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Application Note PRD-08999 
 

Turn-Off Gate Voltage Considerations for SiC MOSFETs 
This document overviews the design and operational considerations for 0 V (VGS) turn-off operation of 
Wolfspeed® C3M and C4M 650 V & 750 V MOSFETs. A negative gate bias for turn-off transition has been 
historically recommended for fast-switching silicon carbide MOSFETs to provide margin for gate voltage spike 
and better system efficiency. Here we explore a study conducted to address space-constrained applications 
requiring unipolar gate bias supply. This application note details various tests conducted to assess the 
feasibility and trade-offs while using 0 V turn-off. It also outlines recommendations for accurate device 
performance assessment, and design recommendations for improved MOSFET performance. 
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 Introduction  
The fast-switching capability of silicon carbide (SiC) MOSFETs has enabled design of highly efficient and power 
dense power converters. However, the fast-switching capability can lead to parasitic effects such as crosstalk 
which impacts the device efficiency and thermal performance due to increased losses. Careful consideration of 
operational specifications and hardware layout is required to avoid such parasitic impacts. A negative gate bias 
voltage provides a higher margin to avoid crosstalk under a wide range of operating conditions and PCB 
layouts. However, there is a desire  in  space and cost constrained applications to use unipolar gate power 
supplies, pushing for a 0 V turn-off. This application note defines key concepts in consideration when deciding 
an appropriate turn-off gate bias voltage level (VGS,off) for a particular application. A thorough set of  tests were 
developed to analyze the dynamic behavior of MOSFETs as a function of VGS,off. These tests were performed 
under different conditions to provide the user with a clear understanding of the factors that affect partial turn 
on, and the resulting impact on performance.  Results of this study are applicable to all 650 V and 750 V surface 
mount Wolfspeed MOSFETs. This application note provides recommendations for optimizing the gate driver 
design for maximizing system performance considering edge-case threshold voltage (VGS(th)) devices. 

 MOSFET Characteristics  
Figure 1 shows the comparison of MOSFET specifications across different manufacturer offerings. VGS,off and the 
CISS/CRSS are important specifications that impact the safe turn-off and susceptibility of the device for partial 
turn-on. These specs should be considered while deciding the operational gate bias voltage of the device. An 
industry wide standardization of VGS,off voltages has not been observed. The recommendation for operational 
gate-source voltage of Wolfspeed C3M family 650 V and 750 V MOSFETs is -4…0 V and the C4M family is -5…0 V 
for device turn-off. This indicates that voltages in the range -4 V to 0 V or -5 V to 0 V are acceptable for turning 
off the device, while the datasheet recommended VGS(op) voltage should be used for turning on the device. Note 
that the VGSmax specification in the datasheet refers to the maximum transient gate-source voltage, not the 
operational voltage. 

 
Figure 1: Manufacturer VGS,off  and CISS/CRSS  

Figure 2: Wolfspeed C3M0045065L datasheet 

The key consideration while determining the turn-off gate bias level is parasitic crosstalk, which depends on 
factors including layout parasitics (parasitic loop inductances, parasitic layout CGD), device parasitics (parasitic 
capacitances: Ciss, Coss, Crss, internal gate resistance: RG,int), etc. In a half-bridge configuration, the dv/dt induced 
in a device  due to the turn-on of the opposite device results in a rise in gate voltage (VGS,spike). When VGS,spike is 
higher than the threshold voltage (VGS(th)) of the device, drain current may flow in the device. The magnitude of 
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the drain current can be determined from transconductance characterization of the MOSFET. Very low current 
flows at low VGS levels, even at a few volts above the threshold. Poor transconductance at low VGS helps restrict 
the parasitic current flow due to voltage spikes.  

