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ABSTRACT

ABSTRACT

Solder joint interconnections play an important role in the technology of
electronics packaging since they not only provide the electrical connections but also
are the sole mechanical attachment of the electronic components to the printed circuit
board (PCB). The invalidation of solder is recognized as the major reason leading all
the electron system to damage. The quality and reliability of solder joint is recognized
crucial factor for the reliability of the most electronic packages.

Under thermal cycling, the solder joint and PCB generate alternate stress that is
the main reason causing solder joint failure. Through-hole and Flip-chip technology
are widely used in the electronic packaging filed. Based on thermal cycling test, this
dissertation studied on the failure mechanism and the vary law of the Through-hole
solder joint and Flip-chip solder joint.

This dissertation fixed the failure position for the damaged through-hole solder
joint. The results showed that all most all the damaged solder joints caused by the
peeling off of leading wire and solder. According the metallographic analysis, it was
founded that all most all the cracks breakthrough the three weak area. During thermal
cycling testing, it was founded that early in the testing, the crack generated in the
interface of solder/PCB and solder/leading-wire, but with the proceed of the thermal
cycling testing, the crack that generated in the interface of solder/leading-wire
developed the main crack, then leading the peeling off of leading wire and solder.

Based on the theory of continuum damage mechanics (CDM), this dissertation
derived a fatigue-creep interaction model for SnAgCu solder. And the fatigue-creep
interaction damage value was tested by resistance strain as the damage variable.

According metallographic analysis to the different cyclic SnAgCu samples, the
microstructure evolution and the damage evolution were examined. Due to the damage
mechanic of fatige damage and creep damage are different, the two kind of damage did
not couple early in the damage procedure. But at the final stage, the creep damage
promoted the fatigue damage. At the meantime, the stress of the crack front zone was
added, which speeded up the creep cavities in crack front zone formation.

Key words reliability; thermal cycling; crack front zone; fatigue-creep interaction
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BTRKHRE. '
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SN XSG B A FIFLE AKX 40 B3GR (Straight Though). ZHi
# (Clinched). %5 # %! (Semiclinched). %*%!(Spaded). iE[M45A& %! (Offset Land
Mounting) %, KE LA ZTER TN, , BETRMTEATX 50 IERE A

(Supported Hole) 5 7 37 £ 17 £ /4 (Unsupported Hole)!"!, 1F 1-1 fi7x.

a) ST

a) Supported Hole

b) SCHAR R

b) Unsupported Hole

B 1-1 L)

Figure 1-1  Pin though hole
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Controlled Colispse Chip Connection.

12 fEEE R g E®
Figure 1-2  Flip Chip
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1.2. 4 BB AB
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ARty S — -
YIS I 1777 [/////////////J//////:l YIIIPILLLEAI LS LLL I 102 RIS LIS L S SISV
re— H v 1

& 1-3 e

Figure 1-3 Mixed technology
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Figure 2-1 Air-condition circuit board
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#2-1 WEEESK

Table 2-1 Wave-solder parameter

# 5 BER AL TR (BL7R) BYRE % WBEEME  PCB I BIBE

MmEEER  1.1-1.5  100-130C 150-180C 24715 C . 4-7 % A2 RE

2.1 B BRI R TR RSN IR 54

BREBFEATERNR, HRAERSHTIRNHRIEOANGIEN
M. WHRARCIES, EH515MSnPbsTE . PCBHAEEAR 5 SnPoéf A &
PRI Z R R RS IK R BUR A RECH REL IS ) BIVIRN ), IXEEN A #R R
M AR AR — A EBRIFECY. JEIHE W B2 2R T R

REEDL
A\ 4
LAY SNSEIFE 2 (g R SRR
A \ 4
ALY Y M WELEM
l B
PR FEME
(SEM) 43 #77

Bl2-2 REHMFHTR

Figure2-2 Program of failure analysis

2.1.1 WEN

sHFBEIER (THT) SA5E5%E8M0F, BARBAESMIE. SMEEENK
ALUER B, R % B MR BT BE 83t R4 AOD % ikl
B2, mEk B Q46T MPCBAM UGS, mE2-3, BE2-4577,PCBIR 54F
¥l EWE LS ERIEE R, HRAHNT4,
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# 2 ¥ BALEIES S APIT AR

