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Development of low-Ag solder alloy with excellent creep resistance utilizing
constitutive equation

Hamada, Naoyuki
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In order to develop the low cost lead-free solder with excellent creep
resistance, flow stress and thermal fatigue properties of Sn based alloys were investigated. It is
clarified that Au was the most effective element to increase flow stress by solid solution hardening

of Sn based binary alloys. Among Sn-Bi-Au ternary alloys, Sn-3Bi-0.01Au had excellent flow stress.
Thermal shock test revealed that Sn-3Bi-0.01Au had the excellent thermal fatigue properties which

were equivalent to those of Sn-3Ag-0.5Cu.

Ag Ag



2006 RoHS

Sn-3mass%Ag-0.5massh%

Cu SAC305 Sn-Ag-Cu
SAC305
Ag
Ag Sn-1mass%A
g-0.7mass%Cu Sn-0.3mass%Ag-0. 7mass%Cu
Ag
Ag
SAC305
Sn-Zn
Zn Sn-Zn
D 1 mass%
Ag Sn-Ag-Cu Zn
Sn-1mass%Ag-0. 3mass%Cu-1mass%Zn SAC
103-1Zn SAC305
2)
SAC103-1Zn  SAC305
3)
Zn
SAC103-
17n Ag
Zn
0.3mass% Ag
@
Zn
@M
0.3mass%
Ag
SAC305
25 1.0x 107%™  40MPa
Sn
©10) Sn
@
0.1

Sn
Crax 0.1mass% 10

RoHS
Cd Cr Pb Zn
6 Al Au Bi Ga In Sb
6 Sn

12mm 4mm
Zn
25
1.0x 1073s™
25 1.0x 10™
1.0x 107%™

@
10

8mm

JIA-A
-40 <125 30
1000

(&Y) Sn-X X=Al Au Bi
Ga In Sb
mass® at.%

25 1.0x 10%s™

at.%
Sn-Zn D
1 Al In Sb
Zn

Zn Zn
Au
Sn-Au

3 Sn-0.05
massAu  Sn
Sn-0.15mass%Au  Sn-0.5ma

sslhAu Sn-1.0mass%Au
4 X
AusSn,
Au  0.15mass%

AuSn,
0.05mass%

Au

Zn



#*%1

WAt OFEIA & A SRR

=R .
o | BB semR el n
e | SRR
TE ma
mass% mass% 3R at.% "R mass%
Al 0.16 Sn-0.01mass%Al; Sn-0.044at.%Al 0.008
Sn-0.01mass%Au’ Sn-0.006at.%0Au 0.010
Sn-0.05mass%Au; Sn-0.03at.%Au 0.053
Au 0.71 Sn-0.15mass%Au; Sn-0.09at.%Au 0.16
Sn-0.5mass%Au | Sn-0.30at.%Au 0.50
Sn-1.0mass%Au | Sn-0.61at.%Au 0.98
Sn-2.0mass%Bi Sn-1.1at.%Bi 1.99
Bi 19.2 Sn-3.0mass%Bi Sn-1.7at.%Bi 2.98
’ Sn-5.0mass%Bi Sn-2.9at.%Bi 5.01
Sn-10mass%Bi Sn-3.9at.%Bi 9.81
Sn-0.2mass%Ga | Sn-0.34at.%Ga 0.21
Ga 47 Sn-0.5mass%Ga | Sn-0.84at.%Ga 0.49
Sn-1.0mass%Ga | Sn-1.69at.%Ga 1.01
In 77 Sn-4.0mass%]In Sn-4.1at.%In 3.94
) Sn-8.0mass%In Sn-8.3at.%In 7.91
b Tt Sn-0.5mass%Sb | Sn-0.48at.%Sb 0.48
) Sn-1.0mass%Sb | Sn-0.97at.%Sb 0.98
90
80
<70
% 60
R50
)
= 40
{E In
I 30
20 T=25°C
Al £=1.0x103s!
10
2 4 6 8
WMTROTINE, at%
X1 NI FEOERINR & REG 7]
70
T=25C
60| &1.0x107s!
]
S 50
40
.]Q
@m
20
Al
10
0.5 1 1.5 2
IR ORME, at%
v 3 == ¥ EL Ly 4
X2 AT OWRINE & REG /)

