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ABSTRACT This work systematically investigated the electrical degradation behavior and interface defect

evolution mechanisms of p-GaN gate GaN HEMT devices under different proton energies and irradiation bias

conditions. Proton irradiation experiments were conducted using 10 MeV and 60 MeV protons on devices with

different on-resistances under both unbiased and biased conditions. The results indicate that proton irradiation

induces a positive shift in threshold voltage, as well as reductions in saturation drain current and transconductance.

Moreover, device parameter degradation is greater under low-energy irradiation than that under high-energy

irradiation, and greater under biased irradiation than that under zero-bias irradiation. Low-frequency 1/f noise

measurements were employed to quantitatively characterize the evolution of interface trap density at the AIGaN/GaN

interface before and after irradiation, showing strong consistency with the degradation trends of electrical

parameters. Further analysis reveals that proton irradiation primarily introduces electrically active defects at the

channel interface, which reduce the two-dimensional electron gas (2DEG) concentration and carrier mobility,

thereby leading to device performance degradation.

KEYWORDS p-GaN HEMT, Proton irradiation, 1/f noise
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(a) Type A device; (b) Type B device
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Table 1 Proton irradiation test information
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Fig. 2 Variation of the device transfer characteristics before and after proton irradiation (color online): (a) 60 MeV proton
irradiation; (b) 10 MeV proton irradiation
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Fig.3 Variation of other parameters of Type B devices under
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Fig.4 Degradation of device static parameters under proton

irradiation with different bias stress conditions (coloe online)
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Table 2 Variation of interface defects in devices before and after proton irradiation
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Fig.7 1/fnoise characteristics of Type A devices before and after 10 MeV proton irradiation under biased conditions:
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