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CONTENTWIDE BAND GAP

Introduction 
Since the 1990s, Mitsubishi Electric 
researches and develops semiconductor de-
vices made of silicon carbide (SiC) [1]. Since 
2017, the development of the 3.3 kV devices 

the most recent dual package, the LV100, 
and is rated for 750 A (cf. Fig. 1).

For increasing blocking voltages, the 
electrical resistance of MOSFETs increases 
steadily. Therefore, Silicon (Si) MOSFETs are 
usually available up to 600 V. For higher volt-
age levels, Si-based semiconductors require 
the use of bipolar devices, which are able 
to reduce the on-state voltage by conductiv-
ity modulation. Therefore, high-voltage Si 
devices are usually bipolar IGBTs and PiN 
diodes. 

Owing to the higher dielectric breakdown, 
SiC may use unipolar MOSFETs and 
Schottky Barrier Diodes (SBDs) even at high-
voltage levels. The advantage of unipolar 
devices is the absence of charge carrier 
accumulation. Hence, these unipolar devices 
switch faster and have lower switching loss 
compared to their bipolar counter parts.

In this article, a comparison of the switching 
behavior of bipolar Si devices and unipolar 
SiC devices, all rated for 3.3 kV and similar 
current ratings, is shown. The measurements 
demonstrate the nature of these  two differ-
ent semiconductors regarding their switching 
performance.

Switching Performance of 
750A/3300V Dual SiC-Modules

Generally, the emerging SiC technology is associated with  
very high switching frequencies resulting in compact converters

This article focuses on this switching behavior of SiC devices and compares Full SiC and 
Hybrid SiC with the behavior of a silicon device. All considered modules are rated for 

3.3 kV and similar current ranges to give a fair and illustrative comparison. Finally, the 
article gives an outlook on future higher-voltage 6.5 kV SiC technology.
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Figure 1: 3.3 kV / 750 A Full SiC module in 
the LV100 package

<< Figure 1: 3.3 kV / 750 A Full SiC module in the LV100 package >> 

two different semiconductors regarding their switching performance. 

Switching Performance of Full SiC 
Recently, Mitsubishi Electric has released its LV100 package. This package is regarded as an additional 
standard package for high-voltage power modules. The advantages are easy parallel connection and high 
power densities (per heat sink area). Moreover, the module contains a half-bridge phase leg and is 
designed for low-inductive connection of the dc link. This is mandatory to utilize the full potential of fast-
switching SiC. In a similar LV100 package, Mitsubishi Electric offers semiconductor made of Si and SiC. 
Also a SiC hybrid module is available, which utilizes a bipolar Si IGBT together with a unipolar SiC diode. 
These three modules are compared in the following. 

Figure 2 (a-c) show the turn-on waveforms of the Si, Hybrid SiC and Full SiC modules respectively. While 
the active devices (IGBT or MOSFET) turn on, the corresponding free-wheeling diodes is turned off. If this 
is a Si diode, a reverse-recovery current is generated which also flows through the active devices. This 
reverse recovery current appears as current peak during turn on. This can be observed nicely in Fig. 2 (a). 
In case the free-wheeling diode is made of SiC, like in the Hybrid SiC module, this current peak almost 
disappears (cf. Fig. 2 (b)). This results in a reduction of turn-on energy Eon by 38%. Using a Full SiC 
MOSFET and utilizing steeper voltage transients further reduces the turn-on energy by additional 32%. 
Moreover, the reverse recovery energy loss Erec in the diode for the Hybrid SiC and Full SiC are zero. 

−− collector-emitter voltage −− current −− gate voltage 
 

   
(a) Si  

[500 A/div; 500 V/div] 
(b) Hybrid SiC  

[250 A/div; 500 V/div] 
(c) Full SiC 

[250 A/div; 500 V/div] 
 

 

<< Figure 2: Turn-on waveforms (Vcc = 1800 V, IC = 600A, Tj = 150 °C, Ls = 65 nH >> 

Analogously, Figure 3 (a-c) shows the switching waveforms during turn-off. The waveforms at turn-off for 
Si and Hybrid-SiC are same and, consequently, turn-off energy of both modules are same. In fact in both 
cases the same IGBT is turned off and the turn-off behavior is independent from the diode. The use of 
Full-SiC, however, reduces the turn-off losses due to the absence of the tail current and the increased 
switching speed. In the measurement, a reduction by 87% is achieved. Of course this reduction of 
switching loss implies fast voltage transients. The performance at lower switching speeds is discussed in 
[2].  
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Figure 2: Turn-on waveforms (Vcc = 1800 V, IC = 600A, Tj = 150 °C, Ls = 65 nH

 (a) Si (b) Hybrid SiC (c) Full SiC
 [500 A/div; 500 V/div; 1 µs/div] [250 A/div; 500 V/div; 1 µs/div] [250 A/div; 500 V/div; 1 µs/div]

Figure 3: Turn-off waveforms (Vcc = 1800 V, IC = 600A, Tj = 150 °C, Ls = 65 nH) 
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<< Figure 3: Turn-off waveforms (Vcc = 1800 V, IC = 600A, Tj = 150 °C, Ls = 65 nH) >> 

Reverse recovery and tail currents of Si devices usually show significant temperature dependency. 
Consequently, switching losses increase with higher chip temperature. In SiC devices, this effect is less 
pronounced. As shown in Fig. 4, switching behavior at Tj = 25°C and Tj = 150°C is quite similar. The 
switching-loss change at nominal current between 25°C and 150°C is only about 10 % therefore. 
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 (a) Si (b) Hybrid SiC (c) Full SiC
 [250 A/div; 500 V/div; 2 µs/div] [250 A/div; 500 V/div; 2 µs/div] [250 A/div; 500 V/div; 2 µs/div]


