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Abstract—Fast switching transients of SiC MOSFETs reduce
switching loss but generate high (dv/dt). During the active
device’s turn-on transition, high (dv/dt) increases the comple-
mentary device’s gate-source voltage, potentially causing false
turn-on, resulting in positive crosstalk. Conversely, during turn-
off, the complementary device’s gate-source voltage decreases,
causing negative crosstalk. Negative gate voltage can limit pos-
itive crosstalk peaks below the threshold but may intensify
negative crosstalk peaks, possibly exceeding safe ratings and
impacting reliability of SiC MOSFETs. This article presents an
improved model to accurately predict crosstalk-induced gate-
source voltage peaks of SiC MOSFETs. SiC Schottky diodes
are utilized to avoid the reverse recovery of SiC MOSFET’s
body diode. In addition to modeling nonlinear capacitances,
parasitic inductances, and time-varying (dv/dt) from existing
approaches, this article incorporates detailed channel current
model and PCB parasitic capacitances for enhanced accuracy in
predicting drain-source voltage gradient (dv/dt) of the active
device and gate-source voltage peaks of the complementary
device. Experimental results for two 1200V SiC MOSFETs from
different manufacturers validate the proposed model. Using the
model, optimal value of negative gate voltage and gate resistances
are estimated to mitigate negative crosstalk and avoid false turn-
on. Additionally, this article analyses post-false turn-on dynamics,
providing critical insights into the process.

Index Terms—Crosstalk Peaks, False Turn-on, MOSFET, Neg-
ative gate voltage design, PCB Parasitics, Silicon Carbide (SiC),
Switching Transient Analysis,

I. INTRODUCTION

S ILICON carbide (SiC) MOSFETs have become the pre-
ferred choice for applications such as electric vehicles

due to their exceptional electrical and thermal performance
[1]. Their fast-switching transients result in smaller switching
losses compared to silicon IGBTs. This allows for higher
switching frequencies, which in turn reduces the size and
cooling requirements of power converters [2]. However, fast
switching transients generate high (dv/dt), which can ad-
versely affect the gate circuit of the complementary device,
leading to the crosstalk phenomenon [3], [4].
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Fig. 1: (a) SiC MOSFETs (QB , QT ) in a half-bridge configuration
(b) Positive and Negative crosstalk peaks in vTgs; VEE - Negative gate
voltage (NGV); AMR - Absolute maximum rating given in datasheet

A. Importance of studying crosstalk

To elucidate the crosstalk phenomenon, SiC MOSFETs
(QB , QT ) are considered in a half-bridge circuit, as shown
in Fig. 1(a). When the active device (QB) is gated-on, the
drain-source voltage (vTd′s′ ) across the complementary device
(QT ) rises sharply towards DC bus voltage (see Fig. 1(b)).
This voltage gradient (dv/dt) causes the gate-source voltage
(vTgs) to increase from the off-state value, resulting in positive
crosstalk peak [3]. If the peak exceeds the threshold voltage,
QT experiences a false turn-on, which may lead to elevated
power dissipation, increased junction temperature, and poten-
tial device failure [5], [6]. Conversely, during the turn-off
transition of QB , a negative crosstalk peak occurs due to
rapidly falling vTd′s′ (see Fig. 1(b)) [3].

To limit the positive crosstalk peak below the threshold
voltage, a negative gate voltage (NGV) is commonly employed
in the off-state [7], [8]. However, it has the following impacts.

(a) Due to limited negative voltage tolerance of SiC MOS-
FETs [9], the negative crosstalk peaks can exceed the
maximum rating when combined with the NGV. Conse-
quently, NGV can significantly affect the gate-oxide and
the long-term reliability of SiC MOSFETs [9], [10].

(b) NGV can increase susceptibility to false turn-on due to
threshold voltage drifts [10].

(c) It also leads to increased deadtime loss due to a higher
body diode drop [11].
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TABLE I: Qualitative Comparison of the Important Parameters Considered by Existing Literature for Crosstalk Analysis

Device Type Reference Important Parameters for Crosstalk Analysis Analysis of
Post-False
Turn-on

Dynamics

Analysis of
Negative
Crosstalk
Dynamics

(
dv

dt

) SiC MOSFET
Nonlinear

Capacitance

SiC MOSFET
Nonlinear

Channel current

Common
Source

Inductance

Parasitic
Capacitance

(PCB layout)
Low-voltage
Si MOSFETs

[5], [17], [18] constant × × × × × ×
[19], [20] time-varying × × ✓ × × ×

GaN HEMTs [21], [22] time-varying ✓ ✓ ✓ × × ×

SiC
MOSFETs

[7], [8], [12], [23], [26]–[28] constant × × × × × ×
[6] constant × × × × ✓ ×

[29] constant × × ✓ × × ×
[3], [24] piecewise constant ✓ × ✓ × × ✓

[25] constant × × ✓ × × ✓
[30] time-varying × × ✓ × × ✓
[4] time-varying ✓ × ✓ × × ×

This Article time-varying ✓ ✓ ✓ ✓ ✓ ✓

Another common mitigation approach, active miller clamp-
ing (AMC), employs a clamping transistor to provide a low-
impedance path, which diverts crosstalk currents from the
gate during the off-state. Although AMC is effective, it has
limitations under fast switching conditions [12]–[16]. AMC’s
effectiveness reduces substantially due to parasitic inductance
in the AMC connection path, as discussed in detail in [16].
Moreover, due to high internal gate resistance and parasitic
inductances, the gate-source voltage sensed by AMC can be
significantly different.

