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Effect of Creep Deformation Mechanisms and Power-law Breakdown Stress on Thermal
Fatigue Properties of Solder Joints
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The effects of creep deformation mechanisms and power-law breakdown stress
on the thermal fatigue properties of solder joints were investigated. In this study, all Sn-based
binary alloys exhibited the same creep deformation mechanism. In contrast, the power-law breakdown
stress varied by more than 10 MPa depending on the alloy composition and could influence the thermal

fatigue properties. Furthermore, the damage rate owing to the thermal fatigue of solder joints was
investigated, and the relationship between the damage rate and power-law breakdown stress was
analyzed. The alloys were classified into those with a negative or no correlation between the
power-law breakdown stress and damage rate. The electron backscatter diffraction analysis of solder
joints indicated that the presence or absence of correlation was attributable to the differences in
the recrystallization behavior when the alloy was subjected to thermal fatigue.



Sn

1
Sn Sn
Sn
Sn-0.01mass%Au  Sn-0.05mass%Au  Sn-1mass%Bi  Sn-3mass%Bi  Sn-
0.2mass%Ga Sn-0.5mass%Ga Sn-0.5mass%In Sn-1mass%lin Sn-0.2mass%Sb
massh 9
Sn Sn 99.995% Sn
99.99% Sn
12mm 4mm 125
1.0x 1073s™
Sn Sn 0.2
2 Sn Sn
@
125 1.0x 105s? 1.0x 107's
Sn Sn
3
1(d)
b
1
0.8mm
X1 FEHEEROBEIZHWE
TV hER (a)Ea R 7 ZE dh(b)
0 30 50
125 30 1 Sn-3Bi, JRBE:125°C
3000 500 1500 3000 10 OF %3 1 1.0 X107
Sn Sn
4
" ,i/ H O #4=0.002
0 0.05 0.1 0.15 0.2

HOFH

EBSD Electron Backscatter
K2 MmN

Diffraction



Sn

3Bi

100x
Sn

Sn

Sn-Ga

Sn-In

Sb

€Y

Sn
1.0x 10 !

L- Lo 7/ Lo

Sn

Sn-Au
Sn-Bi

Sn-

Sn

(n) 5.6

Sn

0.01Au

m

Sn-
(@ Sn

6.3

®

Sn-0.05Au

Sn-Bi

6.3

(@ Sn-

#£1 SnBXUSnE 5t

A&4&n125°C, 1.0X107

sTUTBT DR AIGA, WA, B8 L OB O

125
FEAR S KIE F1, MPa| _fit /3, MPa | B Hi{#H OY, %
Sn 6.8 3.4 81
Sn- [7$1-0.01Au 8.6 4.2 92
Sn—0.05Au 12.7 5.0 85
% Sn—1Bi 18.2 10.9 64
Sn—3Bi 30.5 21.8 36
Sn-0.2Ga 17.1 3.8 90
Lo=12mm Sn-0.5Ga 26.0 15.9 56
Sn Sn-0.5In 9.1 4.4 79
Sn—1In 10.5 4.8 102
Sn-0.2Sbh 7.9 4.4 62
10°
Sn, n=5.6 (b)
107! i :
. iSn-0.05Au
%1072 # n=13.1
- Sn-0.01Au .
- S n=6.3
- 10
i vt . ]
7 - %0 ¢/ Sn—0.05Au 73
f 5 ) e n=6.3 5 i
= 107
ol 1 B I
g B 10 00 10 10 100
VBN ), MPa VEENS ), MPa
K3 SnBLUSn-AuB &DFENR 10T HIEE DR
10° ' 10°f 10,500
(a) Sn-3Bi - (b) O g s
107! Sn-1Bi 11:’9.3 ] 107 et
n=9.2 } f i
T 102 : : DR 107
B $ e
107 H %107
& Sn—1Bi 2
=107 n=6.8 71 g 7
() Sn3Bi /15 o 5
107° n=5.3 107°
- I o I
W3 0 0 100
mﬁﬁh MPa VEENE /), MPa
X4 Sn-BiA&BLUSn-GaB &DTRENG & O BEE D BIFR
10° 10°
(b)
107" 107
" 1072 " 107
W ®wo
=10 2107
2 | £
10 77 P10 7
o) 5 ] e 5 |
107 107°
~6! 1 -6 1
W] L0 0 10 100
BN /), MPa BN /), MPa
K5 Sn-In&&RBLVSn-ShAE&DFENG 1L VT HEE DR

