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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 (Ves) 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 MOSFETSs 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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1. 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 (Ves.or) for a particular application. A thorough set of tests were
developed to analyze the dynamic behavior of MOSFETSs as a function of Vgsor. 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 MOSFETSs. This application note provides recommendations for optimizing the gate driver
design for maximizing system performance considering edge-case threshold voltage (Vss(n) devices.

2. MOSFET Characteristics

Figure 1 shows the comparison of MOSFET specifications across different manufacturer offerings. Vgs or 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 Ves i voltages has not been observed. The recommendation for operational
gate-source voltage of Wolfspeed C3M family 650 V and 750 V MOSFETSs is -4...0 V and the C4M family is -5...0 V
for device turn-off. This indicates that voltages in the range -4 Vto 0 V or -5V to 0 V are acceptable for turning
off the device, while the datasheet recommended Ves(op) vVoltage should be used for turning on the device. Note
that the Vssmax Specification in the datasheet refers to the maximum transient gate-source voltage, not the
operational voltage.

Maximum Ratings (T, =25 °C unless otherwise specified)

Industry Landscape VGS,OFF CISS/CRSS Symbol Parameter Value Unit Note
Vosmax Drain - Source Voltage 650 Vv
WOI'fspeed C3M 650 V and 750 V -4"'0 V 202 Vosmax | Gate - Source Voltage -8/419 Vv Note: 1
- =25 49
Wolfspeed C4MV 650 V and 750 V 5.0V 187 b | continsous oren Corent Vs <15 Te=25C - s [rers
Tc=100C )
Wolfspeed C4MS 650V and 750 V -5..0V 490 <
loguse) | Pulsed Drain Current, Pulse width tp limited by Tjmax 132 A Fig. 22
Company A ov 35
P, Power Dissipation, T,=25'C, T,= 175 °C 164 w ;‘gtez,oz
Company B -5V 70 -
'|'J Junction Temperature -40 to +175 ‘c
Company C -5...0V 171
T, T“q Case Temperature and Storage Temperature -40to +150 c
Com pany D SV 125 T Solder Temperature, 1.6mm (0.063") from case for 10s 260 c
. INole (1): Recommended turn off / tur on gate voltage V., -4V..0V / +1 5v|
Figure 1: Manufacturer Vssorr and Ciss/Crss T e e

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 Cep), device parasitics (parasitic
capacitances: Cis, Coss, Crss, internal gate resistance: Rg;nt), 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 (Ves spike). When Ves spike iS

higher than the threshold voltage (Vsstn) 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 Vs levels may exceed Vesiny 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 Vg is on the order of tens of nanoseconds, so the total power dissipation resulting from increased
leakage current is low. Therefore, V,s spikes exceeding Vesin 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 Vs 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 Css/Csp capacitance ratio enables Vssom= 0 V operation.

2.1 Partial Turn-On and Capacitance Ratio

Therisk of PTO occursin a device in half-bridge configuration when high dv/dt across its drain-sourceis induced
due to fast switching of the opposite device. The high dv/dt rate generates current flow through the Miller
capacitance (Cep) of the device, which charges the gate-source capacitance (Cgs) and is discharged via the gate
resistance (Rs = Re,nt + Roext). If the resulting gate-source voltage (Vss) exceeds the threshold voltage (Vesn) 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 Vss peaks during switching transition.

Q2 Tum-onofQ2
} -~ T~

ngl

+15/-4..0V

ig =CapX dvidt,p T N -
Currentdue to dv/dt | fos
/CGD = | \
Y l Cl\ +dvps/dt

- Q1 in off-state

VG S, of f

Figure 3: Partial Turn-On Mechanism in Half-Bridge Configuration

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.
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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 ( Vss < Vesin), and is below 50 pA at 0 V. Between Vgsin) and the Miller
Plateau, SiC MOSFETSs have low transconductance, which is a great feature for 0 V turn-off capability. Short Ves
spikes above Veswny 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).

