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Abstract
Mechanical Properties of 19 different Pb free solder alloys have been evaluated in comparison with

Sn-37Pb eutectic solder. Pb free solders without Bi were on the same level as Sn-37Pb in tensile

strength and elongation, and those with Bi had higher strength and lower elongation than Sn-37Pb.

As the Bi content increased, strength was higher, and elongation was lower. In torsion fatigue tests,

fatigue life of Pb free solders without Bi was longer,and that of Pb free solders with Bi was shorter

than Sn-37Pb. The relationships of plastic strain and elastic strain with fatigue life in Coffin-Manson

rule and Basquin rule was applicable to Pb free solder. Fatigue life of Pb free solders is inferred from

their tensile strength.
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Table 1 Composition of solder alloys

Element

No. System
Zn : Bi {In iCu : Pb

o3| Sn-Ag
2 [Sn-Cu

: Sn-Ag-Cu
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*|Sn-Ag-Bi

Sn-Ag-Bi-Cu

4 Sn-Ag-Bi-In
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12| Sn-Ag-In-Cu
13 |Sn-Bi-Cu
14| Sn-Bi-In-Cu
15 |Sn-Ag-Zn
16 |Sn-Zn

17 |Sn-Zn-Bi
18:: Sn-Zn-In
19 |[Sn-Ag-Bi-Pb A A A
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(O:Large amount, A:Small amount)
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Fig. 1 Size of tensile test sample
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Fig. 2 Size of fatigue test sample
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Fig. 3 Torque vs cycle
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Fig. 4 Strength and elongation of solder alloys (a)R.T.,(b)125°C
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Fig. 5 Effect of Bi content
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Fig. 6 Appearance of samples after tensile test
(a)No.1 R.T.,(b)No,5

DEmMEEISHI VLD B2 Z 7)) BPRELT,
BAAYIC, R ORFHmITH Ul A IR L
TEN, Sn-Ag ZR Sn-37Pb DR HFHEWINIZE
Mol b VEDIL, WICES : THEOEEY
BEAERC, BRNCRBRRFORF AL, 45
FETHEIFLTEY, BiEXF£{, EHHEGFOHEND
DIZR Lz,

CDBBTEREDR WS, F A ISHEDRRE DR,
Thbb, HAWBESRE &5 RESERE DX BEER
KHRFEL TR LEZ NG, —RIChL VEFRR
BT HIERRAICE, RBEORFHEICHL,
FHLWE ICEREAMBAY, 72, 457 HmcEKks]
B ADMER L Twa, L2d - T, Sn-Bi R4 45K
TR L 720 i3, S OMEOEIRIEE A A WiRE
IV HENLERELTEY, BEMHOK#KER
LTWwaeHZ 3,

— 19 —



WX

100
g
ey
P
a 15
=k
< -
5
H - i
< -
q) - '.
= - TN
w2 : : A
0.1 Loiiiiiial il i i i
10 100 1000 10000 100000
Fatigue life(cycle)
¢ 1 W3 W5 A8 @

10 ® 12 % 14 X 18

100

S

-

>

4 10

.G

©

~

w 1E

o -

m -

) e

< L

“ ' S
0. 110 100 1000 10000 100000

Fatigue life(cycle)

o 20

Fig. 7 Fatigue life of solder alloys in torsion fatigue test:(a)R.T.,(b)125°C
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Fig. 10 Effect of Bi content on strength and elongation : (a)R.T., (b)125°C
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Fig. 11 Effect of Bi content on fatigue life
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Fig. 13 Micrographs of Sn-Ag-Bi solder alloy after tensile test:(a)Low Bi,{b)High Bi
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