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Abstract: This paper investigates the short-circuit, avalanche, crosstalk, and switching
oscillation problems associated with the application of SiC MOSFETs. It examines the
generation mechanisms, working mechanisms, and testing methods for these four issues. The
study proposes methods to enhance the device's anti-short-circuit capability by assessing the
degree of short-circuit in advance, improve the device's anti-avalanche capability through
protective measures, suppress switching oscillations by controlling dead time and output
distortion compensation, adjusting parasitic parameters through control algorithms, and
mitigate bridge-arm crosstalk using various suppression techniques.
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1. Introduction

As a third-generation wide bandgap semiconductor device, the SiC MOSFET (Metal-Oxide-
Semiconductor Field-Effect Transistor) is widely utilized in aerospace, rail transit, electric vehicles,
new energy power generation, and other high-tech fields due to its advantages, including a wide
bandgap, strong heat dissipation performance, fast switching speed, and high breakdown field
strength [1,2].

However, in practical applications, SiIC MOSFET devices encounter several issues that can lead
to experimental failures or application obstacles, ultimately reducing the reliability of these new
devices. This paper discusses and analyzes the problems encountered in SiC MOSFET applications,
categorizing them as follows: The short-circuit issue arises because the internal chip area of a SiC
MOSFET is much smaller than that of traditional Si material devices, causing the unit chip area to
bear higher short-circuit currents and generate more heat. Without timely short-circuit protection, the
SiC MOSFET may burn out [3]. The avalanche issue occurs when the SiC MOSFET operates at a
voltage exceeding its specification or surpasses its maximum withstand voltage limit due to abnormal
system conditions. This effect is more pronounced in SiC MOSFETs compared to Si devices because
their high electric field strength accelerates carrier generation [4]. Switching oscillations refer to the
strong current and voltage changes that can cause the device to mislead or mistakenly shut down,
interacting with the parasitic parameters of the power circuit and resulting in severe switching
oscillations. Such oscillations not only increase switching losses but also affect the stability of the
entire system and, in severe cases, may damage both the device and the system [5-7]. The bridge-arm
crosstalk problem occurs in most cases when SiC MOSFETs are used in bridge-arm rectifier inverters.
Due to the high switching speed, even minimal stray parameters in the circuit can lead to crosstalk
issues on the gate drive side of the SiC MOSFET adjacent to the same bridge arm [8,9].
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In response to these problems, this paper explores basic solutions as follows: By using a Hall
element to detect short-circuit current, measuring changes in the SiC MOSFET's drain-source voltage
to assess short-circuit conditions, and employing Rogowski coil detection methods, the device's short-
circuit resistance can be improved [10,11]. The avalanche effect can be mitigated by employing
desaturation protection and multi-layer protection to promptly halt charge accumulation. Switching
oscillations can be addressed at three levels: the SiC MOSFET switch control algorithm level, the
drive power circuit level, and the main circuit power circuit level. Solutions include dead zone control,
output distortion compensation, and soft switching at the control algorithm level. The bridge-arm
crosstalk problem in SiC MOSFET devices is mainly suppressed by negative voltage turn-off
suppression, passive suppression, and active suppression methods [12,13].

The structure of this paper is as follows: The first part is the introduction, the second part discusses
the current problems associated with SiC MOSFETs, the third part analyzes methods for addressing
these challenges, and the fourth part presents the conclusion.

2.  Reliability Issues of SiC MOSFET
2.1. Short Circuit and Avalanche Problems

Short Circuit Problem of SiC MOSFET: Unlike traditional Si material devices, SiC MOSFETsS,
despite their significant advantages in high-temperature resistance, radiation resistance, and heat
dissipation, have a much smaller internal chip area. This smaller chip area makes SiC MOSFETsSs bear
more short-circuit current per unit area and generate more heat during a short-circuit fault [14]. If
short-circuit protection is not implemented promptly, the SIC MOSFET can be destroyed. Designing
a suitable protection and detection circuit for SIC MOSFETs is a prominent research topic [15].