7 | Conditions: / /
Conditions: [ 90 Vs =20V
Vos =20V [ tp <200 ps / / /
6 4-{tp<200ps | £ 590
| = / /

—_ 2 70
< 5 ~ T,=175°C [ = T,=175°C /
8 £ 6
ie 7717
“i_ 4 g T,=25°C T,=-40 °C
3 S a0 7
@ 3 7 /
g3 e £ 30 VAV a4
° = £
A / 8 35 A A/
c
£ 2 — 4 : / /
5 / | 10

1 - ; N\ni= =

/ | 1 2 B 4 5 6 7 8 9 10 11 12
0 T i L——= Gate-Source Voltage, Vg (V)
0 1 2 3 4 5 6 7| Figure 7. Transfer Characteristic for
Gate-Source Voltage, Vgs (V) Various Junction Temperatures

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

2.3 Addressing device Ves(tn) variability

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

C3M0045065L

Electrical Characteristics (T_ = 25°C unless otherwise specified)

Symbol Parameter Min. Typ. Max. | Unit Test Conditions Note
Vierposs Drain-Source Breakdown Voltage 650 \Y Ves=0V,1p =100 pA
18 26 3.6 V| Vos = Ves, o = 4.84 mA )
Vs Gate Threshold Voltage Fig. 11
22 v Vos = Ves, o =4.84 mA, T, = 175°C

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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Vesen) Of 2.82 V and 2.83 V at 25 °C respectively. To emulate the edge-case threshold voltage device case for0V
turn-off assessment, +1 V Ves o level was used, and it will be referred to as 0 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 Veswny datasheet specification for this family of
devices (refer to Figure 5).

1.8V Margin Worst-case
Production=1.8V
Production VesyRange
0 1 3 4 5
Test Device
V=28V
DUT used
for testing OV *
0 1 2 3 4 5
1.8V Margin

Figure 6: Vss o adjustment for emulating worst case threshold device

3. Ves spike assessment

Measuring the Ves 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.

é | — Fibre Oplic Probe
Q2 =i 2t i = = = Diflarential Probe
o ks ) I I' N
( o ety 1
— 2F bl !
\ a3 P AP T B 3B e AT s T VAR - e WW £
/_TV > af i fi o IJR\--LW ¥
(1 1 | poyt 7
T lo - v/,
41" Correct Measurement s =/

Test Conditions: Speedval Kit with
CGD1700HE2M-UNA gate driver, Rg= 1011,
C3MO045065L MOSFET, T= 252C, 15 A Turn-off -10

848 8.5 B.52 B.54 8.56 858 86 862 8.64 8.66 B.68

Distorted Measurement =4 ’

trme (s)

Figure 7: Ves 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 Vps 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 Vss measurements for their high
bandwidth and high common-mode rejection capability at high frequencies.

T 500
W g Fibre Optic Probe
Nl - = Vg Diflerertial Probe
2 v 5400
;| >4V peak disturbance =
|
Vot i 4 300
v, \
C) | \ L B N _
Vi I. ‘[ YRR ' ~ N 2
Mﬁ""ﬂhr%’t—f—w —< =200 o
Lo 'I : v vy =
T Vo T Y1
L v 4100
I
[
At
8 1
Test Conditions: Speedval Kit with 4 ‘
CGD1700HB2M-UNA gate driver, Rg=100, ‘ ] | | ] | |
_ 5 -100
C3M0045065L MOSFET, T;=125°C, 22A Turn-off 5 27 . o o . P Py 25
time (s) 1078

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

4. 0V 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 MOSFETSs 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:

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

R Effective external gate resistance during MOSFET’s turn-off transition. It is a parallel combination
of Rgon and Rg .

Re: External gate resistance effective for turn-on as well as turn-off conditions. Re is placed in Rgon
location and Rq is depopulated for this configuration.
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Cesext: External gate-source capacitance added between the gate and source terminals to help reduce
the Vgs spike.