F2-3 PCBIR ¥kl i Kl2-4 PCB 15BN
Figure 2-3 Integral photo of PCB Figure 2-4 Partial enlarged photo of PCB
solder joint solder joint

Bl 2-5 1R AR TR Kl 2-6 3141 KIHE

Figure 2-5 Solder joint surface defect Figure 2-6 Leading wire desquamate frome solder

: 0.5mm

2.7 SILRAER K2-8 RAZURA

Figure 2-7 Leading wire desquamate frome solder Figure 2-8 Undamaged solder joint

ME 2-5 W LLE IR AR A IR 5RM, B 2-6 ADKRBHIER, RFBM
HENTR/FI XX RECHR, B 2-7 H5ILKCLBBHIR AL BRI KO LM,
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Figuere 2-9 Undamaged solder planform



He® BILEMRRENITHRAR

b) c)
B2-10 R S250% A i P

Figure 2-10 Undamaged solder cross-section
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Figure 2-11 Cross-section of failure solder joint
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Figure 2-12 Internal defect of solder joint Figure 2-13  Crack breakthough vulnerable area
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Table 2-2 Element CET

o Pad (PTH) Pin Solder PCB (x&y) PCB(z)

CTE (ppm/>  16.7 16.7 24.1~27.9 14~18 50~70

2. 3 BAIEINREE T
2.3. 1 REMEFRHG
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FER-40°CHI25°C, ENLHMEIBX T A 125 CRRRK B H-40C. TEEFAMH
2400s, BHRE/RFEF& 10min, ¥ILGEE (BN AHNERE) 20C, AFRRERA
16.5°C/min, BB MEK kM E2-13F7R.

Temperature/°C

T T T T
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Ki2-13 BB —HA 8 fhk

Figure 2-13  Temperature-time curve
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Figure 2-4 Fracture process of solder joint
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b) The interface of solder and leading wire ¢) The interface of solder and PCB board
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Figure 2-15 Crack initiation at fillet
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Figure 2-16 EDX analyse of solder and leading wire interface
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Figure 2-17 Crack initiation at corner
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Figure 2-18 The interface of solder and leading wire after 1000cycles
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Figure 3-1 Damage element
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p=—-— (3-33)
28 1-N/ Ya
( /&>
W) ¥ E R RN T
5__0¢ .
D= o7 (3-34)
YREN DB FTRGHB KIS EAATREEEEEL, HREXHA
a;R,
r=- ém_p)z] (-39)
EAMKER, R AZHE, BJHnihh{Hr R, =1,
BESLHRR (3-33). (3-34).  (3-35), WHMGEM HREATRIEA:
D—KzRV & (3-36)

" 2ES (l_%f)}{,
3.3. 2 IR IR BRI

ERMET - RREEHBAE THENE, EXH, SRBROHER~EE
M. BRAGREFRER SRS RAEMMEATERG, EEEMEAR
M A (I AL A AR R, RETT 7E A A0 R ) = AL TR ORI o XA 45 47 38
KA LR B R R%, HE AN AREHM bk,

% [ — /A B R B R A AR R B B 4 1T,

P
N 28, (I_D)/l{z
G FEEENR (3-34) By, AIERGHEA

(3-37)
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p=--Y__ P (3-38)

S (1- Dy
BB F EREFTE = BRAEN, MEX—MBERAETEHER
FBMERATE p, AILR A Odgvist SEHE, ¥ p Fom kN IK R 218,

yo 1 [ %a_p )

P=1_p'%a-oy €9
¥ ERARAAGE-38), HH#Y RAKX(3-38), 7B

Tu By ! P __pr (3-40)

" 2ES,(1-DY’ a-py- K'1-D)
WEKy=N"+2, a=a,+N"+3, A =2ES,K" , M ERATEEN

. o, R
D=[—L) —=
A (1—1))%'
—frfhet, HR, =1, o,=0cl

(3-41)

p=1Zy —!

