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A Multilevel Self-Driving Gate Driver of SiC
MOSFET for Crosstalk Suppression Considering

Common-Source Inductance
Kaiyuan Hu , Ming Yang , Senior Member, IEEE, and Xinmei Zhang

Abstract—Compared with conventional silicon-based devices,
silicon carbide MOSFET exhibits superior characteristics. However,
the high dv/dt caused by high switching speed makes it more suscep-
tible to crosstalk spikes caused by Miller capacitance and common-
source inductance, increasing the risk of false-triggering of power
device. The mathematical models of most existing methods only
consider the Miller capacitance, and adopt the negative turn-OFF
voltage method, which increases the negative gate–source voltage
stress of the device and shortens service life. This article proposes a
mathematical model of crosstalk voltage that takes into account
both Miller capacitance and common-source inductance, and a
multilevel self-driving gate driver is introduced to mitigate positive
and negative crosstalk voltages. This approach employs resistor–
capacitor–diode and resistor–MOSFET configurations to establish
the multilevel negative turn-OFF voltage and low-impedance branch
to suppress positive and negative crosstalk voltages. Incorporating
an extra resistor forms a self-driving path for multilevel turn-OFF
voltage, mitigating the negative gate–source voltage stress. The
circuit comprises several passive components that can be integrated
into the driver IC, eliminating the need for additional negative
voltage sources and control signals. The effectiveness of the pro-
posed method is demonstrated through a double-pulse test based
on SCT3022AL.

Index Terms—Crosstalk suppression, gate driver, self-driving,
silicon carbide (SiC).

I. INTRODUCTION

W IDE bandgap devices, exemplified by silicon carbide
(SiC), demonstrate superior performance to conven-

tional silicon (Si)-based devices in several aspects, including
electron mobility, bandgap width, breakdown field strength,
maximum junction temperature, and thermal conductivity [1],
[2], [3], [4], [5], [6], [7], [8]. The exceptionally rapid switch-
ing speed substantially diminishes switching loss, shorten dead
time, and facilitates extensive deployment in high-frequency,

Received 13 April 2024; revised 15 July 2024; accepted 18 August 2024. Date
of publication 26 August 2024; date of current version 12 December 2024. This
work was supported by the China Innovation Challenge (Ningbo) Major Special
Project under Grant 2023T012. Recommended for publication by Associate
Editor F. Dijkhuizen. (Corresponding author: Ming Yang.)

Kaiyuan Hu and Ming Yang are with the School of Electrical Engineering
and Automation, Harbin Institute of Technology, Harbin 150001, China (e-mail:
24b906047@stu.hit.edu.cn; yangming@hit.edu.cn).

Xinmei Zhang is with the Ningbo Anson CNC Technology Company Ltd.,
Ningbo 315801, China (e-mail: zxm6908@mail.haitian.com).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/TPEL.2024.3449452.

Digital Object Identifier 10.1109/TPEL.2024.3449452

Fig. 1. Mechanism causing crosstalk interference. (a) Turn-ON transient of
ML. (b) Turn-OFF transient of ML.

high-voltage, and high-power density applications [9], [10],
[11], [12].

Nevertheless, the high-speed switching characteristic, while
reducing switching loss, also engender several detrimental ef-
fects. Prominent among these is the issue of crosstalk in a
phase-leg configuration. During rapid turn-ON and turn-OFF

transients, high dv/dt and di/dt are coupled to the gate–source
of the device through parasitic capacitances and inductances,
represented by Miller capacitance and common-source induc-
tance, respectively, as shown in Fig. 1. Excessive positive voltage
peak may cause the gate–source voltage to surpass the threshold
voltage, elevating the likelihood of device false-triggering and
consequent additional switching loss, while excessive negative
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crosstalk voltage can cause the gate–source voltage to below
the minimum negative allowable voltage, potentially leading to
device damage. The lower threshold voltage and higher mini-
mum negative allowable voltage of SiC MOSFET exacerbate the
issue of crosstalk.

Existing crosstalk suppression methods primarily include re-
ducing dv/dt and di/dt, incorporating additional low-impedance
path for crosstalk current and utilizing negative turn-OFF voltage.
The initial approach is often realized by increasing the gate
resistance to decelerate the switching process. This method
can fundamentally suppress crosstalk, but unavoidably increase
switching loss, and the larger gate resistance may increase the
crosstalk voltage in some cases. Although some active gate drive
circuits currently mitigate crosstalk while minimizing switching
loss, increase cost, volume and complexity [13].

The subsequent method commonly employs additional a large
parallel gate–source capacitor or clamping circuit to provide a
low-impedance path for the crosstalk current. To avoid extra
loss due to reduced switching speed, the additional capacitor is
connected in series with transistor [14], [15] or MOSFET [16], and
the operational spectrum of the auxiliary capacitor is controlled
through the additional switching device. Nevertheless, most
methods necessitate extra control signals to regulate the working
state, which increases control complexity. Zhang et al. [17]
propose an auxiliary circuit composed of additional transistors
and a diode to actively modulate the gate voltage and loop
impedance during different switching transients. Li et al. [18]
propose an auxiliary gate driver based on a negative voltage
transistor, utilizing the voltage drop across the gate resistor
caused by crosstalk current to control the operating time of
the transistor, eliminating the impact of the additional capacitor
on the switching transient without necessitating extra control
signals.

The tertiary approach customarily achieves negative turn-OFF

voltage by adding an additional negative power supply [19]
or RCD level-shifting circuit [20]. Employing an additional
negative power supply is the most straightforward method, but
it lacks flexibility in adjusting the negative voltage value and
increases cost and volume. Although negative turn-OFF voltage
permits the establishment of a safe negative voltage value for the
turn-OFF voltage, thereby preventing the positive crosstalk spike
from attaining the threshold voltage, it significantly elevates
the likelihood of negative gate overvoltage breakdown caused
by the negative crosstalk spike. Therefore, negative turn-OFF

voltage is often combined with negative crosstalk suppression
circuit. [16] adopts RCD level-shifting circuit to generate nega-
tive gate–source voltage and a passive triggered transistor with
a series-connected capacitor to suppress the negative voltage
spike. On the other hand, due to the thin gate oxide layer of
SiC MOSFET, excessive negative voltage stress can shorten the
lifespan of the gate oxide and cause threshold voltage drift
[21], thereby diminishing device reliability. The current solution
mainly uses multilevel driving, where a short-duration large
negative gate–source voltage is applied to suppress positive
crosstalk spike, followed by clamping the gate voltage to 0 V
or a smaller negative voltage using auxiliary circuits to alleviate
negative voltage stress and provide negative crosstalk protection.