Miller Clamp: 1t 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 Vss potential when Vs value is below the defined
miller clamp threshold. Please note, the miller clamp is engaged when a 0 Q resistor is placed at Ruc.
This resistor was removed in some tests to disconnect the miller clamp.

D
+5 WV +15V
] ws | Q2
vddi Vdd2 RG,:II'I DUT
M| DA% G tL
M vI+ . Vout Rey
— - % . S
vI- Clamp — Casem
ADuM4121C 1)} R
B . .
Vigs, off ¢
4.0V

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 Ves o
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, Rs values
and gate drive voltages can be tweaked to achieve a desirable dv/dt.

dv/dt is measured during the rising edge of the Vps 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 Vsseom 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 C.s, and hence reduces dv/dt. Cgsis very effective in
reducing Vesspike at higher R conditions because it both slows down the dv/dt and provides increased gate
capacitance to absorb the dv/dt induced charging.
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Figure 10: dv/dt test schematic and trends with and without miller clamp and Cssex: 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 Cesex and Miller Clamp. It is a half-bridge configuration corresponding to each test described in this
section, using the specified Rs and C3M surface mount MOSFETSs.

Table 1: List of configuration short forms and corresponding conditions

Configuration Conditions

Base case No Miller Clamp (MC), Cesext =0
Base + MC With Miller Clam, Ces,ext =0
Base + Cgs No Miller Clamp, Cgsext =2 NF
Base + Cgs + MC With Miller Clamp, Ces,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, Egg, is measured
with the help of test schematic shown in Figure 11(a). In the circuit diagram, Q. (the switching device) turns-on,
triggering the reverse recovery in Q; (the DUT), which is held off with gate voltage ranging from -4V to 0, V. Q1
is controlled with a gate bias of +15/-3V in this test. Figure 11(b) shows the change in Egg as a function of Vesof.
The waveforms shown in Figure 12 help to understand the Egg trend shown in Figure 11(b).

200
2o —
IMO045065L 150 N
=
a
—100
L —
IBMD:-L:J-:lI:S:-ssL S2uH w
50 -
Iy i .
R I
0 e i
Measure: ; - : -1 : T |
Qrr and Err of DUT o
(a) o

Figure 11: Exg test schematic and results with Rs =10 Q, Cesext = NP, No Miller Clamp

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

PRD-08999 REV. 2, December 2025  Turn-Off Gate Voltage Considerations for SiC MOSFETs

© 2025 Wolfspeed, Inc. All rights reserved. Wolfspeed®, the Wolfspeed logo, and the Wolfstreak logo are registered trademarks of Wolfspeed, 9
Inc. Other trademarks, products, and company names are the property of their respective owners and do not imply specific product and/or vendor

endorsement, sponsorship, or association. This document is provided for informational purposes only and is not a warranty or a specification. For

product specifications, please see the data sheets at www.wolfspeed.com.


https://nam12.safelinks.protection.outlook.com/?url=http%3A%2F%2Fwww.wolfspeed.com%2F&data=05%7C02%7CAuditi.Chasen%40wolfspeed.com%7C787a1775e7a1497a7fc408ddcaf5a56e%7Ca326555ee95e4f1b87f747eba52c598e%7C0%7C0%7C638889878900281192%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C0%7C%7C%7C&sdata=wZV2dceuvINjDxfsjlyhlnDAstNNHS2RTz1q6hpGeII%3D&reserved=0

N
Wolfspeed.

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, Veso. 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.