The partial turn-on phenomenon should be considered in hard-switched topologies. However, this study has 
demonstrated that VGS levels may exceed VGS(th) by several volts resulting in slightly increased switching losses 
without leading to failure. The impact of the partial turn-on is mitigated by the fact that the induced spike 
voltage on Vgs is on the order of tens of nanoseconds, so the total power dissipation resulting from increased 
leakage current is low. Therefore, Vgs spikes exceeding VGS(th) can be acceptable in the application and should be 
viewed as a performance trade-off that results in an increase in switching losses.  When voltage spikes are 
significantly higher than VGS(th) i.e. of the order of 7 V or higher, the magnitude of partial turn-on current will 
increase sharply, causing the additional losses.  Proper design of the gate drive circuit and selection of a 
MOSFET with a high CGS/CGD capacitance ratio enables VGS(off)= 0 V operation.   

2.1 Partial Turn-On and Capacitance Ratio 
The risk of PTO occurs in a device in half-bridge configuration when high dv/dt across its drain-source is induced 
due to fast switching of the opposite device. The high dv/dt rate generates current flow through the Miller 
capacitance (CGD) of the device, which charges the gate-source capacitance (CGS) and is discharged via the gate 
resistance (RG = RG,int + RG,ext). If the resulting gate-source voltage (VGS) exceeds the threshold voltage (VGS(th)) of 
the device, a partial turn-on of the device may occur, leading to leakage current through both devices which 
can increase losses.  In extreme cases, the gate voltage may rise enough to allow high levels shoot-through 
current to flow through both switches, potentially leading to failure.   

Note: A lower RG would also lead to faster switching transitions for the devices. Higher dv/dt can lead to higher 
parasitic VGS peaks during switching transition. 

Parasitic capacitance has a major effect on switching performance and partial turn-on behavior of the device. 
A device with higher capacitance ratio is less susceptible to PTO phenomenon and related failures. More 
information on Capacitance Ratio And Parasitic Turn-On can be found here. 

               

 

 

 

Figure 3:  Partial Turn-On Mechanism in Half-Bridge Configuration 
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2.2 Transfer Characteristics at Low VGS 
The transfer characteristics are provided in the datasheet. The magnitude of leakage drain current is very low 
at gate voltages below threshold voltage ( VGS < VGS(th)), and is below 50 µA at 0 V. Between VGS(th) and the Miller 
Plateau, SiC MOSFETs have low transconductance, which is a great feature for 0 V turn-off capability. Short VGS 
spikes above VGS(th) do not cause large magnitude drain current to flow through the channel. The 
transconductance curves can be utilized to approximate the additional losses due to VGS spike, if  the magnitude 
and duration of the VGS spike are known. It should be noted that the leakage current increases with increase in 
junction temperature of the device but the transconductance (gain) is relatively low below the Miller plateau 
(~7V).  

 
Figure 4:  Transfer characteristics of C3M0045065L at VGS < 2 V 

2.3 Addressing device VGS(th) variability 
The risk due to VGS spike should be characterized for the worst-case or minimum VGS(th) specification available in 
MOSFET datasheets, but this is not always done in practice due to unavailability of worst-case devices. VGS(th) 
decreases at high temperature but is only measured at room temperature in production. VGS(th) indicates the 
point where a small amount of current flows, but the transconductance (gain) is relatively low below the Miller 
plateau (~7V).  

 

Figure 5: C3M0045065L Electrical Characteristics  

Finding devices with the minimum threshold is challenging, but such edge-case devices need to be accounted 
for in a high-volume production setting. In this study, the devices used for Q1 and Q2 shown in Figure 3 had 
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VGS(th) of 2.82 V and 2.83 V at 25 °C respectively. To emulate the edge-case threshold voltage device case for 0 V 
turn-off assessment, +1 V VGS,off level was used, and it will be referred to as 0eq V. As shown in Figure 6, this 
ensures that the margin of voltage between the threshold voltage and emulated 0V turn-off voltage is 1.8 V at 
room temperature. The 1.8 V value is derived from the minimum VGS(th) datasheet specification for this family of 
devices (refer to Figure 5).  

 
Figure 6: VGS,off adjustment for emulating worst case threshold device 

 VGS spike assessment 
Measuring the VGS accurately is critical and challenging in fast-switching applications. The common-mode noise 
and differential-mode noise can easily make their way into the measurements.  

