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Abstract—This paper presents the characteristics of the 
first commercial 1200V 100A SiC MOSFET module and 
compares it with state-of-the-art silicon IGBT with the same 
rating. The results show that the 1200V SiC MOSFET has 
faster switching speed and much lower loss compared with 
silicon IGBT. Moreover, the silicon IGBT switching loss will 
increase significantly for higher operation temperature, 
while the SiC MOSFET switching loss is almost the same for 
different temperature. A loss model has been implemented 
in PLECs in order to simulation the losses. An 11kW single-
phase inverter prototype with 600V dc bus and 380Vac 
output voltage has been built for evaluating and comparing 
the SiC MOSFET and Si IGBT performance. The test 
results match with the simulation very well and show that 
with 40 kHz switching frequency the inverter efficiency can 
be increased to 98.5% from 96.5% if replacing the Si IGBT 
with the SiC MOSFET module.    
 

I. INTRODUCTION  
The emergence of SiC power devices will have a great 

impact on power utility applications due to their lower 
losses and higher operation frequency capability.  The 
1200V 100A SiC MOSFET module (CAS100H12AM1) 
[1]  (Figure 1) becomes available on the market recently, 
which potentially can be used for the PV inverters, motor 
drivers and other power converter applications to boost the 
converter efficiency and reduce the system volume. The 
performance of the discrete SiC MOSFET has been 
discussed in many publications [2-7]. In this paper, the 
performance of the Cree 1200V 100A SiC MOSFET will 
be investigated and compared with the same rating 
Infineon silicon IGBT (FF100R12RT4) [8], particularly 
from the efficiency point of view. Loss dissipated in both 
conduction and switching transient is considered for the 
comparison.  To further study the efficiency comparison, a 
single-phase 11kW prototype inverter is built with the both 
devices.  

This paper will first present the characteristics of both 
SiC MOSFET and Si IGBT under static conduction and 
dynamic switching states. Then their performance for an 
inverter application will be given. Simulation results 
developed with PLECS thermal model will also be 
compared with test results to show validity of the loss 
breakdown on both devices. 

 

 

       
 

Figure 1: 1200V 100A SiC MOSFET module  
 
 

II. CHARACTERISTICS OF  
THE SIC MOSFET AND THE SI IGBT  

 
(A) Conduction comparison 

The conduction I-V characteristics of the two devices 
have been measured for both 25 ºC and 125 ºC. Figure.2 
shows the forward I-V curves of both, it can be seen that 
the MOSFET has lower forward voltage drop under 90A. 
This feature enables that for single device, MOSFET has 
much less conduction loss than IGBT for low current 
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situations. Further, under each temperature, 
displays a almost constant on resistance Rd
range whereas a nonlinear V-I curve f
Together with its positive temperature coe
resistance ( higher temperature leads to a sm
as shown in Figure 2, the MOSFET is suita
operation when large current is required.  

Figure 3 shows the I-V curve with rever
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Figure 2. Forward I-V curves of the Si IG
MOSFET  

Figure 3. Reverse I-V curves of the Si IG
MOSFET 

  
(B) Dynamic comparison 

A great portion of loss is contributed
transients when switching frequency is high
switching loss occurred with the two device
switching performance has been characteriz
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Figure 6. 1200V 100A SiC Module turns of
600V dc bus 
 
           Switching energy losses including E
Erec have been measured for both Si IG
MOSFET with the same test circuit and p
results are plotted in Figure.7, Figure.8 
separately. It can be observed that the Si
highly dependent on the operation tem
increases when temperature rises; while
MOSFET, the loss doesn’t change mu
temperature variation, the turn on loss is e
the higher temperature which is caused by
temperature coefficient of the MOSF
voltage, the switching losses under 125
devices have been listed in Table 1, 
MOSFET has significant lower loss than Si 
 

Table 1. Switching Loss Summa
Conditions:  Vdc=600V; Ids=100A;   
                     Rg=5Ω;  Vgs=-5V~20V; Tj=1

Loss(mJ) Cree SiC 
MOSFET  

Infineon Si 
IGBT  im

Eon 2.47 8.78 
Eoff 1.28 8.78 
Erec 0.53 5.93 
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Figure 9.  Erec Comparison of 
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III. INVERTER 
THE SIC MOSFET
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minimize the inductor loss itself and its dif
by the switching frequency variations.  
 

Figure 10. Single phase full bridge i
 

Figure 11. Unipolar SPWM sche
 
          Figure 12 shows a typical inver
waveform, and the inverter efficiency has b
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that the other loss except for power device
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Table 2. Parameters for different tes
 

Cases IGBT Leg MOSFET Leg  
1 20 kHz 60 Hz F2 30 kHz 60 Hz 
3 40 kHz 60 Hz 
4 60 Hz 20 kHz 

F5 60 Hz 30 kHz 
6 60 Hz 40 kHz 
7 10 kHz 10 kHz 
8 15 kHz 15 kHz 
9 20 kHz 20 kHz 
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Figure 12. Inverter 
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Figure 15 and 16 show the results for cases 4-6, the 
conduction loss is almost the same for different switching 
frequency, the MOSFET switching loss is proportional to 
the switching frequency.  

 
Figure 15. MOSFET switching loss comparison between 

experiment and simulation 
 

 
Figure 16. Inverter loss breakdown when MOSFET leg is 

switched under high frequency. 
       For Cases 7-9, the inverter is switched under bipolar 
SPWM scheme; legs with both devices are switched at 
high frequency.   

 
Figure 17. Inverter efficiency with (1) only switches 
MOSFET; (2) only switches IGBT; (3) switch both 
MOSFET and IGBT, at 20kHz, 30kHz and 40kHz 

respectively. 

        The inverter efficiency for all 9 cases has been 
plotted in Figure 17. As can be seen, for each operation 
mode, the efficiency decreases with higher switching 
frequency, indicating increased switching losses. Also can 
be seen is that the highest efficiency occurs when only 
SiC devices is utilized for high frequency switching, 
reaches 98.6% at its peak value, proposing that SiC 
MOSFET’s lower switching losses compared with Si 
IGBT. 
 

IV. CONLUSIONS 
 
          This paper discussed the switching transient and 
switching loss of the 1200V 100A SiC MOSFET, 
compared it with the same rating silicon IGBT, the results 
obtained from a prototype inverter show the advantage of 
SiC MOSFET regarding both conduction and switching 
loss. 
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