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The Silicon Carbide (SiC) MOSFET inverter welding power supply produces high rates of voltage and current change (dv/dt and di/dt) as well as a reverse recovery current transient rate during the high-frequency and high-voltage switching process. This causes a serious crosstalk issue and affects the driving reliability of SiC MOSFETs. This research creates a half-bridge crosstalk model based on the properties of SiC MOSFET power devices and an inverter welding power supply. Further analysis is done on the crosstalk mechanism of the SiC MOSFETs used in the half-bridge application as well as the impact of the driving parameters on the switching process. A SiC MOSFET drive circuit with protection functions is designed. By constructing a double pulse circuit, the SiC MOSFET driving circuit's functionality and its driving parameters are assessed. The driving waveform of the SiC MOSFET is stable and within the expected range in the SiC MOSFET inverter welding power supply. The experimental findings demonstrate the viability of the driving circuit that was created. SiC MOSFETs can operate consistently and produce an excellent switching waveform.
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1  Introduction

At present, inverter welding power supply has become the mainstream product in the welding processing industry. It will gradually develop into high frequency, miniaturization, high efficiency, and other aspects [1]. Si IGBTs or Si MOSFETs are commonly used as the main power switching devices in inverter welding power supplies [2]. However, the switching performance of Si power devices can’t meet the application requirements of the new generation of high-performance inverter welding power supplies in terms of power density, volume, heat resistance, radiation resistance, etc [3]. SiC power devices offer performance advantages in terms of wide bandgap, high breakdown electric field, high heat conductivity, high electron mobility, and radiation resistance[4]. These advantages are not only reflected in the devices themselves, but also in the performance improvement of switching frequency, efficiency, and heat resistance. When Using SiC power devices as core components, the size and weight of the transformer, and magnetic components can be reduced. Besides, heat dissipation can be improved, and the comprehensiveness of the inverter welding power supply can be improved[5,6].
The high switching speed and breakdown voltage of SiC MOSFETs can enhance the inverter welding power supply performance. However, they also bring serious crosstalk problems, while electromagnetic interference (EMI) reduces the drive reliability of SiC power devices[7,8]. In the medium-high power arc inverter welding power supply, the form of the full-bridge inverter is usually used[9]. Compared to Si MOSFETs, SiC MOSFETs are more sensitive to impact interference from circuits. The drain source of SiC MOSFET will produce high voltage and current transient change rates (dv/dt and di/dt) and reverse recovery current transient rates during the high-frequency and high-voltage switching process. The circuit stray inductance, parasitic capacitance, and transformer leakage inductance in the high-frequency arc inverter welding power supply will resonate with them, resulting in a high-frequency oscillation peak. It will not only affect the SiC MOSFETs’ gate-driving during the switching process, but also affect other SiC MOSFETs’ gate-driving on the same bridge arm. This phenomenon is called crosstalk. The negative crosstalk voltage spikes on gate drivers tend to cause SiC MOSFET to be incorrectly turned on or broken down, which is the key to affecting the driving reliability of SiC MOSFET [9,10].
To understand the SiC MOSFET driving behavior, scholars in the field have conducted many studies on the driving circuit of SiC MOSFETs. For example, the influence of parasitic parameters on the gate-source voltage of SiC MOSFET during the switching process was analyzed in [11], but it lacked a comprehensive analysis of the switching losses. The authors of [12-14] indicated that EMI and switching losses could be reduced by studying parasitic parameters, but there were deficiencies in the application of the actual design. To this end, this research first analyzed the working principle of the SiC MOSFET in the half-bridge application and the specific causes of the problem of crosstalk. Afterward, the influence of the parameters including gate driving resistance and capacitance on EMI and switching losses when the SiC MOSFETs were turned on or off was analyzed by building a double pulse circuit simulation model. The designed drive circuit not only provides suitable gate driving voltage, but also provides short circuit protection, under-voltage protection, miller clamping protection, and other functions, which can effectively reduce or eliminate oscillating voltage spikes. The working reliability of the arc welding inverter power supply is guaranteed.