However, this requires additional driver circuits and control
signals, greatly increasing cost and complexity. Zhang et al. [22]
propose a multilevel gate driver based on magnetic coupling to
ensure that the gate voltage operates within a safe range during
both positive and negative crosstalk spikes.

Different from the above three methods, Shao et al. [23] pro-
posed a negative feedback active gate drive circuit by introducing
an auxiliary PMOSFET to construct a negative feedback control
mechanism. Through the negative feedback mechanism, the
proposed driving circuit can automatically attenuate the positive
and negative crosstalk voltage spikes.

However, the majority of existing SiC MOSFET crosstalk miti-
gation techniques primarily focus on the crosstalk caused by the
Miller capacitance, neglecting the impact of the common-source
inductance. A definitive mathematical model elucidating the
influence of both the common source inductance and the Miller
capacitance on the positive and negative crosstalk spikes is
lacking, and the interaction between the low impedance loop and
the common-source inductance remains undetermined. Conse-
quently, this paper introduces a comprehensive mathematical
model for crosstalk voltage that encompasses the effects of
both the Miller capacitance and the common source inductance.
Based on this model, a multilevel self-driving gate driver for
SiC MOSFET is proposed to suppress both positive and negative
crosstalk voltages. The driving circuit establishes negative gate–
source voltage through an RCD divider, and collaborates with
an R-NMOS-PMOS low-impedance branch to mitigate posi-
tive crosstalk voltage. Moreover, to alleviate negative voltage
stress, the RC driving circuit leverages the gate–source parasitic
capacitance of the PMOS, adjusting the resistor value to set
the self-driving time and clamp the gate–source voltage at a
specified level. As per the proposed mathematical model, the
low-impedance circuit determines the appropriate impedance
value necessary for crosstalk voltage suppression. This ap-
proach eliminates the requirement for additional control signals
and power supplies, rendering it amenable to integration into
drive IC.

The rest of this article is organized as follows. Section II
introduces the structure and operation modes of the proposed
circuit. Section III analyzes the switching transient process,
elucidating methodologies for parameter design. Section IV
presents a series of experimental results to validate the effec-
tiveness of the proposed method. Finally, Section V concludes
this article.

II. PROPOSED MULTILEVEL SELF-DRIVING GATE DRIVER

TOPOLOGY AND OPERATION MODES

A. Proposed Multilevel Self-Driving Gate Driver Topology

Crosstalk refers to the positive and negative voltage spikes
that occur at the gate–source of the synchronous freewheel-
ing device during switching transient of the control device.
During the switching process, the drain–source voltage of the
synchronous freewheeling device rises and falls rapidly, leading
to the charging and discharging of the parasitic capacitor. As a
result, positive and negative voltage spikes are induced across
the gate resistance and common-source inductance. Once the
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Fig. 2. Topology of the proposed multilevel self-driving gate driver.

positive crosstalk voltage spike exceeds the threshold voltage,
the device may be turned on by mistake, thereby elevating the
switching loss. Conversely, if the negative crosstalk voltage
spike falls below the minimum negative allowable gate voltage,
device damage may ensue.

Fig. 1 shows a SiC MOSFET double-pulse test circuit based
on a conventional gate driver configuration. ML is the control
device, while MH is the synchronous freewheeling device. Rin,
Cgd, Cgs, Cds and Ls are the gate input resistance, Miller capac-
itance, gate–source capacitance, drain–source capacitance and
common-source inductance of the device, respectively. Addi-
tionally, Rg and L are the gate resistance and load inductance.

This article introduces a multilevel self-driven grid drive
circuit designed to mitigate crosstalk, as shown in Fig. 2. Since
the internal parasitic inductance of the device is very small, in
order to simplify the analysis, this article ignores the influence
of the internal parasitic inductance and only considers the gate
input resistance Rin and the external common source parasitic
inductance LS. The G’, D, and S terminals set in Fig. 2 are the
gate, drain, and source voltage measurement points of the actual
MOSFET MH/L in the experiment, respectively. And the theoret-
ical analysis part refers to the actual gate G, drain D and source
S of SiC MOSFET. The diodes in parallel to the MOSFETs MN and
MP are the body diodes of the MOSFETs. The first-stage turn-OFF

voltage is generated by the voltage divider composed of R1, C1,
R2, C2, and D, and the NMOSFET MN turn-ON is controlled by the
voltage drop generated by the positive crosstalk current on Rg.
The Rc–MN–DMP low-impedance path composed of Rc, NMOS-
FET MN and the body diode DMP of PMOSFET MP collectively
suppresses the positive crosstalk voltage. Furthermore, an RC
self-driving circuit composed of R3 and the gate–source parasitic
capacitance CgsP of PMOSFET MP controls the modify time of
the turn-OFF voltage by adjusting the resistance value of R3. By
selecting an appropriate PMOSFET MP, the second-stage turn-OFF

voltage is set near the threshold voltage VthP of PMOSFET MP.
Negative crosstalk voltage is counteracted by a Rc–DMN–MP

low-impedance path that includes Rc, the body diode DMN of

Fig. 3. Operation scheme of the proposed multilevel self-driving gate driver.

NMOSFET MN and PMOSFET MP. Select a suitable Rc resistance
value to offset the opposite effect of Ls.

B. Operation Modes of the Proposed Gate Driver

The operation principle of the proposed drive circuit can
be divided into ten modes, the schematic waveforms within
a single switching cycle are shown in Fig. 3. VdrH and VdrL

are the driving signals of the synchronous freewheeling device
and the control device, respectively. Td represents the dead
time. VdsL and VgsL are the drain–source and gate–source volt-
age waveforms of the control device, respectively. VgsH is the
gate–source voltage waveform of the synchronous freewheeling
device. Since each duty cycle is extremely short, the negative
turn-OFF voltage of each stage is assumed to be constant. The
equivalent circuit in each mode is demonstrated in Fig. 4. The
operation modes of the device are as follows.

Mode a (t10–t0–t1): The equivalent circuit is shown in
Fig. 4(a). The synchronous freewheeling MOSFET MH is in
conducting, diode DH is forward biased. The load inductance
current flows reversely through MH, the crosstalk suppression
branch is cut off. Meanwhile, both the control MOSFET ML and
diode DL remain off, and the RcL–DMNL–MPL low-impedance
branch is in the preconduction state and clamps the vgsL at the
second-stage turn-OFF voltage.