This article focuses on optimizing NGV levels and gate
resistance values to manage negative crosstalk peaks and
suppress false turn-on by maintaining positive crosstalk peaks
below the threshold voltage. Additionally, when false turn-on
is unavoidable, understanding post-false turn-on dynamics and
estimating the additional losses is also essential.

B. Existing literature

Many research publications have presented the analysis of
the crosstalk phenomenon [3]–[6], [17]–[25] whereas other
have presented solutions to mitigate its effects [7], [8], [12],
[26]–[28]. For accurately predicting crosstalk-induced gate-
source voltage (vTgs), it is crucial to consider the nonlinear
capacitance and channel current of the power device, along
with the external parasitic inductances and capacitances [19],
[20]. Table I presents a qualitative comparison of the key
parameters considered by existing models for the analysis of
crosstalk dynamics in SiC MOSFETs and other devices.

Studies on crosstalk in low-voltage Si MOSFETs (≈ 40 −
80V ) [5], [17]–[20] used simple models that assumed a con-
stant (dv/dt) and did not consider the nonlinear characteristics
of the devices. In contrast, [21], [22] included parasitic induc-
tances and the nonlinear characteristics for analyzing crosstalk
in GaN HEMTs. Most of the research on SiC MOSFET
crosstalk dynamics [3], [6]–[8], [12], [26]–[28] also assumes
a constant (dv/dt), and does not consider the nonlinear
gate-drain capacitance and common-source inductance. This
leads to significant errors in estimating vTgs. [4] improves the
prediction of vTgs by incorporating time-varying (dv/dt) and
other critical parameters, though it still does not account for
the nonlinear channel current.

It is important to note that none of the existing models
of SiC MOSFET (including those for Si, GaN devices) con-
sidered parasitic capacitances related to PCB layout in the

crosstalk analysis (see column 7 in Table I). Not incorporating
these PCB parasitic capacitances results in significant errors
in estimating (dv/dt) and vTgs, as demonstrated in Sections IV
and V of this paper. Although [2] considered PCB parasitic
capacitance in analysis of soft turn-off dynamics of SiC
MOSFET, it did not address the crosstalk dynamics.

Additionally, it can be observed from Table I that most ref-
erences [4], [6]–[8], [12], [26]–[28] solely focus on analyzing
the positive crosstalk phenomenon. However, the investigation
into the post-false turn-on dynamics and the negative crosstalk
analysis are limited [3], [6]. Existing research on post-false
turn-on dynamics [6] and negative crosstalk analysis [3] con-
sider a constant (dv/dt) and does not incorporate nonlinear
channel current, and PCB layout parasitic capacitances, result-
ing in a considerable errors in estimating vTgs.

It is important to note that manufacturer-supplied models
can be simulated in SPICE environments to analyze crosstalk
dynamics. However, these models have significant limitation:
essential internal quantities, such as the actual gate-source
voltage vTgs and channel current iTch cannot be obtained from
SPICE as the internal nodes are not accessible. Moreover,
SPICE simulations may be hindered due to the non-availability
of manufacturer models; e.g., SPICE model for Littelfuse
device (LSIC1MO120E0080) is currently not available.

C. Contribution

From the above discussion, it is evident that research gaps
exist in the crosstalk analysis. In this article, SiC MOSFETs
are considered in a half-bridge configuration with SiC Schot-
tky diode (SBD). SiC SBD offers advantages such as zero
reverse recovery and reduced deadtime loss due to smaller
forward diode drop compared to intrinsic body diode of SiC
MOSFET. The proposed work makes the following contribu-
tion to address these gaps.

(i) This article presents an improved model for accurately
predicting the drain-source voltage gradient (dv/dt) of
the active device and the gate-source voltage peaks in-
duced in the complementary SiC MOSFETs. In addition
to the nonlinear capacitance of SiC MOSFETs and para-
sitic inductance in the circuit, the model also incorporates
the following:
– A detailed nonlinear model based on McNutt’s work

[31] is considered for the channel current. This “two-
channel” model results in improved extraction of
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threshold voltage from the datasheet curve, as shown
in Appendix A.

– The impact of PCB layout parasitic capacitances are
considered and quantified in Section IV-B.

A quantitative comparison is presented in Section V to
highlight the improvement made by the proposed model
over the existing models in the literature [3], [4].

(ii) This article also analyses the post-false turn-on dynamics
of SiC MOSFETs. It reveals that the false turn-on is a
self-regulatory phenomenon i.e., the gate-source voltage
eventually falls below the threshold and turns off the
complementary device.

(iii) Based on the improved model, an algorithm is presented
for the optimal selection of negative gate voltage (NGV)
and the value of external gate resistances to limit negative
crosstalk peaks and to avoid false turn-on.

The rest of the paper is organized as follows. Section
II presents a detailed description of the switching transient
model for analyzing the crosstalk phenomenon. Details of the
experimental setup are provided in Section III. In Section
IV, the proposed model is validated using double pulse test
experimental results for two 1200V SiC MOSFETs from
different manufacturers across a wide range of operating con-
ditions. Section V presents a detailed quantitative comparison
of the proposed work with existing studies, underscoring the
significant improvement made by this work. Finally, Section
VI concludes the paper.