2  The analysis of SiC MOSFET crosstalk mechanism in the half-bridge application



Fig. 1. The schematic of SiC MOSFET crosstalk equivalent model in half-bridge application.

Fig. 1 is the schematic of SiC MOSFET crosstalk equivalent model in half-bridge application. The SiC MOSFET parasitic parameter equivalence model is shown in the red dotted line box. The upper tube SiC MOSFET Uh and lower tube SiC MOSFET Ul constitute a half-bridge structure. The voltage source Vgs provides the driving voltage for SiC MOSFETs. SiC MOSFETs turn on through the gate resistance Rg_on when Vgs provides a positive voltage. SiC MOSFETs turn off through the gate resistance Rg_off and diode D when Vgs provides a negative voltage. The midpoint “a” of the half-bridge is connected to the output load resistance R in parallel with capacitance C through inductance L. Lg_in, Ld_in and Ls_in are the parasitic inductors of SiC MOSFET gate, drain, and source electrode respectively. Lg_ex, Ld_ ex, and Ls_ ex are lead inductors of SiC MOSFET gate, drain, and source electrode respectively. To simplify the parameters, Lg = Lg_in + Lg_ex，Ld = Ld_in + Ld_ex，Ls = Ls_in + Ls_ex. SiC MOSFET’s three parasitic capacitors are Cgs, Cgd, and Cds, Db is the reverse parallel freewheeling diode. The subscripts ‘h’ and ‘l’ respectively represent the upper tube Uh and lower tube Ul.
As shown in Fig. 1, the conduction stage of the upper tube Uh and the shutdown stage of the lower tube Ul was taken as an example for analysis. The drive current igh charges the cgsh-in and makes its voltage raise enough high to allow the upper tube Uh to turn on. As the switching frequency of SiC MOSFET increases dramatically, the increased drain-source current change rate didh/dt produces an inductive voltage Lshdidh/dt on the small source inductance Lsh. The voltage is superimposed on the rising phase of gate turn-on drive voltage Ugsh resulting in positive voltage spikes. The positive voltage spikes increase with didh/dt, which may exceed the limit of SiC MOSFET positive peak gate drive voltage and break down the upper tube Uh. The induced current direction of lower tube Ul is shown by the blue curve arrow in Fig. 1. Cdsl begins recharging and causing the drain-source voltage of the lower tube Ul to rise. The change rate of the drain-source voltage is dUdsl/dt. Cgdl also begins recharging, and the charging current is Cgdl×dUdsl/dt. Since the gate drive voltage Vgs2 remains negative relative to the source electrode, there are two current paths. A portion of the current ig returns to the negative gate drive voltage through the gate resistance Rgl_off and diode Dl, which will generate a voltage drop V_ on the resistance Rgl_off.

          (1)
The other portion of the current charges the parasitic capacitance Cgsl. The voltage Ugs- is superimposed on the negative gate drive voltage of lower tube Ul, resulting in positive voltage spikes. At the same time, the reverse recovery current ifl of anti-parallel freewheeling diode Dbl of the lower tube Ul will also generate an inducted voltage when it flows through the source stray inductor Lsl. Thus, the increased voltage spikes may exceed the turn-on threshold voltage of SiC MOSFET, leading to the mis-energize of the turn-off lower tube Ul. The formula of lower tube Ul peak voltage VΔ- is

       (2)
Similarly, the shutdown stage of the upper tube Uh and the lower tube Ul were taken as an example for analysis. The drain-source voltage Udsh of the upper tube Uh begins to rise and the drain-source current rate didh/dt direction is reversed. An induced voltage -Lsdidh/dt can be generated on the small source inductor Lsh. The voltage is superimposed on the falling phase of gate drive voltage Ugsh and results in negative voltage spikes. The negative voltage spikes may exceed the limit of SiC MOSFET negative peak gate drive voltage and break down the upper tube Uh. The drain-source voltage Udsl of lower tube Ul begins to decrease and the current through Cgdl and Cgsl is directed in the opposite direction to the previous stage. Thus, negative voltage spikes are generated in the negative gate drive voltage of the lower tube Ul, resulting in a reverse breakdown of the turn-off lower tube Ul.