()

Sn-0.05mass%Au

Sn-0.15mass%Au

1.0mass%Au

#{
# 0.5mass%Au
10.15mass%Au
40.05mass%Au
#iSn
30 4:0 5l0 6k) 7|0
A, 20
X4 Sn-AuB4 OXEREHT
2 Sn-Zn 25 125
1.0x 10 1.0x 107%™

Stacking Fault Energ
y;SFE
Sn-X
Sn-Zn

X=Au Ga Bi
In Sb

g
é = (ADGb /KT Yo /G)"(b/d)” [1]
A D G

b k
T n d

p

5 7 0
[1] [2 [3]
& =(ADGbL/KT (o /G)* [2]
& =(ADGb/KT o /G)" [3]
[21 3]

5 7
Sn-X
25 1.0x 107%s?
1.0x 1072s 25
1.0x 107"
5
5 7

Sn-0.5mass%Sb Sn-0.2mass%G
Sn-3massY%Bi
6
3 Sn-0.05mass%Au

a Sn-4mass%lin

Sn
Sn



K2 BETGHEN OIS Ta R LR

IEHERn HEERE)

#F 15 8% (Nabarro-Herring) . 5
g )—= H)—7
R YLER (Coble) ¥1)—F 1 3
" cy  ETFHREK 2 2
BRI smin 2 ;
Harper-Dorn4!) —7 1 0
e~ BRI DRGSR EE 3 0
HE2T swornEnes 5 0
o L FREwiEE 7 0
10"
0.05Au  4In
n=20.2 n=10.7
w 107 o $ 94 "
B
R
.]é 10 o o .
é
& .
% 10 ° .
0.55b  0.2Ga 3Bi s
1=8.7 n=12.8 n=17.3
IO-S 1

OFnkiE, st
M5 O R b B ks o B

Sn-0.5mass%Sb

Il Sn-0.2mass%Ga

| Sn-4.0mass%In £ ]| Sn-3.0mass%Bi

X6 Sb, Ga, InBLUBIZHEML=E4E

DA ARk
3 Sn-X SAC305 25
1
2
Sn
SAC305
SAC305
0.1
SAC305
SAC305
Zn

Au Au

Sn-0.3
masshAg
Au
3 2001 2010
Sn Ag Au 9
5 10
3
Sn-Au Sn-Ag
7 7
Au 0.01mass%
25 1.0x 1073s™t Sn-
0.01mass%Au Sn-0.01Au
26MPa 2 SAC305
15MPa
2
Ga Bi Zn Ga 3
1kg
57,000
Bi Zn
Au Au
Sn Au-Zn Au-Bi
Bi Sn-Bi-Au
3 Sn, AgB X TAuDEY
i il
= £ {fi4E (F/kg)
Sn Ag Au
2010 2,400 57015 | 3464653
2009 1.727 44,198 | 2932505
2008 2573 49,852 | 2.903,039
2007 2335 50,774 | 2646425
2006 1449 43266 | 2265518
2005 1,174 26,013 | 1,581.330
2004 1305 23274 | 1428.142
2003 868 18.303 | 1.359.889
2002 807 18,627 | 1255210
2001 344 17.155 | 1,063,749
FHiE 1548 34,848 | 2,090,046
4000
éﬁ 3500
g 3000
BB 2500 oo 2 SRS
=
& 20000 T Sn-Imass%Ag
<o S Sn-0.3masseAg
% 1500 E
& 1000 5
so0 L=
0 0.01 0.02 0.03 0.04 0.05 0.06