Mode b (t1–t2): The equivalent circuit is shown in Fig. 4(b).
At t1, the driving voltage VdrH becomes lower, the synchronous
freewheeling MOSFET MH is turned OFF, diode DH is reverse
biased, capacitor C2H discharges through R2H, and C1H func-
tions as a negative voltage source to accelerate the turn-OFF

process of MH, so that vgsH stabilizes at the first-stage turn-OFF

voltage, and the gate–source parasitic capacitance CgsPH of
PMOSFET MPH begins to discharge continuously through the
RC self-driving branch. The load inductance current cannot
pass through the control MOSFET ML, and the body diode of
MH provides a flow path. The drain–source voltages of the two
MOSFETs remain unaltered, signifying that ML experiences no
crosstalk interference.

Mode c (t2–t3): The equivalent circuit is shown in Fig. 4(c).
At t2, the driving voltage VdrL becomes higher, turning ON

ML while MH remains OFF, diode DL is forward biased, and
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Fig. 4. Equivalent circuit in each mode. (a) Mode a (t10-t0-t1). (b) Mode b (t1-t2). (c) Mode c (t2-t3). (d) Mode d (t3-t4). (e) Mode e (t4-t5). (f) Mode f (t5-t6).
(g) Mode g (t6-t7). (h) Mode h (t7-t8). (i) Mode i (t8-t9). (j) Mode j (t9-t10).

capacitor C1L, C2L, and CgsL are charged, respectively. During
this mode, neither of the crosstalk suppression branches are
operational.

Mode d (t3–t4): The equivalent circuit is shown in Fig. 4(d).
At t3, vgsL reaches the Miller platform, causing vdsL to rapidly

decrease from the bus voltage to zero, and vdsH to rise from
zero to the bus voltage, accompanied by voltage overshoot and
oscillation. The load inductor current begins to flow through
L and ML, and rises rapidly. The high dv/dt couples with the
CgdH of MH to generate a positive crosstalk current that flows
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through RgH, and the voltage drop across RgH serves as the
control signal of NMOSFET MNH, providing a RcH–MNH–DMPH

low-impedance branch to mitigate the positive voltage spike on
vgsH, which is subtracted from the positive voltage drop on
LsH to obtain the crosstalk voltage spike at the gate–source.
Therefore, the voltage spike generated by di/dt coupling with
LsH is equivalent to a negative voltage spike at the gate–source.

Mode e (t4–t5): The equivalent circuit is shown in Fig. 4(e).
Similar to mode c, the control MOSFET ML conduction, diode
DL forward bias. the synchronous freewheeling MOSFET MH

remains OFF, and the first-stage turn-OFF voltage after positive
crosstalk remains nearly constant, and the gate–source parasitic
capacitance CgsPH of PMOSFET MPH continues to discharge
through the RC self-driving branch.

Mode f (t5–t6): The equivalent circuit is shown in Fig. 4(f).
The control MOSFET ML conduction, diode DL is forward biased,
capacitor C1H continuously discharges the gate–source parasitic
capacitance CgsPH of PMOSFET MPH through the RC self-driving
circuit, reducing the gate–source voltage of PMOSFET MPH to
the threshold voltage. This enables the RcH–DMNH–MPH low-
impedance branch to conduct. The charges stored in CgsH and
C1H are quickly consumed through the branch resistance, caus-
ing the gate–source voltage of PMOSFET MPH and SiC MOSFET

to rise to near the threshold voltage VthP of PMOSFET MP. And
PMOSFET MPH is turned OFF, maintains the preconduction state,
and clamps the gate–source voltage of both near the threshold
voltage VthP of PMOSFET MP, i.e., the second-stage turn-OFF

voltage. The relationship between the duration of the discharge
process tsd, the turn-OFF time toff and the dead time Td is

toff < Td < tsd. (1)

Mode g (t6–t7): The equivalent circuit is shown in Fig. 4(g).
At t6, the driving voltage VdrL becomes lower, and the control
MOSFET ML starts to turn OFF, similar to the previously described
turn-OFF process of MH. The RcH–DMNH–MPH low-impedance
branch remains the preconduction state and the vgsH is clamped
at the second-stage turn-OFF voltage.

Mode h (t7–t8): The equivalent circuit is shown in Fig. 4(h). At
t7, vgsL reached the Miller platform, and vdsL rises rapidly while
vdsH decreased rapidly. The load inductor current begins to flow
through the body diode of MH and L, rising quickly. High dv/dt
coupled with CgdH of the synchronous freewheeling MOSFET MH

generates negative crosstalk current, which flows through RgH,
and the resulting negative voltage spike. The negative voltage
spike across RgH and the negative voltage vC1H across C1H act
together on both ends of the R3HCgsPH branch, further reducing
the gate–source voltage vgsPH of PMOSFET MPH, which near the
threshold voltage. Therefore, the gate–source voltage of PMOS-
FET MPH is significantly lower than the threshold voltage VthP,
and PMOSFET MPH is turned ON. Then the RcH–DMNH–MPH

low-impedance branch is turned on, providing a low-impedance
path for the negative crosstalk current. The high di/dt coupled
with LsH leads to a negative voltage spike, which is equivalent
to a positive voltage spike at the gate–source and opposites to
the effect of CgdH on crosstalk.

Mode i (t8–t9): The equivalent circuit is shown in Fig. 4(i).
Similar to mode g, the control MOSFET ML is turned OFF and

diode DL is reverse biased. The synchronous freewheeling MOS-
FET MH remains OFF, and the RcH–DMNH–MPH low-impedance
branch still maintains the pre-conduction state after negative
crosstalk, with the second-stage turn-OFF voltage remaining
nearly unchanged.

Mode j (t9–t10): The equivalent circuit is shown in Fig. 4(j). At
t9, the driving voltage VdrH becomes high, and the synchronous
freewheeling MOSFET MH turn-ON process mirrors that of ML

previously. With the control MOSFET ML OFF, the load inductor
current cannot pass through the ML, and MH provides a flow
path. The vds of the two MOSFETs does not change, and no
crosstalk occurs in ML.

According to the above analysis, the crosstalk problem is
primarily affected by both Cgd and Ls, and the two effects are
completely opposite. The proposed topology can generate a sta-
ble two-stage negative turn-OFF voltage, using a low-impedance
branch to mitigate the impact of Cgd on the crosstalk voltage.
Additionally, selecting an appropriate clamping resistor Rc can
utilize the crosstalk current generated by Cgd to offset partial
impact of Ls.

III. TRANSIENT ANALYSIS AND PARAMETERS DESIGN OF

PROPOSED GATE DRIVER

A. Analysis of Turn-Off Transient

When the synchronous freewheeling MOSFET MH is turned
OFF, ML remains OFF, the current path of the inductor switches
from MH to its body diode. C1 acts as a negative power source
to accelerate the turn-OFF, diode D is reverse biased, and the
crosstalk suppression branch is nonoperational. The equivalent
circuit is shown in Fig. 5(a).