3  The analysis of SiC MOSFET driving parameters in the double pulse simulation circuit

This research built the double pulse circuit in Ltspice simulation software by adopting the SiC MOSFET C3M0065100K Spice model of Cree corporation. The double pulse circuit can conveniently test MOSFET’s actual operating condition, switching losses, switching-off voltage spikes, and other properties [15]. The influence of different parameters of driving resistance and capacitance on the SiC MOSFET switching process was analyzed in detail. The performance of the driving circuit was also evaluated. The simulation model of the double pulse circuit is shown in Fig. 2. U1 and U2 are the SiC MOSFET Spice models of Cree corporation. A negative voltage of 4V was added to the gate-source of upper tube U1 to keep it turned off and a double pulse signal with the amplitude of 15V/ -4V was added to the gate-source of lower tube U2. The input DC voltage VDC is 120V. L and R are the test loads. L1~L6 are the stray inductors of the circuit. R2 and C2 are the main driving parameters tested in this research. 



Fig. 2 The simulation model of the double pulse circuit

3.1  Analysis of the effect of driving resistance on switching process

The driving resistance R2 directly affects the switching speed of SiC MOSFET, and the switching speed determines the drain-source voltage and current change rate (dv/dt and di/dt) of SiC MOSFET. Too high dv/dt and di/dt are easily combined with parasitic capacitances and circuit spurious inductors to produce oscillation peaks. Selecting the appropriate driving resistance can effectively reduce the oscillation peaks and switching loss. This research adopts the univariate method. The driving resistance R2 takes 6 values of 1Ω, 5.1Ω, 10Ω, 16Ω and 30Ω respectively. Other parameter values of the circuit keep constant. Fig. 3 shows the curves of the driving voltage, drain-source voltage, drain current, and loss during the SiC MOSFET switching process with increasing resistances. 
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(a)U2: switching-on stage 
[image: ]
(b)U2: switching-off stage
Fig. 3 The effect of the driving resistance variation on SiC MOSFET switching process

As shown in Fig. 3(a), when the lower tube U2 is in the switching-on stage, the ascent speed of the driving voltage decreases as the driving resistance increases. Meanwhile, Miller platform time is relatively delayed. It means that the turn-on speed of the SiC MOSFET is gradually slowed down and the turn-on time is relatively delayed. 
The oscillating peak occurs at the negative driving voltage of the upper tube U1. When the driving resistance is minimum, the oscillating peak value may even exceed the turn-on threshold voltage of SiC MOSFET, causing the SiC MOSFET to be incorrectly turned on. As the driving resistance increases, the voltage spikes are suppressed. At the same time, where the spike occurs is delayed by the time delay of the Miller platform.
As the driving resistance increases, both the U2 drain-source voltage drop time and the drain current rise time are delayed by the Miller platform time delay. After the driving voltage amplitude rises to the Miller platform, the drain-source voltage drops rapidly and the drain current rises rapidly. The drain-source voltage and the current change rate (dv/dt and di/dt) decrease as the driving resistance increases. The duration of the U2 turn-on switching loss gradually lengthens. In general, the turn-on switching loss increases. 
Fig. 3(b) is a simulated waveform of the lower tube U2 in the switching-off stage. The analysis principle is the same as in the switching-on stage.