II. SWITCHING TRANSIENT MODEL FOR ANALYZING
POSITIVE AND NEGATIVE CROSSTALK DYNAMICS

To analyze the crosstalk dynamics, SiC MOSFETs
(QB , QT ) are considered in a half-bridge configuration, as
shown in Fig. 2. SiC Schottky diodes (SBD) (DB , DT ) are
used to reduce reverse recovery and deadtime losses due
to body diode conduction [32], [33]. SiC SBD increases
the effective capacitance across device, resulting in reduced
(dv/dt) and reduced severity on crosstalk. The equivalent
circuit models of SiC SBD and SiC MOSFETs are shown
in Fig. 2(b) and Fig. 2(c), respectively. For accurate analy-
sis of crosstalk peaks, detailed nonlinear models of channel
current (ich(vgs, vds)), gate-drain capacitance (Cgd(vdg)) and
drain-source capacitance (Cds(vds)) of SiC MOSFET along
with reverse-biased capacitance (Cak(vak)) of SiC SBD are
considered. A brief discussion of these models is given in
Appendix A and B.

In addition to parasitic inductances (Ls, Ld, Lg1, LB
g2,

LT
g2, Ldc), this article also considers the effect of printed

circuit board (PCB) parasitic capacitances (CB
g′d′(e), C

T
g′d′(e),

CB
d′s′(e), C

T
d′s′(e)) on the crosstalk-induced gate-source voltage

peaks. Parasitic capacitances are inherently present in the PCB
layout and are constant for a given layout. Measurement of
these parasitic capacitances is briefly described in Appendix
F. These capacitances are highlighted in green in Fig. 2(a).

The definition of important parameters and symbols used in
the analysis is given in Table II. The analysis of positive and
negative crosstalk is presented separately, as follows.

Fig. 2: (a) Half-bridge configuration with relevant parasitics (b)
Equivalent circuit model of SiC SBDs (DB , DT ) (c) Equivalent
circuit model of SiC MOSFETs (QB , QT ).

TABLE II: Definition of Parameters and Symbols

Parameter/Symbol Definition
Vdc DC bus voltage
I0 Constant current sink
Ldc DC bus parasitic inductance

Ls, Ld, Lg1 SiC MOSFETs’ lead inductances
Lak SiC SBDs’ lead inductance

LB
g2, L

T
g2 Gate loop PCB trace inductances

Cgs, Cgd, Cds SiC MOSFET’s junction capacitances
Rg1 SiC MOSFET’s internal gate resistance

RB
g2, R

T
g2 External gate resistance of QB and QT

CB
g′d′(e), C

T
g′d′(e) PCB parasitic gate-drain capacitance

CB
d′s′(e), C

T
d′s′(e) PCB parasitic drain-source capacitance

vGG Gate drive voltage of QB

VGG, VEE Positive and negative gate voltage level
vBgs, v

T
gs actual gate-source voltages (across (g, s))

vBds, v
T
ds actual drain-source voltages (across (d, s))

vBg′s′ , v
T
g′s′ apparent gate-source voltages (across (g′, s′))

vBd′s′ , v
T
d′s′ apparent drain-source voltages (across (d′, s′))

iBd , i
T
d drain currents

iBs , i
T
s source currents

iBch, i
T
ch channel currents

vTg′d′ vTg′s′ − vTd′s′

idc DC bus current
superscript B, T is used for QB and QT , respectively

A. Analysis of positive crosstalk

As described in Section I, the positive crosstalk occurs
during the turn-on transition of QB . To present a simpler anal-
ysis, it is divided into five modes (delay, current-rise, voltage-
fall, false turn-on, and decay). Fig. 3 shows the important
waveforms associated with the positive crosstalk.

The positive crosstalk analysis begins with the turn-on delay
period of QB (mode I). The gate-source voltage (vBgs) of QB

increases from VEE . No crosstalk is induced in this mode.
When vBgs crosses the threshold voltage, the current-rise period
(mode II) begins. The load current is transferred from DT to
QB in this mode. Since DT is conducting, the current flowing
through the source inductance (Ls) of QT is zero, resulting
in negligible voltage being induced in QT (i.e., vTgs ≈ VEE in
Mode II). The analysis of modes I and II are similar to [34]
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Fig. 3: Important waveforms during positive crosstalk

and, hence, not included for brevity.
1) Mode III (Voltage-fall period of QB): This mode begins

when idc exceeds I0. Diodes DB , DT are reverse-biased and
replaced by their capacitance CB

ak, C
T
ak. QT is modeled as

voltage-dependent capacitor CT
oss(v

T
d′s′) in series with Ls+Ld

(see Fig. 4(a)). The drain-source PCB parasitic capacitances
CB

d′s′(e), C
T
d′s′(e) are important for accurate estimation of

(dv/dt) in this mode, as their magnitude are comparable to
output capacitance (CB

oss, C
T
oss) of SiC MOSFETs.

The induced gate-source voltage (vTgs) is estimated in two
steps. First, the equivalent circuit in Fig. 4(a) is solved to
obtain vTd′s′ . In this mode, the fast changing drain-source
voltage slows down the gate circuit of QB due to negative
feedback through Cgd and CB

g′d′(e). Consequently, the rate of
change of both vBg′s′ and vBgs can be considered to approx-
imately equal i.e., d(vBg′s′)/dt ≈ d(vBgs)/dt. This feedback
effect also results in minimal variations in iBd , allowing us
to neglect the second-order derivative of iBd and approximate
d(vBd′s′)/dt ≈ d(vBds)/dt. This simplification treats CB

d′s′(e) as
effectively parallel to the output capacitance, rendering idc ≈
iBd . Moreover, as iBg ≪ iBd , the approximation iBs ≈ iBd ≈ idc
holds. Applying these approximations to the KCL equations
at nodes d

′B , d
′T , sB , gB , and g

′B , as well as the KVL
equations in the power and gate loops, yields (1)-(4). Here
CB

gd(eq) = Cgd(v
B
dg) + (RB

g2/R
B
g )C

B
g′d′(e), τ1(v

B
dg) = (RB

g1 +

RB
g2)(Cgs + CB

gd(eq)) and τ2(v
B
dg) = (RB

g1 +RB
g2)C

B
gd(eq).