-3V

—,

Gt~
«—— 6V peak —— Vs~ eaV

DurationV>Vgs, = 24 ns

(

>
Vesor V)

~

Pt 0 2.65 V peak

4
88 BBO05 881 8815 B.82 8825 883 8835 884 BB4S 88 882 B84 886 888 B89 B892 894 896 898 9
Time (s) 2108 Time (s) 10

(a) (b) (c)

Figure 12: Exg test waveforms: comparison with DUT Vssorr as -3V and Oeq V

4.3 Double Pulse Test - Eon(orp)

Atraditional double pulse test can be utilized to understand the impact of Ves ot levels on the turn-on-switching-
energy of the opposite device. In this circuit, shown in (b), Q, is the DUT and held off at Ves ot levels from -4 V to
0eq V. The bottom device, Q: is switched with a gate bias of +15/-3 V. Partial turn-on or drain leakage in Q, due
to a higher Ves o can impact the turn-on transition of Q. This may lead to a higher current flowing through Q.
during turn-on transition, thus increasing the Eon of Qi. Since Q; here is the device opposite the DUT, its
switching loss is referred to as Eonorr). Figure 13(b) shows that the Eonorr) gradually increases with increasing
the Ves,oif 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.

I, 300
Q2 L e 35, 9
DDUT 92 uH 5250 | |= = =4sp0C
T3M0045085L =
C) & 200
v e £ ==
400V Eon L= T — =
£3M0045065L w150 ==
[ 100 -
<4 3 2 1 0 Oeq 2
Measure: vV V)
Eon of Q1 G5 off
DUT is Q2 in this case
(a) (b)

Figure 13: DPT test schematic and results with R =10 Q, Cgsexe = NP, No Miller Clamp
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The Q; voltage and current waveforms are shown in Figure 14. The magnitude and period of drain current of
opposite device, Qi, is also dependent on the gate-source voltage (Vesorr) of the DUT. Higher current peaks
increase the turn-on switching losses (Eon(opp))-
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Figure 14: Eonorr) test waveforms: comparison with DUT Vesore as -3 V and Oeq 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-
levelinvestigation of the impact of Vs ofr o0n power stage efficiency as well as the thermal behavior of the devices.
Duetoincreased losses at 0.q V turn-off, a slight reduction in efficiency is observed in comparison with -3V case.

Q2
Vps Sense
c== | [Lead o
Modified
Vs i Dias
Vgs Sense
Measure:
Efficiency (n), Current Sense
Package Temperature (T;)
(a) (b)

Figure 15: Synchronous Boost Power Test schematic and test board

Another important consideration for this study is the parasitic Ves spike (Vssspike) due to crosstalk. Voltage
spike measurement is defined as the difference between the peak of the spike and the Ves.of voltage. This
parameter is also tracked and studied for different case studies presented in the next section.
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Without Miler, Cgs = 0nF, Rgon = 10 Ohm, Rgoff =2 Ohm, Vgsoff = -3V
Without Miler, Cgs = 0nF, Rgon = 10 Ohm, Rgoff = 2 Ohm, Vgsoff = Deleq V.
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Figure 16: Efficiency comparison for -3V and 0, V cases and Vs, spike measurement from waveforms

5. Device Performance Optimization

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

5.1 Impact of adding Cgcsext and Miller Clamp

This analysis is carried out using Egs and Eonorr) tests. The impact of changing Vesorr for different circuit
configurations on the switching energy figure of merit (Ers + Eonorr)) is studied. From and , we observed that
both these quantities are affected by junction temperature in the opposite relation. While Egr increases, Eonopr)
reduces at a higher junction temperature. This section is comprised of observations withRc=2 Q and Rs =10 Q
at 150°C. Please note that Rg = Rgon = R off in this case.

Figure 17 summarizes the comparison of -3 V case (purple bars) and 0., case (green bars) for different circuit
configurations with and without Cgs_ex and Miller Clamp (MC). Adding Cgsex can increase the switching losses
when high Rg is used, however it is very beneficial in reducing the magnitude of Vs spike. Miller Clamp is also
effective in improving efficiency while mitigating Ves spike in designs with high Re. At Rs =2 Q with a Miller clamp
and Ces, the switching losses with Vespof = 0eq V are nearly identical to the losses with Vesem =-3 V. While at Rg =
10 Q, a better performance is achieved at 0. V with the use of Cesexc and MC. Refer to Table 1 for details of circuit
configurations listed on x-axis in Figure 17.
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Figure 17: Impact of Vs o level on switching energy figure of merit for different circuit configurations
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5.2 Impact of different Reors values on device performance in a synchronous
boost converter
Different Re o values were tested with a fixed Rgon Value of 10 Q 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 MOSFETSs.
Ves 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 Ves o 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 Vgsorr. Figure 18 shows the reduced
body diode forward voltage at Vg0 = 0 V, resulting in lower conduction losses during deadtime.
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Figure 18: Body Diode Characteristics at 175 °C for C3M0045065L