=[= 3-42
2 a oy (-42)

3.3. 3 TR FHEAERESL

ARS8, H Df RoREH 045, D, R~
EEARGT, PR A R RE R AT LS R
dD, = F,(Ap,D,,D,)dN (343)
dD,=F,(o,,D,,D,)dt (3-44)
b Ap ) BRBHNE, o, Avon MisesN /T
MR R RS R A R E AN, (ERRES I H¥EE RN HE
X, 435 e IR 55 AR AR P s BB 5 W S B AR LR AR > B U mT LU A, Rtk

f D=D,+D,
(3-45)

ETR (345, K (3-43) M (3-44) TTIEPEF K
dD, = F,(Ak,D, +D,)dN = F,(Ak, D)dN (3-46)
dD, =F(0,,,D,+D,)d, =F,(o,,, D)dt

33 (3-45) BU IR (3-46). (3-47) A, AIBITFRER
dD = F,(Ak,D)dN + F,(o,,, D)dt (3-48)

(3-47)
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X 3360 B, BOUFH&MHHK: HN=08, D=D,: HN=N_ K,
D=D,, ¥4 D, RID, 5 HRFERH M T KA BB, B R
W

D, =D, ~(Dy-D,)X1-¥ N,)%" (349)
N, B kBRI IR

FIE xR (3-42) 85, BB L R FH4H: Ht=08D=D,, Ht=t, B D=D,,
D 1 D, 7 HREFERFM T PGSR R KRB, ¢, RERRREE, B
SSRWT:

D,=D_-(D,-Dg)l- % You (3-50

ot T WA Y 7 BR R BRI 97 — R AR A ELAR AL B PR IR R AR N TR B R R
0

t=T, N (3-51)

RH Tr.c H—AMEF N B RE .
BRGSRAR (3-50), TTHTR:

D, = D, ~(D. ~ D)1~ N7, )7 (3-52)
EHREEANEE ST XEERBRT, BEFEa5RTHFMRE—HW,
Ep Nf = Nc =ND °
%L (349) 3-52) AR (3-45) AIBAW TR FFEZX DA EIRE:
D=(D,+D)~[(D;-D,)1-, v, )/an 4 (D, - D)1 —%c)%ﬂ] (3-53)
Dy + D, =D, RINKBBAR BT H Dy Dy + Do = Dy FNHIEEHRTH Dy
X (3-53) HHBEHHRABANER G EZRANEFRREEREBEIN, K

R —E TR AR & BRGRERTLK, EXSHERT, BTRFH
R B, B RGREERGHX S T2R 5, 5ot BLERIRST AR

&m&m&waaan-&&gmgﬁﬁ%ﬁ,wuwﬁ%~ﬁ§&E¢%?m
Sl A R, BRI SR M B AR F BUs RRERE . 5 LT
B, MG AU R RS, a-Vf ), #R 353
DGR

D=D, —(D, - D,X1 —%D)%" (3-54)
R (3-54) HEXEA FRBEBEAR .
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3.3. 4 MhBIME S %

WEBRGHEEER=F. OREBE W ENGEE PSRRI, KB
FHIRM ARG, PIHEHRNAZRRE. B2XEH &I EHMERN, £
MrEr, SkpasfETHE, BRERARNGRME, WEMNEREIRERLIZXRE TEMN
TENEBHRBRYHNA. QELEKFWUNERDE, EREXMAZERFTRKN
IHHEQEIMESBANENN WS EWN: FETI, HEZL, HEHHRE
HIZEA o

