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Abstract 

 

With the development of renewable energy, grid-connected inverter technology has become an important research area. When 
compared with traditional silicon IGBT power devices, the silicon carbide (SiC) MOSFET shows obvious advantages in terms of 
its high-power density, low power loss and high-efficiency power supply system. It is suggested that this technology is highly 
suitable for three-phase AC motors, renewable energy vehicles, aerospace and military power supplies, etc. This paper focuses on 
the SiC MOSFET behaviors that concern the parasitic component influence throughout the whole working process, which is based 
on a three-phase grid-connected inverter. A high-speed model of power switch devices is built and theoretically analyzed. Then 
the power loss is determined through experimental validation. 
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I. INTRODUCTION 

Over the past several years, people have been focused on the 
application of wide band-gap (WBG) semiconductor power 
devices as high blocking voltage and large power supplies [1], 
[2]. The SiC MOSFET is the most representative of the switch 
devices that are widely used in three-phase AC motors, 
renewable energy vehicles, aerospace and military power 
supplies, and so forth [3]-[6]. In these research fields, power 
loss and the noise caused by current and voltage oscillations 
are problems that cannot be neglected when the switching 
frequency is increased [7]-[11]. Traditionally, determining the 
influence of a SiC MOSFET at a high switching frequency is 
accomplished by using mathematical or physical modeling. 

The modeling approach for SiC MOSFET switch devices uses 
a datasheet, which is obtained from the manufacturer’s 
handbook, to predict the performance influence of the parasitic 
components. However, the feasibility of this method is worth 
discussing since the influence of the parasitic components is 
nonlinear. Furthermore, the method of using temperature to 
describe the average power consumption can affect the 
analysis of the specified device. In addition, a Q3D Extractor 
and IMPACT software shed light on the internal physical 
structure of the device. Nevertheless, the process is complicated 
and greatly influenced by the subjective knowledge of 
researchers. Additionally, with respect to experiments, the 
previous works mainly focused on the test results of SiC 
MOSFETs using the double pulse test (DPT) and neglect the 
actual effects in a specific experimental platform [12]. In this 
paper, as shown in Fig. 1, the physical modeling of a SiC 
MOSFET working process with parasitic components is 
analyzed. In addition, the influence of the switch device on 
three-phase grid-connected inverters under a variety of 
switching frequencies is discussed. 

The rest of the paper is organized as follows. In Section II, 
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Fig. 1. System diagram of a three-phase grid-connected inverter 
with SiC MOSFET parasitic parameters under SPWM control. 
 
SiC MOSFET high-speed small-signal modeling is analyzed 
and discussed. In Section III, the current and voltage oscillations 
in transistors during the working process are derived. Section 
IV discusses the reasons for power loss. In Section V, 
experimental details are introduced with the gate driver design. 
In addition, drive waveforms of different external gate 
resistances and parasitic gate-source capacitances are presented 
and used to validate the discussion on the influence of SiC 
MOSFET inverters. Finally, Section VI summarizes the main 
conclusions of this work. 

 

II. PHYSICAL MODELING AND THEORETICAL 

ANALYSIS OF A SIC MOSFET 

As shown in Fig. 2, it is easy to build-up an intrinsic 
structural model of a SiC MOSFET with parasitic parameters 
through an analysis of physical characteristics, such as the I-V 
curve and the Ciss-Vds curve [13], [14]. The parasitic components 
can exist in the same or different structural layers, which plays 
an important role in the turning-on, conducting and turning-off 
phenomena of power switching devices. Moreover, the 
inversion layer experiences a high blocking voltage (> 1200 V) 
for the super-junction structure, which produces a transverse 
electric field between the P-N junction when the bias of the 
device is reversed. Due to the high doping content of the drift 
layer when compared to that of the traditional Si-based layer, 
the conducting resistance of the SiC MOSFET decreases 
drastically. Bypassing the intrinsic parasitic body-diode 
between the drain-source layers is indispensable for regulating 
high-voltage changes when the transistors are computed in 
switching transients. All of these properties manifest the SiC 
MOSFET as an ideal rectifier when used in high power density, 
low power loss and high blocking voltage applications. 
Moreover, an analytical timing diagram of the SiC MOSFET 
working process in a three-phase grid-connected inverter is 
shown in Fig. 3. 

