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Abstract
This paper investigates the switching performance of six-pack SiC MOSFET and Si IGBT modules for
motor drive applications. Both the modules have same packaging and voltage rating (1.2 kV). The three
bridge legs of the modules are paralleled forming a single half-bridge configuration for achieving higher
output power. Turn-on and turn-off switching energy losses are measured using a standard double pulse
methodology. The conduction losses from the datasheet and the switching energy losses obtained from
the laboratory measurements are used as a look up table input when simulating the detailed inverter losses
in a three-phase motor drive inverter. The total inverter loss is plotted for different switching frequencies
in order to illustrate the performance improvement that SiC MOSFETs can bring over Si IGBTs for a
motor drive inverter from the efficiency point of view. The overall analysis gives an insight into how SiC
MOSFET outperforms Si IGBT over all switching frequency ranges with the advantages becoming more
pronounced at higher frequencies and temperatures.

Introduction
Medium voltage motor drives will benefit from the superior material properties of SiC. For instance,
SiC devices offer a breakdown electric field of ten times higher than Si devices. This allows more
heavily doped and shorter drift layer structures, resulting in very low specific on-state resistance even
at high blocking voltages, thus reducing the conduction loss with a promise for higher power rating [1].
Therefore, when SiC MOSFETs become available in the 10 kV range, they can replace series connected
Si IGBTs, and thereby the weight, volume and loss of the converter will be reduced.

In addition, the SiC devices offer three times higher bandgap and thermal conductivity compared to the
Si devices. This means that the converter can be operated at a higher junction temperature [2, 3] and
has a better heat dissipation, which eventually leads to less need for thermal management and cooling,
also resulting in more compact converters. Motor drive inverters will also benefit from the fast switching
feature of SiC devices provided a small dv/dt or sine wave filter is used between the inverter and the
motor.

Moreover, the on-state resistance of a semiconductor power device is inversely proportional to the chip
area. When the SiC becomes cheaper, the chip area can be made bigger in high performance drives so
that the on-state resistance is reduced, thereby further reducing the conduction loss.

By adjusting the doping concentration, SiC MOSFETs can be produced according to application require-
ments. For example, for fast switching applications, higher speed can be prioritized whereas for slow
switching applications, on-state voltage can be the main criterion. Considering the motor drive appli-
cation, manufacturers have started to look into different structures that give reduced on-state losses; for
instance, a double trench structure has been discussed in [4].



Several papers have been published regarding the use of the SiC devices for motor drive applications.
For example: benefits of using a SiC diode instead of a Si PiN diode as a free-wheeling diode in a IGBT
for a three-phase motor drive converter is discussed in [5]. The switching performance of discrete SiC
MOSFET is evaluated in a PWM inverter fed induction motor drives in [6, 7]. The use of six-pack SiC
MOSFET module is compared with Si IGBT module at different switching frequencies in [8].

However, this paper focuses on comparing the total loss for SiC MOSFETs (CCS050M12CM2, 50 A)
and Si IGBTs (FS75R12KT4 B15, 75A) in a three-phase motor drive inverter formed by paralleling of
the three-bridge legs inside one module, using one module for each phase. In order to carry out a fair
comparison between the two technologies, both of the SiC MOSFET and Si IGBT modules are chosen
with similar voltage rating and packaging. Fig. 1 a) shows the package of the SiC module used in the
measurements. Even though the current rating of SiC MOSFET module is 50 A and Si IGBT is 75 A,
the comparison of loss is made at the same current value (50 A).

The converter losses are compared for two different cases. In the first case, the gate resistance (Rg) is
optimized for the Si IGBT as a trade-off among switching losses, acceptable dv/dt, and overshoots. The
detailed switching performances are illustrated for both modules maintaining approximately the same
dv/dt by slowing down the SiC MOSFET. The turn-on and turn-off behaviours are also studied at various
temperatures and load currents.

In the second case, the Rg for the SiC MOSFET is optimized with a trade-off between both current and
voltage overshoot and switching loss. The Rg for the Si IGBT is kept equal to that of the SiC MOSFET.
The detailed switching performances and losses are illustrated in a previous work [9]. In this paper,
the measured conduction and switching energy losses are used as a look up table input in a MATLAB
Simulink simulation of a three-phase motor inverter circuit to observe the losses.

Methodology and measurement setup
For measuring the turn-on and turn-off switching energy losses, a standard double pulse methodology is
used, which allows to do the measurements with known junction temperature (Tj) [10]. In order to have
a comparable stray inductance as in a real application circuit, a three-phase inverter power circuit board,
acting as a strip line connection between the module and the dc-link capacitors, was built, and a six-pack
module is mounted such that the three bridge legs are paralleled forming a single half-bridge, as shown
in Fig. 1 b). A negative voltage of 5 V is applied for the upper MOSFETs in order to ensure that they
are turned off all the time. For the lower MOSFETs, a gate voltage of 20 V is applied during turn-on and
-5 V during turn-off. For each measured current, the first turn-off and the second turn-on waveforms are
recorded. A single layer inductive load is used in order to ensure the minimum stray capacitance [11].
The complete laboratory hardware setup is depicted in Fig. 2. The Si IGBT is driven by the same gate
driver as that for the SiC MOSFET, except a small modification for obtaining ±15 V required for driving
an IGBT.

(a) Photo of six-pack MOSFET module.
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(b) Circuit diagram.

Fig. 1: Photo of SiC MOSFET module from Cree and circuit diagram. The upper and the lower three
transistors are paralleled, forming a single half-bridge configuration.










