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ABSTRACT

It is generally known that cracks are likely to occur in the vicinity of the solder joints due to repeated
temperature changes over a long time, which greatly affect the thermal fatigue life of electronic
devices. Currently, the thermal fatigue life of solder joints in the electronic devices is evaluated
mainly by test methods such as thermal cycle test and power cycle test, but in order to improve the
efficiency and completeness of development, it is strongly desired to evaluate the thermal fatigue life
of solder joints using analytical methods.

Until now, several studies on the analytical methods of evaluating the thermal fatigue life of solder
joints in electronic devices have been conducted [1-4]. In these studies, in order to avoid the
singularity of stress and strain fields near the solder joint edges due to dissimilar material bonding,
the thermal fatigue life of solder joints is evaluated using the maximum stress or strain amplitude of a
representative point near the solder joint edges. These methods are useful and practical when the
solder joints have similar structures and the same calculation accuracy is ensured for stress or strain.
However, it is not suitable for generalization because the selection of the representative point
involves arbitrariness and trial and error.

Since different materials are combined, the stress and strain fields near the solder joints have
singularity. In generally, the behaviours of the singular stress and strain fields can be completely
described by the singularity orders and the singularity strength coefficients. Therefore, in this study,
we tried to evaluate the thermal fatigue life of the solder joints using the stress and strain singularity
parameters near the solder joint edges. Specifically, firstly, the material properties of the solders were
acquired using the material tests and their creep constitutive equations are constructed. Next, the
stress and strain singularity parameters in the vicinity of the solder joints for power modules were
calculated under the thermal cycle test conditions using finite element method (FEM) analyses.
Finally, the stress and strain singularity parameters and the fatigue test results are associated with
each other by fatigue laws, and the evaluation equations for predicting the thermal fatigue life of the
solder joints are constructed and their accuracy are confirmed reasonably well. It is clarified that the
fatigue laws based on the stress and strain singularity parameters are valid and useful for predicting
the thermal fatigue life of solider joints in electronic devices.
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