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Abstract: Owing to its exceptional properties such as an ultrawide bandgap, ultrahigh thermal conductivity, high
breakdown field, as well as excellent carrier transport and radiation resistance potential, diamond holds significant promise
for radiation-hardened high-voltage power devices, and is particularly suitable for power regulation units in space power
systems, deep space exploration platforms and high-energy particle radiation environments. However, with respect to single-
event effects, which represent a critical failure mode governing the on-orbit reliability of devices, experimental reports on di-
amond field-effect transistors (FETs) remain absent in the international literature, and the relevant failure mechanisms, toler-
ance thresholds and transient response characteristics still need to be systematically clarified. In this work, p-channel hydro-
gen-terminated diamond high-voltage metal-oxide-semiconductor FETs (MOSFETSs) are fabricated, and a post-metallization
annealing process is employed to improve the interface quality and electrical performance. The devices achieve an off-state
breakdown voltage of —980 V with a leakage level superior to that of comparable devices reported abroad, indicating that
the fabricated devices have the basic conditions for carrying out high-voltage bias irradiation verification. Based on this
foundation, heavy-ion single-event irradiation experiments using Ta ions (LET = 77.6 MeV-cm*mg) and Kr ions (LET =
37.9 MeV-cm?/mg) are carried out, revealing for the first time the single-event burnout and single-event transient character-

istics of diamond FETs experimentally. The experimental results demonstrate that under a bias of 200 V, no single-event
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burnout occurred for either ion species, and the burnout threshold exceeds 77.6 MeV-cm?mg, preliminarily verifying the
single-event burnout resistance potential of diamond FETSs in high-LET heavy-ion irradiation environments. Only one tran-
sient pulse with an amplitude of approximately 40 V is captured during Ta-ion irradiation, whereas no discernible transient
events were observed under Kr-ion irradiation, indicating a strong tolerance to single-event effects. This work provides a
key experimental basis for the design of radiation-hardened diamond power devices and the investigation of their space radi-
ation effects, and lays a foundation for subsequent reliability evaluation of devices under higher bias and higher LET condi-

tions.
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Figure 1 ~ Schematic structure of high-voltage hydrogen-terminated
diamond MOSFET
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Figure 2 Fabrication process flow of high-voltage diamond MOSFET

(a) 5575 A HASE M7 MOSFET St 2 U 1%

(a) Single diamond MOSFET optical micrograph
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Figure 3 Morphology of the fabricated high-voltage diamond MOSFET devices

Wy i

i

|
I I— TR
1 l— T

HET

b

4 BRI IR R G A T B

Figure 4 Schematic layout of single-event effect test system
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Figure 5 Wiring schematic and physical photograph of test circuit board
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Figure 6  Output characteristic curves of devices before and after

post-metallization annealing
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Figure 8 Breakdown characteristic curve of the device under off-state
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