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Abstract: This paper focuses on the short-circuit characteristics of SiIC MOSFETs. The SiC
MOSFET, categorized as a third-generation wide bandgap power semiconductor, shows
significant promise for use in high-voltage applications. Short-circuit faults are categorized
into hard-switch short circuits and load short circuits. The drive parameters, including Gate
Resistance, Gate-Source Voltage, and DC Bus Voltage, significantly affect the short-circuit
characteristics. Increasing Gate Resistance can slow down the rise rate and peak value of
short-circuit current, reducing the risk of device damage, although too much Gate Resistance
will slow down the switching speed. Raising the Gate-Source Voltage increases the short-
circuit current peak and accelerates the rise time, but too high a Gate-Source Voltage
increases the risk of device damage. The DC Bus Voltage does not have a significant effect
on the short-circuit current but primarily influences the Gate-Source Voltage. Studying the
influence of drive parameters on short-circuit characteristics is crucial for optimizing design
and improving system stability.
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1. Introduction

With the ongoing growth of power electronics in areas such as renewable energy, smart grids, smart
homes, electrification of transportation, and electric or hybrid vehicles, as well as various emerging
industrial and medical fields, the development of new wide bandgap (WBG) power semiconductor
devices has increasingly attracted research attention."[1]. As third-generation WBG power
semiconductor devices [2-3], silicon carbide (SiC) devices possess excellent material properties, such
as higher operating frequency, lower junction-case resistance, improved radiation resistance, and the
ability to operate at higher ambient temperatures [4-8]. They have demonstrated great potential in
high-voltage, high-temperature, high-power, and high-frequency applications [9]. These devices are
progressively replacing traditional silicon-based MOSFETSs, becoming the primary choice for high-
power and high-frequency applications. They are gaining widespread use in the field of new energy
and are considered the most suitable devices to replace traditional Si-based IGBTs [10-11].
However, despite the numerous advantages and broad application prospects of SiC devices in
power electronic converters, several technical challenges related to their performance under short-
circuit conditions still need urgent resolution [12]. Compared to Si devices, SIC MOSFETs have a

© 2025 The Authors. This is an open access article distributed under the terms of the Creative Commons Attribution License 4.0
(https://creativecommons.org/licenses/by/4.0/).

40



Proceedings of the 3rd International Conference on Mechatronics and Smart Systems
DOI: 10.54254/2755-2721/125/2025.20008

smaller chip area and higher current density, resulting in shorter short-circuit withstand times, weaker
tolerance, and faster performance degradation under short-circuit conditions [13-14]. Consequently,
when a short-circuit fault occurs, SiC MOSFETs endure higher short-circuit currents per unit die area
and generate more heat [ 15-19]. Without timely short-circuit protection, SiC MOSFETs are at risk of
burning out [20-23]. The significance of this issue is heightened in high-current MOSFET power
modules, where the short-circuit safe operating area (SOA) usually spans only a few microseconds.
This limitation leads to a robustness that is markedly less than that of silicon-based IGBTs. [24-25].
For large-scale applications, the reliability of these devices must be further improved. Therefore,
understanding how the driving parameters of SiC MOSFETs influence their short-circuit
characteristics is essential for optimizing design and enhancing system stability.

This paper aims to explore the short-circuit characteristics of SiC MOSFETs in detail, focusing on
the specific effects of drive parameters, such as Gate Resistance (RG) and Gate-Source Voltage
(VGS), on short-circuit behavior. By analyzing how these parameters influence short-circuit current
during fault conditions, this study seeks to offer guidance for future researchers on designing SiC
MOSFET drive circuits and protection schemes, ultimately improving the reliability and performance
of SiC MOSFETs in practical applications.

2. Short Circuit Fault Types of SiC MOSFET

SiC MOSFET faults are generally categorized into short-circuit faults and overload faults. During a
short-circuit fault, the power loop's inductance decreases significantly from its normal state, leading
to a rapid current increase that can reach 8 to 10 times the typical level in a matter of microseconds.
Under such conditions, the SIC MOSFET can only withstand the fault for a few microseconds before
sustaining damage. Conversely, overload faults are marked by a gradual increase in current, which
doesn't spike to extreme levels right away but instead steadily rises beyond the device's rated capacity.
While no immediate damage may occur, prolonged overload can cause the temperature of the power
devices to rise, eventually leading to system overheating. If the temperature reaches a critical
threshold, heat accumulation inside the SiC MOSFET can lead to thermal runaway, significantly
reducing the device's reliability.

Short-circuit faults in SiIC MOSFETs can be further subdivided into two types: hard-switching
short-circuits and load short-circuits.

In power conversion circuits, Hard Switching Faults (HSF) typically occur when the switch is
either turned on or off. During the transition of a SiC MOSFET from the off-state to the on-state,
significant voltage and current spikes are generated across the device due to parasitic inductances in
the circuit and the rapid switching of voltage and current. If the circuit is not properly designed or if
external interference occurs, these spikes may lead to transient overcurrent, resulting in a condition
similar to a short circuit.