According to Kirchhoff’s law, the relationship between volt-
age and current can be obtained as follows:⎧⎨

⎩v1 = (Rg +Rin)
(

v1

R1
+ C1

dv1

dt

)
+ vgs

v1

R1
+ C1

dv1

dt + Cgs
dvgs

dt = 0.
(2)

The initial voltages of Cgs, and C1 are defined as vgs_off(0_),
and v1_off(0_), respectively. According to the Laplace transform
of (2), vgs can be obtained as follows:

vgs (s) =

(Rin+Rg)Gi_off+1
(Rin+Rg)Cgss+1 Cgsvgs_off (0−) + C1v1_off (0−)

Gi_off

(3)

Gi_off = (Rin +Rg)C1Cgss
2

+

(
Rin +Rg +R1

R1
Cgs + C1

)
s+

1

R1
. (4)

The time domain expression of vgs obtained by inverse
Laplace transformation is

vgs (t) =
(A1f +A2fT1f) e

− t
T1f − (A1f +A2fT2f) e

− t
T2f

T1f − T2f
(5)

where A1f = R1C1[v1_off(0_) – vgs_off(0_)], A2f = vgs_off(0_),
T1f = [T3f + (T3f

2 – 4T4f
2)1/2]/2, T2f = [T3f – (T3f

2 –
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Fig. 5. Equivalent circuits of proposed gate driver. (a) Turn-OFF transient. (b) Self-driving process. (c) Turn-ON transient.

4T4f
2)1/2]/2, T3f = R1(Cgs + C1) + (Rin + Rg)Cgs, T4f = [(Rin

+ Rg)R1C1Cgs]1/2.
According to (5), the final values of vgs and v1 tend to zero.

Therefore, the parameter design principle that the time constant
of the R1-C1 branch should be large enough to maintain a stable
negative voltage level over a control cycle.

B. Analysis of Self-Driving Process

In order to reduce the negative voltage stress without adding
extra control signals and voltage sources, a self-driving circuit is
proposed, and the equivalent circuit is shown in Fig. 5(b). After
the device is turned OFF, capacitor C1 continuously discharges
the gate–source capacitor of PMOSET MP through the loop re-
sistance until the gate–source voltage of PMOSFET MP drops
below the threshold voltage VthP. PMOSFET MP then turns on
and clamps the turn-OFF voltage at VthP to achieve multilevel
turn-OFF.

According to Kirchhoff law, the relationship between voltage
and current can be obtained as follows:⎧⎨
⎩
v1 = vgs +Rg

(
CgsP

dvgsP

dt + Cgs
dvgs

dt

)
+RinCgs

dvgs

dt

vgs +RinCgs
dvgs

dt = vgsP +R3CgsP
dvgsP

dt .
(6)

The gate–source voltage vgsP of PMOSFET MP can be calcu-
lated as follows:

vgsP (t) =
Asd1e

− t
Tsd1 +Asd2e

− t
Tsd2

Bsd2
(7)

where Asd1 = Bsd1Rinv1_off(0_) – vgsP_off(0_)CgsP
2R3(1

+ Rg)(Rg + Rin + RgRin) + CgsPRgRin(Bsd1vgsP_off(0_)
– v1_off(0_)) + CgsPR3 (Bsd1RgvgsP_off(0_) + Bsd1Rin

vgsP_off(0_) – 2Rgv1_off(0_) – Rin v1_off(0_)) + Cgs{Rin

+ vgsP_off(0_)CgsPRin
2(Rg + R3) + CgsPRg

2 (R3 + Rin)
(vgsP_off(0_) – 2vgs_off(0_)) + RgRin[v1_off(0_) + 2CgsPR3

(vgsP_off(0_) – vgs_off(0_))]}, Asd2 = Bsd1Rinv1_off(0_) +
vgsP_off(0_) CgsP

2R3(1 + Rg)(Rg + Rin + RgRin) + CgsPRgRin

(Bsd1vgsP_off(0_) + v1_off(0_)) + CgsPR3 (Bsd1RgvgsP_off(0_)
+ Bsd1RinvgsP_off(0_) + 2Rgv1_off(0_) + v1_off(0_)) –
Cgs{vgsP_off(0_) CgsPRin

2(Rg+R3)+CgsPRg
2R3(vgsP_off(0_)

– 2vgs_off(0_)) + Rin[Rg(v1_off(0_) + 2CgsP R3vgsP_off(0_)) –
2CgsPR3vgs_off(0_)) + CgsPRg

2(vgsP_off(0_) – 2vgs_off(0_)) –
1]}, Tsd1 = 2CgsCgsP(1 + R3)(Rg + Rin)/[CgsRg + CgsP(Rg

+ R3) + CgsRin + Bsd1], Tsd2 = 2CgsCgsP(1 + R3)(Rg +
Rin)/[CgsRg + CgsP(Rg + R3) + CgsRin – Bsd1], Bsd1 =

{CgsP
2(Rg + R3)2 + Cgs

2(Rg + Rin)2 – 2CgsCgsP[Rg(Rin − Rg)
+R3(Rg+Rin)]}1/2, Bsd2=2CgsP(1+R3)(Rg+Rin){[CgsP(Rg

+ R3) + Cgs(Rg + Rin)]2 – 4CgsCgsP(1 + R3)(Rg + Rin)}1/2.
Therefore, the self-driving time tsd can be approximated as
follows:

tsd ≈ Tsd2 ln
Asd2

VthPBsd2
. (8)

According to (1) and (8), while leaving a time margin for
positive crosstalk, select appropriate R3 to set tsd.

C. Analysis of Turn-on Transient

The control MOSFET ML remains in OFF-state when the syn-
chronous freewheeling MOSFET MH is turned ON, MH can be
equivalent to the capacitor Cgs. Diode D is forward biased, which
is regarded as a voltage source VD. The crosstalk suppression
branch is nonoperational, and the gate inductance is ignored.
The equivalent circuit is shown in Fig. 5(c).

According to Kirchhoff’s law, the relationship between volt-
age and current can be obtained as follows:⎧⎪⎨

⎪⎩
v1

R1
+ C1

dv1

dt + v2

R2
+ C2

dv2

dt + Cgs
dvgs

dt = 0

Vdr + v1 = VD + v2

VD + v2 = vgs + (Rin +Rg)Cgs
dvgs

dt .