AulNE, mass%
M7 Sn-Aufyés &Sn-AgBHEDEL
i o> g



Sn-2mass¥%Bi -
Sn-2Bi-0.01Au Sn-3ma
Sn-3Bi-0.01Au

(4)Sn-0.01Au  Bi
0.01mass%Au
ss%Bi-0.01mass%Au

8 Sn-0.01Au  Bi
40MPa

9 Sn-2Bi-0.01Au
Sn-3Bi-0.01Au

Sn
Au Bi Sn
70
Sn-3Bi-0.01Au
60 60MPa —>
Sn-2Bi-0.01Au
L0 49MPa >
N .
R
2 30 40MPa
i < Sn-0.01Au
20| 26MPa
10 T=25C
0 ‘ £=1.0%x103s!
0 1 2 3 4

BifisE, mass%
8 Sn-Bi-0.01Auf & DOBiEIN&E &
TRENG S D EAR

| Sn-2Bi-0.01Au J Sn-3Bi-0.01Au

[¥9  Sn-Bi-Aufr4: ORI

5
Sn-2Bi-0.01Au Sn-3Bi-0.01Au SAC30
5
3
SAC305
10 10
1 10
11
X
o
4
100x%
/30
5
Sn-2Bi-0.01Au  SAC305
Sn-3Bi-0.01Au
SAC305 SAC305
SAC305

Sn-3Bi-0.01Au

[X[10 SAC305TIXA 72T L= &4k

K11 7 Z v 7 PR SN BA
(a) RBrAT, (b)) BBk

®4 BEERBRG DY T v 7 SRAET

(2)Sn-3Bi-0.01Au
g F
1123 |4|5|6|7|8]|9]|10 =0
ik
ax T HEL| x| x |O| x| x|O] x| x| x|x 8
=xz%200|~|0lOo| <~ |O| <~ <]| s
aFx 7 23O x| x| x| x|O] x| x| x| x 8
(b)Sn-2Bi-0.01Au
% 7790
1123|415 718|910 P
aAFTEL| x| x| x| x]O| x| x| x]x]|x 9
ax g A x| x| x| x| x|x] x| x]|O|x 9
aF 7 Z3| x| x| x| x| x| x| x| x]x]|x 10
(c)SAC305
123 als|e|7]|s]|o]10]7727
B
axgZ1[x|Of x| x| x| x| x| x| x]|x 9
axzzZ2| x| x| x| x| x| x|O| x| x] x 9
2% 7 23| x |0 <[00 x]|0|0]|x|O 4

= BEBDV T v U IER

Saf 7Ty BEER
Sn-3Bi-0.01Au 73.3%
Sn-2Bi-0.01Au 83.3%

SAC305 73.3%

1) N. Hamada, M. Hamada, T. Uesugi, Y.
Takigawa, K. Higashi, Effect of small
addition of zinc on creep behavior of tin,
Materials Transactions, 51, 2010, pp.
1747-1752.

2) N. Hamada, M. Hamada, T. Uesugi, Y.
Takigawa, K. Higashi, Effects of Zn
addition and aging treatment on tensile
properties of Sn-Ag-Cu alloys, Journal of
Alloys and Compounds, 527, 2012, pp.
226-232.

3) N. Hamada, M. Hamada, T. Uesugi, Y.
Takigawa, K. Higashi, Effect of addition



of small amount of zinc on microstructural
evolution and thermal shock behavior in
low-Ag Sn-Ag-Cu solder joints during
thermal cycling, Materials Transactions,
54, 2013, pp. 796-805.

4)Metal Prices in the United States
Through 2010, https://pubs.usgs.gov/sir/
2012/5188/s1r2012-5188.pdf

5) US / , http:
//ecodb.net/exchange/usd_jpy.html
Ag
Au 23
23
2017 65 70
Sn Au
2016
2016 9
Sn
Au 2
WEEK 2016
10
2016 12
Ag
Au 23
2017 2
Au Sn
17
2017 5
Sn-Au

2017

2016 116305
2016 6 10

@
HAMADA, Naoyuki
90736282

@
UESUGI, Tokuteru
10405342

©)

HIGASHI, Kenji

50173133

TAKIGAWA, Yorinobu

70382231

MORI  Yuuki