Common Mode Noise:  The common mode noise couples through the parasitic capacitance paths 
through the probe, scope and power or ground connections. It distorts the measured signal resulting in 
measuring higher peaks and higher ringing than are present. To minimize common mode noise in VGS 
measurement, it is recommended to use fiber-optic isolated probes that have nearly zero common-
mode current path.   

Differential Mode Noise:  The differential mode noise couples into the measurement by fields around the 
probe. The inductive loops formed by the probe IN+ and IN- leads pick up stray electric and magnetic 
fields. IN+ and IN- connection points being far away from each other results in dynamic error due to fast 
edge rates. To minimize differential mode noise, it is recommended to use coaxial adapters (for 
example: MMCX) or other small-tip adapter connections to minimize sense loop area. 

 

Figure 7: VGS measurement using a differential probe vs isolated fiber optic probe with MMCX adapter 
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3.1 Assessment Method for Common-Mode Rejection Performance  
Common-mode rejection capability of a probe can be assessed by attaching both pins of the probe to Kelvin 
source of the device while the opposite device is switched.  The test circuit schematic to run this test is shown 
in Figure 8 (left). The following steps can be followed to perform this test in a double pulse circuit, but the same 
strategy can be used in any switching circuit. 

1. Connect both the tip and reference/ground lead of the probe to the kelvin source node of Q2. 

2. Switch Q1 and trigger the scope at the switching edge using a separate VDS probe across Q1. 

3. Any signal coming through is due to common-mode noise since the expected result of probe voltage 
measurement should be 0 V. 

The waveforms in Figure 8 (right) show a comparison between differential probe (Tektronix THDP0200)  and 
fiber optic probe (Tektronix TIVP1). Fiber optic probes are recommended for VGS measurements for their high 
bandwidth and high common-mode rejection capability at high frequencies.  

 
Figure 8: Schematic and waveforms to detect common-mode rejection performance of voltage probes 

 0 V Turn-Off Assessment Study 
Utilizing 0 V turn-off impacts the device performance by making the device more susceptible to partial turn-on 
and increasing switching losses. Various tests were conducted on a half-bridge configuration of MOSFETs to 
identify the impact of 0 V turn-off voltage on the important parameters.  

The gate driver IC and gate circuit elements need to be tuned to optimize the implementation of 0 V turn-off 
while maximizing system efficiency. The circuit diagram of the gate driver circuit used for this study is shown in 
Figure 9. Here’s a list of symbols and terms used throughout this document: 

 RG,on:  External gate resistance during MOSFET’s turn-on transition 

RG,off:  Effective external gate resistance during MOSFET’s turn-off transition. It is a parallel combination 
of RG,on and RG,2. 

RG:  External gate resistance effective for turn-on as well as turn-off conditions. RG is placed in RG,on 
location and RG,2 is depopulated for this configuration.  
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CGS,ext:  External gate-source capacitance added between the gate and source terminals to help reduce 
the VGS spike. 

Miller Clamp:  It is an active clamp tied to the gate of the MOSFET. During the device turn-off transition, 
it bypasses the external RG and quickly pulls down the VGS potential when VGS value is below the defined 
miller clamp threshold. Please note, the miller clamp is engaged when a 0 Ω resistor is placed at RMC. 
This resistor was removed in some tests to disconnect the miller clamp. 

 

Figure 9: Gate Driver Circuit 

Four different test setups were used to investigate the safe operation of devices with a 0 V turn-off voltage and 
understand the system impact. These test setups and their preliminary findings are described in the next 
subsections. 

