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Evaluation for Thermal Fatigue Life of Solder Jointsin Electronic

Components
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Abstract

Since automotive electronic components are used
under severe temperature conditions, the reliability of
thermal fatigue resistance of solder jointsisimportant.
In this study, a series of experimental and analytical
investigations were performed to develop a method of
evaluating the thermal fatigue life of solder joints.

First, tensile and creep tests were carried out on two
kinds of commonly used solders, 63Sn-37Pb and
95Ph-5Sn, to determine their mechanical properties.
Using the measured properties, constitutive equations
for the solders based on elasticity and creep were
formulated. Next, anonlinear finite element analysis
was performed on structures with Si chips and Cu
platesjoined together with solders under thermal
cycling. Thevalidity of the analysis was verified by

an experiment using a diffused type strain gauge
formed on aSi chip surface. Third, the fatigue test of
bulk 63Sn-37Pb solder was carried out to obtain data
for fatigue life prediction. It was found that the
temperature, the frequency and the strain hold had
little effect on the fatigue life of solder and that the
fatigue life was controlled by inelastic strain range.
Finally, the thermal strain at the solder joint of achip
resistor was analyzed and the thermal fatigue life was
predicted from the cal culated inelastic strain range and
the fatigue data of solder. Good agreement was
obtained between the prediction and the thermal
cycling test results in respect of the location for crack
initiation and the fatigue life at the bottom of the chip.
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(b) Solder joint of actual component

Fig. 1  Scanning electron micrographs of

63Sn-37Pb solder.

oooooooo
Fig. 20 00000000000000000
00000000@OOOO00O0((MOODO
0000000000000000000000
000000000000000000000
000000000000O0O0O0O0O000000
0000000000000C0O00000000
000000000000000000000
0000000000000000000000
000 063Sn-37Pb0 95Pb-5Sn0 0 0 000 O O
0000000000 63Sn-37Pb0 95Pb-5Sn0 [
0000000000000C0O0C0O000000
0000000000
Fig.30000000000000000000
00000000000 0233KO398KO00 00
0000000000000000000000
0000000000000000000000
00000000 63S-37Pbd 95Pb-5Sn0 0 0 0 O
00000000000000O00000000
0000000000000000000000
0000000000000000000000
000000000000000000000

45

. 80 63Sn-37Pb .
] - x it
£ |- 95Pb-ssn  c- L X107
)
g
2
[a
True strain £ (%)
(a) Effect of temperature on stress-strain curves
20
= 63Sn-37Pb
% T =398K
s | e 95Pb-5S
b
grop e
8 | T N s
E 107s
1 2 3
True strain £ (%)
(b) Effect of strain rate on stress-strain curves
Fig. 2 Tensile stress-strain curves of 63Sn-37Pb and
95Pb-5Sn solders.
107 .
® 63Sn-37Pb |
O 95Pb-58n / 0
= 10k P :
W F i :O
8 '
g 398K ,O 233K
(=]
E (j
@ 6L
& 10
&
&)
107F
i AT WET | A "
0.1 1 10 100
Stress o (MPa)
Fig. 3  Relationship between creep strain rate and

stress of 63Sn-37Pb and 95Pbh-5Sn solders.
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(a) Solder joint structure

(b) Diffused-type strain gauge

Fig. 4  Schematic diagrams of solder joint structure
and diffused-type strain gauge.
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Y

[

Fig. 6 Finite element model of solder joint structure.

Table 2 Material properties of solder joint structure.

) Poisson's | Coefficient of thermal
Material E (GP: .
(GPa) ratio | expansion (x 10°%K)
Si 165 0.34 3.0
Cu 123 0.34 17.0
63Sn-37Pb 26.6
— | Tablel 0.35
95Pb-5Sn 29.2
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Fig. 7 Comparison between finite element analysis

results and experimental data of stress on
silicon chip for 63Sn-37Pb solder.
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Fig. 8 Comparison between finite element analysis

results and experimental data of stress on
silicon chip for 95Pb-5Sn solder.
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Fig. 9  Effects of temperature and frequency on

fatigue life of 63Sn-37Pb solder.
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Fig. 10 Scanning electron micrographs of cross
section of 63Sn-37Pb solder specimen tested
at 393K, 0.005Hz.
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Fig. 11 Effect of strain hold on fatigue life of
63Sn-37Pb solder.
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Table 3 Materia properties of chip resistor component.

" Poisson's | Coefficient of thermal
Materia | E(GPa) ratio | expansion (x 107K )
Al,05 265 0.37 7.2
Cu 123 0.34 17.0
63Sn-37Pb | Tablel 0.35 26.6
14.0 ( x-direction)
FR-4 21.8 0.33 —
45.0 (y-direction)

Fig. 13 Equivalent creep strain range distribution in
solder joint at 2nd thermal cycle.
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of solder joint at 2nd thermal cycle.
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Table 4 Equivalent creep strain range and predicted
fatigue life of solder joint.

) Equivalent creep Predicted
Location strain range fatigue life
Ae; (%) N; (Cycles)
271 317
B 1.18 1800
0.78 4276

Fig. 15 Scanning electron micrograph of cross
section of chip resistor solder joint after
3000 thermal cycles.
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