The working process is analyzed based on the driving 
voltage, Vdc and the internal structure of the MOSFET. Then 
the transistor structure model is built in detail, the parasitic 
components are obtained from a datasheet, and the working 
region of the transistor is analyzed according to the changed 
driving voltage and the operating voltage [15]-[17]. It is clear  
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Fig. 2. Intrinsic structural diagram of a SiC MOSFET with 
parasitic components. 
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Fig. 3. Timing diagram of the working process of a SiC MOSFET 
in a three-phase grid-connected inverter. 
 

that the working region of the SiC MOSFET, which is driven 
by the gate driver, can be divided into five parts, such as the 
cutoff region, linear region, saturation region and so on, that 
are introduced by high-speed small-signal modeling. 

A. Modeling of the Cut-Off Region 

To operate a SiC MOSFET in a three-phase inverter, the 
gate current must charge the input capacitor Ciss to 
approximately 950 pF for the SiC MOSFET (C2M0080120D), 
as is given by Equ. (1). When the gate voltage Vgs reaches a 
gate threshold voltage VGS(th) of approximately 2.1 V between 
the SiO2 inversion layer and the channel, the working stage of 
the switch device transitions from the cutoff regime to the 
linear regime. Under ordinary conditions, it is necessary to 
prevent the device from opening in the cutoff regime, since the 
damage to the device increases with the cut-off time. 
Increasing the gate resistance can decrease the cut-off time. 
However, it can also aggravate the current spiking. Fig. 4(a) 
shows the corresponding high-speed small-signal model. 
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Fig. 4. Turning-on and conducting processes of the intrinsic current 
of a SiC MOSFET. 

 

              (1) 

where Coss is the capacitance of the output capacitor 
(approximately 80 pF), which works in the output circuit of the 
SiC MOSFET, and Crss is the capacitance of the reverse 
transfer capacitor (approximately 7.6 pF), which branches the 
high-frequency signals. Additionally, the lower the value of 
Crss, the higher the upper limit of the switching frequency that 
is suitable for high-power density applications. In addition, the 
cutoff time is calculated as: 

        (2) 

where Rg_out is the outside driven resistance of the PCB layout, 
and VRg is the voltage value across the intrinsic parasitic gate 
resistor. 

B. Modeling of the Linear Region 

As shown in Fig. 4(b), at this stage, the SiC MOSFET works 
as a voltage-controlled current source until Vgs arrives at the 
Miller plateau. Thus, the drain-source current Ids rises linearly 
when adjusted under the condition of , 

which is illustrated as: 

       (3) 

Where gfs is the transconductance of the SiC MOSFET, 
which is approximately 8 S; W and L are the channel width 
and length, which are approximately 10 μm; and  represents 

the channel length modulation parameter. 
Additionally, the rise time Tr_on is calculated as: 

  (4) 

C. Modeling of the Saturation Region 

In Fig. 4(c), when Vgs remains unchanged when influenced 
by the Miller effect, Ids rises up to the maximum value, and Vds 
begins to clearly fall at the same time. This stage of the SiC 
MOSFET is frequently called the saturation region, since Ids 
does not increase in proportion to the drive current changes. 
When Igs is saturated, the main gate current Igs charges Cgd until 
it arrives at an electric charge Qgd of 23 nC, according to the 
datasheet. It should be noted that the time of the saturation 
region is derived as: 

              (5) 

The drain-source current is given by Equ. (6) when 

satisfying the condition of . 

