(3-3)(3-4)5 =~ (3-7)(3-8) % » PIIFHATBL f > » ﬁ””%ﬁ?ﬁ% kT iy 4
B roave = A28P i) PE i) (3-9)
Brine = A28D, ) Perre) (3-10)

B AT~ R PPN RORA T LG BRMART 2
g S W
V, =V, sin(27 ft) (3-11)

APV EHARS auRig o F LA hmb o BRB A b B
FiEE AR 3 g RIEE R w RS - o T B 0 A S
[47]

M
v ooy |11 (3-12)
| (7Y +1

¢ 77 gnegatlve/gpostlve g r‘h’ —E—i’g/\iﬁfﬁ ’ E‘“nij“?%@— SR @ﬁ;ﬁ{g
R 52V e o TERBIGEFF 2 §f 7 42523 (pump stroke efficiency) 3

v, (n):-1

o]

, (7)? +1

1, = (3-13)

SRR Y RSB RE F Nl A I ECEE S ELE -
5.1.2 HAcFR

- A G K R AT RAFL ARG
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Ap= K% T — (3-14)

Ho 0L %A o Upweam s » ¢ 2 T893 A& o d (3-1)(3-2)& (3-14)7 12 @ 5] K

£ 5 2l M
A, j
E= K[ roat (3-15)
Ajpsream

B9 A 5 B OB E AL G 5 A B T LS D B PR
4 Thde o 4Bt feibtR i e AT L D o T d v Rr[4]Y @)
4o ®(4-3) ~ Bl(4-4)#71 o

r»r SRR E v A G AR RS Bl c A fedic Bk
LF AR o e B@E-3)rF 0 B el d 2 v r=02d pradp 4 %
K=0.05» &% 11 goag o

FrU R kA -G RIS A ISR hR 2 {2 ¥E( sudden contraction
(SC)) e e 55— s B /e8> BIALS R AW
('sudden expansion (SE) ) o 3t R FAW % » HIZ 445 4 (i 5

2 \2
K_= (1 —%j (3-16)
INRAE A NILGEE A A SR 0 FFIGA) L i 4 ek p 0 g
oo gk ot
d2
K_~042|1-— (3-17)
o)

FATER A HHE A BB 4oBIG-5)rT 0 F 20 £ 5 TOR S 4R 4 ik
FEENE 0160 T NFHER T AL 2R R PRE ok 31 SR
211 #F0 A2 B o TR 80um: EAL S 1093 ume

Sk RARETE A B0 T BEREE DT o Rl E IR RS Al
Wt R4 R G

AP = AP, + ADyegng anverging T APox
=%pﬁm«;+gmwmmm+ag o
AOEBARACR AR OR S A G LA S
S = G+ Eavrgrrcmarg + (-19)

APT AR A BN EINaIE A A KR ;gr} (3-15) R 535 45 3] 3% 30
SEN SR R
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Sample: TiNi thin foil
Size: 13.6000 mg DSC
Method: Ti50Ni50
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GPa
7 0r
6 OF
50
40
30
20

BI(5-13b) 2% = % BB < GHs R R 2 M %H

% 5-4 ANSYS 247 54 umEsE s 4 < alick B4 g, 0n 2(H = gm)

0.05MPa 0.1MPa 0.15MPa 0.2MPa
15GPa 801 1011 1157 1272
20GPa 726 918 1052 1157
25GPa 672 852 976 1074
30GPa 631 807 918 1011
35GPa 599 760 872 960
40GPa 571 726 833 918
45GPa 548 697 801 882
50GPa 529 672 772 852
55GPa 511 651 748 825
60GPa 496 631 726 801
65GPa 482 614 706 779
70GPa 470 599 688 760
75GPa 458 584 672 742
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% 5-5 ANSYS 247 52 umEsE > 4§ < alick B4 a0 2(H = ym)

0.05MPa 0.1MPa 0.15MPa 0.2MPa
15GPa 812 1025 1172 1288
20GPa 736 931 1066 1172
25GPa 682 863 989 1089
30GPa 641 812 931 1025
35GPa 607 770 884 973
40GPa 580 736 845 931
45GPa 557 707 812 895
50GPa 537 682 783 863
55GPa 519 660 758 836
60GPa 504 641 736 812
65GPa 490 623 716 790
70GPa 477 607 698 770
75GPa 465 593 682 752

% 5-6 ANSYS 445 504 m 5 4F % thdicr R4 22 %2508 % (H = pm)

0.05MPa 0.1MPa 0.15MPa 0.2MPa
15GPa 823 1093 1188 1305
20GPa 747 944 1080 1188
25GPa 692 876 1003 1104
30GPa 650 823 944 1039
35GPa 617 782 896 987
40GPa 589 747 857 944
45GPa 565 718 823 907
50GPa 545 692 795 876
55GPa 527 670 769 848
60GPa 512 650 747 823
65GPa 497 633 727 801
70GPa 485 617 709 782
75GPa 473 602 692 763
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%57 A& < HGPa)

25° | 30° | 35° | 40° | 45° | 50° | 55° | 60° | 65° | 70° | 80° | 90°
C C C C C C C C C C C C
W
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