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Abstract 

In these days, SiC device is expected to improve the efficiency of power electronics 

application because of very low switching energy. However, the voltage ringing caused by 

high speed switching makes EMC problem for the system. In general, this voltage ringing  

could be suppressed by selecting a  high gate resistance in the gate driver. On the other 

hand,  this would cause  higher switching energy and thus  the SiC’s advantage would be 

spoiled. This paper presents C-CR snubber circuit that makes it possible to suppress the 

voltage ringing without increasing the semiconductor’s switching energy. 

1. Waveform Characteristics of SiC MOSFET and SiC-SBD 

One of the biggest advantages of SiC device is low switching energy. In the evaluation result 

at trial SiC module (Full-SiC; 75A rated SiC-MOSET + SiC-SBD), it enables to reduce the sum 

of switching energy (Eon+Eoff+Err) by approximately 80% compared to Si module. The 

switching waveforms of Si device with 75A rating are shown in Fig.1 and also the Full-SiC 

device switching waveforms are shown in Fig.2. 

 

*Conditions : Vcc=300V, Ic=75A, Tj=25°C, Inductive load half bridge switching 

**Total switching energy (Eon + Eoff + Err) = 8.0mJ (Tj=125°C) 

Fig.1 Si device switching waveforms 
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*Conditions : VDD=300V, ID=75A, Tj=25°C, Inductive load half bridge switching 

**Total switching energy (Eon + Eoff + Erec) = 1.6mJ (Tj=125°C) 

Fig.2 Full-SiC device switching waveforms (RG=3.0Ω) 

 

 Heavy voltage ringing was observed in the Full-SiC device switching waveforms in Fig.2. 

The switching waveforms at a higher gate resistance of 47Ω are shown in Fig.3. When this 

Full-SiC voltage ringing was suppressed to the same level as Si device waveform by 

changing to a higher gate resistance, However the switching energy was increased by 3.4 

times. This increase of switching energy spoils the advantage of Full-SiC device.  

 

*Conditions : VDD=300V, ID=75A, Tj=25°C, Inductive load half bridge switching 

**Total switching energy (Eon + Eoff + Erec) = 5.4mJ (Tj=125°C) 

Fig.3 Full-SiC device switching waveforms (RG=47Ω) 

2. Estimate of snubber circuit design 

 In order to improve the trade-off between the switching energy reduction and the ringing 

suppression in Full-SiC module usage, CR snubber is here investigated as an effective and 

simple method for the trade-off improvement. Although a lot of countermeasures using CR 

snubber have been demonstrated already in research papers, a C-CR snubber, which has CR 

in series across P and N terminals with Cc(=1.2μF), is examined here (Fig. 5). 

Basic C-snubber is using only a capacitor (Fig. 4) to suppress surge voltage caused by 

parastic inductance and sharp di/dt in turn-off. However, as shown in Fig.2, it is found that C 

snubber alone is not capable enough to suppress the ringing of Full-SiC device. Moreover, 

single CR snubber may also be expected to achieve the reduction of SiC ringing. It is true that 
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the CR snubber without C snubber can suppress the ringing amplitude, but it won’t reduce the 

surge voltage amplitude enough because, basically, for absorbing the significant transient 

energy stored in the parasitic DC-link inductance  a μ-scale capacitance is needed , which is 

not appropriate for  the ringing suppression. Therefore we propose using a combined 

C-CR-snubber: The cross snubber capacitance Cc is responsible for limiting the overvoltage 

spike; the CCR - RCR –circuit is responsible for damping the oscillation. 

 

Fig.4 C snubber circuit                        Fig.5 C-CR snubber circuit 

2.1 Phenomenal view of ringing without CR snubber  

 Fig.6 shows the equivalent circuit of Fig.4 when Q1 turns on, focusing on the latter portion 

after CC snubber.  