3.2  Analysis of the effect of driving capacitance on switching process

The driving capacitance generally refers to the external capacitance in parallel with the SiC MOSFET gate-source electrode, which can reduce or eliminate the Miller effect to a certain extent. The values of driving capacitance and resistance together determine the switching speed and switching loss of an SiC MOSFET. To explore the influence of driving capacitance on the switching process, this research uses the same analysis method as exploring the effect of drive resistance. The driving capacitance takes 6 values of 0.2nF, 0.68nF, 1nF, 3nF and 5.6nF respectively. 
[image: ]
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(a) U2: switching-on stage
[image: ]
(b) U2: switching-off stage
Fig. 4 The effect of driving capacitance variation on SiC MOSFET switching process

As shown in Fig. 4 (a), the lower tube U2 is in the switching-on stage. As the driving capacitance increases, the rising speed of the driving voltage decreases. It can be seen that the Miller pit of SiC MOSFET driving voltage is large. The driving voltage can even be below 0V when the driving capacitance value is small. It is an unfavorable phenomenon.
The variation of the drain-source voltage and drain current waveform of lower tube U2 is similar to that of those increasing driving resistances. The charge released by the parasitic diode of the upper tube U1 during reverse recovery is certain, so the lower tube U2 has a larger current peak and longer duration at a fast turn-on speed.
The tendency of other waveforms to change with the increase of driving capacitance is similar to the waveform changing with the increase of driving resistance.

4  SiC MOSFET drive circuit and test

4.1  SiC MOSFET drive circuit with protection functions

Based on the analysis of the influence of SiC MOSFET drive reliability, an integrated circuit-type magnetically isolated driver with multiple protection functions is designed. The circuit schematic is shown in Fig. 5. It is mainly composed of an isolated DC-DC module X1, an integrated magnetic isolation drive circuit P1, and a drive protection circuit P2. X1 is responsible for supplying power to P1. 

[image: ]
Fig. 5 SiC MOSFET driving circuit schematic

The CPU provides a PWM driving control signal. The signal passes through the debounce circuit and the drive isolator in turn, and is then push-pull amplified output by the back-end field-effect transistors(Q4 and Q5). The protection functions designed into this drive circuit include short-circuit detection, Miller active clamp, under-voltage protection, and so on. The short circuit detection ‘DESAT’ can first obtain the SiC MOSFET drain-source voltage, then generate a short circuit protection signal through comparator F2. Finally, the signal is converted by logic circuit 4 to turn off the output drive signal. Resistance R10 and diode D2 can prevent reverse irrigation of drain current. The Miller active clamp ‘CLAMP’ in the drive integrated circuit can monitor SiC MOSFET gate-source voltage in real time. The value is compared to the 2V reference voltage by comparator F1 and then input to logic circuit 3. When the voltage value exceeds 2V, the clamping field-effect transistor Q3 is turned on. It facilitates the release of parasitic capacitance charge from the gate-source electrode, thereby reducing or eliminating the Miller effect. Undervoltage output locking ‘UVLO’ can ensure that the gate drive control signals can be pulled to a low level when the power supply voltage is too low, thus turning off the SiC MOSFET. 

4.2  SiC MOSFET drive test

The double pulse measurement circuit shown in Fig. 6 includes a current probe, two driver units, two C3M0065100K tubes, and inductance. During the test, a negative voltage is supplied to the upper tube U1 to keep it off, while the lower tube U2 is supplied with two pulse signals with a high-level duration of 2.6us. The input DC voltage is 120V and the inductance value is 55uH. The drive circuit designed in this research is used to test the C3M0065100K tube, and the U2 gate-source voltage, drain-source current, and inductance current are shown in Fig. 7. During the duration of the two pulse signals, the inductance current and SiC MOSFET current remain linearly rising. There are current spikes on the SiC MOSFET.

[image: ]
Fig. 6 Double pulse measurement circuit

[image: ]
Fig. 7 The test waveform

1)  Drive test - driving resistance
The driving resistance chooses 5 values of 1.3Ω, 5.1Ω, 10Ω, 16Ω, and 30Ω respectively, and the driving capacitance chooses 3nF. The switch test waveform of SiC MOSFET U2 for gate-source driving voltage, drain-source voltage, drain current, and switching loss in the second pulse stage is shown in Fig. 8.
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(a) U2: switching-on stage 
[image: ][image: ]
(b) U2: switching-off stage
Fig. 8 Effect of changes in the gate driving resistance on the switching process of SiC MOSFET

From the above analysis and experimental results, it is clear that in the SiC MOSFET switching process, increasing the driving resistance can effectively reduce the oscillation amplitude. However, increasing the driving resistance does not reduce the oscillation cycle and increases switching losses. This is related to the circuit’s stray inductance. Therefore, when designing the driving resistance value, it is necessary to balance the relationship between loss and EMI and consider the specific operating conditions. As can be seen from Fig. 8, the switching-off loss is greater than the switching-on loss when using a larger driving resistance. Thus, different combinations of switching-on and switching-off driving resistance values can be used to reduce losses.