4.1 DV/DT Test 
This device is designed to detect the dv/dt seen by the device under test (Q1), when held off at different VGS,off 
levels. The top device Q2 is switched between +15/-3 V. When the top device turns-off, a high dv/dt is induced 
in the bottom device which is the DUT in this case. While a high dv/dt enables fast-switching of devices, meaning 
lower switching loss, it may lead to higher EMI. Therefore, careful consideration should be given to this 
parameter. This dv/dt is also directly linked to partial turn-on susceptibility of the device. Generally, RG values 
and gate drive voltages can be tweaked to achieve a desirable dv/dt. 

dv/dt is measured during the rising edge of the VDS between 30% to 70%. dv/dt of the DUT is impacted based 
on the gate drive condition, i.e. +15/-3V vs +15/0V, this observation can be seen in the results presented in 
Figure 10. dv/dt is lower at +15/0V condition due to the VGS(off) level being higher, thus reducing the gate 
discharge speed. dv/dt is increased with the Miller clamp since it is highly effective at reducing partial turn-on.  
Partial turn-on currents act to slow down the charging of Coss, and hence reduces dv/dt.  CGS is very effective in 
reducing VGS spike at higher RG conditions because it both slows down the dv/dt and provides increased gate 
capacitance to absorb the dv/dt induced charging.   

R
MC
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Figure 10: dv/dt test schematic and trends with and without miller clamp and CGS,ext configurations 

Note: Table 1 lists the short forms used in the bar graphs in this document with the corresponding circuit 
configuration used for the case studies in this section. Note that “Base Case” refers to the circuit configuration 
without CGS,ext and Miller Clamp. It is a half-bridge configuration corresponding to each test described in this 
section, using the specified RG and C3M surface mount MOSFETs. 

Table 1: List of configuration short forms and corresponding conditions 

Configuration Conditions 
Base case No Miller Clamp (MC), CGS,ext  = 0 
Base + MC With Miller Clam, CGS,ext  = 0 
Base + Cgs No Miller Clamp, CGS,ext = 2 nF 
Base + Cgs + MC With Miller Clamp, CGS,ext = 2 nF 

4.2 Reverse Recovery Test - ERR 
Reverse recovery in a MOSFET occurs when the body diode transitions from conducting a forward current to a 
reverse-biased state causing switching loss. The switching loss energy due to reverse recovery, ERR, is measured 
with the help of test schematic shown in Figure 11(a). In the circuit diagram, Q2 (the switching device) turns-on, 
triggering the reverse recovery in Q1 (the DUT), which is held off with gate voltage ranging from -4 V to 0eq V. Q1 
is controlled with a gate bias of +15/-3V in this test. Figure 11(b) shows the change in ERR as a function of VGS,off. 
The waveforms shown in Figure 12 help to understand the ERR trend shown in Figure 11(b). 

  
(a) (b) 

Figure 11: ERR test  schematic  and results with RG = 10 Ω, CGS,ext = NP, No Miller Clamp 

When Q2 turns-on, current flows through the inductor L. When Q2 is turned off, current flows in the freewheeling 
loop between L and Q1-body-diode. When Q1 turns-on again, Q2 body-diode goes from forward conduction to 

 
  

(a) (b) (c) 
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reverse bias mode, requiring extra current to flow through the body diode due to reverse recovery. The reverse 
recovery charge, QRR and time required for recovery determine the reverse recovery losses.  

The waveforms of this test are shown in Figure 12. It is observed that the magnitude and period of drain current 
due to reverse recovery depends on the gate-source voltage of the DUT, VGS,off. Higher current peaks increase 
the reverse recovery switching energy of the device. By running this test at higher junction temperatures, it is 
observed that the reverse recovery loss increases at higher temperatures.  

   
(a) (b) (c) 

Figure 12: ERR test waveforms: comparison with DUT VGS,OFF  as -3 V and 0eq V 

4.3 Double Pulse Test - EON(OPP) 
A traditional double pulse test can be utilized to understand the impact of VGS,off levels on the turn-on-switching- 
energy of the opposite device. In this circuit, shown in (b), Q2 is the DUT and held off at VGS,off levels from -4 V to 
0eq V. The bottom device, Q1 is switched with a gate bias of +15/-3 V.  Partial turn-on or drain leakage in Q2 due 
to a higher VGS,off can impact the turn-on transition of Q1. This may lead to a higher current flowing through Q2 
during turn-on transition, thus increasing the EON of Q1. Since Q1 here is the device opposite the DUT, its 
switching loss is referred to as EON(OPP). Figure 13(b) shows that the EON(OPP) gradually increases with increasing 
the VGS,off levels. Contrary to reverse recovery losses, EON losses are lower at a higher junction temperature, thus 
balancing the impact of partial turn-on at higher temperature operation. 

