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Estimating the thermal fatigue life of Iead-free solder joints
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Abstract

The use of electronic devices in engine control systems, safety systems and telecommunications is increasing.
Compared to home electronics, electronic devices for motor vehicles are often exposed to a more severe environment,
such as higher temperatures, thumping vibration and higher humidity. Furthermore, considering the longer product
life expected for a motor vehicle, these electronic devices are expected to have a high level of reliability that lasts over
a longer period. The method largely used for attaching electronic components like resistors and condensers to the
circuit boards of electronic devices is soldering.

Circuit boards and electronic components for motor vehicles are subjected continuously to large temperature
fluctuations due to changes in environmental temperature, radiant heat around the engine, the heat generated by
the electronic components themselves, etc. Generally, the circuit boards and the electronic components mounted on
them have different coefficients of thermal expansion, and the difference in the amount of expansion and contraction
they undergo causes thermal stress in the solder connecting them (Fig. 1). This results in “solder cracks” forming
in the joint and eventually breakage that leads to defective electrical conductivity (Fig. 2). The thermal fatigue
characteristics and reliability of solder can be evaluated by means of temperature cycle test that subjects the solder
to repetitive cycles of high and low temperature conditions, but even accelerated test cycles can often require several
months. On the other hand, there is a need to shorten development time and reduce the number of rework tasks
involved. Reducing cost by optimizing product quality is also an important issue, and all of these increase the need for
technology that can estimate the thermal fatigue life of solder joints.

In response to these needs, we have been developing reliability technology for solder joints in electronic devices for
motor vehicles, focusing on the temperature fluctuations in such devices. In this report, we introduce technology
that uses simulations employing the finite element method for estimating the thermal fatigue life of solder joints in

thermal cycle conditions.
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