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Abstract: Based on the sixth—generation 650 V SiC Junction Barrier Schottky(SiC JBS) diode and
the third—generation 900 V Silicon Carbide Metal-Oxide Semiconductor Field-Effect—Transistor(SiC
MOSFET), the single event effect, total dose effect and displacement damage effect of SiC power devices
are studied. In the 20~80 MeV proton single event effect experiment, the Single Event Burnout (SEB) of
SiC power device is accompanied by the generation of wave—shaped pulse current, and the breakdown
characteristics of SEB devices are completely lost after irradiation. The accumulated proton fluence that
induces SEB in SiC power devices decreases with the increase of bias voltage. In the single event effect
simulation of SiC MOSFET, when heavy ions are incident on the device from the source, there exit a
shorter SEB occurrence time and a lower SEB threshold voltage. The gate—source corner and the
substrate—epitaxial layer junction are SEB sensitive regions of SiC MOSFET. The coexistence of strong
electric field strength and high current density leads to excessive lattice temperature in the sensitive
regions. When studying Co® source total dose effect for SiC MOSFETs at gate bias (U,=3 V, Up=0 V),
more serious electrical characteristics degradation occurs compared to at drain bias(U,=0 V, Uy =300 V)
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and zero voltage bias (U,=U,¢=0 V). Using the middle—band voltage method, it is found that the vertical
electric field in the oxide layer under gate bias increases the generation rate of trapped charges and
exacerbates the degradation of threshold voltage. The neutron displacement damage leads to the
reduction of forward and reverse currents in SiC JBS diodes. The neutron displacement damage effect
experiments are carried out under the drain bias, and the electrical characteristics of SiC MOSFET are
degraded the most significantly. This work provides a certain reference and support for the research on
the radiation effect mechanism and radiation hardening of SiC devices for space application.

Keywords: SiC Junction Barrier Schottky diode; Silicon Carbide Metal-Oxide Semiconductor
Field-Effect-Transistor; Single Event Burnout; Technology Computer Aided Design; total dose effect;

displacement damage effect
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Fig.4 Transient pulse current when SEB occurs
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Fig.5 Changes in reverse characteristics of silicon carbide devices after burnout
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Fig.7 SEB transient pulse current
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Fig.10 Change of lattice temperature with time at different incident positions
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Fig.11 Spatial distribution of lattice temperature at different incident positions
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Fig.12 Electrothermal response at different incident depths
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Tablel Experimental conditions of total dose irradiation under different biases

bias condition total does/krad(Si) temperature
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Fig.13 Variation of output characteristic curves of SiC
MOSFET under gate voltage bias with increasing
cumulative dose during irradiation
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Fig.14 Transfer characteristic curves and the transconductance curves
of the SiC MOSFET device under the gate voltage bias with the
increase of the cumulative dose during irradiation
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Fig.18 Off-state leakage current varying with the accumulated dose under different biases
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Fig.21 Output curves of SiC MOSFET before and after neutron irradiation under different electrical stress conditions
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Fig.23 Electrical characteristics of SiC JBS diode before and after neutron irradiation
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