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A fault detection method for partial chip failure in multichip IGBT
modules based on turn-on delay time
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Abstract: Multichip insulated gate bipolar transistor(IGBT) modules are widely used in high-power converters,
where condition monitoring plays a crucial role in improving the reliability of power equipment. This paper
proposes a fault detection method for identifying partial chip failures in multichip IGBT modules by analyzing
variations in turn-on delay time. First, the influence of chip failure on the turn-on process is analyzed, establishing
the relationship between chip failure and turn-on delay. Based on this relationship, a fault monitoring method is
developed to correlate turn-on delay with the number of failed chips. The effectiveness of the proposed method is
verified by experimental testing. The results show that this method is significant for improving the operational
reliability of power converters.
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Fig. 1 Electrical structure of multichip module
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Fig.2 Turn-on process of IGBT
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Fig. 3 Equivalent circuit of IGBT turn-on process in stage 1 and stage 2
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Fig.4 Equivalent circuit of IGBT turn-on process in stage 3
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Table 1 Parameters affecting each stage of turn-on process
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Table 2 Parameter variation of multichip IGBT module after chip failure during turn-on process
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Fig.5 Effect of chip failure on turn-on process
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Fig. 8 Turn-on waveform of IGBT with different failed chips
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Fig.9 Turn-on process variation of IGBT after chip failure
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Table 5 Comparison of chip failure detection methods in multichip modules
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