2)  Drive test - driving capacitance
The driving capacitance chooses 5 values of 0.2nF, 0.68nF, 1nF, 3nF, and 5.6nF respectively, and the driving resistance chooses 10Ω. The switch test waveform of SiC MOSFET U2 for gate-source drive voltage, drain-source voltage, drain current, and switching loss in the second pulse stage is shown in Fig. 9. 
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(a) U2: switching-on stage
[image: ][image: ]
(b) U2: switching-off stage
Fig. 9 Effect of changes in the gate driving capacitance on the switching process of SiC MOSFET 

The effect of driving capacitance on the SiC MOSFET switching process is similar to that of driving resistance. Therefore, it is necessary to consider the selection of driving capacitance and resistance values comprehensively. EMI and switching loss should be taken into account. Try to reduce the crosstalk effect on the circuit with smaller switching losses.

5  Application of SiC MOSFET in inverter welding power supply

The arc inverter welding power supply is susceptible to strong electromagnetic interference (EMI) in the actual working process, and the working conditions are harsh. This problem is particularly serious as the frequency of inversions increases[16]. In order to verify the actual drive reliability of the designed SiC MOSFET drive circuit, its application in the full-bridge inverter circuit of a power supply is shown in Fig. 10. The driver unit is small and close to the SiC MOSFET pins, which can significantly reduce the inductance of the circuit leads. The full-bridge inverter topology adopts two C3M0065100K SiC MOSFETs in parallel. The inverting frequency is 100kHz and the input DC voltage is 540V. 

[image: ]
Fig. 10 Application of SiC MOSFETs in full-bridge inverter circuit of power supply

The output current of the inverter welding power supply is 300A and the output power is 18KVA. The measured SiC MOSFET gate-source driving voltage waveform on the same bridge arm in the full-bridge inverter circuit is shown in Fig. 11. The drive voltage waveform has small crosstalk, indicating that the driving process is stable and reliable. In addition, when SiC MOSFET Q2 is turned off, a significant oscillation peak occurs at the negative voltage of SiC MOSFET Q1, as shown in the red circle in Fig. 11. To prevent SiC MOSFET breakdown, the drive voltage uses a negative voltage value of -3.5V. At the marked red circle, the maximum positive voltage oscillation peak ΔUgs+ is +1V, and the maximum negative voltage oscillation peak ΔUgs- is less than -1V. The driver can effectively eliminate or suppress voltage spikes.



Fig. 11 The drive waveform of SiC MOSFETs in full-bridge inverter circuits

The welding test platform consisted of the digital inverter welding power supply, a welding robot equipped with a welding torch, a digital wire feeder, and other devices. To verify the driving reliability of SiC MOSFETs, three sets of double pulse MIG welding experiments with different welding speeds (12.6, 14.4, and 16.2 mm/s) were performed by the platform, and the welding parameters are given in Table 1.


	Parameter
	Symbol
	Value

	Strong pulse peak current
	Is
	310 A

	Weak pulse peak current
	Iw
	160 A

	Base current
	Ib
	90 A

	Strong pulse current duty cycle
	Ds
	30%

	Weak pulse current duty cycle
	Dw
	40%

	High frequency
	fH
	100 Hz

	Low frequency
	fL
	4 Hz

	Peak current duty cycle of strong and weak pulse
	Dhs
	45%


Table 1 The welding parameters
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(a) Welding speed of S1: 12.6 mm/s
[image: ]
(b) Welding speed of S2: 14.4 mm/s
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(c) Welding speed of S3: 16.2 mm/s
Fig. 12 Weldments’ appearance

The weldments are uniform and consistent without spatters or undercuts, and the fish-scale ripples are clear and shiny. 