ASCK A HEEENR ERG . £RMEEEBARKM SR . HER, &
5RBME SRR . XN IWERT, REUEE7Er s #ESE AL
B, XBHEBMERERES. X&:Y. BEHNESAOESE. —BXEMNE
ZEARMN AR, MBYESEXEABEHE, BOBETHR, HEEIENE
HT, BEYSEBEERE. FR. HEYNT BHANELEREEN, HEREEK.
MR f R, BRI LT A ME— B A REe, RYmEEBETFS
B RAEDSE, BREAREE S EFW A SRR EHTHEEN AT
i, AABEERSERNGREEBHRE, FRFRERERN, ANFH
FHRLS B e (R ) A AR AR 1952,

AT H R B FDEME N BAR BB FHR T A, HRELEH TR
fEamkRE T ARBRIVERE> . BEREE TR, mREEFRLE, FrED
BR—ANZHKE. BAEXRER—4%HE, Ul A—HFEDRxR~. 34
MFR—HEAERG, HERERFEMNFUEBERER . ER—SHmEER
R, KEALRAFEE—ENIKFTFEENKAEDE T ARFER —EMHED.
HESHRGPESRKRZWT:

B AHEHRE HERpZ B FX R

R=pl/4 (3-55)

S —Brd: 54, HBERERFENENBERERD, %, &5

AEAD, Mtk e AN FRERA
A=A4,(1-D) (3-56)

AHFACKHRBEH, ANEREBR
R (3-55). (3-56) &

D=l—£’-=£ﬁ=£=s (3-57)
R R R
R R WA EHE AT, € 4B . 7T iR WA BIR 5 B R D 2 (i

KR
HFHRAMT RAHEMEN K. BHBERAENEE, FB0R R B
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B

[ e <o, BEL IV 2R — B R 4% L R BB K R TEBT BL. BEERRAMT RS
AR ERE AR, XHRGRERK, HNAERRERREK.
BR MR B 5 B0, RN BRSO E R BN LU R R
VR, ¥RYELT BREAEESBUEABIR. XNRHGR/RK, FRER
ARHIVERR, XL A B ARt R A X R AR IR

o L BEL 00 P 5 A P T B W AR SO M) T S A R 4, B M e PR
ERBRAMARENKRBERZ — EXREP MRBEAMEREEEHNZX
BB, (B2, B T B A 5 32 RSO R R R 7 5| 4 e B &2, R A XUB rabr
R BEIR1 LOQ BB BB SR AT INA B F EREER T HELEN
B RRra B R . TUEREHE (&) MERMBZ A, FYitet
500 o BEL AL AR /S, B IS BRAET BT S IR IO 40 R T LA B RS AT B B e 2 i R IR
MR R B R . TUARAT A 2 E B T R R T A 3-3,
W AR R —A A, BRARRESMERS LRBAE, BE
ZitHIE AR PR . PUEREHRA I A ZR 16 B AR 2 RS,

HEL 3L 0%

HL Fs 3%

>

BI3-3  DOREHRR R

Figure 3-3  Four-point testing principle
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3.4 FREBSFRIGMMRESIAE
3. 4.1 BEFH TR

R ARSI, HE AN IR S R AL R 7RSSR SR 1R
FTEIRESAWPEFTMEEOREAEM, FRENINBEPXE, Fhik
FARNGEWAERNY B, BREIFBEANTETH, FHENBEMRM. #IE
HRMEERZBREZREA T EHRGERBRMNRE. HERMBEERSRE
TRAEMSHEIHERXA—FHRZER, ENAKE. BEFETHEX.

PIERR AT, B RRZIK R BRI B 26 RS2 5 & RITE TR
HHIR SN, 1B AR ERERE, —REL TR TEREETIERE
BEREE, ATREFENTXMERMHESE. RETEIBHAERNNS
fER . EXFRBAHET, BARBREH . BEAERNEIEHSRETNK. 78
RS B R A 3 R 2 B BUR M BVEFR B, IR A SEBR 2 2 IR R
EF, BEARETELZLE, MARHMETFXKE, A TREKRAEALE, £
RE2T HES . BiEIANER SRR EYE RIS DRAEREEA TR
A RIPIE T G BERH, R EN I NEEP X, HFhk=EeR
GUNHHAERT B, BESREANEETR, SREANREFMRIA.

