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Abstract

In this study, two types of fatigue tests were conducted. First, cyclic bending tests were performed
using the micro-bending tester. A four-point bending test method was adopted, because it induces
uniform stress fields within a loading span. Second, thermal fatigue tests were conducted using a
pseudo power cycling machine which was newly developed for a realistic testing condition. The
pseudo-power cycling method makes up for the weak points in a power cycling and a chamber
cycling method. Two compositions of solder are tested in all test condition, one is lead-free solder
(95.5Sn4.0Ag0.5Cu) and the other is eutectic lead-contained solder (63Sn37Pb).

In the cyclic bending test, the solder that exhibits a good reliability can be reversed depending on
the load conditions. The lead-contained solders have a longer fatigue life in the region where the
applied load is high. On the contrary, the lead-free solder sustained more cyclic loads in the small
load region. A similar trend was detected at the thermal cycling test.

A three-dimensional finite element analysis model was constructed. A finite element analysis using
ABAQUS was performed to extract the applied stress and strain in the solder joints. A constitutive
model which includes both creep and plasticity was employed. Thermal fatigue was occurred due to
the creep. And plastic deformation is main damage for bending failure. From the inelastic energy
dissipation per cycle versus fatigue life curve, it can be found that the bending fatigue life is longer
than the thermal fatigue life.
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Figure 1. (a) acceleration-oriented tested specimens
(b) PBGA tested specimens.
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Figure 2. The relation between AT and thermal
fatigue life for acceleration-oriented specimens.
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Figure 3. The relation between applied load and
thermal fatique life.
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Table 1. The ratio of inelastic energy between the
interface and whole solder ball

AA™ (@) | EEE (b) | HlE(/b)

(mJ) (mJ) (%)

25~75C 136 324 42
25~100C 1358 4440 31
25~125C 4760 18580 26
25~150C 6480 30700 21
1~26N 217 227 95

1~31N 867 931 93

1~41IN 4113 4370 94

1~51N 11189 11590 97

1~61N 13160 13610 97
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Figure 4. FE model for (a) thermal cycling test
and (b) cyclic bending test.

E AAE ae=
AL s thE 29 Belt o2 Table 1
S FAME Aol S T Nk A o A o] v
oA MEES AAAY dA Yol v
g oltt. Table 1.ol4 RHTo] duz A9
749 e o] 2R 9 YA JFE7F A vk
YR AP A= A BE A7t 1H
o] ze FJFEo] At o= HelA AHsHA H
Y duRoAe] R A7t Fe] #

hig

1742



(a) T el | M |
014
=y |
001 4—— HH1 L e f__...... Ll
-_g, -
= | 1
=~ 1E-34 1 1 o
% -
1E-4 ] _
1E-5 5 T 1 T
10 100 1000 10000 100000
Fatigue Life {Cycles)
T
) :
014 _
g L1 .
= =
5 .
1E-3 o AR
1E-4 t t T T
10 100 1000 10000 100000
Fatigue Life (Cycles)
T T T T
(c)
0.1
— i "
E
% [l
L g
¥ *
% .‘
S
1E-3 4 -
10 100 1000 10000 100000
Fatigue Life {Cycles)
Figure 5. (@) Plastic, (b) Creep and (c)

Inelastic energy and fatigue life curve.
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