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Datasheet Supplemental Document for C4MS/E4MS
Product Family

This application note is a supplement to the published datasheets, providing essential information and
clarifying Notes (1) and (2) from the datasheet of C4MS/E4MS product families. The static and dynamic gate-
source voltage ratings for CAMS/E4MS, the transient Vps specification of 1300V for <100hrs and the reverse
recovery performance of the body-diode are discussed in detail. For any additional information needed on this
application note, please use the Wolfspeed Power Applications Forum to ask your question.
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1. Turn-on Gate-Source Voltage Ves(on)

\(x.\
Wolfspeed.

The two important voltage ratings pertaining to the turn-on of C4MS/E4MS devices are shown in Figure 1.

Maximum Gate - Source Voltage

VGS(max)

-10

+23

Recommended Turn on Gate-Source Voltage

+15..+18

GS(op)

Recommended Turn off Gate-Source Voltage

-5..0

Figure 1: Turn-on Gate-Source Voltage Ratings in Datasheet

This means the device can and should be operated at a minimum static voltage of 15V and a maximum static
voltage of 18V for turn-on. The maximum positive voltage on the gate of the device should never exceed 23V
including transients. This is demonstrated in Figure 2. A tolerance of +5% is acceptable on the recommended

static Ves(on)-

. o

Figure 2: Recommended and Maximum Vsson) Definitions

1.1 Using IPC-9592B Derating Guidelines

Maximum Vgs(on)

(+23V)

Recommended Vgson)

(15...18V)

When using derating guidelines provided by IPC-9592B to derate the maximum gate-source voltage Vesimax
provided in the datasheet, designers can use +25V as the Vssmay rating. Figure 3 shows the definitions for the

maximum VesonyWhen using IPC- 95992B.

Consider a scenario where the designer is using +18V Veson) to drive the gate of the MOSFET with a power
supply tolerance of £5%. The maximum positive rail in this scenario is +18.9V. If using IPC-9592B standard, the
Ves(max Of +23V is derated to 80%, so the derated Vesmax is only 18.4V which is lower than the maximum positive
rail of the power supply. The designer would need to pursue a lower turn-on voltage rail to stay within 18.4V.
Therefore, allowing a Vesmax Specification of +25V when using IPC-9592B- 80% derating guideline, gives the

designer more flexibility to design with a recommended 18V Vgson driving.
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Maximum Vgs(on) for IPC-9592B
(+25V)

80% derated Maximum Vgs(on)
(+20V)

Recommended Vgs(on)
(15...18V)

Figure 3: Recommended and Maximum Veson Definitions when using IPC-9592B

1.2 Impact of Static Vesion)on Device Performance

As a voltage-controlled device, a MOSFET relies on an electric field (voltage) across the gate oxide to modulate
the conductivity of its channel. The applied gate voltage thus plays a critical role in determining its operational
characteristics, including on-state resistance and overall switching behavior. In the on-state, increasing the
applied positive gate voltage further enhances the electric field strength and widens the inversion layer, leading
to a larger concentration of free carriers to allow more current to flow and lower the on-resistance (Ros(on)).
Moreover, increasing the positive gate voltage will impact the device behavior during switching transitions as
there is a larger voltage swing to charge and discharge the MOSFET input capacitance.

Figure 4 presents the per-unit on-resistance of the C4MS025120K at positive gate drive voltages of +15V and
+18 V, normalized to Rpsin =25 mQ (Ves =+18 V, Ip =39.2 A, T, =25 °C). As expected, a reduction in Rpsn can be
seen for +18V drive across the full current and temperature range.
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Figure 4: C4MS025120K Normalized On-resistance vs. Drain Current for Positive Gate Drive Voltages:

+15V (dashed line) and +18 V (solid line).
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For theimpact on dynamic performance, C4MS025120K switching loss measurements were taken for gate drive
voltages of +15V/-4V and +18V/-4V. Figure 5 shows the resulting summary comparison of turn-on, turn-off, and
reverse recovery loss versus external gate resistance. There is no perceivable impact to the turn-off switching
energy. As expected, turn-on energy is reduced by moving to +18V due to more voltage overhead to charge the
input capacitance and transition through Miller more quickly.