  (6) 

D. Modeling of the Ohmic Region 

This state of the SiC MOSFET is comprised of the end of 
the Miller plateau, the beginning stage of the Qgd discharge and 
the whole time of conduction. Since the third part occupies the 
main process, this stage of the SiC MOSFET is typically 
modeled as a resistor when the intrinsic body-diode functions 
as a freewheeling diode, as shown in Fig. 4(d). In addition, the 
conduction time Ton is D/fsw for the upper SiC MOSFET, and 
Ids is calculated as: 

  (7) 

where the current Ids remains a constant value. However, its 
value increases in experiments to accommodate decreasing 
conduction resistance Rds values. 

E. Modeling of the Active Region 

This region is the opposite of the turning-on stage since Qgd 
discharges during the whole process until the drain-source 
current decreases to a nearly zero state. In addition, this region 
is composed of three time transitions, which are described as 
Tvr_off, Tid_fall and Tvgs_fall. Furthermore, this stage represents the 
beginning of the release of the stored charge of Qgd when the 
driven current gradually decreases. Therefore, Ids begins to be 
reduced by the Miller effect and arrives at nearly zero. The 
details of this region are shown in Fig. 5, which sheds light on 
the turning-off process of the internal current of the SiC 
MOSFET. 

For the part of this stage shown in Fig. 5(a), Vgs is clamped 
to the value of the Miller voltage VGS(th), and the drain-source 
voltage rises linearly. The corresponding time of this state is 
given by: 

              (8) 
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Fig. 5. Turning-off process of the intrinsic current of a SiC 
MOSFET. 

 
In the second process of this stage, Ids decreases noticeably 

at the end of the Miller plateau, and Vds maintains the same 
value for the transistor entering the cut-off state, which can 
produce a power loss during transients. It is noted that the time 
of this transition is given by: 

          (9) 

As shown in Fig. 5(b), in this stage, the reverse recovery 
effect of the parasitic body-diode of the MOSFET results in a 
current oscillation to decrease the P-N junction, which 
increases the power loss at this time. 

 

III. INFLUENCE OF THE PARASITIC PARAMETERS ON 

THE TRANSISTOR CURVE OSCILLATION 

The influence of the intrinsic parasitic components of a SiC 
MOSFET is mainly reflected in the changes of di/dt at the 
moment of the turn-on transient and in the changes of dv/dt at 
the moment of the turn-off transient. This is traditionally 
illustrated as electromagnetic interference (EMI) that overshoots 
the expected value and forms unnecessary damage to high-speed 
signals. 

A. Oscillation During the Turning-On Stage 

During the turning-on stage, the drain-source current 
changes from the linear region to the saturation region, which 
can produce an overshoot in the release of the charge of Cds 
and is influenced by the parasitic inductance. The overshoot 
performance can be analyzed by modeling a simplified 
equivalent circuit of the RCL, as shown Fig. 6. The calculation  

 
Fig. 6. MOSFET equivalent circuits at transients. (a) Turning-on 
process. (b) Turning-off process. 
 
of the peak value of Ids is proposed in (10). Additionally, the 
sinusoidal part of the calculation is the reason for the 
oscillation, which is expressed as a ringing: 

         (10) 

where ω is the concussion angle frequency, which is calculated 
as Equ. (11). In addition, β is given by Equ. (12): 

 (11) 

                 (12) 

Where α is R/2L, and R is less than . The 

resonant frequency of Ids is the same as the gate current, which 
is given by: 

              (13) 

Based on the above theoretical analysis, an effective method 
to decrease the current overshoot is to improve the resonant 
frequency to reduce the influence of the second-order system 
instability. This is done to mitigate the amplitude of the 
sinusoidal part of Ipeak. However, a high resonant frequency 
may increase the risk of self-oscillation. 