idc ≈ I0 +
(
CT

oss + CT
d′s′(e) + CT

ak

) dvTd′s′

dt

idc ≈ iBch +
(
CB

oss + CB
g′s′d(e) + CB

d′s′(e) + CB
ak

) dvTds
dt

Vdc ≈ vBds + vTd′s′ + (Ldc + Ld + Ls)
didc
dt

VGG ≈ vBgs + Ls
didc
dt

+ τ1(v
B
dg)

dvBgs
dt

− τ2(v
B
dg)

dvBds
dt

(1)

(2)

(3)

(4)

Then, the estimated vTd′s′ is taken as input in Fig. 4(b). (5)-
(9) are solved numerically to obtain vTgs. PCB parasitic gate-
drain (CT

g′d′(e)) of QT is important for accurate vTgs estimation.

This mode ends when vTgs decays to VEE . Note: modes IV and
V exist only if vTgs exceeds the threshold voltage Vth1.

iTs = iTch + CT
gs

dvTgs
dt

+ CT
ds

dvTds
dt

iTd = iTch +
(
CT

gd + CT
ds

) dvTds
dt

− CT
gd

dvTgs
dt

vTd′s′ = vTds + Ld
did
dt

+ Ls
diTs
dt

vTg′s′ = (iTs − iTd )R
T
g1 + vTgs + Ls

diTs
dt

VEE

RT
g2

=
vTg′d′ + vTd′s′

RT
g2

+ iTs − iTd + CT
g′d′(e)

dvTg′d′

dt

idc = I0 + iTs +
(
CB

d′s′(e) + CB
ak

) dvTd′s′

dt

(5)

(6)

(7)

(8)

(9)

(10)

2) Mode IV (False turn-on period): QT experiences false
turn-on in this mode, as vTgs exceeds Vth1. QT is in the
saturation region and iTch obeys (12) (see Appendix A). The
approximate model of QT used in mode III is no longer valid
as the gate circuit can affect the power loop dynamics through
iTch. Fig. 4(c) shows the equivalent circuit of this mode. (2)-
(10) governs the dynamics of this mode. These equations are
fully coupled and solved using the finite difference method.

Mode IV ends when vTgs falls below the threshold voltage.
Losses in this mode can be obtained using (11).

EQx =

∫ tIV

0

ixchv
x
dsdt (11)

3) Mode V (vTgs decay period): vTgs exponentially decays
from Vth1 towards VEE . The total equivalent capacitance
across QT resonates with Ldc, resulting in the oscillations in
idc and vTds waveforms. Meanwhile, vBgs rises towards VGG.

B. Negative crosstalk analysis

The negative crosstalk occurs during the turn-off transition
of QB . Fig. 5 shows the important waveforms. To simplify
the analysis, it is divided into three modes (turn-off delay,
voltage-rise, and current-fall). As QB is gated-off, its vBgs falls
exponentially in the turn-off delay period (mode VI). Load
current I0 is carried by the channel of QB whereas QT blocks
Vdc. No crosstalk is induced in this mode.

1) Mode VII (Voltage-rise period of QB): Mode VII begins
when QB enters the saturation region. iBch solely depends
on vBgs (see (12)). Similar to mode III (see Section II-A1),
vTgs is estimated in two steps. In the first step, vTd′s′ is
obtained by solving (1)-(4) obtained from Fig. 4(a). Similar
to positive crosstalk analysis, impact of Lg1, L

B
g2, L

T
g2 and

Lak are neglected. Then, vTgs is estimated by solving (5)-(9)
with vTd′s′ as the input. Due to fast falling vTd′s′ , v

T
gs reduces

well beyond the negative gate voltage and may exceed the
limit. Consideration of PCB parasitic gate-drain (CT

g′d′(e)) is
important for accurate estimation of vTgs.
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Fig. 4: (a) Mode III equivalent circuit for vTd′s′ estimation (b) Equivalent circuit of QT for vTgs estimation (c) Mode IV equivalent circuit

Fig. 5: Important waveforms during negative crosstalk

2) Mode VIII (Current-fall and ringing period): This mode
begins when DT becomes forward-biased. Channel current
(iBch) has already collapsed to zero, and power loop current
(idc) falls to zero in this mode. The equivalent capacitance
across QB (CB

oss +CB
g′s′d(e) +CB

d′s′(e) +CB
ak) resonates with

Ldc resulting in the oscillations in idc and vBds waveforms. As
(dv/dt) vanishes, vTgs decays back to VEE .

III. DESCRIPTION OF EXPERIMENTAL SETUP

Double pulse tests (DPT) are conducted to characterize
the crosstalk dynamics of SiC MOSFETs in a half-bridge
configuration. The experimental setup is illustrated in Fig. 6.
The DC bus is composed of two 45 µF film capacitors and
three 0.1 µF ceramic capacitors. A 150 µH air-core inductor
serves as the inductive load.