T ERGE A PR b R R IE TR T R B RE, LR
KANER GBEHR/RES) BEEFBELREREME 7 iRiAREA, H
WitIRE N INVAR &2 ARKREEETE, MESENABKRECY
23x10°m/'C. MEBERRF. FRWE 3-4. 3-5 B, SnAgCu R B EZE
FEBEZ BB, HLBREEREANETRARAN, MERERMRER,
HFFESRBHAEERBOAR, ¥HAEEAE SnAgCu RN —MEERER
IR S BT FRHARERSRAE FREME, SROFER~EERZR,
RAEWED, ST R AMIGEREHZHEN.
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& 3-4 SnAgCu R R AL RET

Figure 3-4 Experimental facility for SnAgCu solder

'ﬁ[ s e _.:_-.'ﬂ-— !
T
10 ol l
- j' v . *
Nﬁr }% l::t-_ ) _ri
B gl

Kl 3-5 LRFKARSTHE
Figure 3-5 Experiment cramping size

O 9 LW FECTSO1F R K IR ph o R B0 48 o B 3-632E 4T, Ik 77 =X i P %
foi, PIEIRHIILFEE R-40CHI+125C. KA AARETET=40C—+125C AR
T, VHRERE (BRNHNERE) 20C, LIRS FHEEEZEH33C/min, &
(63 AR LS (8] K 1043 8, — /NGBS TG EF (I (8] A 30404, N 41 B 3-7 57 7«
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Figure 3-6 Temperature shock tester and four-point measurement resistance device
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Figure 3-7 Temperature-time curve

3.4. 2 iXEHH

ORFEHEL A 96.5Sn3A20.5Cu A& H A WFE 3-1 Fin, HElI&LRWT:
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®3-1 SRS
Table 3-1 Solder components

Sn Ag Cu
SnAg3Cu0.5 96.5 3 0.5

YaEE & LX19-001B H1RsHY. KSY-6 BEEEHI{L. JP-500 228/ KF.
TG328A BN HLHT K. HHR. BEMHA.

FE: S (AEBhE). TKELE (AR, £BGHR. Bk, #
Ko

WSS BRNT:

(1) WA E. 7 TG328A B RF _ LILHR 2.1 Brég Ao B AR EL
=R RS, RERNRERFSHE SRS FREAL0.1mg;

(2) FREUE . F JP-500 2243 K FAREXE h KCL A1 LiICL &—1#, &N E
NEELERME, LIRIEEREBETEBRAMUNIEEBEM. KR P
¥&4. KCL f1 LiCL FREHEN 10: 1.3: 1;

(3) B, BREFHRPEBAHRPIHIAIRES, BHHRET
LX19-001B #t 1R FEY S, FTIF KSY-6 iR E I HI KB E R 450C;

(4) FPEAZE 450CH, HEBESEHRPRGE, FRAMENK. F
B AR B 47 (0 & 8 B T iy 55 Hi

(5) BB EPEERAEEEBHNEHRYP, FREEdERBRE,
H RO KER SRS IRB 450°C K4

(6) fr&REB 2B MARMER;

(7) HHIRFHRE BT RUREN T, EHRE TR 40min,
3t H48% 10min i —IK, BRIEERE SRS EMR;

(8) 40min SRR, HHEBRRETAH,

(9) BUBETRI &R, EREBIR EEMRYE, HAKBETR, FEK
B R:

AT EFREBIEREE R, ALRREGT AR TR wAE 3-8 Fraiyik
¥, KRR T wmEFR:

41-



R TR T EM 248

2mm I [

1smm

3-8  SnAgCu RFFREHE

Figure 3-8 SnAgCu sample size

3.4.3 REHBHH#H

S AR P R DR EH L I BGA A RBP4, SR B W R 3-27 7R
#3-2 PR KO
Table 3-2  Resistance vary data

