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Abstract

Carrier lifetime control through proton irradiation has proven effective in enhancing the performance of
power semiconductor devices such as diodes and insulated gate bipolar transistors (IGBTs), offering advan-
tages including reduced leakage currents and suppressed reverse recovery losses, with typical irradiation en-
ergies below 3 MeV. To fulfill the proton irradiation demands for power semiconductor research at Tsinghua
University’s Department of Electrical Engineering, a tailored irradiation system was developed based on the
existing 13 MeV high-current proton linear accelerator at the Compact Pulsed Hadron Source (CPHS). By at-
tenuating the microwave power fed into the Drift Tube Linac (DTL), a 3 MeV proton beam was extracted at the
DTL exit, followed by energy reduction using aluminum degraders while maintaining a beam energy spread
below 0.2 MeV. To achieve uniform irradiation across a 149 mm diameter area, beam uniformity was optimized
through a synergistic approach integrating beam expansion and nonlinear magnet method, yielding an initial
beam nonuniformity of 9.8%. This uniformity was further improved to below 4% by implementing dynamic

target rotation during irradiation.
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