(9)

Similar to the previous turn-OFF transient analysis, vgs can be
expressed as follows:

vgs (t) =
(A1r +A2rT1r) e

− t
T1r − (A1r +A2rT2r) e

− t
T2r

(R1 +R2) (T1r − T2r)

+
R1VD +R2Vdr

R1 +R2
(10)

where A1r = R1R2{C1Vdr + C2[VD + v2_on(0_) –VthP]}, A2r

= R1(VthP – VD) + R2(VthP – Vdr), T1r = [T3r + (T3r
2 –

4T4r
2)1/2]/2, T2r = [T3r – (T3r

2 – 4T4r
2)1/2]/2, T3r = R1R2(Cgs

+ C1 + C2)/(R1 + R2) + (Rin + Rg)Cgs, T4r = [(Rin + Rg)(C1

+ C2)R1R2Cgs/(R1 + R2)]1/2.
According to (10), the final values of Cgs, C1, and C2 terminal

voltages in ON-state are approximately calculated separately as
follows:

vgs_off (0−)=vgsP_off(0−)=vgs_on(DTs)≈ R1VD +R2Vdr

R1+R2

(11)
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Fig. 6. Crosstalk spikes of gate–source voltage during switching transients.

Fig. 7. Equivalent circuits of proposed gate driver. (a) Turn-ON transient.
(b) Turn-OFF transient. (c) After turn-ON transient. (d) After turn-OFF transient.

v1_off (0−) = v1_on (DTs) ≈ −R1 (Vdr − VD)

R1 +R2
(12)

v2_on (DTs) ≈ R2 (Vdr − VD)

R1 +R2
. (13)

Since R2 and C2 form the RC circuit during the turn-OFF

transient, according to (13), the initial value of v2 during the
turn-ON transient is expressed as follows:

v2_on (0−) =
R2 (Vdr − VD)

R1 +R2
e−

(1−D)Ts
R2C2 . (14)

D. Operation Principle and Parameter Design of the
Proposed Crosstalk Voltage Suppression Circuit

To mitigate the crosstalk spikes caused by the high switching
speed of SiC MOSFET, it is essential to confine the gate–source
voltage spikes between the minimum negative allowable gate
voltage Vgs_min− and the threshold voltage Vth, as shown in
Fig. 6. The proposed crosstalk suppression circuit provides an
additional low-impedance path for both positive and negative
crosstalk currents during the switching transients, which effec-
tively suppresses the crosstalk voltage spikes. Fig. 7(a) depicts
the equivalent circuit during turn-ON transient.

According to Kirchhoff’s law, the principle of crosstalk spike
suppression during turn-ON transient can be expressed as fol-
lows:⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

vds = vgs + vgd

dvds
dt = Aon

VD + (Rin +Rc +RdsN)
(
Cgd

dvgd

dt − Cgs
dvgs

dt

)
= vgs

+Ls
d
dt

(
Cds

dvds
dt + Cgs

dvgs

dt

)
(15)

where VD is the diode conduction voltage drop, RdsN is the
drain–source ON-state resistance of NMOSFET MN, and Aon is
the slew rate of turn-ON transient. And the turn-ON transient
gate–source voltage spike ΔV+ can be obtained as follows:

ΔV+ = −R+CgdAon − VD +
1

2T+

(
c+e

−a+t + d+e
−b+t

)
(16)

where a+ = (R+Ciss + T+)/(2LsCgs), b+ = (R+Ciss – T+)
/(2LsCgs), c+ = R+CgdAonT+ + VDT+ + 2LsCdsAon –
R+

2CissCgdAon – R+CissVD, d+ = R+CgdAonT+ + VDT+ –
2LsCdsAon + R+

2CissCgdAon + R+CissVD, T+ = (R+
2Ciss

2 –
4LsCgs)1/2, R+ = Rin + Rc + RdsN.

According to (16), ΔV+ first increases and then decreases
with the turn-ON transient duration, and has a maximum value.
The time t+ when ΔV+ is maximum value can be calculated as
follows:

t+ =
LsCgs

T+
ln

(T+ +R+Ciss) c+
(T+ −R+Ciss) d+

. (17)

After the drain–source voltage no longer change, the change
of the gate–source voltage is only determined by the initial state
and parameters, as shown in Fig. 7(c). In this case, the gate–
source voltage spike ΔV ’

+ can be expressed as follows:

ΔV ′
+ = −R+CgdAon− VD+

1

2T+

(
c+e−

a+Vdc
Aon +d+e−

b+Vdc
Aon

)

+
V0+

(
e−a′

+t − e−b′+t
)

√
R2

+C
2
gs
− 4LsCgs

(18)

where V0+ = –(R+Cgd + LsCds)Aon – 2VD + [(1 +
Lsa+)c+e-a+Vdc/Aon + (1+Lsb+)d+e-b+Vdc/Aon]/(2T+), a′+ =
[R+Cgs + (R+

2Cgs
2 – 4Ls Cgs)1/2]/(2LsCgs), b′+ = [R+Cgs –

(R+
2Cgs

2 – 4LsCgs)1/2]/(2LsCgs).
According to (18), ΔV

′
+ has only one extreme value, and

whether it is the maximum or minimum value is determined
by V0+. The time t

′
+ when ΔV

′
+ is the extreme value can be

calculated as follows:

t′+ =
LsCgs√

R2
+C

2
gs
− 4LsCgs

ln
R+Cgs +

√
R2

+C
2
gs
− 4LsCgs

R+Cgs −
√

R2
+C

2
gs
− 4LsCgs

.

(19)
From the above analysis, it can be seen that the positive

crosstalk spike during the turn-ON transient is determined by the
turn-ON transient duration Vdc/Aon. When Vdc/Aon is less than
t+, the maximum positive crosstalk spike ΔV+_max appears at
Vdc/Aon, and vice versa at t+. The maximum positive crosstalk
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spike during the turn-ON transient can be obtained as follows:

ΔV+_max =⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

−R+CgdAon − VD + 1
2T+

(
c+e−

a+Vdc
Aon + d+e−

b+Vdc
Aon

)
,

if 0 ≤ Vdc
Aon

< t+,

−R+CgdAon − VD + 1
2T+

(
c+e−a+t+ + d+e−b+t+

)
,

if Vdc
Aon

≥ t+.

(20)

According to (18), the negative crosstalk spike is determined
by V0+. When V0+ is less than zero, ΔV

′
+ first decreases

and then increases, and the minimum negative crosstalk spike
ΔV+_min appears at t

′
+, vice versa at the initial time. The

minimum negative crosstalk spike is obtained as follows:

ΔV+_min =⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

−R+CgdAon − VD + 1
2T+

(
c+e−

a+Vdc
Aon + d+e−

b+Vdc
Aon

)

+
V0+

(
e
−a′

+
t′
+−e

−b′
+

t′
+

)
√

R2
+C2

gs−4LsCgs
, if V0+ < 0,

−R+CgdAon − VD + 1
2T+

(
c+e−

a+Vdc
Aon + d+e−

b+Vdc
Aon

)
,

if V0+ ≥ 0.

