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Abstract: The power module is a critical component of the powertrain system in electric vehicles, and its
development is driven by the trends of high-frequency operation, miniaturization, high power density and high
integration, which brings increasingly severe challenges to thermal management. Thermoelectric cooler (TEC) has
attracted widespread attention for its compact structure, high reliability and rapid cooling performance. A temperature
feedback control strategy based on thermoelectric cooling is proposed, with phase change materials (PCM) adopted as
the interface layers at both cold and hot ends of TEC. Combined with simulation and experimental verification, the
layout design of transverse and longitudinal heat transfer paths from the chip to the heat sink is investigated. Compared
with the non-TEC cooling scheme, the proposed integrated TEC-based thermal management method reduces the
maximum temperature of the SiC chip from 77.6 C to 60.0 ‘C, achieving effective thermal regulation and precise

temperature feedback control. An efficient thermal management solution for high-power-density SiC power modules is

provided and its application potential in electric vehicle power
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