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Abstract

Compared to other silicon-based devices, silicon carbide
(SiC) MOSFETs suffer from a shorter short-circuit withstand
time and degradation after repeated short-circuiting, which
challenges the short-circuit protection circuit design for SiC
MOSFETSs. In this paper, a short-circuit test platform for SiC
MOSFETSs is designed and built. Based on the test platform,
the relationship between gate voltage, short-circuit withstand
time and the short-circuit peak current overshoot is measured
and discussed. Based on the test results, a lower gate voltage
can significant increase the short circuit withstand time and
decrease the short-circuit current. And a short-circuit
protection scheme with a soft turn off circuit is proposed and
designed, which can achieve fast short-circuit protection
response with reduced fault peak current under hard switching
fault condition. The soft turn-off circuit can also effectively
suppress the voltage overshoot caused by the power loop stray
inductance. Compared to the hard turn-off condition, the
voltage overshoot can be reduced from 124V to 40V at the
same condition using soft-turn off.

1. Introduction

Silicon carbide (SiC) power semiconductors are attracting
more and more attention due to their inherent characteristics
e.g. higher breakdown voltage, lower power loss, fast
switching speed, and higher operating temperature, which
bring great benefits in efficiency, weight, size, and control
bandwidth in application. And SiC MOSFETSs are considered
to replace silicon (Si) insulated gate bipolar transistors
(IGBTs) in many applications for better performance, such as
electric vehicles, space exploration, power systems and other
applications. However, current studies show that compared to
Si IGBTs, SiC MOSFETS still have weaker short circuit (SC)
capabilities than the Si IGBT counterpart, e.g. shorter SC
withstand time and risk of degradation after repeated short-
circuits[1][2].

Short-circuit protection (SCP) of SiC MOSFETS has been
extensively investigated. The desaturation method widely
used for IGBT SCP can also be adopted for SiC MOSFET]|3-
5]. However, compared to Si IGBTSs, the boundary between
the active and the saturation regions of SiC MOSFETSs is not
obvious, which makes the threshold and blanking time setting
more difficult. A SCP circuit based on Hall sensors is
proposed in [6], but the response time is still limited. A short-
circuit protection circuit based on Rogowski coils is proposed
in [7], but the noise in signal path can cause malfunction of
protection circuit. A SCP method using PCB Rogowski coil is
proposed in [8], but the design of the circuit is too complex. A
SCP circuit based on gate voltage detection is proposed[9].
However, this method has complex structure, complicated
logic and low stability. A voltage source SCP based on field
programmable gate array (FPGA) is designed[10]. Due to the

large blanking time, the response time of the protection is
limited. A reliable and fast response SCP method for SiC
MOSFET is still a challenge in the real applications.

In this paper, an SC test platform for SiC MOSFET is
designed and built. Its operating principles and implantation
are described in detail, and the correlation between gate
voltage and SC withstand time/SC current overshoot is
investigated. Then, the test platform is used to test the SC
withstand capability of SiC MOSFETs at different gate
voltages. The experiment results validate that the protection
scheme can turn off the short-circuit current in a short time,
and effectively suppress the SC peak current and voltage
overshoot. Finally, this paper designs a soft turn-off method,
which can significantly suppress the voltage overshoot caused
by the rapidly dropping fault current and protect the device by
preventing gate voltage from surging.

2. Short Circuit Test platform setup

The diagram of the SC test platform is shown in Fig. 1.
The capacitor C; is used for energy storage. It provides short
circuit energy during the test. The capacitor C, and capacitor
Cs are used as high frequency decoupling to minimize the
stray inductance in the test loop. And they provide high
frequency current path during the test to avoid potential
parasitic oscillation because the C; is usually located a bit far
from the device under test (DUT). An IGBT is inserted
between the capacitors, which is used as solid-state-circuit-
breaker (SSCB) to protect the DUT during the test once the
current exceeds a certain level.