Fig.6 Simplified equivalent circuit of C snubber circuit at Q1 turn-on 

 

The ringing is considered to be a resonance phenomenon between parasitic inductance Lp 

and parastic capacitance Cp. Lp is mainly composed of the package inductance of the SiC 

module, and Cp is composed of output capacitance of the MOSFET and parastic capacitance 

of the SBD. Using this Lp and Cp, the ringing frequecy can be described as: 

      	
∗

							 1  

The ringing frequency fr is estimated from the diode waveform in Fig.2. Along with the known 

Lload

-

+

CCR

RCR

Cc

Q1

Q2

Q1

Q2 Lload
Cp

Lp

VDD

Q1

Q2

Lload

-

+ Cc

PCIM Europe 2015, 19 – 21 May 2015, Nuremberg, Germany

ISBN 978-3-8007-3924-0 © VDE VERLAG GMBH · Berlin · Offenbach1049



value of Cp, the parasitic inductance Lp  can be calculated: 

 

where 

      	12.5  

      	3.0  

Rearranging (1): 

       	
∗ ∗ ∗ ∗ . 	∙	 ∗ ∙

54  

This calculated Lp is a reasonable result,  considering the evaluation environment. Next, we 

examine a suitable set of resistance and capacitance for CR snubber with these calculated 

circuit conditions. 

2.2 CR values estimate 

Fig.7 shows the equivalent circuit of Fig.5 when Q1 turns on, focusing on the latter portion 

after C snubber.  

Fig.7 Simplified equivalent circuit of C-CR snubber circuit at Q1 turn-on 

 

Assuming that the ringing current is absorbed fully by CR snubber, an appropriate value of 

snubber resistance RCR  should be selected for well-damping of the ringing energy at first. 

Damping factor in this circuit configuration  can be estimated as [1]: 

       	 												 2            

To obtain ζ=1, which refers to critical damping, RCR is determined with (2): 
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The size of CCR should be selected so that CR snubber effectively damps the ringing current. 

Cutoff frequency fO of the CR snubber is given by: 
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∗

												 3  

 

Rearranging (3), CCR is obtained as: 

       	
∗ ∗ ∗ ∗ . ∙

6.4 nF  

3. Experimental results  

This experiment shows the result of the ringing suppression with C-CR snubber with  

RCR=5Ω and CCR= 10nF. From the previous estimate, 2Ω and 6.4nF were found ideally 

suitable for the ringing suppression. However, varying the RCR, and CCR to confirm the 

correctness of the estimate, 5Ω and 10nF demonstrated the best experimental suppression 

result. This seems because mutual interference between C snubber and CR snubber was not 

considered in the equations for the pure CR snubber usage which we utilized in the estimate. 

As waveforms in Fig.8 show, the voltage ringing was suppressed in diode, and the turn-off 

voltage also demonstrated suppressed ringing as well. Moreover, the total switching energy 

aggregating Esw=Eon+Eoff + Erec = 1,6mJ didn’t increase  compared with the switching 

energy with only C snubber .  

 

*Conditions : VDD=300V, Id=75A, Tj=25°C, Inductive load half bridge switching 

**Total switching energy (Eon + Eoff + Erec) = 1.6mJ (Tj=125°C) 

Fig.8. Full-SiC device switching waveforms with C-CR snubber circuit 

 

In Fig.9, comparisons of the trade-off between voltage ringing amplitude (peak to peak) and 

the switching energy are shown, which was evaluated with varying RG for Q1. The C-CR 

snubber application showed much better trade-off characteristics than C snubber application. 
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*Condtions: 

Switching energy(Eon, Eoff, Erec) : VDD=300V, ID=75A, Tj=125°C, Inductive load half bridge switching 

Voltage ringing(Vpp) : VDD=300V, ID=75A, Tj=25°C, Inductive load half bridge switching 

**Vpp(rec) : the voltage ringing amplitude at free wheeling diode 

***Vpp(off) : the voltage ringing amplitude at turn off 

Fig.9 Trade-off curve between voltage ringing amplitude and switching energy 

4. Conclusion 

C-CR snubber with several ohms resistance and several nano-farads capacitance is 

suitable for achieving well-suppression of the Full-SiC device’s voltage ringing without 

increasing the switching energy. This snubber circuit enables the power electronics 

application to bring SiC’s advantages into full play.  
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