(21)

Similarly, the equivalent circuit during turn-OFF transient is
shown in Fig. 7(b). When Vdc/Aoff is less than t-, the minimum
negative crosstalk spike ΔV-_min appears at Vdc/Aoff, vice versa
at t-, and ΔV-_min can be expressed as follows:

ΔV−_min =⎧⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎩

R−CgdAoff + VD + 1
2T−

(
c−e

a−Vdc
Aoff + d−e

b−Vdc
Aoff

)
,

if 0 ≤ Vdc
Aoff

< t−,
R−CgdAoff + VD + 1

2T−

(
c−e−a−t− + d−e−b−t−

)
,

Vdc
Aoff

≥ t−
(22)

where a- = (R-Ciss + T-)/(2LsCgs), b- = (R-Ciss – T-)/(2LsCgs),
c- = –R-CgdAoffT- – VDT- – 2LsCdsAoff + R-

2CissCgdAoff

+ R-CissVD, d- = –R-CgdAoffT- – VDT- + 2LsCdsAoff –
R-

2CissCgdAoff – R-CissVD, T- = (R-
2Ciss

2 – 4LsCgs)1/2, R- =
Rin + Rc + RdsP, t- = (LsCgs/T-)ln[(T-c- + R-Cissc-)/(T-d-
– R-Cissd-)], RdsP is the drain–source ON-state resistance of
PMOSFET MP, and Aoff is the slew rate of turn-OFF transient.

Similar to the turn-ON transient, the gate–source voltage is
only determined by the initial state and parameters after the
turn-OFF transient, as shown in Fig. 7(d). The positive crosstalk
spike is determined by V0-. When V0- exceed zero, the maximum
positive crosstalk spike ΔV-_max appears at t

′
-, vice versa at the

initial time, and ΔV-_max can be expressed as follows:

ΔV−_max =

TABLE I
BASIC PARAMETERS OF SIC MOSFET

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

R−CgdAoff + VD + 1
2T−

(
c−e

a−Vdc
Aoff + d−e

b−Vdc
Aoff

)
,

if V0− < 0,

R−CgdAoff + VD + 1
2T−

(
c−e

a−Vdc
Aoff + d−e

b−Vdc
Aoff

)

+
V0−

(
e−a′

−t′−−e−b′−t′−
)

√
R2−C2

gs−4LsCgs
, if V0− ≥ 0

(23)

where V0- = (R-Cgd + LsCds)Aoff + 2VD + [(1 + Lsa-)
c-ea-Vdc/Aoff + (1+Lsb-)d-eb-Vdc/Aoff]/(2T-), a′- = [R-Cgs +
(R-

2Cgs
2 – 4Ls Cgs)1/2]/ (2LsCgs), b′- = [R-Cgs – (R-

2Cgs
2

– 4LsCgs)1/2]/(2LsCgs), t′- = LsCgsln{[R-Cgs + (R-
2Cgs

2 –
4LsCgs)1/2]/[R-Cgs – (R-

2Cgs
2 – 4Ls Cgs)1/2]}/(R-

2Cgs
2 – 4Ls

Cgs)1/2.
Based on (20), (21), (22), and (23), it is clear that the bus

voltage, switching slew rate, Miller capacitance, and common-
source inductance are key factors affecting the crosstalk voltage.
To eliminate the risk of false-triggering, it is necessary to confine
the crosstalk voltage spikes within a safe range through the low-
impedance path. Therefore, the following requirements must
be met ⎧⎪⎪⎪⎨

⎪⎪⎪⎩

Vgs_off +ΔV+_max < Vth

Vgs_off +ΔV+_min > Vgs_max−
VthP +ΔV−_min > Vgs_max−
VthP +ΔV−_max < Vth.

(24)

The switching loss Esw of the proposed circuit in each period
can be calculated as follows:

Esw =
1

2
V 2

dcIL

{
RGCgd

Vdr − Vmiller
+

2gmRGCgd + Coss

2gmVmiller
[1 +

Lloop (gmVth + 0.5IL)

Vdc (gmLs +RGCiss)

]2}

+
1

2
VdcI

2
L

[
gmLs +RGCiss

gm (Vdr − Vth)− 0.5IL
+

gmLs +RGCiss

gmVth + 0.5IL

]

+ Vdc

(
Qrr + IL

√
Qrr (gmLs +RGCiss)

gm (Vdr − Vth)− 0.5IL

)
(25)

where the equivalent gate drive resistance RG = Rg + Rin +
1/(wC1), input capacitance Ciss = Cgd+Cgs, output capacitance
Coss = Cgd+ Cds, gm is transconductance, Lloop is total power
loop inductance, and Qrr is reverse recovery charge.

The SCT3022AL is taken as an example, with its fundamental
parameters delineated in Table I. Based on (12) and the targeted
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Fig. 8. Effect of C1 and Rc on the gate–source voltage. (a) Effect of C1 on
the gate–source voltage. (b) Effect of Rc on the gate–source voltage.

turn-OFF voltage, resistor R1 is configured to 20 kΩ, resistor R2

to 100 kΩ, and capacitor C2 to 470 nF. Based on (20), (21), (22),
(23), and (24), the effect of capacitor C1 and resistor Rc on the
gate–source voltage can be obtained, as shown in Fig. 8. Fig. 8(a)
shows the effect of C1 on Vgs_off, V+_max, V+_min, V-_max, and
V-_min, where the solid lines are the theoretical results and the
dotted lines are the simulation results. From the above analysis,
it is inferred that the safety region should lie between Vgs_min-

and Vth. Furthermore, to provide a stable negative off voltage
while avoiding affecting the switching speed, the value of C1

should be significantly larger than that of Cgs, specifically, C1 >
10Cgs. Consequently, the safe region for C1 can be determined
from the shaded area in Fig. 8(a). Incorporating a safety margin,
C1 is set as 2.2 µF in this article.