Fault Under Load (FUL) refers to a continuous low-impedance state at the load end caused by
external faults or system abnormalities during circuit operation. This condition allows excessive
current to flow through the SiC MOSFET over an extended period, subjecting the device to extreme
current stress. Consequently, the internal power loss of the SiC MOSFET increases dramatically,
causing a rapid rise in temperature. If timely protective measures are not implemented, prolonged
load short-circuit conditions can result in thermal runaway and potentially lead to device failure.
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Figure 1: Schematic diagram of two types of short circuits[27].

3.  Effect of Driving Parameters on Short-Circuit Characteristics

This section uses Spectre simulation software to study the effect of various driving parameters of SiC
MOSFETs on their short-circuit characteristics. By altering the RG, VGS, and DC bus voltage (VDC),
the changes in the short-circuit current (ID) are observed.

3.1. Effect of Gate Resistance RG on Short-Circuit Characteristics

When analyzing the effect of RG on the short-circuit characteristics of SIC MOSFETs, RG is varied
while keeping the other circuit parameters constant. The values of RG are set at 10Q2, 37.5Q, 50Q,
75Q, 98Q), and 150Q, respectively. The simulation waveforms of the current (ID) and drain-source
voltage (VDS) during a short-circuit event are shown in the figure below [26].
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Figure 2: Short-circuit characteristics at different RG ID waveform [26].
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It is evident from Figure 2 that as the RG of the SiC MOSFET increases, the rising speed of the
short-circuit current (ID) decreases, the peak value of ID gradually reduces, and the time required to
reach the peak value lengthens. This occurs because a larger RG reduces the gate charge and discharge
current, thereby slowing the charging and discharging speed of the gate capacitance. This results in a
slower turn-on and turn-off process for the SiC MOSFET, causing a more gradual increase in ID.
Through analysis, it can be concluded that increasing RG slows down both the rate of current rise and
the peak current during a short-circuit fault, reducing the overshoot of the turn-off voltage and thereby
lowering the risk of damage to the SiC MOSFET. Nonetheless, if RG is excessively large, it will slow
down the device's switching speed and raise the losses during the switching process.[26].

3.2. Effect of Gate Voltage VGS on Short-Circuit Characteristics

The driving voltage (VGS) directly affects the switching speed of SiC MOSFETSs and their short-
circuit characteristics. To specifically analyze the impact of VGS, the driving voltage is varied while
keeping other circuit parameters constant. VGS is set at 17V, 18V, 19V, and 20V, respectively. The
simulation waveforms of the current (ID) during a short-circuit event are shown in the figure below.
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Figure 3: Short-circuit characteristics at different drive voltages (VGS) - ID waveform [26].

It can be observed from the figure 3 that as the VGS increases, the peak value of the short-circuit
current (ID) rises significantly, and the current rise speed also accelerates. Additionally, the
undershoot of the VDS during turn-on and the overshoot during turn-off both increase accordingly.
As VGS increases, the saturation voltage drop of the SIC MOSFET decreases. Therefore, the higher
the VGS, the smaller the on-resistance, which reduces delays and losses during the turn-on and turn-
off processes. A larger VGS allows the SiC MOSFET to fully conduct, thereby reducing conduction
losses. However, an excessively high driving voltage causes the device to experience greater short-
circuit current and increased overshoot voltage during turn-off, reducing its short-circuit withstand
capability, shortening the short-circuit withstand time, and increasing the risk of device damage.
Conversely, if the driving voltage is too low, the SiC MOSFET will not fully conduct and will fail to
operate within the linear region, leading to higher losses and degraded performance [26].
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3.3. Effect of VDC on Short-Circuit Characteristics

The VDC directly impacts the short-circuit current (ID) and the VDS. The following analysis explores
the effect of VDC on the short-circuit characteristics of SiC MOSFETs. With all other parameters
held constant, the size of the VDC is varied.
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Figure 4: Short-circuit characteristics at different VDC - ID waveform[27].

It can be observed from Figure 4 that as the SiC MOSFET bus voltage (VDC) increases, the peak
value of the short-circuit current (ID) rises slightly, and the current slope during the rise also increases
modestly. The VDS increases in proportion to the rise in VDC, with the voltage undershoot during
turn-on and the voltage overshoot during turn-off remaining nearly unchanged. There is no significant
change in switching speed. Therefore, the VDC has minimal effect on the short-circuit current, but it
significantly influences VDS. To prevent the voltage overshoot during turn-off from causing a
breakdown of the device, the DC bus voltage is generally chosen with a reduced rating, leaving a
certain safety margin [27].

4. Conclusion

The SiC MOSFET, as a new type of power semiconductor device, offers several advantages but faces
challenges under short-circuit conditions. This article investigates its short-circuit characteristics,
identifying two main types of short-circuit faults: hard-switch short circuits and load short circuits.
Using Spectre simulation software, the effects of key driving parameters—such as RG, gate voltage
(VGS), and VDC—on short-circuit characteristics are analyzed. Increasing RG can slow down the
rise of short-circuit current, though excessive values will also reduce switching speed. Raising VGS
increases both the peak value and rise speed of the short-circuit current, but a voltage that is too high
raises the risk of device damage. On the other hand, VDC has minimal impact on the short-circuit
current and primarily affects VDS. These findings provide valuable insights for optimizing the design
and application of SiC MOSFETs, enhancing their reliability in practical use.
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