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Charge Field Modulation Mechanism of Power Semiconductor Devices
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(University of Electronics Science and Technology of China, Chengdu, Sichuan 611731, China)

Abstract: The essential disparity between power semiconductor devices and micro/nano-devices lies in the former
possessing a voltage-withstanding layer and a termination region. In this study, the electric field within power semiconduc-
tor device is dissected into two components: the charge field E, originated from ionized charges, and the potential field E,
induced by the applied potential. This decomposition allows the independent analysis of the electric field interaction mecha-
nisms in various devices to be made by examining the additional charge fields generated by varying charges. Based on this
analysis, a charge field modulation mechanism for power semiconductor devices is introduced. This mechanism achieves
holistic optimization of the electric potential and field distribution across the voltage-withstanding layer and the termination
region through multi-dimensional modulation of the potential field E, by the charge field E,. The proposed charge field mod-
ulation mechanism is universally adaptable to the design of voltage-withstanding layers and their corresponding termina-
tions in both discrete and integrated power semiconductor devices. Moreover, its applicability extends to wide-bandgap
power semiconductor devices. In the future, this mechanism can be further integrated with artificial intelligence technology
to enhance the efficiency of device design.

Key words: power semiconductor devices; voltage-sustaining layer; charge field; potential field; charge field modu-
lation mechanism
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