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Reliability Assessments of Lead-contained and Lead-free BGA Solder
Joints under Cyclic Bending Loads

Ilho Kim and Soon-Bok Lee*
Department of Mechanical Engineering, KAIST, Dacjeon, Korea, 305-701
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Abstract: Mobile products, such as cellular phones, PDA and notebook, are subjected to many different
mechanical loads, which include bending, twisting, impact shock and vibration. In this study, a cyclic
bending test of the BGA package was performed to evaluate the fatigue life. Special bending tester, which
was suitable for electronic package, was developed using an electromagnetic actuator. A nonlinear finite
element model was used to simulate the mechanical bending deformation of solder joint in BGA packages.
The fatigue life of lead-free (95.55n4.0Ag0.5Cu) solder joints was compared with that of lead-contained
(63Sn37Pb). When the applied load to the specimen is small, the lead-free solder has longer fatigue life
than lead-contained solder. The fatigue crack is initialized at the exterior solder joints and is propagated
into the inner solder joints.
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Fig. 1. Schematic diagram of a bending fatigue tester.
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Fig. 2. A bending fatigue testing system.
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Fig. 5. Strains along the length direction.
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Fig. 6. Strains at the corners.
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Fig. 8. Comparison between the crack length of solder
joints in the SnPb-PBGA package.
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Fig. 10. The resistance of the daisy chain at the' PBGA
package. It is increased abruptly at failure.
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Fig. 11. Magnified view of resistance at failure.
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Table 1. Material Properties
Elastic Modulus (MPs)  Poisson Ratio Yield Strength(MPa)  Tangent Modulus(MPa)

Sn37Pb 43251 0.3628 29.1 -
Sn4.0Ag0.5Cu 53000 04 30 1500
Copper 117000 0.34 69.0 -
FRA 22000(x,y) 0.28 elastic elastic

10000(z) 0.11 elastic elastic
Silicon 130008 0.2782 elastic elastic
Epoxy 25845 0.35 elastic elastic

creep behavior € = A[sinh(Bo)]" exp (VI%")
A(l/s) B(1/MPa) n Q(J/mole)

Sn37Pb 12423 0.126 1.89 61417
Sn4.0Ag0.5Cu 44100 0.003 4.2 44995
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