 
 

(a) (b) 
Figure 13: DPT test  schematic  and results with RG = 10 Ω, CGS,ext = NP, No Miller Clamp 
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The Q1 voltage and current waveforms are shown in Figure 14. The magnitude and period of drain current of 
opposite device, Q1, is also dependent on the gate-source voltage (VGS,off) of the DUT. Higher current peaks 
increase the turn-on switching losses (EON(opp)).   

   
(a) (b) (c) 

Figure 14: EON(OPP) test waveforms: comparison with DUT VGS,OFF  as -3 V and 0eq V 

4.4 Synchronous Boost Power Test 
The impact of partial-turn on is critical in hard-switched topologies. This is because the switching losses are 
highly dependent on the turn-off gate bias voltage of the device. A synchronous boost setup allows for system-
level investigation of the impact of VGS,off on power stage efficiency as well as the thermal behavior of the devices. 
Due to increased losses at 0eq V turn-off, a slight reduction in efficiency is observed in comparison with -3 V case. 

 
 

(a) (b) 

Figure 15: Synchronous Boost Power Test schematic and test board  

Another important consideration for this study is the parasitic VGS spike (VGS,spike) due to crosstalk. Voltage 
spike measurement is defined as the difference between the peak of the spike and the VGS(off) voltage. This 
parameter is also tracked and studied for different case studies presented in the next section. 
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Figure 16: Efficiency comparison for -3 V and 0eq V cases and VGS,spike measurement from waveforms 

 Device Performance Optimization  
The section details the device performance with and without PTO-mitigation techniques such as using a CGS,ext 
capacitor to reduce parasitic VGS,spikes, and using Miller Clamp. This section also discusses the impact of tuning 
RG, CGS,ext and Miller clamp for maximizing efficiency with a 0 V turn-off.  

5.1 Impact of adding CGS,ext and Miller Clamp  
This analysis is carried out using ERR and EON(OPP) tests. The impact of changing VGS,off for different circuit 
configurations on the switching energy figure of merit (ERR + EON(OPP)) is studied. From  and , we observed that 
both these quantities are affected by junction temperature in the opposite relation. While ERR increases, EON(OPP) 
reduces at a higher junction temperature. This section is comprised of observations with RG = 2 Ω and RG = 10 Ω 
at 150oC. Please note that RG = RG,on = RG,off in this case.  

Figure 17 summarizes the comparison of -3 V case (purple bars) and 0eq case (green bars) for different circuit 
configurations with and without CGS.,ext and Miller Clamp (MC). Adding CGS,ext can increase the switching losses 
when high RG is used, however it is very beneficial in reducing the magnitude of VGS,spike. Miller Clamp is also 
effective in improving efficiency while mitigating VGS spike in designs with high RG. At RG = 2 Ω with a Miller clamp 
and CGS, the switching losses with VGS(off) = 0eq V are nearly identical to the losses with VGS(off) = -3 V.  While at RG = 
10 Ω, a better performance is achieved at 0eq V with the use of CGS,ext and MC. Refer to Table 1 for details of circuit 
configurations listed on x-axis in Figure 17. 

  
(a) (b) 

Figure 17: Impact of VGS,off level on switching energy figure of merit for different circuit configurations 
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5.2  Impact of different RG,off values on device performance in a synchronous 
boost converter 

Different RG,off values were tested with a fixed RG,on value of 10 Ω in a synchronous boost converter. To analyze 
these test cases we track different parameters to analyze the device performance in terms of efficiency as well 
as thermal behavior. A brief description of these parameters is listed below: 

Power Loss:  total losses in the system including both MOSFETs. 

VGS spike:  voltage spike on Q1 gate due to cross talk. 

Lower Switch Temperature (Q1):  lower device temperature should be tracked because it has dominant 
switching losses, which are impacted highly by VGS,off level. 