B. Oscillation During the Turning-Off Stage 

As shown in Fig. 6, Vds can produce a ringing during the 
reverse recovery of the intrinsic body-diode, which informs the 
current oscillation. The corresponding dv/dt capability is given 
by: 

   (14) 
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A method for reducing ringing is to increase the gate-drain 
capacitor and resistor values. However, the switching loss 
increases when the holding Cgd of the high-capacity capacitor 
and the large value of the gate resistance. Therefore, a balance 
exists between the EMI and the switching power loss of SiC 
MOSFETs. 

 

IV. THEORETICAL ANALYSIS OF THE POWER  
LOSS CALCULATION 

The primary power loss is derived during the process of 
inverter energy transformation, which includes the conduction 
loss, switching loss, and body-diode reverse-recovery-related 
loss of a SiC MOSFET. In addition, the power loss of an LCL 
filter needs to be considered, especially the core loss and 
winding loss in three-level inverters. 

A. Conduction and Switching Losses 

The drain-source resistance Rds can be regarded as a constant 
in the ohmic region of a SiC MOSFET in the linear 
amplification area of this period. Since the voltages and 
currents of the transistors in the same bridge perform periodic 
variations, which are shown in Fig. 7, it is simple to calculate 
the conduction loss, including the forward conduction loss and 
reverse conduction loss, which are calculated by Eqns. (15) 
and (16), respectively. 

   (15) 

     (16) 

where P and are the calculated variations of the forward 
conduction loss and reverse conduction loss given by Equ. (17). 
In addition, n is the frequency modulation ratio, which is 
calculated by n=fsw/f0. 

       (17) 

where the current Irms is defined by (18), ma is a constant (~0.8), 
and the cos  is between 0.8-1[18]. 

     (18) 

In theory, the turning-on power loss decreases as a function 
of the turn-on period tr, which is defined as the time from Ids 
reaching 10% of the steady-state current to Vds falling to 10%  

 
Fig. 7. Conduction losses of transistors in the same bridge. 
 
of Vdc. The turning-off period toff is defined from Vds rising to 
10% of Vdc to Ids falling to 10% of the inductive load current 
[14]. There is no crossing area between Vds and Ids in the 
reverse conduction process of the switching device. Therefore, 
the switching loss of the bridge only exists in the first and 
second quadrants of Fig. 7. According to the authors of [19], 
the switching loss of a switch can be simplified as the two red 
regions shown in Fig. 3. Therefore, the theoretically derived 

process of the switching loss in the  period is given as: 

 (19) 

where Pon and Poff are the effective turning-on and turning-off 
power losses during a cycle period, which is defined as: 

           (20) 

where Vpeak and Ipeak are the maximum absolute values of the 
shut-down voltage and the conduction current of the device. 

It is apparent that the switching power loss must be taken 
into consideration when the switching frequency rapidly 
increases. In addition, it can reduce the turning-on time and 
turning-off time by decreasing the value of Rg_out. However, 
this results in the problem of a low-driven capability, which 
can result in Cgd being shaken by the reduction of the two-order 
system damping at the same time. Therefore, there is a balance 
between the power loss and EMI problems, and the Rg_out value 
is usually chosen to be no less than the parasitic gate resistance 
of the SiC MOSFET for a low Qg and high switching speeds 
[19]. 

B. Gate Driver Loss 

There is energy dissipation in the gate driver when the gate 
current charges Ciss until it can conduct the SiC MOSFET. 
Then the loss calculation is given by: 
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             (21) 

Moreover, the gate driver energy is the criterion for designing 
the driver PCB layout. When the switching frequency increases, 
the voltage supplied for the SiC MOSFET should decrease to a 
suitable level in order to keep the energy balanced, which 
reduces the risk of a breakdown in the P-N junction between 
the gate and source terminals. 

C. Reverse-Recovery-Related Losses of the Intrinsic Body-
Diode 

During the turning-off transient, the parasitic body-diode of 
a SiC MOSFET functions as a freewheeling diode, which leads 
the current flow through the drain-source terminals in Fig. 5(b). 
This usually appears as downward-shocking at the end of the 
turning-off period. The loss is introduced by: 

     (22) 

where Qrr is the reverse-recovery-charge. This must be taken 
into consideration when the switching frequency increases to 
a high level, which is usually at 200 kHz. 