DPT experiments are conducted for two SiC MOSFET:
S1 - C2M0080120D from Wolfspeed (36A, 1200V) and
S2 - LSIC1MO120E0080 from Littelfuse (39A, 1200V).
SiC Schottky diode (C4D10120A from Wolfspeed) is used
with both the SiC MOSFETs. An isolated gate driver
1ED3124MU12H (Infineon Technologies) with a high CMTI
rating (> 200kV/µs) and small isolation capacitance (Cio =
0.9pF ) is used for driving SiC MOSFETs. The device pairs are

Fig. 6: Complete DPT setup including measurement equipment and
inductive load

TABLE III: Range of Operating Conditions

Vdc (V ) I0 (A) RB
g2 (Ω) RT

g2 (Ω)

800 5,10,15,20,25 5,10,20 5,10,20

TABLE IV: Measurement equipment used in DPT

Equipment Part No. Key Features measured signal
Oscilloscope MSO46 1GHz −

Deskew Fixture 067-1686-00 8V −
High-voltage

Differential Probe THDP0200 200MHz, 1.5kV vB
d′s′

Coaxial Shunt SSDN-414-010 1.12GHz, 50A idc
High-bandwidth

Differential Probe TIVP1 1GHz, 50V vT
g′s′

tested for a wide range of operating conditions listed in Table
III. The drain-source voltage (vBd′s′ ) and device current (idc)
of the active device (QB) along with the gate-source voltage
of the complementary device (vTg′s′ ) are the key waveforms
during the crosstalk dynamics. They are measured using the
equipment given in Table IV.

As stated in Section II, detailed nonlinear models of
ich(vgs, vds), Cgd(vdg), Cds(vds) and Cak(vak) are considered
in this article (see Appendix A and B). The parameters
associated with these models are extracted by curve-fitting
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TABLE V: Parameters Extracted from Datasheet for ich model

Device Vth1

(V)
Vth2

(V)
Kp

(A/V2)
θ

(1/V)
Ks Kf

Pvf

(V)
y

S1 4.707 7.941 5.007 0.1086 0.278 1.386 0.25 1.101
S2 5.158 8.436 1.249 0.01042 0.8236 1.1599 0.5976 1.347

TABLE VI: Parameters Extracted from Datasheet for Capacitance models

Device Cgs

(pF)
Cds model Cgd model Cak model

Cds0

(pF)
k1
(V)

m1
Cox

(pF)
Cgd0

(pF)
k2
(V)

m2
Cgd0

(pF)
k3
(V)

m3
VT

(V)
Cak0

(pF)
k4
(V)

S1 1.153 942.7 5.55 0.5 1739.6 805.1 1.297 1 65 0.102 0.25 14.66 754.5 1.67
S2 1685 1240 0.445 0.482 1414 1214 0.3716 1 297.18 2.759 0.3182 8.302 754.5 1.67

TABLE VII: Circuit Parasitics Measured using [35]

Parameter Value Parameter Value
Ldc 15.52 nH Lak 11.74 nH
Ld 5.49 nH Lg1 4.83 nH
Ls 5.46 nH Lg2 34.88 nH

the datasheet curves and given in Table V and Table VI.
Parasitic inductances due package and PCB are obtained
using the measurement technique described in [35] (see Table
VII). Appendix F briefly describes the measurement of PCB
parasitic capacitance. Table XIII shows the measured values
of PCB parasitic inductances.

IV. RESULTS AND DISCUSSION

In this section, the model presented in Section II for
crosstalk analysis is validated using experimental results.

A. Validation of the crosstalk model

The key switching transient waveforms (vBd′s′ , idc, v
T
g′s′ )

obtained from the model are compared with the DPT exper-
iment for a range of operating conditions (see Table III) for
validating the model. Fig. 7 shows the comparison of these
key waveforms during positive crosstalk for four combinations
of RB

g2, R
T
g2 and two values of I0 for the SiC MOSFET

C2M0080120D. Due to high (dv/dt) of SiC MOSFET, the
parasitic inductances in gate loop can induce oscillations in
vTg′s′ waveforms. Hence, the actual gate-source voltage vTgs ob-
tained from the model is also plotted for accurately assessing
induced voltage. Similarly, the comparison of waveforms dur-
ing negative crosstalk for the SiC MOSFET C2M0080120D
is shown in Fig. 8 for four combinations of RB

g2, R
T
g2 and two

values of I0.
As evident, while the vBd′s′ and idc waveforms show close

agreement with the experimental data, the model-predicted
vTg′s′ exhibits some deviation. To evaluate the model’s accuracy
in predicting vTg′s′ , error analysis is performed using standard
metrics such as root mean square error (RMSE), mean absolute
percentage error (MAPE), and the coefficient of determination
(R2) [36]. The low RMSE values (below 5.18), small MAPE
(under 3.3%), and high R2 values (approaching 0.9) indicate
the predictions are sufficiently accurate.

To demonstrate broader applicability of the model, the
validation of the proposed model is also carried out us-
ing DPT experimental results for Littelfuse SiC MOS-
FET LSIC1MO120E0080 (1200V, 39A). The key waveforms
(vBd′s′ , idc, v

T
g′s′ ) for the positive and the negative crosstalk ob-

tained from the model are compared with experimental results
in Fig. 9 and Fig. 10, respectively. Additionally, the model-
predicted vTgs is also shown. As observed, the vBd′s′ , idc, and
vTg′s′ waveforms predicted by the proposed model closely align
with the experimental results across both positive and negative
crosstalk dynamics, confirming the model’s applicability for
the Littelfuse device.

Hence, it can be concluded from Fig. 7 - Fig. 10 that the
proposed model is sufficiently accurate in capturing both pos-
itive and negative crosstalk dynamics. This also underscores
the model’s applicability across devices from different man-
ufacturers. Additionally, it demonstrates that the parameters
extracted from the datasheet, along with the measured circuit
parasitics (see Tables V, VI and VII) are also sufficiently
accurate.

The validated model is then used to establish the importance
of PCB parasitic capacitances in accurately predicting (dv/dt)
and vTgs. The model also presents an optimal design of negative
gate voltage (VEE) to restrict negative spikes and establishes
gate resistance limits to suppress a false turn-on.

