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Abstract: Global full 3D finite element analysis fatigue models are constructed for flip-chip BGA on
system board to predict the creep fatigue life of solder joints during the thermal cycling test. The fatigue
model applied is based on Darveaux’s empirical equation approach with non-linear viscoplastic analysis
of solder joints. The creep life was estimated the creep life as the variations of the four kinds of thermal
cycling test conditions, pad structure, composition and size of solder ball. The shortest fatigue life was
obtained at the thermal cycling test condition from —65°C to 150°C, It was increased about 3.5 times in
comparison with that from 0°C to 100°C. At the same conditions, the fatigue life of SMD structure as
the change of pad structure increased about 5.7% as compared with NSMD structure. Consequently, it
was confirmed that the fatigue life became short as the creep strain energy density increased in solder joint.
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Fig. 1. 3-D Finite element mesh model of FC-BGA on
PCB. (a) 165 FC-BGA, (b) global solder ball.
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Table 1. Material properties of components in a FC-BGA
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Component Material Young's modulus (GPa)  CTE (ppm/°C) Possion’s ratio
Chip Silicon 165.0 2.4 0.28
Substrate BT 20.0 15.0 0.39
Sn-37Pb 310 25.1 0.40
Solder ball Sn-3.0Ag-0.5Cu 45.1 23.0 0.30
Sn-3.5Ag 430 30.0 0.30
Solder mask Epoxy 1.24 59.0 0.50
Encapsulant Underfill 6.60 g; 332 035
PCB FR-5 310 7.0 0.45
FR-4 220 18.0 0.28
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Table 2. Solder joint fatigue life with the two thermal
cycling conditions

Profiles AW (psi) Npj (cycles) a (cycles)
—65~150°C 62.71 68 864
-25~125°C 36.32 167 1572
—40~85°C 35.42 171 1616

0~100°C 20.71 415 2935
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Fig. 2. Centroid von-mises stress in the flip chip solder
balls.
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Fig. 3. Time-dependent creep strain energy density at the FC-BGA solder joint critical location.

voo

&00

300

400

300

%‘
£ 200
0
o
e 1o
=
o
0
-100
200
ane] Element 120,
Node 1, XZ shear
400

000058 -0.00040 -00O0030 -0.00020  -0.00810

0.00000
Strain

00op1C 000026 000030 000040 0.000S0

Fig. 4. Hysteresis loops of the stress and strain at the FC-BGA solder joint critical location.
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Table 3. Solder joint fatigue life analysis resulted from
pad structure

Table 4. Solder joint fatigue life analysis resulted from ball
size

Pad (?)\s’:l) (cyljfes) (cy(cxles) Profiles é)\s’:; (cyI::I{)es) (cy?les)
SMD 36.75 163 1412 —65~150°C 62.07 70 794
NSMD 38.77 150 1332 —25~125°C 36.75 163 1412
-40~85°C 35.35 174 1475
0~100°C 21.03 404 2636
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Table S. Solder joint fatigue life with the soder materials

Solder (?)\:1/) (cyljfes) (cygles)
Sn-37Pb 36.32 167 1572
Sn-3.5Ag 56.77 81 964

Sn-3.0Ag-0.5Cu 27.16 267 2168
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