Upper Switch Temperature (Q2):  The upper device in a boost configuration benefits from a ZVS turn-on 
as well as third quadrant conduction which can reduce losses at 0 V VGS,off. Figure 18 shows the reduced 
body diode forward voltage at Vgs(off) = 0 V, resulting in lower conduction losses during deadtime.   

 
Figure 18: Body Diode Characteristics at 175 °C for C3M0045065L 

Irrespective of RG,off value, higher losses are observed at 0 V turn-off (green bar in Figure 19(a)), in comparison 
with -3 V case. While, losses are comparable when operating at -3 V with both RG,off values. However at 0eq V turn-
off, reducing RG,off reduces the power losses and device temperature. RG,off greatly affects the device losses, 
therefore it should be tuned optimally such as to maximize efficiency. 

The bottom device, Q1, runs hotter than the top device in a boost configuration due to dominant switching 
losses, whereas the top device has ZVS. The switching losses get worse when the VGS,off is increased from -3 V to 
0eq V, as was also observed from ERR and EON(OPP) testing independently. Therefore, Q1 runs hotter at 0eq V. 
However, Q2 benefits from the third-quadrant conduction  behavior during dead-time. Conduction losses 
reduce with increasing VGS,off  from -3 V to 0eq V (Figure 18). Therefore, the package temperature is lower for 0eq 
cases for low RG,off values. At high RG,off values, the extra losses from partial turn-on outweigh the 3rd quadrant 
improvement 
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(a) (b) 

  
(c) (d) 

Figure 19: Sync Boost test results for Vout = 400 V, L = 400 µH, fsw = 66 kHz, CGS,ext = 2 nF, RG,on = 10 Ω 

5.3 Impact of adding CGS,ext and Miller Clamp  in a synchronous boost converter 
This case study also utilizes the Synchronous Boost Power Test setup but with fixed RG,on = 10 Ω, and RG,off = 1.67 
Ω. It was observed from the previous case that using a lower value of RG,off can benefit the 0 V turn-off operation 
of the device. To further tune the system and maximize efficiency, use of CGS,ext and Miller Clamp is analyzed in 
this case study.  

Adding CGS,ext and Miller clamp significantly  reduces VGS,spike  with minimal impact on total loss. The hard-
switched device (Q1) experiences a significant reduction in package temperature due to reduced Eon+Err losses. 
With VGS = 0eq V, power loss  temperatures are lower than VGS= -3V case.  Selecting a low RG,off along with an 
external CGS and Miller clamp results in similar total system losses at VGS(off) = 0eq V as the base case with VGS(off) = 
-3 V. Miller Clamp is effective in improving efficiency while mitigating VGS spike in designs with high RG,off. 

Power Loss
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(a) (b) 

 
 

(c) (d) 

Figure 20: Sync Boost Test results for comparing impact of CGS,ext and miller clamp a different VGS,off levels 

5.4 Comparison of different RG,on and RG,off in a synchronous boost converter  
This case study is presented to compare different RG values when a single gate resistor is used for turn-on and 
turn-off transition i.e. RG = RG,on = RG,off. A single gate resistor for both turn-on and turn-off may be desirable for 
high power density designs where an additional resistor and diode may not fit in the layout. Reducing RG 
improves overall efficiency, primarily due to lower Eon of the lower switch. Adding a Miller Clamp (MC) improves 
efficiency by reducing the partial-turn-on current. The Miller clamp has a larger effect when RG is high because 
it offers a larger improvement in the ability to hold the gate off. 
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(a) 

  
(b) (c) 

Figure 21: Impact of Miller clamp and External CGS when using RG = RG,on = RG,off in sync boost power test 

 Recommendations and Summary 
Here are some recommendations for system performance at 0 V gate bias: 

• Measure the VGS spike accurately using high-CMRR probes and low common mode noise measurements 

o Spike voltage may exceed VGS,th but is recommended to be limited to 5 V and 40 ns to minimize 
the impact on efficiency.  This guidance is applicable to C3M and C4M devices. 

o These recommendations are not a hard limit, and are based on testing up to 150 °C. 