1q

Y TG J_L_h

QI I

SsCB
Current detection

¥
Vi [+ Driver =
—" for IGBT
resistor

Fig. 1. Short-circuit test platform

During the SC test, a gate pulse is applied to the DUT, and
the on-time pulse width of the SC pulse gradually increases
until the device is damaged to test its SC withstand time.

The solid-state circuit breaker (SSCB) circuit is shown in
Fig. 2, which consists of an IGBT and its overcurrent
protection. When the DUT exceeds its preset threshold, the
IGBT will be turned off to separate the energy storage
capacitor C; from the main loop to avoid drastic damage. The
protection current is higher than the short circuit current of the
DUT.
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Abstract—Compared with traditional silicon devices, silicon
carbide (SiC) device has outstanding advantages in high frequency,
high voltage and high temperature applications. At present, most
commercially available SiC devices are low voltage and low power
SiC MOSFETs, the dynamic performance of high-voltage and
high-current power modules is seldom reported. The dynamic
performances of a newly developed SiC MOSFET module under
different test environments are studied. The related gate drive for
this high voltage SiC module is also discussed. From the aspects of
driving resistance Rg, operating junction temperature Tj, load
current Id, bus voltage Vas, the dynamic and short-circuit
characteristics of a 6.5kVV/400A SiC MOSFET are fully evaluated.
The experimental results will help to optimize the device design
and engineering application for high-voltage, high-current SiC
devices.

Keywords—SiC MOSFET, dynamic characteristics, short-
circuit characteristics

. INTRODUCTION

With the development of wide bandgap device, SiC
MOSFETSs are more and more widely used in power converters.
Compared with silicon-based devices, SiC materials have higher
band gap, breakdown field strength and thermal conductivity.
SiC devices show obvious advantages in terms of on-state loss,
switching speed, and operating temperature, which can meet
more extensive application requirements[1]. At present, most
commercial SiC modules have voltage levels of 1.2kV and
1.7kV. Although CREE released a 6.5kV/340A SiC MOSFET
module[2], there are still few high-voltage and high-current
silicon carbide devices reported. Besides the technical
challenges, another major constraint is performance testing and
reliability issues. Although SiC devices have higher thermal
conductivity to improve their thermal characteristics, due to
their smaller chip area and higher current density, SiC devices
have a shorter short-circuit withstand time than silicon-based
devices[3]. Furthermore, as the switching speed of SiC devices
increases, although high di/dt and dv/dt in the switching
transient help reduce the switching loss of the device, it will

This work was supported by the National Key Research and
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cause severe EMI problems, and bring new insulation challenges
to real applications. Therefore, it is particularly important to
study the transient characteristics of SiC MOSFETS.

Since nearly 2/3 of the failure faults of power electronic
devices are caused by thermal stresses, and most of them are
caused by overheating damage due to the transient energy
accumulated from short-circuit faults, it is necessary to study the
short-circuit characteristics of SiC MOSFETs at high
temperatures.

This paper will provide a detailed dynamic performance
evaluation for a new developed 6.5kV/400A SiC MOSFET
module. A digital gate driver with short-circuit protection, active
clamping is designed, and the dynamic test platform for SiC
MOSFET with low parasitic parameters is also developed.
Based on the principles of controlled variables, the switching
transient evaluation was carried out with different drive
resistance Ry, operating junction temperature T;, load current Id,
bus voltage Vs, etc. And the short-circuit characteristics of the
SiC MOSFET under high temperature are studied too.
According to the experimental results, the dynamic
characteristics of the SiC MOSFET is evaluated and analyzed.

Il. DESIGN OF DYNAMIC TEST PLATFORM AND GATE
DRIVER CIRCUIT

In order to evaluate the effect of various parameters on the

switching transient characteristics of SiC MOSFET accurately
and reliably, and reduce the measurement error caused by
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Fig. 1. Schematic diagram of double pulse test circuit
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