B. Importance of PCB parasitic capacitances

CB
g′d′(e), C

T
g′d′(e), C

B
d′s′(e), C

T
d′s′(e) are the PCB parasitic ca-

pacitances considered in this article. A brief description of
the measurement methodology is provided in Appendix F.
CB

d′s′(e), C
T
d′s′(e) significantly impact the slew rate of vBd′s′ as

their magnitude is comparable with the output capacitance of
SiC MOSFET (see Fig. 11). In contrast, the gate-drain PCB
parasitic capacitance (CT

g′d′(e)) significantly impacts vTgs (see
Fig. 12).

To further quantify the impact, (dv/dt) obtained from the
experiment are compared with the proposed model with and
without the inclusion of CB

d′s′(e), C
T
d′s′(e). Similarly, the peak

of vTgs obtained from the model with and without the inclusion
of CT

g′d′(e) are also compared. Tables VIII and IX show
the comparison during the positive and negative crosstalk
dynamics, respectively. The following important points can be
obtained from Fig. 11, Fig. 12, Table VIII and Table IX:
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Fig. 7: Comparison of vBd′s′ , idc, and vTg′s′ waveforms for positive crosstalk using the Wolfspeed device (C2M0080120D). QB (active
device) is being turned on. vTgs obtained from the model shows a positive excursion indicating crosstalk on QT (complementary device). As
vTgs < Vth1, false turn-on did not occur. Note: vTgs cannot be obtained from the experiment due to parasitics.

Fig. 8: Comparison of vBd′s′ , idc, and vTg′s′ waveforms for negative crosstalk using the Wolfspeed device (C2M0080120D). QB (active
device) is being turned off. vTgs obtained from the model shows a negative excursion indicating crosstalk on QT (complementary device).
vTgs exceeded the maximum negative value (AMR) for some cases. Note: vTgs cannot be obtained from the experiment due to parasitics.
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Fig. 9: Comparison of vBd′s′ , idc, and vTg′s′ waveforms for positive crosstalk using the Littelfuse device (LSIC1MO120E0080). QB (active
device) is being turned on. Model-predicted gate-source voltage, vTgs, shows a positive excursion, without crossing Vth1, thus avoiding false
turn-on. (Note: Due to parasitics, vTgs is not obtainable from experiments.)

Fig. 10: Comparison of vBd′s′ , idc, and vTg′s′ waveforms for negative crosstalk using the Littelfuse device (LSIC1MO120E0080). QB (active
device) is being turned off. The model-predicted vTgs shows a negative excursion, occasionally exceeding the negative limit (AMR). (Note:
vTgs cannot be obtained experimentally due to parasitics.)
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TABLE VIII: Impact of PCB Parasitic Capacitances on (dv/dt) and vTgs(pk) during Positive crosstalk

Conditions I0
(A)

(dv/dt) (V/ns) vT
gs peak (positive)

Experiment Proposed Model Proposed model
with Cd′s′(e) % error without Cd′s′(e) % error with CT

g′d′(e) without CT
g′d′(e) % error

RB
g2 = 5Ω, RT

g2 = 20Ω
10 43.53 41.15 5.47 59.54 36.77 2.758 0.248 32.36
20 39.47 37.01 6.23 54.16 37.22 2.333 -0.056 32.57

RB
g2 = 20Ω, RT

g2 = 10Ω
10 29.13 27.52 5.52 40.64 39.51 -0.517 -1.874 30.27
20 27.12 25.83 4.75 37.91 46.76 0.791 -1.155 33.6

TABLE IX: Impact of PCB Parasitic Capacitances on (dv/dt) and vTgs(pk) during Negative Crosstalk

Conditions I0
(A)

(dv/dt) (V/ns) vT
gs peak (negative)

Experiment Proposed Model Proposed model
with Cd′s′(e) % error without Cd′s′(e) % error with CT

g′d′(e) without CT
g′d′(e) % error

RB
g2 = 5Ω RT

g2 = 20Ω
10 20.69 20.54 0.72 35.6 72.06 -9.922 -8.438 30.15
20 34.09 35.71 4.75 54.35 59.43 -11.229 -9.172 33.02

RB
g2 = 20Ω RT

g2 = 10Ω
10 19.74 20.91 5.92 30.98 56.94 -8.422 -7.609 23.75
20 26.09 27.62 5.86 42.78 63.97 -8.968 -7.764 30.34

Fig. 11: Impact of drain-source parasitic capacitances
(CB

d′s′(e), C
T
d′s′(e)) due to PCB layout on vBd′s′ : (a) Positive

crosstalk and (b) Negative crosstalk

Fig. 12: Impact of gate-drain parasitic capacitances (CT
g′d′(e)) due to

PCB layout on vTgs: (a) Positive crosstalk and (b) Negative crosstalk

(i) (dv/dt) is significantly overestimated when CB
d′s′(e),

CT
d′s′(e) are not included in the model. Errors exceeding

36.7% and 56.9% are observed in the (dv/dt) estima-
tion during positive and negative crosstalk, respectively.
However, errors in (dv/dt) estimation are significantly
reduced (to less than 6.23%) when these capacitances are
considered.

(ii) Conversely, the peak value of vTgs during both positive and
negative crosstalk is considerably underestimated, with
errors exceeding 30% for most operating conditions when
CT

g′d′(e) is not included in the model.
From the above discussion, it can be concluded that the

drain-source PCB parasitic capacitances CB
d′s′(e), C

T
d′s′(e) have

a significant impact on (dv/dt) and should be included in the
model. Although CT

g′d′(e) is in the order of a few pico-Farads,
incorporating it in the model is crucial for accurate estimation

Fig. 13: Flow-chart for negative driver voltage and gate resistance
selection. Rg(max) denote the maximum value of gate resistance
based on device power dissipation.

of vTgs. Note: the existing literature does not consider these
capacitances.