D. Winding Loss and Core Loss of the LCL Filter 

In theory, the losses in an LCL filter can be calculated by: 

            (23) 

where the first part of Equ. (23) is the winding loss that 
approximately depends on the current flow through the inboard 
inductor. In addition, the core loss is given as: 

      (24) 

where, Irms is the RMS of the current flow through the filter, R0 
is the resistance of copper at T0 (approximately 25ºC), α is the 
temperature coefficient of copper, and T is the radiation 
temperature of the LCL filter. Additionally, the core power 
loss depends on the fundamental and harmonic currents when 
the filtering effect is not apparent [20]. 

 

V. EXPERIMENT RESULTS AND ANALYSIS 

Fig. 8 shows the experimental set-up. The device with a SiC 
MOSFET is operated as a 2 kW DC-AC inverter with its 
switching frequency changed from 20 kHz to 100 kHz. The 
micro-controller RT box is to collect the analog signal, which 
is from the current sensor, and to internally process the closed-
loop. 

A diver logic schematic is shown in Fig. 9(a). In detail, the 
resistor and capacitor low-pass filter (RC LPF) intercept the 
PWM digital signal, as expected. The IC (ACPL-P345) is 
chosen as the core of the gate driver, since it consists of a gate 
drive optocoupler that isolates the high working voltage and 
the low driver voltage, a relay module that functions as a  

 
 

Fig. 8. Prototype of a 2000 W three-phase grid-connected inverter.  
 

 
(a) 

 

 
(b) 

Fig. 9. Driver logic schematic and the circuit board. (a) Schematic 
of the gate driver. (b) 3D space model. 
 
hysteresis comparator for threshold control, and a buffer that 
is the output gate current needed to increase the driving 
capability. Then the gate current from the buffer times Rg is 
used to drive the switch devices when C functions as another 
RC LPF. 

The two SiC MOSFETs of the bridge are placed face to face 
on the circuit board, and the inter-distance of the components 
must be greater than the electrical-security-distance of 
approximately 2.5 mm. Furthermore, the different PCB lines 
should have a distance of 2 mm, since the maximum rated 
voltage is 750 V according to the criteria of the security 
creepage-distance. Two different film capacitances are chosen 
for filtering the current of the voltage source power supply. 400 
µF large-capacity buffer capacitors are formed by paralleling 
multiple capacitors, which can suppress input DC voltage 
spikes. It should be noted that 1μF, which parallels the DC bus 
bar, is further used to decouple the stray inductance and to 
diminish the influence of high frequency signals [21], [22]. 
The up and down MOSFET test line is to test the current that 
conventionally flows through the SiC MOSFET. 
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(a)                           (b) 

Fig. 10. Gate-source driving waveforms of a SiC MOSFET. (a) At 
different external gate resistances when Ciss is 1nF. (b) At different 
input capacitances when Rg_out is 5 ohms. 
 

A. Influence of the Driven Waveforms of a SiC MOSFET 
Under the Influence of Parasitic Components 

In terms of the above discussions, the driven waveforms of 
SiC power switch devices drivers are different when the 
influences of the parasitic components vary. In Section II, the 
issues that pronouncedly affect the driven waveforms are the 
external gate resistance and the input capacitances. Additionally, 
the switching frequency also serves as an important variable in 
mastering the validation result. To intuitively validate the 
discussions, an experimental platform is chosen where the 
inductances are based on a 100 kHz switching frequency to 
design for a reduction of the influence of the series inductance. 
In addition, the impact of the parasitic components can be 
fitted by adding an external RCL circuit. 