JE 3 R (10°Q) N/Nf D=1-RO/R
0 0. 194229 0 0

72 0. 195878 0. 02381 0. 00842
144 0. 196642 0. 047619 0.01227
216 0. 200096 0. 071429 0. 02932
288 0. 200617 0. 095238 0. 03184
360 0. 204247 0. 119048 0. 04905
432 0. 202698 0. 142857 0.04178
504 0. 200722 0. 166667 0. 03235
576 0. 205481 0. 190476 0. 05476
648 0. 206805 0.214286 0. 06081
720 0. 20143 0. 238095 0. 03575
792 0. 202387 0. 261905 0. 04031
864 0. 20753 0.285714 0. 06409
936 0. 206138 0. 309524 0. 05777
1008 0. 202453 0.333333 0. 04062
1080 0. 207036 0. 357143 0. 06186
1152 0. 207047 0. 380952 0. 06191
1224 0. 210887 0. 404762 0. 07899
1296 0. 204691 0. 428571 0. 05111
1368 0. 206818 0. 452381 0. 06087
1440 0. 214691 0.47619 0. 09531
1512 0. 214739 0.5 0. 09551
1584 0. 209732 0. 52381 0.07392
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1656 0.21259 0. 547619 0. 08637
1728 0. 21007 0. 571429 0. 07541
1800 0. 214319 0. 595238 0. 09374
1872 0.213746 0. 619048 0. 09131
1944 0. 208864 0. 642857 0. 07007
2016 0. 208669 0. 666667 0. 0692

2088 0. 212286 0. 690476 0. 08506
2160 0. 213464 0. 714286 0. 09011
2232 0.22173 0. 738095 0. 12403
2304 0. 215956 0. 761905 0. 10061
2376 0. 223206 0. 785714 0. 12982
2448 0.214312 0. 809524 0. 09371
2520 0.227792 0. 833333 0.14734
2592 0. 229319 0. 857143 0. 15302
2664 0. 233926 0. 880952 0. 1697

2736 0. 23965 0. 904762 0. 18953
2808 0.273074 0. 928571 0. 28873
2880 0.477984 0. 952381 0. 39365
2952 0. 355985 0.97619 0. 4937

3024 22. 63741 1 0.99142

B|3-8 4 %3200 LR B th2k P, ME3-8uT40: OBEETEIFMBET, THRK
R RN B SBME AL TG, TR R RS EREA MRS TR
Wy, T SB AN KTTES . @d FHRBRLMT RABHEMNEIK.
B PH B3 AT E18, DR 35 B0 R R B I B AE v BEL N AR — B i) it 2% _E U &2
R KRN B, GOMEMRLNT B A SFENHRECREREERE, XK
RGRBRK, HNAESEHEELEEK. BB E RN, ZHHR
FRY, EMURBRHGEREY B, ERL0EEY BREARERS IR SR .
XNBGRARA, HAEREMMER, XtRK AR EL 8RR XF R KR,
X—IREER EFEI N D-N/N, L 28 EF. @LREIEEHEN/NSE KK
FIR AL E), XIFRHBENEENBHGERN—FHRBR. OBIXERGERIEL
ST R AR R BOR D R BE Y, AW AT e w5 Fdr, BEE
Bl A A B R B EIR PO B R B R R, SRR A HIRIE KRB
Bk = RIS K .
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Figure 3-8 Damage vs. time curve

A — A LA A B A MR 3. 3R, B (3-54) A Bit ik
2, R D, ERGEWRIE, RN A ARG, hTr
BT R R R ST, AR R, P A BB W 8
BJE — YR B 5 R SR OB (LMDEEET D) o BN BATR
KB 8515 F %34,