C. Optimal design of VEE to restrict negative spikes

It can be observed from Table IX that the negative crosstalk
peaks can exceed the absolute maximum rating (AMR=-10V)
for some operating conditions when VEE =-5V is applied
in the off-state. As this can significantly affect the long-term
reliability [9], [10], it is crucial to optimally design VEE to
restrict negative vTgs peaks.

To estimate the optimal value of VEE for given operating
conditions (Vdc, I0), gate resistance values (RB

g2, R
T
g2) and

circuit parasitics, the algorithm given in Fig. 13 is followed.
The objective is to control both positive and negative vTgs
peaks within safe limits. For the positive peak, the threshold
voltage of the SiC MOSFET (Vth1) is set as the limit, while
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Fig. 14: Worst case vTgs peaks for C2M0080120D with VEE = -5V
(a) Positive peaks (b) Negative Peaks

Fig. 15: Worst case vTgs peaks for C2M0080120D with the optimally
designed VEE = -1.75V (a) Positive peaks (b) Negative Peaks

for the negative peak, 80% of the maximum rating (i.e., -8V
for C2M0080120D) is used as the negative absolute maximum
rating (NAMR).

1. Initialize with DES = 0 and VEE = −5V (recommended
for C2M0080120D). Use the switching transient model
(Section II) to estimate the negative vTgs peaks across all
operating conditions and gate resistance configurations.
Identify the worst-case negative peak (NCP).

2. Optimize VEE to keep the negative vTgs peak below
NAMR across all conditions, calculated as VEE =
−5 + (NAMR − NCPmax). Set DES = 1 once VEE is
optimized.

The optimal design of VEE is demonstrated for
C2M0080120D under the operating conditions specified
in Table III. With DES=0, the model presented in Section II
is solved to obtain the positive and the negative vTgs peaks
(see Fig. 14). The worst case negative peak (NCPmax) is
identified as -11.2291V from Fig. 14(b). Therefore, to limit
the negative peaks to -8V or less, an optimal VEE value of
-1.75V is selected. Results confirm that with VEE = −1.75V,
the negative vTgs peaks are effectively suppressed to below
-8V, ensuring safe operation within the desired limits, as
shown in Fig. 15(b). A simple Zener diode (DDZ9678 -
1.8V) and a series resistor (2.5kΩ) can be used to generate
this non-standard negative voltage from the recommended
supply.

D. Estimation of gate resistance limits to avoid false turn-on

To effectively limit negative vTgs peaks in the off-state, a
smaller VEE is required. However, this necessitates establish-
ing limits on the gate resistance for suppressing false turn-
on. The steps for determining the gate resistance limits are

Fig. 16: Gate resistance limits to avoid false turn-on (C2M0080120D)

outlined below, assuming that VEE is optimized and DES is
set to 1 (see Fig. 13).

• For a given RB
g2, evaluate the positive vTgs peak (PCP)

starting with RT
g2 = 0. If PCP < Vth1, incrementally

adjust RT
g2 until PCP reaches Vth1. This value of RT

g2

defines the maximum safe threshold, above which false
turn-on of QT can occur. Repeat the process for different
RB

g2 values.
The shaded region in Fig. 16 displays the safe zone for gate

resistance values for the C2M0080120D device. Any value
of (RB

g2, R
T
g2) within this region ensures that both positive

and negative peaks remain within safe thresholds. Although a
high (RB

g2, R
T
g2) value can help mitigate (dv/dt) by reducing

switching speed, it also leads to higher induced vTgs peaks
when crosstalk currents flow back. Moreover, increased gate
resistance raises power dissipation due to switching losses,
which may elevate junction temperature and potentially impact
long-term device reliability. Thus, selecting the optimal RB

g2

and RT
g2 values within the safe zone requires careful consid-

eration of device power dissipation and (dv/dt) constraints to
ensure reliable operation.

V. COMPARISON WITH EXISTING LITERATURE

A detailed quantitative comparison of the proposed model
with the existing literature is presented in this section. The
comparison of positive and negative crosstalk dynamics are
presented separately as follows:

A. Comparison of positive crosstalk dynamics
Based on the qualitative comparison presented in Table I,

it is evident that [4] integrates key factors such as nonlinear
capacitance, time-varying (dv/dt), and parasitic inductance
in analyzing positive crosstalk. Therefore, [4] serves as a
reference for comparing critical metrics like (dv/dt) and
positive vTgs peak during positive crosstalk dynamics.

A detailed quantitative comparison of (dv/dt) and positive
vTgs peak is shown in Table X. The error in (dv/dt) is
computed by considering the experiment as the reference. As
vTgs cannot be obtained from the experiment due to circuit
parasitics, the error in vTgs peak is computed with respect to
the proposed model. It can be observed that [4] significantly
overestimates (dv/dt) (> 36.5% error), whereas the proposed
model < 10% error in (dv/dt) for the entire range of operating
conditions. In contrast, it is observed that [4] underestimates
the vTgs peak (errors as high 44%) considerably.
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TABLE X: Quantitative Comparison with the Existing Literature - Positive Crosstalk Dynamics

Conditions I0
(A)

(dv/dt) (V/ns) vT
gs peak (positive)

Experiment Proposed Model [4] Proposed model [4]
value % error value % error value value % error

RB
g2 = 5Ω,RT

g2 = 10Ω
10 44.11 40.41 8.39 59.36 36.5 4.487 3.321 18.69
20 38.96 35.99 7.62 54.12 38.9 3.632 2.482 21.38