Therefore, the impact of different external gate resistances 
on driven waveforms is presented as Fig. 10(a) when Ciss is 
1nF. It is clear that the slope of Vgs can be slowed down, which 
affects the driving capability of the gate driver in the SiC 
MOSFET. Then the turn-on time is increased when the 
external gate resistance increases according to Eqns. (2) and 
(4). In theory, the rising time of the conducting transient is 1ns 
which is about 0.01% of the conduction time. For example, the 
rising time is about 1.7ns when the driver is tested under the 
condition of Rg_out being 5 ohms and Ciss being 1nF as shown 
in Fig. 10(a). This also increases the turn-off time with less 
waveform oscillation when compared with a low gate 
resistance. According to the discussion in Section II, Ciss can 
be affected by the driven waveform of the gate driver, which 
is shown in Fig. 10(b). Apparently, the influence of increasing 
the input capacitor is similar to that of raising the external gate 
resistance, as can be seen by the curve trends interpreted by 
Eqns. (2)-(9). 

B. Curve Oscillation of a SiC MOSFET 

In this part, an LCL filter with different switching frequencies 
is tested in the 750 V(DC) input voltage-source to validate the 
discussion of the curve oscillation of a SiC MOSFET during 
switch transients. 

As shown in Fig. 11, the turning-on transient of a SiC 
MOSFET is presented. It is clear that ΔIds increases with an 
increase of the higher switching frequency. The main reason  

  
(a)                         (b)                          

  
(c)                           (d)                          

Fig. 11. Comparison of experimental switching characteristics 
under different LCL filter conditions and switching frequencies. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 12. Current and voltage oscillations with the influence of 
parasitic components under a series of test frequencies. (a) 
Influence of the parasitic resistance. (b) Influence of the parasitic 
capacitance. (c) Influence of different filter inductances. 
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for this is that the amplitude of the sinusoidal part decreases in 
Equ. (10) when the switching frequency increases. The 
synchronization between the resonant frequency and the 
switching frequency increases the impact of the concussion 
angle, which is calculated by ω=2πfreq, when the switching 
frequency increases. Moreover, Fig. 11(c) and Fig. 11(d) address 
the LCL filter influence when the decreased inductance value of 
the LCL filter raises the value of Ipeak. This is similar to adding 
an external parasitic inductance between the drain and source 
of a SiC MOSFET with a larger filter inductor according to 
Equ. (13). 

It should be noted that the parasitic RCL components can 
influence the curve oscillation on the basis of the theoretical 
discussion. Therefore, the influences of the external gate resistance, 
gate-source capacitance and drain-source inductance on the 
inverter, which were tested under a series of switching 
frequencies, are shown in Fig. 12. 

It is clear that di/dt and dv/dt decrease when increasing the 
external gate resistances and gate-source capacitances. At the 
same time, di/dt increases when the switching frequency varies 
to a high level, since the turning-on time is reduced by the fast 
open transient of the SiC MOSFET. In addition, dv/dt is 
increased at first. Then it is restored to the original level, as the 
wheeling diode causes the current to change smoothly and the 
function of drain-source capacitor, which slows the acceleration. 
Therefore, the voltage ringing of the turning-off transient is the 
same for switching frequencies over 60 kHz. 

C. Power Loss and Temperature Results 

In terms of the discussion in section IV, the conduction loss 
and switching loss of a SiC MOSFET, which mainly depend 
on the gate driver capability in the same experimental 
environment, are depicted in Fig. 13(a). 

Apparently, the measured data curves validate that the 
conduction loss of the SiC MOSFET decreases and then 
maintains a steady state when the switching frequency 
increases up to 100 kHz. By analyzing the theoretical 
derivation, the conduction loss is cut by an output power 
reduction, which is affected by increasing the switching 
frequency according to the design formula. Furthermore, the 
switching power loss of the SiC MOSFET is shown in Fig. 
13(b). It is evident that the switching loss dissipates slowly 
under the high switching frequency condition until the system 
comes into the steady-state. 

These results can be derived from the gate driven capacity. 
Therefore, the gate power loss must be taken into consideration, 
which is presented in Fig. 14. This figure shows that the 
increasing switching frequency promotes a gate driver power 
loss when the current of the gate terminal changes significantly. 

