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ABSTRACT: SiC MOSFET can greatly improve the
efficiency and power density of the converter, and has good
application prospects in high frequency, high temperature and
high voltage field. However, the SiC MOSFET’s popularization
and application have been limited due to its short short-circuit
withstand time, serious characteristic degradation, and
ambiguous failure mechanism. Therefore, it is valuable to
explore SiC MOSFET short-circuit degradation and failure
mechanism, that can provide guidance for the application of
SiC MOSFET devices and the design of their protection
circuits. Firstly, this paper summarized various types of SiC
MOSFET short-circuit faults, and the characteristic for one of
the typical short-circuit faults was analyzed in detail. Based on
this, it discussed SiC MOSFET’s two typical failure modes, the
failure mechanism and influencing factors after a single
short-circuit fault. Secondly, the status of SiC MOSFET
degradation mechanism after repetitive short circuit stress was
systematically summarized. Finally, the current research
difficulties of
degradation of SiC MOSFET were pointed out, and the
development trend of SiC MOSFET short-circuit characteristic

short-circuit  failure and characteristic

research was prospected.
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Table 1 Comparison of three short-circuit fault
characteristics of SiC MOSFET
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Fig.3 SiC MOSFET short-circuit failure waveform
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Fig. 4 Planar SiC MOSFET half cell structure and

short-circuit failure point
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Fig. 6 3.3kV SiC MOSFET short-circuit failure image
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Fig. 8 Gate voltage and gate leakage current under
short-circuit of SiC MOSFET
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SiC  MOSFETs

electronics applications, e.g., electric vehicles, railway

are widely used in power
traction, and renewable energy, thanks to their superior
physical properties. However, compared with traditional
silicon-based devices, SiC MOSFETs
(SC) withstand

characteristic degradation and more complicated SC

have shorter

short-circuit time, more Sserious
failure mechanism, which limits the popularization and
application. In order to improve the reliability of the
entire system, we need to explore the SC failure and
degradation mechanisms.

Before analyzing the SiC MOSFETs failure
mechanism, it is necessary to understand the types of SC
faults and SC characteristic. The SC test principle and
typical waveform are shown in Fig. 1. To explore the SiC
MOSFETs SC failure and degradation mechanisms, we
need to design destructive and non-destructive SC tests
out of different experimental purposes.

The failure results can be divided into D-S SC
failure mode and G-S SC failure mode after the SiC
MOSFETs destructive SC tests. In the SiC MOSFETs
cell (Fig. 2), we can see the corresponding position of
failure points. High electrothermal stress will be
generated inside the device during the SiC MOSFETs SC
process, so that the insulating structure of the device cell

may be destroyed. If the stress breaks the 4) area
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Fig. 1 Short-circuit test circuit with

typical experimental waveform

S25

Fig.2 Planar SiC MOSFET half cell structure and

short-circuit failure point
(Fig. 2), it will cause G-S SC failure. If the stress is too
large, the gate oxide layer (D area in Fig. 2) will also be
destroyed, and it will cause D-S SC failure. Some
literatures indicate that due to the low reliability, the gate
oxide of SiC MOSFETs may be broken during the SC
test. If the breakdown occurs in the channel region (3
area in Fig. 2), V, will be clamped at 0V, which will
cause G-S SC failure. If the gate oxide layer in the JFET
area (O area in Fig. 2) is damaged, it will cause D-S SC
failure. At the same time, the parasitic NPN transistor
(@ area in Fig. 2) may be turned on during the SC test
of the SiC MOSFET, which will also cause D-S SC
failure.

After a non-destructive SC test on the SiC
MOSFETs, the characteristic degradation is obvious to
see. But we haven’t seen any failure yet. On the
packaging side, the main factor of degradation is the
aging of bond wires. On the die side, it is the charge
injection effect and the generation of new interface
defects in the gate oxide layer that cause serious
degradation of the gate oxide layer. In addition, we have
discussed the influence of external stress on SiC
MOSFETs SC failure and degradation.

Finally, the main challenges and development trend
of the SiC MOSFETs SC failure and degradation

mechanisms are summarized.