Fig. 8(b) demonstrates the effect of Rc on V+_max, V+_min,
V-_max, and V-_min, where the solid lines are the theoretical
results and the dotted lines are the simulation results. Since
the crosstalk current flows in the same direction in the low-
impedance path and the common-source inductor Ls, the volt-
ages of the two have the same positive and negative sign. The
crosstalk voltage on the gate–source of the SiC MOSFET is ap-
proximately equal to the voltage across the low-impedance path
minus the voltage across the common-source inductor Ls. There-
fore, the effect of the low-impedance branch on the crosstalk
voltage is opposite to that of the common-source inductor Ls.
When the lower device is turned ON and OFF, Rc in the low
impedance branch causes positive crosstalk spike and negative
crosstalk spike to the gate–source voltage vgs, respectively,
while the common source inductance Ls is completely opposite.

Fig. 9. Effect of C1 and Rg on the switching loss.

TABLE II
COMPARISON OF DIFFERENT CROSSTALK SUPPRESSION DRIVING CIRCUITS

According to (20), (21), (22), and (23), setting a suitable Rc

value can partially offset the effect of the common source
inductance Ls on the crosstalk voltage. It can be observed that
when Rc is near 100 mΩ counterbalances the crosstalk voltage
spike induced by the Miller capacitor on Rc against the voltage
drop caused by common-source inductance. The positive and
negative crosstalk spikes caused by common-source inductance
are significantly mitigated, aligning with prior analytical results.
Considering the interplay among Rc, Miller capacitance, and
common-source inductance, the Rc is set to 100 mΩ. According
to (25), a decrease in C1 coupled with an increase in Rg results in
elevated equivalent gate drive resistance, which in turn augments
the switching loss Esw, as shown in Fig. 9. Therefore, when
setting C1 and Rg, it is also necessary to consider the impact
of both on the switching loss. Integrating the aforementioned
analysis, Rg is chosen to be 10 Ω.

E. Simulation Comparison of the Proposed Crosstalk
Suppression Circuit and Other Crosstalk Suppression Circuits

Fig. 10 shows the simulation results of the switching wave-
forms and crosstalk voltages of different crosstalk suppression
circuits. Table II shows the comparison of crosstalk spikes,
losses, power supplies, and control signals of different circuits.
The quantitative comparison between the proposed circuit and
[17], [18], [20] shows that the positive and negative crosstalk
voltage spikes of the proposed circuit are always within the
allowable range of the device, and the crosstalk peak amplitude is
significantly smaller than that of other circuits, which effectively
suppresses the crosstalk phenomenon. In terms of switching loss,
the proposed circuit is superior to other circuits, and the added
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Fig. 10. Switching waveforms and crosstalk waveforms of different crosstalk
suppression driving circuits.

Fig. 11. Double-pulse test platform.

crosstalk suppression structure has little effect on the switching
process. Moreover, compared with papers [17] and [18], the
proposed circuit does not use additional power supply and
control signal, which reduces the cost, volume, and logic signal
control complexity of the drive circuit. The proposed circuit can
effectively eliminate the crosstalk phenomenon caused by high
dv/dt, and is easy to integrate into the driver IC.

IV. EXPERIMENT RESULTS

To demonstrate the effectiveness of the proposed multilevel
self-driving gate drive circuit in mitigating crosstalk voltage,
a double-pulse test platform as shown in Fig. 11 is established,
with component parameters listed in Table III. SiC MOSFET used
is ROHM SCT3022AL, and the load inductance is 100 µH. The
upper MOSFET functions for synchronous freewheeling, while
the lower MOSFET is used to control the operational state of the
half-bridge circuit.

To substantiate the effectiveness of the proposed crosstalk
suppression gate drive circuit, double-pulse test waveforms
for both the proposed gate drive circuit and the conventional
negative turn-OFF voltage gate drive circuit are given, including
gate–source voltage vgs_H, vgs_L, drain–source voltage vds_L,
and drain–source current ids_L, as shown in Fig. 12. The con-
ventional negative turn-OFF voltage gate drive circuit is different

TABLE III
PARAMETERS OF PROPOSED CROSSTALK SUPPRESSION CIRCUIT

Fig. 12. Waveforms of the double-pulse test. (a) Proposed circuit. (b) Con-
ventional circuit with constant −3 V turn-OFF voltage.

Fig. 13. Conventional circuit with constant −3 V turn-OFF voltage.
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Fig. 14. Waveform enlargement of the double-pulse test. (a) Turn-ON transient of proposed circuit. (b) Turn-ON transient of conventional circuit. (c) Turn-OFF
transient of proposed circuit. (d) Turn-OFF transient of conventional circuit.

from the traditional gate drive circuit with a turn-OFF voltage of
0 V, which uses an extra power supply with a turn-OFF voltage of
−3 V to suppress the positive crosstalk spike, as shown in Fig. 13.
In the double-pulse test, the control device ML has two pulses
of durations 5 and 3 µs, respectively, whereas MH requires two
3µs pulses to generate a stable negative turn-OFF voltage through
precharging of C1 and C2, without extra negative power source.
The negative turn-OFF voltage vg_off is −3 V, the dead time Td

is 1 µs, and the self-driving time tsd is set to 2 µs (R3 = 750 Ω).
During the ML turn-ON and turn-OFF transients, the gate–source
voltage of MH appears obvious crosstalk phenomenon.

The suppression effect of the crosstalk suppression circuit on
the positive and negative crosstalk voltage during the switching
transients is shown in Fig. 14. It can be observed that both con-
ventional method and proposed method provide a−3 V turn-OFF

voltage. During the turn-ON transient of the control device ML,
the turn-ON time of conventional method is 48.64 ns, with the
positive crosstalk voltage peak reaching 3.36 V, surpassing the
threshold voltage of 2.7 V. Despite the device not being triggered,

there remains a substantial risk of false-triggering. The negative
crosstalk voltage peak reaching −4.28 V, marginally below the
minimum negative allowable gate voltage of the device of −4 V.
The RcH–MNH–DMPH low-impedance branch of the crosstalk
suppression circuit can significantly diminishes the crosstalk
voltage peak caused by the turn-ON process. For the proposed
crosstalk suppression circuit, the turn-ON time is 49.44 ns, with
the positive crosstalk voltage peak at 1.28 V, which is 61.9%
lower than the conventional method and well below the threshold
voltage, without any significant negative crosstalk spike. Com-
pared to the conventional method, the proposed circuit ensures
that the gate–source voltage vgs_H remains within a safe range
during turn-ON transient, reducing the risk of false-triggering
while having minimal impact on the ON-speed, and the ON-time
is only increased by 0.8 ns. Similar to the turn-ON transient, the
conventional method provides a −3 V turn-OFF voltage during
turn-OFF transient of the control device ML, while the proposed
circuit clamps turn-OFF voltage at −1.2 V. The turn-OFF time of
the conventional method is 30.24 ns, with the negative crosstalk
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Fig. 15. Crosstalk voltage waveforms of the vgs of the upper device when the lower device is turned ON and OFF under different working conditions. (a) Different
bus voltages at 15 A. (b) Different bus voltages at 7.5 A.

