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Research on Fatigue Failure Evolution of Electronic Manufacturing Solder Joints by
Liu Yangyi
Chengdu Tianao Electronics Co., Ltd.

[Abstract] In the field of electronic manufacturing, solder joints on circuit board components serve as critical
components for electrical connections and mechanical fixation, with their reliability directly impacting the actual
service life of electronic devices. Fatigue failure represents the predominant failure mode of solder joints under
practical working conditions such as temperature cycling and vibration loads. The evolutionary process of this
failure exhibits hidden and progressive characteristics, posing significant challenges for failure mechanism analysis
and lifespan prediction. This study focuses on typical solder joints in electronic manufacturing processes,
integrating experimental testing and simulation techniques to investigate key stages of fatigue failure evolution.
Through constructing microstructural transformation maps, stress—strain distribution maps, and failure path
extension maps, the complete failure process from initiation to fracture is visually demonstrated. Based on the
analysis of these maps, the study elucidates the impact of factors such as temperature cycle frequency and load
amplitude on failure evolution, clarifying core failure mechanisms including intermetallic compound growth at
solder interfaces and microcrack initiation and propagation. These findings provide theoretical foundations and
technical support for optimizing solder joint processes, enhancing reliability, and implementing failure early
warning systems in electronic manufacturing.
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