6  Conclusion

The selection of SiC MOSFET driving resistance and driving capacitance has a certain impact on the driving reliability of SiC MOSFET and plays a non-negligible role in the stability of inverter welding power supply. This research concludes through simulation and experiments that as the parameters of driving resistance and driving capacitance increase, the drive speed slows down, and the transient change rate of voltage and current is suppressed. In addition, it brings the problem of increasing switching loss. Therefore, the design of the driver module should comprehensively consider the relationship between switching loss and electromagnetic interference. The driving resistance and driving capacitance are best placed as close to the SiC MOSFET pin as possible to minimize stray inductance. Eventually, selecting the appropriate drive parameter values reduces the oscillation peak amplitude and period. The integrated circuit type magnetic isolation drive designed in this research has a compact structure. When applying the drive to the inverter welding power supply, the welding power supply is stable and the weld forming effect is excellent. The work accomplished in the research provides reasonable suggestions for the drive reliability of SiC MOSFETs, which are of great reference value. Future work could begin with the establishment of comprehensive analytical models that concretize the balance between switching loss and electromagnetic interference.

Acknowledgments

The research work was supported by the Research Fund for the National Science Foundation of China (U2141216, 51875212), Marine Economic Development (Six Marine Industries) Special Funding Project of Guangdong Province (GDNRC[2021]46), State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology (AWJ21Z03, AWJ23M03), Science and Technology Planning Project of Guangdong Province (2021B1515420006), and the Shenzhen Key Technology Program (JSGG20201201100401005, JSGG20191118102201716).