In addition, the parasitic body-diode reverse-recovery 
related loss is an important issue that needs to be taken into 
consideration. As shown in Fig. 15(a), the P-N junction can 
release the stored charge, which forms the reverse-recovery  

 
(a) 

 
(b) 

Fig. 13. Comparison of the switching conduction loss and the 
switching loss under a series of switching frequencies. (a) Forward 
conduction loss and reverse conduction loss. (b) Turning-on 
switching loss and turning-off switching loss. 
 

 
Fig. 14. Gate driver power loss when Rg_out is 5 Ω and Ciss is 2 nF. 
 
current, when the D-S voltage is too high. The reverse-
recovery charge of a C2M0080120D is 165 nC. It is too high 
which is why steps should be taken to alleviate the problem. 

According to the above analysis, the current flow through 
the SiC MOSFET demonstrates a large downward spike that 
aggravates the reverse-recovery-related loss when the switching  
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(a) 

 
(b) 

Fig. 15. Body-diode reverse-recovery-related phenomena. (a) 
Current curve of the SiC MOSFET at a turning-off transient. (b) 
Reverse-recovery-related loss statistical curve. 
 

  
(a)                            (b) 

 
(c) 

Fig. 16. Temperature rise situation. (a) Thermal imaging of a SiC 
MOSFET in a single bridge under a 50 kHz switching frequency. 
(b) Corresponding LCL filter thermal imaging. (c) Temperature 
trend of the devices for a series of switching frequencies and 
conditions. 

frequency is seriously increased, as shown in Fig. 15(b). The 
surplus power loss is caused by the parasitic inductance 
between the drain and source terminals when the frequency 
magnifies the influence of the current oscillation during the 
turning-off period. 

In addition, as shown in Fig. 16(a) and Fig. 16(b), the 
intuitive phenomenon of power loss is the temperature, which 
releases energy in the form of heat radiation. Therefore, the 
heat sink under the switches accelerates the process in order to 
prevent thermal damage due to overheating. However, the 
cooling system cannot prevent temperature increases from 
higher switching frequencies due to power loss, as previously 
discussed. In addition, the LCL filter radiates more heat energy, 
and the issues that decide the curve distribution lie in the LCL 
design. In Fig. 16(c), L1,2 was designed based on 50 kHz to 
produce more heat radiation when compared to 15 kHz. In 
detail, the temperatures of the devices rapidly increase by 
nearly 1.2~1.6 times when the frequency increases. 

 

VI. CONCLUSION 

This paper demonstrated the influence of parasitic 
components in the driving waveforms, curve oscillations and 
power loss with a switching frequency increase. Unlike previous 
analyses of parasitic parameters in DPT, this paper focus on a 
three-phase inverter design with the consideration of parasitic 
parameters influence. The drain-source of the SiC MOSFET is 
controlled by the DC-bus, and the model of the working 
process is not a current source. The operating state of the 
transistor is affected by both the external operating voltage and 
the degree of influence of the driving voltage on the parasitic 
parameters. Therefore, the decisive factor in the influence of 
the SiC MOSFET on three-phase grid-connected inverters is 
the gate driver design. Through an analysis of the working 
process during the switch turning-on and turning-off periods, 
it is practical to eliminate the current spikes and voltage 
oscillations by increasing the external gate resistance or by 
paralleling the bypass capacitor between the gate and the 
source node. This can prevent overshoots of the transients in 
the bridge. However, it also increases the power loss, which is 
reflected intuitively in the thermal image of the switching 
transfer stage at the same time. Then the influence of the SiC 
MOSFET on the three-phase grid-connected inverter is 
reflected by different LCL filters and switching frequencies. 
Based on experimental verification, the lower the LCL filter 
with a switching frequency increased from 15 kHz to 100 kHz, 
the greater the effect of the parasitic components on the ripple 
current. 
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