Conversely, this causes an increase in the reverse recovery energy due to the faster turn-on switching speed of
the complementary switch position. This is demonstrated in Figure 6. Figure 6 (a) shows the Dynamic switching
CIL circuit used for measuring the reverse recovery current for the DUT (low-side device). Figure 6 (b) shows the
waveforms for the drain current of the DUT during the reverse recovery transition and the drain to source
voltage of the complementary (high-side) device. The increase in turn-on switching speed due to 18V switching
of the high-side device is evident from the increased turn-on dv/dt seen in the voltage waveform. This causes a
higher peak reverse recovery current for 18V switching over 15V switching increasing the overall reverse-
recovery energy.

While it remains advantageous to use the lowest permissible turn-off gate resistance to reduce Eqs, the impact
to overall switching loss when moving to +18V solely comes from the aggregate trade-off of decreasing E.. and
increasing Ege for a given turn-on gate resistance value. However, the turn-on switching losses will dominate
the overall dynamic losses in most scenarios and therefore the lowest permissible turn-on gate resistance
should be used to stay within the safe-operating area of the part.
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Figure 5: Switching and Reverse Recovery Energy Comparison for Positive Gate Drive Voltages:

+15V (dashed line) and +18 V (solid line)
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This behavior and trend are true for all the products across the C4AMS/E4MS 1200V family although the absolute
switching energy measurements may change. Dynamic switching energy measurements depend heavily on the
test set-up, PCB layout, probing methods etc. so the device switching performance should be evaluated in a
PCB layout close the final set-up of use. Figure 7 demonstrates the difference in switching energy with +18 and
+15V switching for the C4MS025120K device across the entire range of drain current values.
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Figure 6 (a) Reverse-Recovery Dynamic Test Circuit
(b) DUT drain current (Ip) and free-wheeling device drain-source voltage (Vps)
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Figure 7: MOSFET and Body Diode Reverse Recovery Energy vs. Drain Current Comparison for Positive Gate Drive
Voltages of +15 V (dashed line) and +18 V (solid line)
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2. Turn-off Gate-Source Voltage Vas(orr)

The two important voltage ratings pertaining to the turn-off of C4AMS/E4MS devices are shown in Figure 8.

Maximum Gate - Source Voltage Vi -10 +23
max;
v Recommended Turn on Gate-Source Voltage +15..+18 v
osior) Recommended Turn off Gate-Source Voltage -5..0

Figure 8: Turn-off Gate-Source Voltage Ratings in Datasheet

This means the device can and should be operated at a minimum static voltage of -5V and a maximum static
voltage of 0V for turn-off. The maximum negative voltage on the gate of the device should never exceed -10V
including transients. This is demonstrated in Figure 9.

_ N

Recommended Vgsorp

******* (-5..0V)
7777777777777777777 Maximum Vgs(orp

(-10v)

Figure 9: Recommended and Maximum Vssorr) Definitions

The device should be operated at the recommended Vgsorr) Only. Any operation beyond these voltages will
affect the reliability of the device. The tolerance of the power supply used for Vssorr) voltage generation should
also be considered when designing to not exceed the recommended static voltage. Table 1 shows an example
for designing at the edge of the recommended limits. Case 3 from the table is not recommended as the
maximum static negative voltage exceeds -5V due to the tolerance of the power supply and can therefore
impact the reliability of the part.

Table 1: Corner Cases for Recommended Vssiorr)

Typical Power Supply Minimum Negative Maximum Negative .
Case . Recommendation
Voltage Rail Tolerance Voltage Voltage
1 -4V +5% -3.8V -4.2V Vv
2 -4.75V +5% -4.5V -5V v
3 -5V +5% 475V -5.25V X
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2.1 Turn-off with Vesiorr) =0V

Wolfspeed’s C4MS devices were designed to greatly reduce the opportunity for parasitic turn-on at high
switching speeds enabling stable, efficient performance with Vesiorry = 0 V. This was accomplished through
significant reduction of the reverse transfer capacitance, Cgss, and a focus on maximizing the input
capacitance ratio (Ciss/Crss). This massive reduction in Crss prevents high switching speeds (high dv/dt) from
influencing the gate-to-source voltage via Miller feedback, which can lead to partial turn-on and reduced
system efficiency.