Fig. 16. Crosstalk voltage waveforms of the vgs of the upper device when the lower device is turned ON and OFF under different parameters. (a) Gate drive
resistance Rg. (b) Auxiliary resistance Rc.

voltage peak reaching −9.52 V, far exceeding the minimum
negative allowable gate voltage of −4 V. Although the power
device is not damaged immediately, the long-term overvoltage
operation poses a serious threat to the lifespan and reliability
of the device. The RcH–DMNH–MPH low-impedance branch
of the crosstalk suppression circuit can significantly inhibit
the voltage peak caused by the turn-OFF process. For the pro-
posed crosstalk suppression circuit, the turn-OFF time is 34.24
ns, and the turn-OFF time is increased by 4 ns. The negative
crosstalk voltage peak is −3.32 V, which is 65.13% lower than
that of the conventional method. The positive crosstalk spike is
0.84 V, which is much lower than the threshold voltage, ensuring
that the gate–source voltage vgs_H remains within a safe range
during the turn-OFF transient, significantly reducing the risk
of false-triggering and negative voltage stress while having
little influence on the turn-OFF speed. The proposed method
solves the crosstalk problem of power devices during switching
transients without additional negative power supply and control
signals.

From the above analysis, it can be seen that the crosstalk
voltage spike of proposed scheme is influenced by the bus
voltage and load inductor current. Fig. 15 shows the impact
of different voltages/currents on crosstalk voltage. It can be
observed that as the bus voltage gradually increases from 50
to 200 V, the positive crosstalk voltage of the synchronous
freewheeling device MH increases and the negative crosstalk
voltage decreases. Conversely, when the load inductor current
is reduced from 15 to 7.5 A, there is a marginal reduction in the
crosstalk voltage during the turn-ON transient. However, during
the turn-OFF transient, the positive crosstalk voltage significantly

diminishes, and the negative crosstalk voltage elevates. The
positive and negative crosstalk voltages always remain within the
safe region, demonstrating the efficacy of the proposed scheme
in mitigating crosstalk voltage spikes under different working
conditions.

The gate drive resistance is a double-edged sword for
suppressing the crosstalk voltage. While increasing the gate
resistance can reduce dv/dt, the crosstalk current may generate a
greater voltage drop on the resistance, leading to an increase
in the crosstalk spike initially, as shown in Fig. 16(a). The
positive crosstalk voltage spike at the turn-ON transient increases
at first with the increase of the gate drive resistance until the gate
drive resistance reaches a critical point between 15 and 20 Ω,
beyond which it begins to diminish. Because the low-impedance
circuit is in the pre-conduction state when ML is turned OFF,
the influence of the gate resistance on the crosstalk voltage is
weakened, so the change of gate resistance has little influence
on the crosstalk voltage when ML is turned OFF. As shown in
Fig. 16(b), as the auxiliary resistance Rc increases from 100 mΩ
to 1 Ω, the positive crosstalk spike V+_max first decreases and
then increases, whereas the positive crosstalk spike V-_max and
negative crosstalk spike V-_min exhibit an opposite trend, and
V+_min is negligible. This is consistent with the above analysis,
which proves the correctness of the analysis.

Table IV shows a comparison of switching loss between
proposed method and conventional method under different con-
ditions. Observations indicate as drain–source voltage Vds and
drain circuit Id increase, the turn-ON and turn-OFF losses for both
methods incrementally rise, and the proposed method is slightly
better than the conventional method. Therefore, the proposed
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TABLE IV
COMPARISON OF SWITCHING LOSS BETWEEN THE PROPOSED METHOD AND CONVENTIONAL METHOD UNDER DIFFERENT CONDITIONS

Fig. 17. Switching waveforms and crosstalk waveforms of planar SiC MOS-
FET.

crosstalk suppression circuit has little effect on the switching
loss. These results corroborate the analysis in this article, thereby
validating the efficacy of the proposed method.

Since SCT3022AL is a trench SiC MOSFET, in order to verify
the effectiveness of the proposed method for different types of
SiC MOSFETs, this article adds a comparative experiment with
planar SiC MOSFET C3M0015065D under the same experimental
conditions, as shown in Fig. 17. According to the data sheet,
the minimum allowable negative voltage of C3M0015065D is
−8 V, and the threshold voltage is 2.3 V. It can be seen that the
switching speed is faster because the internal gate resistance of
C3M0015065D is 1.5 Ω, which is less than 5 Ω of SCT3022AL.
Although the crosstalk spike suppression effect caused by the
common-source inductance of C3M0015065D is worse than that
of SCT3022AL and there is obvious oscillation phenomenon,
the positive and negative crosstalk voltage spikes of the method
proposed are within the safe allowable range, verifying the
effectiveness of the method proposed for planar SiC MOSFET.

V. CONCLUSION

This article presents a multilevel self-driving crosstalk
suppression circuit based on SiC MOSFET and alongside a

comprehensive mathematical model for crosstalk voltage that
incorporates both Miller capacitance and common-source in-
ductance. The circuit employs resistors, NMOS, and PMOS to
establish a low impedance path for both positive and negative
crosstalk currents. According to the proposed model, setting a
appropriate resistance value effectively mitigates the impact of
Miller capacitance and common-source inductance on crosstalk
voltage. Moreover, a voltage divider is utilized to generate
the first-stage turn-OFF voltage, which aids in suppressing the
positive crosstalk voltage spike. The low-impedance branch is
preconducted through the RC branch, and the turn-OFF voltage is
clamped at the second-stage turn-OFF voltage to alleviate nega-
tive voltage stress and minimize the negative crosstalk spike. The
NMOS and PMOS of the low impedance branch are controlled
by Rg and the RC branch, respectively, without additional control
signals. The method proposed herein relies solely on passive
devices, thereby facilitating the integration of the crosstalk
suppression circuit into the driver IC. In comparison to the
conventional method, this approach effectively mitigates both
positive and negative crosstalk voltages, with minimal impact on
switching transient duration and switching loss. Experimental
results demonstrate that the proposed method is effective for
both trench and planar SiC MOSFETs. However, under different
operating conditions, the proposed circuit cannot adaptively
adjust the multilevel negative turn-OFF voltage, self-driving time
and resistance value of the low-impedance branch. To address
this limitation, the relevant resistors can be replaced with digital
rheostats, and the resistance values can be adaptively adjusted
to suit different operating conditions through additional control
signals. Other passive devices can be integrated into the driver
IC, which is the direction of future improvement.
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