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Abstract 

   This paper focuses on relationships between dynamic 

characteristics and device structures of SiC SBD to in-

vestigate their switching capability. A device model is 

proposed based on junction capacitance and thermionic 

emission current. In order to measure the dynamic 

characteristics of SiC SBD, a high-frequency (10 MHz) 

and high-voltage (200 Vpp) wave generator is fabricated. 

Comparing simulated results with experimental results, 

it is found that the proposed model can represent dy-

namic characteristics at 10 MHz. The proposed device 

model is beneficial to design power converters in a 

wide-frequency range. 

 

1. Introduction 

   Power semiconductor devices are key elements of power 

converters as switching devices. A wide-band-gap semi-

conductor such as silicon carbide (SiC) has superior material 

properties compared to silicon (Si) semiconductor [1–3]. 

Due to their superior material properties, SiC power devices 

have advantages such as low on-resistance, fast switching, 

and high breakdown voltage. SiC Schottky barrier diode 

(SBD) is one of the most promising power rectifiers, which 

take a place of conventional Si p-i-n diode [4,5]. 1-kV-class 

SiC SBD with low on-resistance is now viable for mass 

production and can significantly reduce switching losses in 

power converters. 

   A device model that is applicable to high switching fre-

quency is important to design high-frequency power con-

verters. SiC SBD can operate at a higher switching fre-

quency, but the dynamic characteristics of SiC SBD have 

not been accurately verified in MHz-class switching. Thus, 

it is important to establish a device model of SiC SBD for 

high switching frequency. 

   Our group has proposed a device model based on junc-

tion capacitance [6]. The proposed model was verified at 10 

MHz, but the measurement current range was limited below 

0.5 A. In this study, we compare the simulated switching 

waveforms with the experimental switching waveforms to 

verify the proposed model at 10 MHz switching and 10 A 

current. As a result, it is found that our proposed model well 

represents the experimental switching waveforms of SiC 

SBD. 

 

2. General Instructions 

Modeling of SiC SBD 

   The device model to be used is based on the junction 

capacitance and thermionic emission through the Schottky 

contact of SiC SBD. The equivalent circuit of the device 

model is shown in Fig. 1, which is composed of voltage 

controlled current source Ij(Vr), junction capacitance Cj(Vr), 

and internal series resistance Rd. Solving Poisson’s equation 

at depletion region, Cj(Vr) is given by eq.(1). 

𝐶j(𝑉r) = 𝑆√
εe𝑁d

2(𝑉d + 𝑉r)
 (1) 

Ij(Vr), following Thermionic emission model, is given by 

eq.(2). 

𝐼j(𝑉r) = 𝐼s [exp (−
𝑒𝑉r

𝑛KB𝑇
) − 1] (2) 

The Schottky diode used in this study is ROHM 

SCS220AE2 (650 V, 10 A). Device parameters of these 

equations are extracted by measuring C-V, I-V characteris-

tics.  

Measurement method 

   In order to evaluate the dynamic characteristics of SiC 

SBD, a high-frequency and high-voltage sinusoidal wave 

generator is fabricated. Figure 2 shows the proposed meas-

urement circuit. This circuit consists of a square wave am-

plifier using SiC MOSFET (ROHM, SCT2450KE) and a 

band-pass filter using LC resonant. The proposed circuit can 

output a 10 MHz, 200 Vpp and 200 W sinusoidal wave for 

10 μs.  

Fig. 1  Equivalent circuit of device modeling for SiC SBD. 

Fig. 2  Proposed measurement circuit using SiC MOSFET and 

LC resonant filter. 

 PS-5-04
Extended Abstracts of the 2017 International Conference on Solid State Devices and Materials, Sendai, 2017, pp809-810

- 809 -



3. Results and Discussion 

Comparing with experimental and simulated results 

Figure 3 shows experimental waveforms about voltage 

(Vdiode) and current (Idiode) of SiC SBD at 100 Vpp input and 

500 mA current. The frequency of the sinusoidal input is set 

at (a) 1 MHz and (b) 10 MHz. The SiC SBD exhibits block-

ing characteristics at 1 MHz, whereas severe reverse recov-

ery deteriorates rectifying characteristics at 10 MHz. This 

reverse recovery originates from carrier extraction of the 

junction capacitance. The influence of this recovery current 

becomes larger by increasing the input frequency, increasing 

the input voltage, and decreasing the diode current. Simu-

lated waveforms using our proposed model are also shown 

in Fig. 3. It is found that the proposed model well reproduce 

the experimental switching waveforms of the SiC SBD. 

At a high current range of over 1 A, however, simulated 

waveforms are not consistent with experimental waveforms. 

Figure 4 shows experimental and simulated waveforms of 

the SiC SBD at 10 MHz, 200 Vpp input, and 10 A current. In 

this case, the simulated waveforms have less oscillation 

components than the experimental results. Considering Lis-

sajous plot of the experimental I-V switching characteristics, 

the switching trajectory rotate counterclockwise in forward 

condition, suggesting that parasitic inductances of the meas-

urement circuit affects the experimental waveforms of the 

SiC SBD. 

The parasitic inductance is estimated at 100 nH from the 

oscillation frequency, which is consistent with the total par-

asitic inductance of the circuit. Considering the parasitic 

inductance of 100 nH in the simulation, the dynamic char-

acteristics are shown in Fig. 5. The numerical simulation 

well reproduce the experimental switching waveforms at 10 

MHz and 10 A current. For verifying the model at 

high-frequency and high-power switching, the simulation 

taking parasitic elements into account is important. 

 

4. Conclusions 

The device model of SiC SBD is investigated based on 

the junction capacitance. It is found that our proposed de-

vice model well reproduce the experimental switching 

waveforms at 10 MHz by considering the parasitic induct-

ances. This model is applicable to design high-frequency 

power converter circuit. In the final paper, the temperature 

dependence of dynamic characteristics up to 200
o
C is also 

discussed based on this proposed model. 
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Fig. 5  Measurement and simulated waveforms about 

half-wave rectification at 10 MHz , 200 Vpp input and 10 A max 

current. Simulating with parasitic inductances. 

 

Fig. 4  Measurement and simulated waveforms about 

half-wave rectification at 10 MHz , 200 Vpp input and 10 A 

max current. 

 

(b)  Rectification waveforms at 10 MHz sinusoidal wave input. 

(a) Rectification waveforms at 1 MHz sinusoidal input. 

Fig. 3  Measurement and simulated waveforms about 

half-wave rectification at 100 Vpp input and 500 mA max cur-

rent. 
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