References

1. Wei-Qing G E, Huang S S, Kuan-Fang H E.,“Study status and development of arc welding inverter power supply”  Electric Welding Machine, 40(03), 6-9 (2010). https://doi.org/10.1109/IPEMC.2009.5157646
2. Belverde G, Galluzzo A, Melito M, et al., “Snubberless voltage sharing of series-connected insulated-gate devices by a novel gate control strategy” IEEE Transactions on Power Electronics, 16(1), 132-141, (2001). https://doi.org/10.1109/63.903998
3. Paul A K. “SiC Mosfets with Schottky power diodes help optimise the design of multi-functional arc welding equipment in popular power range”  International Journal of Power Electronics, 4(4):360-377, (2012). https://doi.org/10.1504/IJPELEC.2012.049029
4. [bookmark: R14]T. Zhao, L. Yang, J. Wang and A. Q. Huang, "270 kVA Solid State Transformer Based on 10 kV SiC Power Devices," 2007 IEEE Electric Ship Technologies Symposium, 145-149, (2007). https://doi.org/10.1109/ESTS.2007.372077
5. Wang Zhenmin, Wang Qian, Wang Pengfei, et al., “A new generation WBG arc welding supply” Transactions of The China Welding Institution, 37(7): 49-52, (2016)
6. Wang Shouguo, Zhang Yan., “Application and development of SiC Materials and devices” Chinese Journal of Nature, 33(1): 42-45, (2011)
7. Huang H, Yang X, Wen Y, et al., “A switching ringing suppression scheme of SiC MOSFET by Active Gate Drive” Power Electronics and Motion Control Conference. IEEE, 285-291, (2016). https://doi.org/10.1109/IPEMC.2016.7512300
8. Zhang Z, Wang F, Tolbert L M, et al., “Active Gate Driver for Crosstalk Suppression of SiC Devices in a Phase-Leg Configuration” IEEE Transactions on Power Electronics, 29(4):1986-1997, (2013). https://doi.org/10.1109/TPEL.2013.2268058
9. Duan B, Zhang C, Guo M, et al., “A new digital control system based on the double closed-loop for the full-bridge inverter” International Journal of Advanced Manufacturing Technology, 77(1-4):241-248, (2015). https://doi.org/10.1007/s00170-014-6463-6
10. Zhang B, Xie S, Xu J, et al., “A Magnetic coupling based gate driver for crosstalk suppression of SiC MOSFETs” IEEE Transactions on Industrial Electronics, PP(99):1-1, (2017). https://doi.org/10.1109/TIE.2017.2736500
11. Zhou Q, Gao F., “A gate driver of SiC MOSFET for suppressing the negative voltage spikes in a bridge circuit” Applied Power Electronics Conference and Exposition. IEEE, 536-543, (2016). https://doi.org/10.1109/APEC.2016.7467924
12. Ba Tengfei, Li Yan, Liang Mei, et al., “The Effect of Parasitic Parameters on Gate-Source Voltage of SiC MOSFET” Transactions of china electrotechnical society, 31(13):64-73, (2016)
13. Yin S, Tseng K J, Simanjorang R, et al.,“Experimental comparison of high-speed gate driver design for 1.2-kV/120-A Si IGBT and SiC MOSFET modules” IET Power Electronics, 10(9):979-986, (2017). https://doi.org/10.1049/iet-pel.2016.0668
14. Nayak P, Hatua K. Parasitic., “Inductance and Capacitance-Assisted Active Gate Driving Technique to Minimize Switching Loss of SiC MOSFET” IEEE Transactions on Industrial Electronics, 64(10):8288-8298, (2017). https://doi.org/10.1109/TIE.2017.2711512
15. Zhang Z, Zhang W, Wang F, et al., “Analysis of the switching speed limitation of wide band-gap devices in a phase-leg configuration” Energy Conversion Congress and Exposition. IEEE, 3950-3955, (2012). https://doi.org/10.1109/ECCE.2012.6342164
16. Ganesan P, Manju R, Razila K R, et al., “Characterisation of 1200V, 35A SiC Mosfet using double pulse circuit” 2016 IEEE International Conference on Power Electronics, Drives and Energy Systems(PEDES). PP. 1-6 (2016). https://doi.org/10.1109/PEDES.2016.7914225
17. Ji Junpeng, Hua Zhiguang, Chen Wenjie, et al., “Arc welding inverter with embedded digital active EMI controller” Transactions of china electrotechnical society, 30(14):304-310, (2015). https://doi.org/10.1109/APEC.2016.7467917
image1.emf
L

dh_ex

L

dh_in

C

gdh_in

C

gsh_in

C

gs1h_in

D

bh

R

gh_off

D

h

V

gsh

L

dl_ex

L

dl_in

C

gdl_in

C

gsl_in

C

gsl_in

D

bl

L

sl_in

R

gl_off

D

l

R

gl_on

V

gsl

L

gh_in

L

gh_ex

L

gl_in

L

gl_ex

R

gl_in

R

gh_in

L

C

R

L

sh_ex

L

s2_ex

upper tube U

h

i

gh

i

dh

a

i

fl

i

g

i

gs

lower tube U

l

V

DC

R

gh_on

L

sh_in


Microsoft_Visio_Drawing.vsdx




























































Ldh_ex
Ldh_in
Cgdh_in
Cgsh_in
Cgs1h_in
Dbh
Rgh_off
Dh
Vgsh
Ldl_ex
Ldl_in
Cgdl_in
Cgsl_in
Cgsl_in
Dbl
Lsl_in
Rgl_off
Dl
Rgl_on
Vgsl
Lgh_in
Lgh_ex
Lgl_in
Lgl_ex
Rgl_in
Rgh_in
L
C
R
Lsh_ex
Ls2_ex
upper tube Uh