SiC MOSFET Avalanche Problem: Due to the characteristics of SiC materials, SiC MOSFETSs are
prone to avalanche phenomena when operating at high voltages, which can lead to device failure. The
relationship between avalanche energy and drain current was measured at 25°C and 125°C,
respectively. As shown in Figure 1, the comparison indicates that the smaller the inductance, the
shorter the avalanche energy and duration, as generating sufficient avalanche energy requires a higher
avalanche current. Conversely, the larger the inductance, the greater the avalanche energy. Compared
to silicon devices, the avalanche capability of SiC MOSFETs is less sensitive to temperature. As the

temperature increases, the duration and energy of avalanches decrease slightly [16].
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Figure 1: The Relationship between Avalanche Energy and Drain Current [17].

The negative gate turn-off voltage positively affects the avalanche capability of SiC MOSFETs. A
negative turn-off voltage of -5V slightly improves avalanche resistance compared to a zero turn-off
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gate voltage. This is primarily because a high negative gate turn-off voltage helps to keep the MOS
channel off, causing the source current to take longer to pass through the channel.

Under avalanche stress, the device experiences significant power loss due to the high drain voltage.
Figure 2 shows the typical single-pulse waveform of a 1200V/36A SiC MOSFET under avalanche
conditions. The voltage across the MOSFET reaches a peak of 1800V. The avalanche state lasts for
15 microseconds, during which the drain voltage first increases with the junction temperature and
then decreases due to the low impact ionization rate at high temperature. Finally, the voltage between
the drain and the source suddenly drops, forming a conductive path between the drain and the source,
which results in a sharp increase in drain leakage current [18].
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Figure 2: Avalanche Experiment Diagram [18].

2.2. Switch oscillation and bridge arm crosstalk problems

SiC MOSFET Switching Oscillation Problem: Due to the superior characteristics of SiC materials,
SiC MOSFETs can operate at higher frequencies and voltages, leading to greater rates of current
change (di/dt) and voltage change (dv/dt) when the MOSFETs are turned on and off. Strong changes
in current and voltage can cause electromagnetic interference (EMC) in the control circuit, resulting
in mis-conduction or unintentional shutdown of the device. These changes also interact with the
parasitic parameters of the power loop, leading to severe switching oscillations. Severe switching
oscillations not only increase switching losses but also impact the stability of the entire system. In
extreme cases, they can cause damage to the device and even the entire system [19-21].

SiC MOSFET Bridge Arm Crosstalk Problem: In most cases, SiIC MOSFETs are used in bridge-
arm rectifier inverters. Due to the high-frequency switching speed, even very small stray parameters
in the circuit can cause crosstalk issues on the gate drive side of the SiC MOSFET adjacent to the
same bridge arm [22]. The gate voltage tolerance of SiC MOSFETs is limited; when the forward gate
voltage exceeds 25V or the reverse voltage exceeds -10V, the SiC MOSFET may experience gate
breakdown, ultimately leading to device failure [23]. Therefore, the crosstalk problem is a significant
obstacle in the application of SiC MOSFETs in high-frequency fields, warranting further research
and exploration by scholars.

3.  Methods to Improve the Reliability of SiC MOSFET
3.1. Methods to Improve Short-Circuit and Avalanche Resistance

To enhance short-circuit resistance, some scholars have proposed using a Hall element to detect short-
circuit currents by monitoring changes in the SiC MOSFET current. However, the Hall element
suffers from low sensitivity, poor temperature characteristics, and susceptibility to electromagnetic
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interference. This detection scheme does not account for the protection response time nor confirm the
accuracy of detection. Subsequently, the desaturation detection method was introduced, which
determines short-circuit conditions by monitoring changes in the drain-source voltage of the SiC
MOSFET. This method can be applied to both Si IGBT and SiC MOSFET detection and has a
relatively simple structure, although it requires careful setting of the detection blind area. Another
approach involves using the parasitic inductance within the SiC MOSFET power module to detect
the device's operating state. The principle here is that changes in the SiC MOSFET current produce
a voltage drop across the parasitic inductance, with the short-circuit condition identified by detecting
this voltage drop [24]. Some Western scholars have developed a method using a PCB Rogowski coil
to design a PCB Rogowski coil, which is placed on the source pin of the SIC MOSFET to detect short
circuits by monitoring the source current. However, the PCB Rogowski coil occupies significant
space, exhibits poor stability, and has weak anti-interference capabilities. This method requires
further study. Other researchers have explored gate voltage detection methods, wherein the gate
voltage changes when the SiC MOSFET experiences a short circuit, allowing the device's operating
condition to be assessed by monitoring the gate voltage. However, this method involves a complex
structure, cumbersome logic, and low stability. Based on the above analysis, the desaturation
detection method is relatively simple and stable [25,26].