2 SnBIUSnE L AE@ DI fEEE R AR

HELAK IEJHE | BERUAREUSJ), MPa
Sn 5.6 -
Sn=0.01Au 6.3 -
Sn—0.05Au 6.5 14.3
Sn—1Bi 6.8 22.8
Sn-3Bi 5.3 26.2
Sn-0.2Ga 7.4 17.6
Sn-0.5Ga 6.3 27.1
Sn—0.5In 6.3 15.0
Sn—1In 6.6 -
Sn—0.2Sb 7.0 -




Ga ()
Sn-Sb
Sn-Bi Sn-Ga
Sn-Sb Sn
Sn-0.2Ga Sn-0.5Ga
Sn
Sn
3
Sn Sn
0.8mm
3000
1500
500
80
1500
Sn-Bi
100
3000
Sn-1Bi
100
Sn Sn
Sn-3Bi

Sn-In

(a) (a) Sn—1Bi
) 500917 RN
Sn-In
Sn-Au
- - 8 g
Sn-1Bi Sn-3Bi
Sn-0.5In 8 : R
X6 EERAMNEHOINE., BERL (a) LEEDHYD)
#3 RN E#OBESR
6k HEE, %
" 500 A2/ | 150044 2/L | 30004 A2/L
Sn 100 100 100
Sn—0.01Au 97 100 100
Sn—0.05Au 97 100 100
Sn—1Bi 91 97 100
Sn—-3Bi 81 88 94
Sn—0.2Ga 100 100 100
Sn—0.5Ga 100 100 100
Sn—0.5In 97 100 100
¢ Sn-1In 97 100 100
Sn—0.2Sb 100 100 100
0 =125 30
(@ Sn-1Bi 500
) 3000
@
32
/32x 100 500
3000
@ _536a 0.5Ca X35 0.26a  0.50a
100 ° a 100 (Spme ° a
95 N 0.5In 95 001”3‘(”%
0.05 ( ’ 1In
== == A A4 \
* 90 Au 2 90 - ™o 51n \ l.Bi
"T:{P J\:‘{P m Sn 1
& 85 &8 85 | & Sn-0.01Au] N\ :
- — & |5 Eun u
30 5 Toem \hi B0 5 s 357\
O Sn-3Bi O Sn-0.5Ga J
75| ® $n-0.2Ga - | 75 o o (Ol.f)fn o
0 Sn-0.5Ga Q Sn-lln
70 ® Sn-0.5In 70 ® Sn-0.28 ‘
10 15 20 25 30 35 0 b 10 15 20 25
REAIAAEEIL )1, MPa i /), MPa
E7 HEERIEBAEE OB, REARES S (a) .| i)
(0,25 n o (b) 0.25b 2Gi
v 0.2Ga 0.5Ge .2Sb  Sn 0.2Ga
100 Sn me ° ' g ' 100 0.5Gaa e e
L —~g o WRESL o1 Ty
Au 1 0.05 Al
o 0.5In o ° Au
? 90 oln ? 90 1Bi
BN Sn o Sn
@ 85 ; ::1 0.01Au §§ 85 E ;n ggltu
m | S Een |  fo
80 Sn-3Bi DA 80 "]. Sn-3Bi
,E E)} gl's’l(iu \ 3Bi 3Bi : ;n (3'“:,(”
751 o Shoam 1 75 | o ol
Q Sn-1In Q Sn-lin
Sn-0.2Sb ® 5n-0.2S
70 ° ( 70 . ) Sn-0.25b_}j
0 5 10 15 20 25 30 35 30 40 50 60 70 80 90 100 110

BRG], MPa

WO, %

X8 HEREMAMEE OMBIBILR, BRG] (2) M (D)



1500
100
500
500 -
o8 @ ® @ ™9 BAWMOTERK
n-bl
Sn-0.05Au  Sn-
0.5In Sn-0.2Ga Sn-0.5Ga
2 ()
Sn-Bi
@) .
() 10 Sn-0.5GadIPF~v 7, E\li8 {572 (a),
@ 50091 Z W AF 54 (b), 3L 30004 A7 A+ 5-# (c)
2 Sn-Bi
Sn-Bi
[X11 Sn-3BiDIPF~v/, A& 8 572 1L(a),
Sn-0.5Ga Sn- 500427 AF 5.4 (b). L3000 A7 1A+ 5-#(c)
3Bi EBSD
Sn-0.56Ga Sn-3Bi  IPF Inverse Pole Figure
@ @® © 500
3000 IPF Sn-0.5Ga Sn-3Bi
(b) Sn-0.5G6a 500
©
3000 Sn-3Bi 500

3000 Sn-0.5Ga



27
2021
27 318-319
DOl
28
Sn-Ga 2022
28 88-89
DOl
5 0
in KANSAI 2020
2020
27

2021




2022

Sn-Ga

28

2022

37

2022

Mate2022
https://orist. jp/kouhou/kouhyou_jusho_gakui/jyusyou/146371._html