The capacitance ratio of a MOSFET has a strong influence over a system’s susceptibility to parasitic turn-on
and can be much more critical to system stability than the threshold voltage, V. Figure 10 below provides an
example of Wolfspeed’s C4MS device against a competitor’s device with a higher threshold voltage but a
lower capacitance ratio. Asillustrated in the plot on the right, the amount of Miller feedback and resulting Ves
increase is much higher for the device with a lower capacitance ratio. While the competitor device may have a
slightly higher Vs value, it is much more susceptible to parasitic turn-on due to its low capacitance ratio.
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Figure 10: Impact of Capacitance Ratio and Threshold Voltage on Miller Feedback

Figure 11 provides a waveform example of Ves(orr) = 0 V operation compared to a common Vesorr = -4 V
condition. These double-pulse test results were collected on C4MS devices using Wolfspeed’s SpeedVala Kit
and fiber optically isolated Vgs probes. As can be observed from the low-side source current waveform on the
left, there is no additional peak current detected during the turn-on of the high-side device with Vesiorr =0 V.

T T T T 5

50

I (A)

-50 +

I I I 1 -10 | | | 1
1.39 1.395 14 1.405 1.41 1415 1.39 1.395 14 1.405 1.41 1415

Time (s) ><1O'5 Time (s) 1075

Figure 11: Example of Vgsorr = -4 V and Vssiorr) = 0 V with a Wolfspeed C4MS Device

Figure 11 contradicts the common misconception that any Ves voltage detected above the threshold voltage
of the device will lead to parasitic turn-on, shoot-through, and catastrophic damage of the device. A closer
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look at the device’s transconductance curve explains that at low Ves > Vi, only a small amount of current is
conducted through the channel, and therefore, there is very little potential for parasitic turn-on and any
penalty to system efficiency. Partial turn-on also requires adequate time spent at Vss > Vi to charge the input
capacitance of the MOSFET. As a general rule, it is advised to keep the off-state device below Ves =5V for 40 ns
during Miller feedback to prevent partial turn-on and lower system efficiency. Please refer to the application
note, Turn-Off Gate Voltage Considerations for SiC MOSFETs, which discusses Vssorr) = 0 V operation of
Wolfspeed’s 650 V and 750 V MOSFETs in great detail (PRD-08999).

2.2 Body-Diode Conduction Losses

Wolfspeed MOSFETs are fully off at 0V Vssorr). The channelis depleted and blocks any current flow except a small
leakage current. A negative gate voltage depletes the channel under the gate even more strongly. This narrows
the effective conduction area for the body-diode current increasing the body-diode forward voltage (Vsp)

slightly. Figure 12 shows the body-diode conduction plots for different Vesorr). These are also covered in figures
8-10 of the datasheet.
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Figure 12: C4MS025120K body-diode voltage drop vs. drain current for different turn-off gate drive voltages at
junction temperature of 25°C (solid lines) and 175°C (dashed line)

2.3 Reverse Recovery Energy

During body-diode conduction the channelis turned off by holding the gate voltage low. A more negative Ves(orr)
depletes the surface under the gate even more strongly. This means the space-charge region (depletion layer)
in the diode extends further into the n-drift region, reducing the effective junction area available for minority
carrier injection. This causes less stored charge inside the body-diode when it is forward biased. Therefore, the

Qr decreases with increasing negative voltage. The reverse-recovery energy plot can be seen in Figure 13 at
different Vgsorr from -4V to OV.

PRD-09634 REV. 2, December 2025 Datasheet Supplemental Document for C4MS/E4MS Product Family

© 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
https://assets.wolfspeed.com/uploads/2025/01/Wolfspeed_PRD-08999_Turn-Off_Gate_Voltage_Considerations_for_SiC_MOSFETs.pdf

\(x.\
Wolfspeed.