£3-4 REEHTRATE ARG E

Table 3-4 The value of D before the sample rupture
and after rupture

R A L] BAHRE
N, D, N D
2952 0.4937 3024  0.9914 2. 38%

ME3-8, RI-AMUFH, ERFHRTEHAGERSRMME, MFY
0. 470988 hnFEEE F1, RATYEW2HE, MxtTFEEFGKER & T2. 38%. 1
MR, WRIEHRAKRGEEN D, (BIER D, MiZEMN T HiRaTHRGE
5B ERBGEZED , XPEERRENALSEL2. 38%, ¥ D, HEHXMEE



%3 ¥ MRS TESTAERARGITHRAR

BB AR ESBEN, .
3.5 MG EREEAFHRSE
3.5.1 iRt

yZas Ve .
R RSB T, /@ + AR R KRR R

ﬁfJ\;%+1{Eﬂ/]\i7?<ﬁ¥kﬁ§%iﬁﬁlil§%ﬁﬂiﬂia e HERARERENEYE,
5HEmeEaA X, FEHRKRETHE. B TEGRRTRERT KRR,
HNH—NREAEZRE, W EHAREEFEERTARIRE . REFEHMUN
ARG RN J7 R R34 P B /NRBEEOR, FFEREAR KRR 5V B R R 22
&1, HERZRREMAFMF TARIEN A2, MTTIRTE N S)-RAE HLE,
T TSRS AR I B @ (B 3.477 P /MR SR 37 4 4F T N R E
BARS MBI R K, BIREEANEALAINAR E FH AR HATH
RIRAMBIR . SRTT, MRBEFER N D2 #5008 AT B i FR3kee .

S
“= B (

KSR HBAD2IAL M TR RN . AAK (3-58) ATLLEH, R
BMBERRERAROEES DRE—B, FHEABRIRLS MK —B,
WERATAT LB BN R — B RN AR . BT T R KR DA R e B B 3-9 B
N, HAFD2K6mm, hkylmm. RIEAERAPLMES-10 LT, R mEmE3-38
BESA.

B 3-9 KikHERIKA

Figure 3-9 The shape of sample and fixture
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3-10 HFHP R

3-10 Thermal cycling tesile device

B2 AD2EAL I vl LA TR 4k18:
140 3eF
Fm———

4 7,
AN FE ) P A T B AR X AL A8 1 3. 47 RS S H P R & & A A B AZ K R

ﬁ&ﬁ o ﬁﬂﬂﬁ‘[ﬁﬁu $3_3m;—:‘—-\-u
£33 WRE M
Table 3-3  Value of load-on

(3-59)

e (s) fr#(mm) fir B4 mm/s HBECC)

s S s g i —
196 0.273 125
796 0.273 125
1096 -0.141 -0.00139 -40
1696 -0.141 -40
1996 0.273 0.00139 125
2596 0.273 125
2896 -0.141 -0.00139 -40
3496 -0.141 -40
3796 0.273 0.00139 125
4398 0.273 125
4696 -0.141 -0.00139 -40
5296 -0.141 -40
5596 0.273 0.00139 125
6196 0.273 125
6496 -0.141 -0.00139 -40




3 ¥ ARESIBTHSTIEERRGITHARR

k32

7096 -0.141 -40

7200 0 0.00139 20

3.5.2 a EHIITE

PR AT LR BEMA AL BHIRR, RERE\EARX (3-58) HAK (3-59)
WEN N ENAR, NN - RAR S E 3- 1L BT 7R .

Stress(MPa)

B 3-11 PrffRR N —MNE X R

Figure 3-11 The relationship between strain-stress in tensile test

ME3-1IRTUE ], M- EARER _AREARFEAR, L iEH
tN M EREEN. NERAEMENRRIEE o EREER. . BEIES A
BN 1 A T ST N N R REIE N a . o EHH RS R AES 4.

