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Abstract 

This paper investigates the switching rate and temperature dependence of parasitic (false) turn-on of 
power transistors when switched in power converters implemented in silicon IGBTs and Silicon 
Carbide (SiC) MOSFETs. It is shown that although high switching rates are normally desirable for 
minimizing the switching losses, this can result in shoot-through arm currents due to the combination 
of a Miller capacitance and high dV/dt. The power losses arising from this can be significantly larger 
than the normal switching losses since the device will still be blocking a considerable voltage. Even 
though SiC MOSFETs have a significantly smaller Miller capacitance compared with silicon IGBTs, 
this problem is no less of an issue due to higher switching speeds and lower threshold voltages.  
Additionally it is seen that the overshoot current increases with temperatures due to the negative 
temperature coefficient of the threshold voltage in both device technologies. Various solutions to 
overcome this have been analyzed for both device technologies. It is seen that the effectiveness of the 
mitigation techniques differs, and in general due to the lower threshold voltage of the SiC device, the 
solutions proposed are less effective. 

I. Introduction 

In 3-phase power inverters or synchronous DC converters, power devices are employed in half bridge 
legs. Ideally it is expected that each device switches individually without affecting the other device in 
the same phase, however in reality there is some electrical interference between the devices [1,2]. 
During the turn-on transient of the high-side device in power module leg, the DC link voltage drops on 
the lower device with a rate corresponding to the dV/dt of the top device. This dV/dt causes a current 
to flow through the Miller capacitance of the low-side device [3]. The current will flow through the 
internal and external gate resistances of the device and will induce a voltage on the gate of the low 
device [4]. If this induced voltage is higher than the threshold voltage of the low device, the low side 
device is unintentionally switched on thereby resulting in a short-circuit of the DC link [5]. The 
implication is that both devices are in the on-state while a significant voltage is applied on the DC link 
of the module, resulting in a significant shoot-through current. The level of this current depends on 
different factors such as the threshold voltage of the device, the parasitic induced voltage, the ambient 
temperature and performance of the device with low gate voltages. The induced voltage also depends 
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Fig.2. Comparison of the die size and structure of the Silicon IGBT and SiC MOSFET power 
modules. 
 

 
Fig.3. The die size and die numbers of the SiC module. 
 
A closer look at the SiC die structure in Fig.3 (picture by the manufacturer) shows the exact die 
dimensions of all 5 dies per device [7]. Therefore, using die dimensions, the die size of the total SiC 
device can be easily calculated as: 5 x 4.08 x 4.08 = 83.24 mm2 ≈ 0.83 cm2. However, with regard to 
the Silicon IGBT module, estimation of the Silicon die dimensions requires approximate 
measurements since it has not been provided by the manufacturer. Looking at Fig. 2, it is can be seen 
that unlike the SiC module where there are 5 dies in parallel are required to meet the current rating, the 
Si-IGBT module is comprised of a single die per device. The dimensions of the die are measured as 
approximately 10.5 by 10 millimeters. Therefore, the die area can be estimated as approximately 105 
mm2 (1.05 cm2) which is in the expected range; i.e. as the datasheet of ABB devices in [8]. 
 
To investigate the impact of the switching rate on the induced voltage and shoot-through current, the 
top side device is switched with high switching rate (coupled with a  low gate resistance of 10 Ω) 
while the gate resistance on the low side device is varied between 10 Ω to 100 Ω. As can be seen in 
Fig. 4, the induced gate voltage has increased up to 14 V, which is well above the threshold voltage of 
the device, thereby causing a significant shoot-through current. This peak shoot-through current can be 
as much as 80 A. Fig. 4 shows that increasing the low side gate resistance increases the duration of the 
induced gate voltage transient thereby resulting in a higher duration of the shoot-through current. 
Therefore, the simultaneous increase of the induced gate voltage and its longer duration causes high 
amplitude of shoot-through current flowing through the device for a long period of time. This, in turn, 
causes a significant reliability issue for the performance of the device, as the junction of the device can 
easily over-heat and consequently fail.  
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