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Indentation creep behavior of Sn-3.5Ag-2Bi lead-free solder
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(1. College of Materials Science and Engineering, Sichuan University, Chengdu 610065, China;
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Abstract: The indentation creep stress exponent (), creep activation energy (Q) and material structure constant (4) of
Sn-3.5Ag-2Bi lead-free solder were measured, and the constitutive equation of the indentation creep steady-state creep
rate was derived. The law that indentation creep changes with the stress and the temperature changing and creep plastic
deformation mechanisms were summarized. The effective ways of raising Sn-3.5Ag-2Bi lead-free solder anti- creep
property was also discussed. The results show that the stress exponent (n) is 3.304, creep activation energy (Q) is 61.181
kJ/mol and the material structure constant (4) is 0.679. The constitutive equation of the indentation creep steady-state
creep rate is also derived. The displacement of indentation creep is enlarged regularly with the rising temperature and
increasing stress. Through the analysis of changes of the micro-structure and organization before creep and after creep,
the plastic deformation mechanisms of Sn-3.5Ag-2Bi lead-free solder creep are dominated by both dislocation slipping
and dislocation climbing mainly.
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Fig.1 Schematic illustration of indentation creep apparatus
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Table 1 Steady-state indentation creep rate of Sn-3.5Ag-2Bi

alloy
Temperature/K Stress/MPa Creep rate/(mm's ')

16.7 8.0x107%
25.0 2.6x1077

323
35.0 1.0x107°
432 1.8x107°
16.7 2.4x1077
25.0 6.0x1077

333
35.0 2.2x107°
432 4.5%107°
16.7 7.8x1077
25.0 2.0x107°

353 B
35.0 8.2x107°
432 2.2x107°
16.7 7.2x107
25.0 2.0x107°

373 B
35.0 8.0x107°
432 1.4%107*
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Fig.2 Indentation creep curves of Sn-3.5Ag-2Bi alloy tested under different stress levels and at different temperatures: (a) 323 K; (b)

333K; (c) 353 K; (d) 373K
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Fig.3 Relationships between steady-state creep rate and

indentation stress
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Fig.4 Relationships between steady-state creep rate and

temperature
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Table 2 Stress exponent (n) and creep activation energy (Q)
for Sn-3.5Ag-2Bi alloy

Temperature/K n Stress/MPa O/(kJ-mol )
323 3.349 16.7 61.221
333 3.131 25 58.227
353 3.518 35 66.118
373 3.216 432 59.157
Mean value 3.304 61.181
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Fig.5 Relationships between Ing and (—Q/RT+nlno)

3 g

3.1 RHERBEL DI
RFEM) XRD w1l 6 fros, Bk ardrarsn, ik
FEEE M 3 M41M: Sn. Ags;Sn Al Bio

32 METRIERYELNTL

Bl 7 RIS FToRar il & &bl SEM . A
AR T TR < AR ] b il LU B AN 5 430 A1 1 Al AR <
JERL A YI(IMC)AgsSn 2B, 5 B-Sn FEARTE BiIL
izl K 8(a) T/ 1) SEM 14 1T LAE £, 4l b
FE, RMAVFZ BRAK. AgsSn 55 B-Sn Z[AIFELE
HREE B AR F IR R R {012 4,60 / {111},
<100> pg 50 / <110> g, "o AgsSn 3 T A G2 (¥ HLIH A%



624 T EA G R AR

2008 4F 4 H

Sn

Sn

JH

30 40 50 60
20/(°)

B 6 Sn-3.5Ag-2Bi #4:i) XRD i
Fig.6 XRD pattern of Sn -3.5Ag-2Bi alloy
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