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Fig. 1. SiC JBS diode used in our experiment: (a) Optical microscope diagram of surface morphology; (b) diagram of cross-section.
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Fig. 2. SiC MOSFET used in our experiment: (a) Optical microscope diagram of surface morphology; (b) diagram of cross-section.
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Fig. 3. Forward (a) and reverse (b) I-V characteristics of 650 V SiC diode before and after irradiation.
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Fig. 4. Forward (a) and reverse (b) I-V characteristics of 1200 V SiC diode before and after irradiation.
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Fig. 5. Forward (a) and reverse (b) I-V characteristics of 1700 V SiC diode before and after irradiation.
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Fig. 6. (a) DLTS spectra of 1700 V SiC diode before and after irradiation, the inset graph is the enlarged curve between

300—400 K; (b) Arrhenius plot.
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Table 2.  Trap information of SiC diode extracted by DLTS before and after irradiation.
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Fig. 7. Schematic diagram of the energy band of SiC diode during DLTS testing process: (a) Pre-irradiation; (b) after-irradiation.
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Fig. 8. (a) Transfer and gate-current characteristics of SiC MOSFET before and after irradiation (test condition, V; = 0V, V; =

0.1 V); (b) gate current fitting of SiC MOSFET after irradiation (test condition Vg = Vy=0V).
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Fig. 9. (a) Energy band diagram of SiC MOSFET without gate bias before irradiation; (b) energy band diagram of SiC MOSFET
without gate bias after irradiation; (¢) energy band diagram of SiC MOSFET with positive gate bias after irradiation.
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Study on characteristics of neutron-induced leakage current
increase for SiC power devices”
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Ma Teng  Cai Zong-Qi  Chen Yi-Qiang?
(Science and Technology on Reliability Physics and Application of Electronic Component Laboratory, the Fifth Electronics Research

Institute of the Ministry of Industry and Information Technology, Guangzhou 511370, China)

( Received 13 June 2023; revised manuscript received 3 July 2023 )

Abstract

In this paper, the displacement damage degradation characteristics of silicon carbide (SiC) Schottky barrier
diode (SBD) and metal oxide semiconductor field effect transistor (MOSFET) are studied under 14-MeV
neutron irradiation. The experimental results show that the neutron irradiation with a total fluence of 1.18x
10" ¢m=2 will not cause notable degradation of the forward I-V characteristics of the diode, but will lead to a
significant increase in the reverse leakage current. A defect with energy level position of Ec —1.034 eV is
observed after irradiation by deep level transient spectroscopy (DLTS) testing, which is corresponding to the
neutron-induced defect cluster in SiC. This deep level defect may cause the Fermi level of n-type doping drift
region to move toward the mid-gap level. It ultimately results in the decrease of the Schottky barrier and the
increase of the reverse leakage current. In addition, neutron-induced gate leakage increase is also observed for
SiC MOSFET. The gate current corresponding to V., = 15 V after irradiation increases nearly 3.3 times that
before irradiation. The donor-type defects introduced by neutron irradiation in the oxide layer result in the
difference in the conductivity mechanism of gate oxygen between before and after irradiation. The defects have
an auxiliary effect on carrier crossing the gate oxide barrier, which leads to the increase of gate leakage current.
The defects introduced by neutron irradiation are neutral after capturing electrons. The trapped electrons can
cross a lower potential well and enter the conduction band to participate in conduction when the gate is
positively biased, thus causing the gate current to increase with the electric field increasing. After electrons
captured by donor-type defects enter the conduction band, positively charged defects are left from the gate
oxide, leading to the negative shift of the transfer characteristics of SiIC MOSFET. The results of DLTS testing
indicate that the neutron irradiation can not only cause the intrinsic defect state of SiC material to change near
the channel of MOSFET, but also give rise to new silicon vacancy defects. However, these defects are not the

main cause of device performance degradation due to their low density relative to the intrinsic defect’s.

Keywords: silicon carbide power device, neutron irradiation, displacement damage, deep level transient

spectrum
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