#®34 aff
Table 3-4 the value of @

Ag afl
0.239 0. 2166
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3.6 HmRILAENHESKIE

15 57 R G e AR TE AL 3.3 BTk, #EaR(3-54) A W4 SR
D=D, -(D, —Do)(l—%n)%“

D, AREERVIG TG, BRENE, 2B RGRESHGBREREEFHAR
(3-54), 33| SnAgCu 12 EHR ML B Rk (3-60) FizR.
D =0.4937-0.4937(1 1%952)"-”"" (3-60)

B3-1203 4 TR AR (3-60) iHtHBHDESRRARBRIDEMLE. A
B UEY, AEZELEYEN. REERANKBINBRELEE, 52
B RN, BRI ERREK, K55GS FRE—2, B
PRI G B RIS MR, M ROMELEH, HREFBERBLMEE
PARBEURIEY T TR AT REPIRRAHRTBAS, BRI 55 1 R R B B S Bk
7 “HitiEilahe” BN EIRKNLENR. MEURANT RAS®IE
IR SR A R, XM R AER. BEBRNEEEHN, Zdha
FRL, EMNULRSREET R, EROGELT RERILAEESBUR SBIF.
XNHRGRARA, HFRAAEREMEE, X—dBEEN L RRERGERAE
ek By ek TR LAt kT W, P HES TR BE N AR 545 2 RIB X R,
5 bR U KRR REAREY S, SEAER THAER TR T
YER TR RHR RS R

104 s Experimental
— Curve of Eq(3-60)

0.8
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0.4 .
)
s/
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Py O g B OB
004 e
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B3-12 R SRR IR LR

Figure 3-12 Comparison of the curve derived from the model with experimental result(the
length of sticks is 120mm)
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3.7 &REIHES

RAEERBERRR T, SREREFTEMEM, ENDNERFREK, RL
AT R . AR RS IR B TRAMY R, HARORE IR/ E .
T8 b 18 R B R LR R A A ) ER RS BE A P T 5 2R R R B 55 AR 22
ZHAEM, ERATENANREPXE, kPRGN ENT R, Ba
KT ELFHI5HT SnAgCu HEMEGR AR I X BAEM T B RBAT A, AWxhAF

1T AT PSR .

AT R 4y BIZEN=500, N=1000, N=20008F B HHikFE, FIFEM EEL
REAREIRE, 4 H1H200. 1000, 12005 FRP4CEERE, BAKIAES 425, 1.5, 0.5
I da B R A T

RPER R 8% 22 451 40 e 7 I S P (r B GRS BR AR BV G (wRUREE) tnfE3-11,
BRI BN E KSR, FLAKNESSRBRERBLGEFBMERRE MR
Wik . EERMEES BB TREMSHEMEXK—FRBIER, E3-11 &
SnAgCuR B ERBARK P ARAE KRR, EXRAILFEHZRE D mE
3-11a) FiR, BBAHERREER /M. “EH2000/4 5 RIRFLIAFESER K/ LE
B 23,

a) N=500 b) N=2000

B3-11 fLRE KR
Figure 3-11 Cavitas grow process of SnAgCu sample
SR PR TR A OFEIRBHAMRAKER: ORULEY
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Wy &, HALRBMMBKEN AT A CR—HBD ; ORI HEL T
KENHWTET R BB  FEAESS, HTEHNERDN, HHHR
iR F ERIA R —Br B, B KRR B R S i f2 b 7
(AR T, mTFNAKPEA, ERESKARBERB, 3K
Ry, Wik, B FmEREORYY ROE —MERES.

FI3-12 0 AN IR A SRR S AR B B, 7E500/ B, E3-12 o) ftaw, WK
SR, ERFTHANILFE RS, EmERKER T, HTRENZE
b, e RHESHAF R —EMTEAVIN S, AN LELRFE LN
BRI, BEX N NAREF X, WRRGEERXIE. B RER AR,
ME3-12 b) . ) FimrlUAB BFBRAMT K.

a) N=500 b) N=1000

c) N=2000
K]3-12 SnAgCui Ry itTHe

Figure 3-12  Crack expansion process of sample
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e e e

AHERERRREE T, SREBESNAKERER, e S
BB S B A & B R EAER . & TRBRABT 0 A LA AT
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