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Topology Optimization and Fast Iterative Method for Power Module
Heat Sink Based on Neural Network Synchronous Learning
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Abstract: With the improvement of the integration degree of power modules, the optimization of their heat transfer
structures has become a focus in the development. The topology optimization(TO) can maximize the cooling performance by
transforming the morphology and structure of heat sinks, thus receiving extensive attention. However, in the TO process,
the temperature distribution of modules and heat sinks needs to be calculated in each iteration step, consuming a large
amount of computing resource and calculation time. To accelerate the TO process of traditional heat sinks, a fast iterative

method combining neural network (NN) synchronous learning and the traditional solid isotropic material with penalization

(SIMP)-based TO methods is put forward. First, an NN pre-

N diction model based on the encoder-decoder structure is con-
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structed, which can iteratively evolve the shape of heat sinks to
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achieve a fast prediction of optimized structures. Second, the
NN model is integrated into the TO process of the heat sink
based on the SIMP method, and the NN is trained syn-
chronously using the intermediate morphology obtained in the
iteration process. Finally, aimed at the single-chip and dual-
chip modules, the results obtained by the new method and tra-
ditional iterative methods are compared to validate the accura-
cy and rapidity of the proposed NN synchronous leaning
method.
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Fig. 1 Iteration process of typical heat transfer
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Fig. 2 Structure of neural network model
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Fig. 3 Flow chart of topology optimization program

using neural network nested method
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Fig. 4 Training data including intermediate results
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Fig. 5 Comparison between structures obtained by
nested method and SIMP method in Example 1 under

two grid sizes
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