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Peak Reverse Recovery Current Model for Freewheeling Diode
and ItsApplication in Junction Temperature Prediction

JAO Qianming, ZHU Lingyu, ZHAN Cao, L1U Zhanlei, WANG Weicheng, J Shengchang
(State Key Laboratory of Electrica Insulation and Power Equipment, Xi’an Jaotong University, Xi’an 710049, China)

Abstract: The accurate chip junction temperature prediction of power semiconductor modules is significant for
their reliable operation. However, the research about freewheeling diode (FWD) chip junction temperature prediction is
not sufficient at present, and the models of temperature sensitive electric parameters and the corresponding evaluation
mechanism are lacking. A peak reverse recovery current model is deduced based on the turn-off process of FWD, and
the relationship of peak reverse recovery current with bus voltage, load current and junction temperature is established.
Then, a parameter identification approach for the peak reverse recovery current model is proposed based on the particle
swarm optimization algorithm with random mutation, and the result of double-pulse test is used to extract the model
parameters and verify the model. To reduce the model error caused by the linear distribution and linear changes of
carriers, the exponential terms of load current and bus voltage are further added, thus optimizing the prediction of peak
current. Finaly, a junction temperature prediction approach for FWD chips in power semiconductor modules is put
forward based on the optimized model, and this approach is more accurate compared with the look-up-table method,
indicating that it can satisfy the requirements of FWD junction temperature prediction.

Keywords: Power semiconductor module; freewheeling diode (FWD) chip; junction temperature prediction;
reverse recovery current; particle swarm optimization algorithm
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Fig. 10 Normal probability of prediction error
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Fig. 11 Comparison of prediction result between junction

prediction model and look-up-table method
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