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Analysis of Creep Rupture and Creep-Fatigue Life of Solder Joints
Shun SATO, Katsuhiko SASAKI, Aki MIYAGAKI, Takeshi TERASAKI, and Masao SAKANE
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Table 1 Loading condition in creep rupture tests.

Sn-37Pb Sn-3.5Ag
Temp. T | Stress o | Temp. T | Stress ¢
(K) (MPa) (K) (MPa)
22 35
18 33
313
15 313 31
12 29
12 25
10 24
353 353
7 20
5 19
10 15
7 398 13
398
5 11
4 9.5

Table 2 Loading condition in creep fatigue tests.

Strain rate £, %/s Hold Strain
Temp. T VfVave o . : g
® orm Tension | Compression | {ime t () Ae (%)
02
PP 04 0.1 0
0.1
c2
cc 0.005 0.005 0
0.1
0.2
313 PC 0.1 0.005 0
0.1
0.2
cp 0.005 0.1 0
0.1
0.2
TH 0.1 0.1 5
0.1

AT, LAARERMEN Y 7 b TABAQUS ver. 6.5.3]
AW 7 U =T ERAEHTIZIE Norton B (&, =Co") %
A 7o, Norton RIOMBIEER C B LIV n i, ¥ J —78
BHRRATIZIZ, S UM OB ) —TRBRE RO ESXF
DI-EER, £, 7V —=TEEFEMETICL, SV
D THE BB BN DG FHBEIHRICE SN TED - EE A
Wio. BHERATII ZERELOBEELAEZ By, Zo
EEOMBERII AV TO THIEOERBERIZES &2
IZEDT.

Fig. 1 27 U —7REICAVAIMBEREZREL-ED
FEM BT O — @& R34, R T OERN FEM BT ETH
V, OB ZMERW-THIROERFERTHS. MR
I, MIEIOBIRE D AW —BERKOTH (0.6%) TOUOTHER
5 =B/ OT R (0.6%) F CTOEMHARMBHF—&
KOTH (0.6%) ETOFEIAROIET 151 7 VIT-
o, TEMECBEESECAIEANTN S, ARG
BB~ OB EIRE S ICBITER & ERFERICETO
ENRRLNDR, BREUNDBMEFRE g REEOT
HARFFREDIS BRI EZ RS RE T 5.

Fig. 2IZIXATEBEAM OBRERET VE7RT. BAMIX
lmm EXOESEEF OER 10mm OFENETHS. FH
FRERMETITZ O B0 s U THEHFRRE L LTTo 7.
708, Fig. 2H® A, B, CIXBIRT DK A 7 g HHFMT
MRV AFMEARTHD.

30

Sn-3.5Ag
20

Stress O, MPa
(=]

-10

-20

-30
-08 -06 -0.4 -0.2 0 0.2 0.4 0.6 0.8
Strain €, %

Fig. 1 Hysteresis loop in creep fatigue loading of both FEM
analysis and experimental result at 313K (Sn-3.5Ag).
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Fig.2 FEM model of solderjolint specimen.
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Sn-3.5Ag, 313K, 25MPa

¥ T T T T

»
o

oooooooooooo% 4

OCOCTE £
0 2 09 2Q 0337 ITREE

N
@
T

. MPa

Stiess 6,0, O
p’ e Th
- N
w» o
m—ac
o
1

o
T
I

o
T
[m)
a
I

! 1

1 3 4 5

Distance from specimen center d, mm

Fig. 3 Distribution of &,, o,,and o, after Creep test
(Sn-3.5Ag, 313K, 25MPa).
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Fig. 4 The relationship between stress and rupture time
(Sn-3.5Ag, experiments and FEM).
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Fig. 5 Estimation of creep damage in TH loading.
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Fig. 6 Estimation of creep-fatigue life in TH loading
(Sn-3.5Ag).
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