• Analyze device losses at 0 V and tune the circuit to mitigate losses and thermal impact. 

• Miller clamp is more effective for designs with high RG,off. 

• In the absence of a Miller Clamp, a larger RG,on with a smaller RG,off can be used to minimize the partial 
turn on and optimize the efficiency. 

• CGS,ext reduces the VGS spike while minimally impacting the efficiency when low RG values are used. 

• Minimize capacitive coupling from drain to gate driver nets in the layout. 

The investigation on feasibility of 0 V turn-off of 650 and 750 V family of surface mount Wolfspeed devices is 
summarized here:  

• 0 V turn-off operation of 650 V and 750 V SMD MOSFETs is possible with a good layout and proper gate 
drive component selection. 

• Excessive currents or catastrophic failures were not observed even when exposing devices to gate 
voltage spikes above the threshold. 

• Transconductance curves near VGS(th) indicate a very small leakage current flows in that region, therefore 
shoot-through currents are not expected in case of small VGS spikes above the threshold. 

• The duration of cross-talk induced VGS spikes is limited to tens of nanoseconds, limiting the power loss 
that occurs due to increased leakage current. 
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• It is important to accurately measure VGS spikes using appropriate probes with high common mode 
rejection and accuracy. 

• Use of a miller clamp and CGS,ext (< 2 nF) recommendations are shared in this deck to improve system 
performance when using 0V turn-off. 

• An external RC snubber between gate and source can also be utilized to improve performance with 0 V 
turn-off. 

• Power testing using high RG,on and low RG,off indicated only a 0.4% increase in power losses and 5.4% 
increase in package temperature at 3.5 kW. 

• 0 V turn-off offers an advantage in body diode conduction losses and reduces gate voltage stress on the 
device. 

 Frequently Asked Questions 
Q: Can 650 V and 750 V SMD MOSFETs be operated at +15/0 V gate source voltage? 

Yes, with good layout practices and proper gate circuit design, Wolfspeed MOSFETs can be operated with VGS,off 
=  0 V. 

Q: What are the trade-offs in driving the gate at +15/-3V vs +15/0V? 

The devices are safe to operate under both conditions.  With 0 V turn-off bias, it is important to tune the gate 
circuit values to achieve reliable operation under all conditions.  With -3 V bias, care should be taken to not 
exceed the -8 V transient VGS limitation. 

Q: Can we model the impact of change in operating voltage using simulations 

Using the current generation of Spice MOSFET models, the impact on turn-on switching energy can be observed 
for different operational gate voltages.  

Q: Can I operate the device at other negative bias voltages? 

Wolfspeed C3M family MOSFETs are safe to operate with a negative bias anywhere in the range -4 to 0V with 
proper gate drive turning and layout to mitigate partial turn on.  Similarly, Wolfspeed C4M family MOSFETs are 
safe to operate with a negative bias anywhere in the range -5 to 0V. 

Q:  Voltage spikes are observed on the gate voltage due to cross-talk, is there a danger of device failure? 

First, ensure that the gate voltage is accurately measured, free from any common-mode noise. Second, the 
transconductance curves indicate minimal leakage current at low VGS levels. These curves can be used to 
estimate the additional power loss in the device, by considering parameters such as bus voltage and spike 
duration. Third, the main impact of cross-talk is increased device temperature and added power losses. 
However, high shoot-through currents or catastrophic currents are generally not a concern as long as (i) the 
voltage spike remains below approximately 5 V and is limited in duration to 40 ns, (ii) device does not run into 
thermal runaway condition exceeding its operating temperature limit. 
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 Conclusion 
The application note discusses detailed analysis of the operation of SiC MOSFETs under induced PTO 
conditions. Previous studies have focused solely on the gate-source voltage spike, but this study goes in-depth 
to analyze the impact of partial turn-on on the device losses (reverse recovery loss and turn-on switching loss), 
and package temperature. Detailed results on the impact of individual circuit elements like RG,on, RG,off, CGS,ext and 
miller clamp on system performance are discussed to help designers tune their circuits to maximize system 
efficiency. 
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