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High Temperature Deformation Behavior of Sn—Based Solder Alloys under Low Stress
Conditions by a Helical Spring Creep Testing Method
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In the field of electronics, it is crucial to guarantee long—term joint reliability of the Sn—Ag—Cu solder alloy. Creep tests in
low-stresses are necessary to guarantee the reliability. However, a very long period of time is required for the creep tests. To de-
cide a steady-state creep strain rate, an approximate equation of a creep curve was newly applied to the helical spring creep test
known as a method of a low—stress creep test. Obtained results are as follows. (1) The torsional strain component is decreased
with the deformation of the helical spring shaped specimen. Therefore, the steady—state creep rate cannot be detected in the heli-
cal spring creep test. The approximate equation of a creep curve introduced by Li’s group was found to be effective to obtain the
steady-state creep rate for Sn—based solder alloy. (2) The helical spring creep testing method that uses the torsional deformation
of the test specimen is more effective for the Sn—based solder alloy with a strong anisotropy of strength than the uniaxis creep
testing method. (3) In the heat-treated Sn—3.0 mass % Ag—0.5 mass % Cu solder alloy, the creep stress exponent changed from 19
into 1.1 on the boundary of about 14 MPa. This result implies that the creep deformation mechanism was changed from the dislo-
cation creep with dispersion—strengthening to the grain boundary sliding. This phenomenon was found for the first time by using
the helical spring creep testing method.
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Fig. 1 Helical spring creep test system. (a) Measurement system of elongation of coil spring specimens using LED floodlight and
optical receiver. (b) Cross—section of test specimen with the diameter of coil, D; the diameter of wire-rod, d; and the coil pitch spac-

ing, z.
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Fig. 2 Helicoid spring specimen for creep test of Sn—37Pb.
(a) Helicoidal specimen shaped with the bolt before creep test.
(b) Elongated helicoidal specimen after creep test.
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Table 1 Material constants of solder alloys used in the present
study!617),

Sn-37Pb Sn-3.0Ag-0.5Cu
Young’s modulus, E (GPa) 31 35
Poisson’s ratio, n 0.4 0.4
Density, p (Mg/m3) 8.8 7.4
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Fig. 3 Model for finite element analysis. (a) Coil-spring model. (b) Definition of element-coordinate system. (c) Relation of

torsion strain, dy and twisting angle, dé.
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Fig. 4 Scanning electron micrograph of Sn—37Pb thermal-an-
nealed at 397 K for one hour.

Fig. 5 SEM-EBSD orientation maps in Sn—3.0Ag-0.5Cu coil specimens. (a) As—prepared specimen. (b) Specimen annealed at 429
K for one hour.

1um

Tpm

Fig. 6 TEM images of Sn—3.0Ag—0.5Cu coil specimens. (a) As—prepared specimen. (b) Specimen annealed at 429 K for one hour.
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Fig. 7 Relationship between strain and time for Sn—37Pb alloy
obtained by helical spring creep tests at 301 K.
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Fig. 8 Relationship between strain rate and time for Sn—37Pb
alloy obtained by helical spring creep tests at 301 K.
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Fig. 9 Relationship between strain rate and time for Sn—37Pb
alloy obtained by uniaxial creep tests at 301 K.
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Fig. 11 Relationship between steady-state creep strain rate
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Fig. 12 Relationship between steady-state creep strain rate
and stress in helical spring creep tests and uniaxial creep tests
for Sn—3.0Ag—-0.5Cu thermal-annealed at 429 K.
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