0.100
E 0.080
"'j: RG(ext) =20 '
>
o
2 0.060
w
2
2
S 0.040
Q
-4
3
E RG(e:d) =10Q 0.020
QU
o
0.000

-4 -3.5 -3 -2.5 -2 -1.5 -1 -05 0
Turn-off Gate-Source Voltage Vgso) (V)

Figure 13: Reverse Recovery Energy vs Turn-Off Gate Source Voltage for C4MS025120K for T; = 25°C

Figure 14 shows the waveforms for the reverse recovery transition where the decrease in Q. with increasing
negative voltage is evident from the IdsOn waveform showing the reverse-recovery current.
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Figure 14: Reverse Recovery Waveforms at different Turn-Off Gate Source Voltages: C4MS025120K
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2.4 Turn-on Switching Energy

The turn-on switching energy of the MOSFET is impacted by the reverse-recovery of the freewheeling switch or
the complimentary switch in half-bridge applications. Since the reverse-recovery charge decreases with
increasing negative voltage, so does its impact on the complimentary switch, increasing the turn-on switching
losses. This can be seen in a plot of turn-on switching energy vs turn-off gate source voltage in Figure 15.
However, contrary to reverse recovery energy, the turn-on switching energy increases with increasing Reext-
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Figure 15: Turn-on Switching Energy vs Turn-Off Gate Source Voltage for C4MS025120K for T; = 25°C

This section shows a clear trade-off for selecting the turn-off gate source voltage of the SiC MOSFET. A more
negative voltage can provide lower turn-on and reverse recovery losses, but forward voltage of the body-diode
increases. OV turn-off increases the dynamic switching and reverse-recovery losses but provides lower body-
diode forward conduction losses. A clean layout is key to enable a 0V gate source voltage turn-off to limit the
Ves spikes to below or only a few volts above the threshold voltage. Vesorr) of -2V provides a good trade-off
between both factors and provides a few volts of headroom to the threshold voltage. The final choice of turn-
off gate source voltage will depend on various factors like cost, space, PCB layout, topology, deadtime and
more.

3. Transient Drain-Source Voltage (Vbs)

The maximum transient drain to source voltage (Vos) specification on the datasheets for C4AMS/E4MS family is a
maximum of 1300V for <100hrs of the accumulated lifetime of the device as shown in Figure 16. This means that
the device can be operated at voltage transients of >1200V and <1300V for 100hrs in a lifetime without risk of
damage to the device. The device should never experience voltage transients greater than 1300V as that can
cause an avalanche breakdown of the MOSFET.
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Parameter Symbol | Min. Typ. Max | Unit Conditions Note
Drain - Source Voltage 1200

\
Transient Drain - Source Voltage o 1300 \Y; <100hrs of lifetime Note 1

Figure 16: Maximum Transient Vps rating for C4MS/E4MS 1200V product family

3.1 Calculating Time for Vps Transients

Let’s consider an example waveform for the drain-source voltage of a MOSFET in Figure 17. The transient drain-
source voltage exceeds 1200V but stays below 1300V twice during one switching event. The 1* transient lasts
above 1200V for 4ns and the 2" transient stays above 1200V for 1ns. The total time above 1200V is therefore 5ns
in one switching event.

100hrs of lifetime is equivalent to 360,000 seconds and therefore the device can be operated at this condition
for 72 trillion events as the calculation shown below,

360,000 s
Total number of switching events = Tt = 72 trillion

DPT: VdsLowOff
1 400 T T T T T T

1200 F=====———————————-
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Figure 17: MOSFET Drain-Source Voltage (Vps) Transient Switching Event

3.2 22kW Boost Converter Example

Consider designing a Synchronous Boost Converter (Figure 18) with this transient Vps rating of 1300V. A 22kW
Boost Converter is simulated on the SpeedFita Design Simulator using the system conditions given in Table 2.
The peak current through the main MOSFET with these system specifications is 76A as seen in Figure 19.
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Table 2: SpeedFit Simulation System Parameters

Parameter Value Parameter Value

Input voltage Vi, 300 Vdc Switching frequency Fsw 60 kHz
Output voltage Vou: 800 Vdc Deadtime tgead 150 ns
Rated power St 22,000 VA