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

The bottom device, Qi, 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 Ves o is increased from -3V to
0eq V, as was also observed from Egr and Eoneer) testing independently. Therefore, Q. runs hotter at Oeq V.
However, Q, benefits from the third-quadrant conduction behavior during dead-time. Conduction losses
reduce with increasing Vesoff from -3 V to 0.q V (Figure 18). Therefore, the package temperature is lower for Oeq
cases for low Reff values. At high Re . values, the extra losses from partial turn-on outweigh the 3 quadrant
improvement
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Figure 19: Sync Boost test results for Vou: =400 V, L = 400 pH, fu, = 66 kHz, Cosext=2 NF, Rgon =10 Q

5.3 Impact of adding Cgcs,ext and Miller Clamp in a synchronous boost converter
This case study also utilizes the Synchronous Boost Power Test setup but with fixed Rgon =10 Q, and Rg ot = 1.67
Q. It was observed from the previous case that using a lower value of R o can benefit the 0V turn-off operation

of the device. To further tune the system and maximize efficiency, use of Cgsex and Miller Clamp is analyzed in
this case study.

Adding Cgsext and Miller clamp significantly reduces Vesspike With minimal impact on total loss. The hard-
switched device (Q:) experiences a significant reduction in package temperature due to reduced Eqn+E.: losses.
With Vgs = 0qV, power loss temperatures are lower than Vss= -3V case. Selecting a low Reo along with an
external CGS and Miller clamp results in similar total system losses at Vesofy = 0eq V @s the base case with Vesomry =
-3 V. Miller Clamp is effective in improving efficiency while mitigating Vs spike in designs with high Re o
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Figure 20: Sync Boost Test results for comparing impact of Cesex and miller clamp a different Vss o« levels

5.4 Comparison of different R¢,on and R0t in @ synchronous boost converter

This case study is presented to compare different R values when a single gate resistor is used for turn-on and
turn-off transition i.e. Rs = Rson = Reofr. 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 Re
improves overall efficiency, primarily due to lower E., 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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Figure 21: Impact of Miller clamp and External Ces when using R = Rson= Re,0 in Sync boost power test

6. Recommendations and Summary

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

Measure the Vssspike accurately using high-CMRR probes and low common mode noise measurements

o Spike voltage may exceed Ves i but is recommended to be limited to 5V 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 Re o

In the absence of a Miller Clamp, a larger Reon With a smaller Re o can be used to minimize the partial
turn on and optimize the efficiency.

Ces,ext reduces the Vesspike 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 MOSFETSs 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 Vesin indicate a very small leakage current flows in that region, therefore
shoot-through currents are not expected in case of small Vs spikes above the threshold.

The duration of cross-talk induced Vs 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 Ves spikes using appropriate probes with high common mode
rejection and accuracy.

* Use of a miller clamp and Cgsext (< 2 NF) recommendations are shared in this deck to improve system
performance when using 0V turn-off.

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

* Power testing using high Rgen and low Ref indicated only a 0.4% increase in power losses and 5.4%
increase in package temperature at 3.5 kW.

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

7. Frequently Asked Questions
Q: Can 650V and 750 V SMD MOSFETSs 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 Ves o
=0V.

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 0V 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 Vs 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 | 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 5V 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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8. 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, Re off, Cos,ext and
miller clamp on system performance are discussed to help designers tune their circuits to maximize system
efficiency.
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