igh
idh
a
ifl
ig
igs
lower tube Ul
VDC
Rgh_on
Lsh_in



image2.wmf
d/d

ggglg

VRiLit

-

=´+´


oleObject1.bin

image3.wmf
d/d

gsslfl

VVULit

D---

=++´


oleObject2.bin

image4.emf
V

DC

V

1

25V V

gs1

-4V

Tj

Tc

V

2

25V

Vgs2

Tj

Tc

C

L

1

L

L

2

R

3

C

1

L

3

C

2

R

1

R

C3M0065100K

U

1

R

2

L

4

L

5

L

6

C3M0065100K

U

2


Microsoft_Visio_Drawing1.vsdx
VDC










V1
25V
Vgs1
-4V
Tj
Tc





V2
25V
Vgs2
Tj
Tc







C
L1
L
L2
R3
C1
L3
C2
R1
R
C3M0065100K
U1
R2






L4






L5
L6
C3M0065100K
U2



image5.jpeg
U, Driving voltage/V

Uy Driving voltage/V

U, Drain-source voltage/V

T
7.0ps

T
7.1ps

T
T.1ps

T
71.2ps

g
=
@
g
S
=
£
A
=
A
6.9ps
z
<
%
2
=
2
=1
&
=
£
z
©n s
= 0.4KwW.

T
7.1ps

T
7.2ps




image6.jpeg
9.85ps

9.75ps

9.65s

9.55ps

9.45ps

3

A/3%e1j0A SunALq I A/38ey[oA SwiALIq ') A/35¥)[0A Jdamos-urei( i) VAUSLIND ures(

ADI/S50] Jo-Suryonms 2




image7.jpeg
E o
a 2
8 w
p 8
& @
2 o
a a2
s | & i
- ~
o o
2 o
a 2
&---1-@ L& s
& 8
@ & :
i @ W :
' = = i
I - T i b
: = w ¥
: = B -
@ H @ "
' = = ' i '
< g A S e i <2 T T T i e
5 T " " "2 £ 2 E EE
§ 3 8§ 3 § 35
ARBEI0A BunALq 1) ARSel0A Sualiq ' VAudaamd ureaq i - e 8 g =
AAI/SS0] Jo-Surgonms i

9.55ps 9.65ps 9.75ps 9.85ps

9.45ps




image8.jpeg
U, Driving voltage/V

2
&%
E]
El
-
=
£
&
£
=)
B
A0V
6.9

T
T.2ps

T
1.3ps 7.4ps

U, Drain-source voltage/V

U Drain current/A

7.2ps

U, Switching-on loss/KW

t
T1.2ps

T
7.3ps




image9.jpeg




image10.jpeg
Inductance

Current probe




image11.jpeg




image12.jpeg
U, Driving voltage/V

Itage/V
g 8

nt/A

U, Switching-on loss/KW
& »n N A O ® O





image13.jpeg
Driving voltage/V

U,

oltage/V
2 @

nt/A

U, Drain curre

U, Switching-off loss/KW





image14.jpeg
T
6.4p

= =2
w - < - <
ﬂ [J T Ty TR © ©
~ w £ € C
R R
TTTTT
LN )
Couou
3 2 o2
- N - N - N
= =2 =2
-S - S -9
© © ©
-3 -5 =3 -3
T 1 T 1 T T 1 T “ T T T T 1 T “ 4 v g v g v gy | Sl LI u T T r I 1 M
- - < = ? =
A/Pde)oA SunAL(q N A/A98[0A dInos-ureI(q n AADI/SSO] Uo-SUTypIIMS 20

V/AUd.LIND urea( °n




image15.jpeg
U, Driving voltage/V

oltage/V

U, Drain-source v

U, Drain current/A

U, Switching-off loss/KW

e T8

’ 1 i T L T
.4p 8.6p 8.8p 9.0p
1000

500 -

-500

1000 T T - T - T
8.4p 8.6p 8.8p 9.0p





image16.jpeg
Sic
MOSFETs




image17.emf
Q

2

Q

1

10V/div

-3.5V

+15V


Microsoft_Visio_Drawing2.vsdx

Q2
Q1
10V/div
-3.5V

+15V



image18.png




image19.png
fif “WMWWWWW
5 Q . 8 9 10 11 12 13 14

:“uwu\u ﬂ m\\unhuﬂuwu\u el

WWMWWHWWHWWWHWWWWM‘“f"”:
15 16 17 18 19





image20.png