Synchronous Boost Converter

fm

3

4+
Output
1 voltage vy
}_.
C Input 4,-*25 MOSFET
—+ voltage —

Figure 18: Simulation Topology - Synchronous Boost Converter
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Figure 19: Simulated MOSFET peak current 22kW Synchronous Boost Converter
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If this simulated converter were designed using a C4MS025120K device, the dynamic waveform of the MOSFET
at the turn-off event with an Rgex of 1Q will look like Figure 20.
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Figure 20: Voltage transient for lx= 76A at 800V for Ryoftext) = 10

As can be seen from Figure 20, the voltage overshoot on the device under these conditions exceeds 1200V and
stays below 1300V for about 2ns. Let us assume that the device sees this voltage overshoot every switching
cycle and the converter only operates at this current and power. The amount of time an overshoot above 1200V
and below 1300V occurs in one switching cycle is therefore 2ns. The total number of switching cycles in a day
(24 hours) assuming a 60kHz switching frequency would be,

Total number of switching cycles in a day = 24 X 60 X 60 X 60,000 = 8.64 x 10° cycles
Therefore, the total Vos overshoot time above 1200V and 1300V in a day would be,
Overshoot time in a day = 8.64 X 10° X 2ns = 17.28s

The device can be operated at this overshoot for 100 hours (360,000 s), therefore the number of days the device
can operate with this overshoot is,

360000
Number of days with overshoot = 728 — 20,833.3 days
In years, which would be -
20833.3
Number of years with overshoot = ST 57.08 years

This means that the device can be operated at the above system conditions for 57.08 years of continuous
operation. That is greater than any lifetime requirement for any converter or application where the MOSFET will
be used. The external gate resistor of the MOSFET can therefore be selected to stay below a 1300V transient or
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overshoot for continuous operation in most systems and applications. This helps to further reduce the
switching losses of this product family, making it very suitable for high switching frequency applications.

The above calculations show an example of how designers can utilize the transient specification of 1300V
maximum for the E4MS/C4MS product family. The final guideline is no more than 100hrs total of transient
voltages above 1300V. Therefore, applications with extreme conditions, very high frequencies, or where Vps
stays above 1200V for more than a few nano seconds per switching event will need to be designed accordingly
to stay below 100 hours total of Vps transients and never exceed 1300V for the lifetime of operation.

4. Body-Diode Reverse-Recovery Behavior

The C4MS/E4MS 1200V product family is designed to provide excellent switching performance for high
switching frequency applications. The low switching losses and the soft-body diode are the key features of this
family among many others. The unique design of this product family provides enhanced body-diode
performance at junction temperatures above 258C (room temperature), which is where most switching
converters operate. Figure 21 shows the waveforms for the body-diode reverse recovery current and the drain-
source voltage of E4AMS047120K as Tj= 25, 75, 125 and 1758C. As can be seen from the figure, the body-diode
reverse recovery gets softer with increasing temperature and that in turn reduces peak voltage overshoot on
the switch. This means that the device can be switched faster with a low Rgex reducing the switching losses as
the device remains within its safe operating area (SOA) due to the reduced peak overshoot.
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Figure 21: Body-Diode Reverse Recovery Behavior from Tj = 25°C to 175°C
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This also means that the reverse-recovery energy during this transition increases with temperature as seen in
Figure 22. However, the turn-on switching energy dominates the total switching losses therefore the reduced
Rgexy due to the softer body-diode recovery as discussed above at higher junction temperatures will improve
the total switching losses.
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Figure 22: Reverse-Recovery Energy vs Junction Temperature for E4MS047120K at Ryex) = 4Q

5. Conclusion

This application note provides guidance on using the C4MS/E4MS 1200V family correctly in addition to the
published data sheets. The performance of the product is discussed in detail demonstrating the device
performance at +15V and +18V Vgson) and -5V to OV Veso. The ultimate selection of Ves will depend on several
factors like cost, space, PCB layout, topology, application and many more. The calculation of time for the Vps
transient rating is also discussed. The device can safely operate at a transient voltage of above 1200V but below
1300V for a maximum of 100 hours during the total lifetime of the part.

The improved body-diode performance with temperature for the C4MS/E4MS product family is also
discussed. This enables the use of this product family for very fast switching applications with low penalty on
switching losses.
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