To improve avalanche resistance, two main methods are currently employed. The first is
desaturation protection, which utilizes a driver with desaturation protection capabilities that can
respond rapidly after a short circuit occurs, such as Power Integration's SCALE-2 IGBT gate driver.
The second method is multi-layer protection, which combines various protection technologies, such
as an integrated desaturation circuit driver, to enhance overall avalanche resistance [27].

3.2. Methods to Suppress Switching Oscillation and Bridge Arm Crosstalk

Regarding switching oscillation suppression, researchers globally have conducted in-depth studies on
SiC MOSFET switching oscillations, employing various methods to analyze and address this issue
from different perspectives. Early studies on SiC MOSFET switching oscillations were conducted
through simulations, which demonstrated the influence of parasitic parameters on switching
oscillations. However, these studies lacked experimental data support. In contrast, other scholars
utilized Matlab to construct a mathematical model and combined it with experimental data to more
comprehensively analyze the impact of parasitic parameters on switching oscillations. Some research
teams have proposed that the drive circuit parameters influence the switching transients of SiC
MOSFETs, supported by simulation and double-pulse experiments, providing valuable references for
addressing switching oscillation issues. Additionally, research has extended to control algorithm and
circuit design levels. Other scholars have focused on suppressing switching oscillations by optimizing
control algorithms, drive power circuits, and main circuit power circuits [28,29]. Among these efforts,
research on the control algorithm level successfully addresses the problem of bridge-arm shoot-
through and output distortion by adjusting the dead time and compensating for output distortion.
Another group of researchers effectively reduced oscillation amplitude and decreased over-voltage
and over-current during switching transients by adding an RC snubber circuit to the main circuit.
Simultaneously, scientists have introduced the application of soft-switching technology to alter the
switching trajectory of SiC MOSFETs, significantly reducing switching losses and oscillations [30].
Further research indicates that high-frequency oscillations generated during the SiC MOSFET
switching process can cause greater interference to the system control side, potentially leading to
incorrect signal triggering or shutdown. Finally, some experts compared switching oscillation issues
in power devices made of different materials and analyzed the influence of parasitic parameters in
these devices [31-33].
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To resolve bridge-arm crosstalk, three main methods are commonly used. The negative voltage
turn-off suppression method involves converting the driving turn-off voltage signal into a negative
voltage to prevent the SiC MOSFET from being mis-triggered. Simulations and experimental
analyses have shown that negative gate voltage can accelerate the turn-off speed of SiC MOSFETs
and reduce losses. However, since the maximum negative voltage tolerance of SiC MOSFETs is -
10V, while negative voltage turn-off effectively suppresses forward crosstalk, it increases the risk of
reverse crosstalk. If the negative voltage value is not set appropriately, it may lead to negative voltage
breakdown of the SiC MOSFET [34]. The passive suppression method reduces crosstalk by lowering
the turn-on and turn-oft speeds of the SiC MOSFET, which in turn decreases the current change rate
(di/dt) and voltage change rate (dv/dt). By increasing the resistance of the drive circuit or the
capacitance of the gate-source capacitance, the charging speed of the drive circuit to the gate-source
capacitance is reduced, achieving the goal of lowering the turn-on and turn-off speeds of the SiC
MOSFET. However, while this method suppresses switching oscillations, it also reduces switching
speed and increases losses during the entire switching operation, potentially impacting its application
in high-frequency fields [35-37]. Compared to the passive suppression method, the active suppression
method is more flexible. Unlike the simple parallel gate-source capacitance method, active
suppression has a relatively smaller impact on the switching speed of the SiC MOSFET [38].

Figure 3: Active Suppression Circuit [38].

4. Conclusion

In this paper, the short-circuit phenomenon, avalanche effect, switching oscillation phenomenon, and
bridge-arm crosstalk in SiC MOSFETs have been studied. The generation and working mechanisms
of common issues such as short circuits and avalanches have been analyzed in detail. Based on the
characteristics of SIC MOSFETSs, methods to enhance short-circuit and avalanche resistance, as well
as to suppress switching oscillation and bridge-arm crosstalk, have been proposed. This research
provides theoretical support for the application of SiC MOSFETs.
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