RB
g2 = 20Ω, RT

g2 = 20Ω
10 29.13 26.24 9.89 40.31 38.4 4.268 1.615 44.08
20 26.52 24.41 7.97 37.8 42.5 3.959 1.368 45.38

TABLE XI: Quantitative Comparison with the Existing Literature - Negative Crosstalk Dynamics

Conditions I0
(A)

(dv/dt) (V/ns) vT
gs peak (negative)

Experiment Proposed Model [3] Proposed model [3]
value % error value % error value value % error

RB
g2 = 5Ω, RT

g2 = 20Ω
10 20.69 18.88 8.71 35.61 72.1 -7.107 -7.023 1.57
20 34.09 36.40 6.79 54.35 59.42 -8.22 -7.477 11.48

RB
g2 = 10Ω, RT

g2 = 5Ω
10 20.83 18.88 9.35 43.47 46.37 -4.625 -5.521 31.16
20 33.04 30.96 6.29 56.16 69.97 -5.172 -6.272 32.14

B. Comparison of negative crosstalk dynamics

As observed from Table I, [3] also considered nonlinear
capacitance of SiC MOSFET compared to other research
papers in analyzing negative crosstalk. Hence, [3] is used as
a benchmark for comparing key metrics in negative crosstalk
dynamics.

A detailed quantitative comparison of (dv/dt) and negative
vTgs peak is shown in Table XI. Similar to positive crosstalk
dynamics, (dv/dt) is significantly overestimated by [3]. Errors
as large as 72.1% are observed in (dv/dt) estimation. While
the negative vTgs peak is underestimated for RB

g2 = 5Ω, RT
g2 =

20Ω, overestimation in negative vTgs peak is observed for
RB

g2 = 10Ω, RT
g2 = 5Ω. This discrepancy can be attributed

to the significantly higher (dv/dt) estimated by [3], which
overcompensates in vTgs prediction.

From the above comparison, it is evident that the proposed
work significantly improves the accuracy in estimating the
(dv/dt) and vTgs peaks. The improvement in the (dv/dt)
prediction is due to the incorporation of nonlinear channel
current and PCB parasitic capacitance in addition to other
essential parameters (see Table I).

VI. CONCLUSION

This article presents an improved model to accurately
estimate the positive and negative gate-source voltage (vTgs)
peaks of the complementary SiC MOSFET induced due to
the crosstalk phenomenon when the active device in the
half-bridge configuration is switching. To avoid the reverse
recovery of the body diode of SiC MOSFET, SiC SBDs are
used in this article. The model considers the detailed “two-
channel model” of the channel current and nonlinear capaci-
tances of SiC MOSFETs and SiC SBDs, along with parasitic
inductances and PCB parasitic capacitances. By incorporating
these critical parameters, a significant improvement is made by
the proposed model in predicting vTgs peaks. The experimental
results for two 1200V SiC MOSFETs for a wide range of
operating conditions validate the proposed model.

The important findings of this article are summarized as
follows:

• This article establishes the importance of PCB parasitic
capacitances for accurate estimation of drain-source volt-
age gradients (dv/dt) and vTgs peaks.
– The results shows that the (dv/dt) can be significantly

overestimated (> 36.77% error) compared to the exper-
imental (dv/dt) when the drain-source PCB parasitic
capacitances (CB

d′s′(e), C
T
d′s′(e)) are not included in the

model.
– In contrast, vTgs peaks are considerably underestimated

(> 30% error) when the gate-drain PCB parasitic
capacitance (CT

g′d′(e)) is not considered.
• While the positive peaks remain well below the threshold

voltage with recommended negative gate voltage, the neg-
ative vTgs peaks exceed the maximum rating. To restrict
the negative vTgs peaks below a specified value (80% of
the maximum rating), an optimal design of negative gate
voltage is presented in this article.

• For the optimal negative gate voltage, limits on the gate
resistance values are determined to avoid a false turn-on.

• The results show that the false turn-on is a self-regulatory
phenomenon, i.e., vTgs decays to the negative gate voltage
eventually. Moreover, a very small amount of loss is
incurred in the complementary device as vTgs does not
exceed the threshold voltage by a large amount.

In summary, this article recommends the application of
smaller negative gate voltage to enhance the reliability of SiC
MOSFET by restricting the negative spikes well below the
maximum limit and still avoid a false turn-on by properly
selecting gate resistance values.
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TABLE XII: “Two-channel model” of SiC MOSFETs’ channel current based on McNutt’s Work [31]

ich1 =



0, vgs < Vth1

Ks
Kp (vgs − Vth1)

2

2(1 + θ(vgs − Vth1))
, vds > (vgs − Vth1)/Pvf , vgs > Vth1

Ks

Kf

(
(vgs − Vth1) vds −

(
P y−1
vf

/
y
)
(vgs − Vth1)

2−y vyds

)
(1 + θ(vgs − Vth1))

, vds < (vgs − Vth1)/Pvf , vgs > Vth1

ich2 =



0, vgs < Vth2

(1−Ks)
Kp (vgs − Vth2)

2

2(1 + θ(vgs − Vth2))
, vds > (vgs − Vth2)/Pvf , vgs > Vth2

(1−Ks)
Kf

(
(vgs − Vth2) vds −

(
P y−1
vf

/
y
)
(vgs − Vth2)

2−y vyds

)
(1 + θ(vgs − Vth2))

, vds < (vgs − Vth2)/Pvf , vgs > Vth2

ich = ich1 + ich2 (12)

Fig. 17: Channel current model

APPENDIX

A. Channel Current Model

Accurate extraction of threshold voltage is important for the
crosstalk analysis. In this article, a detailed nonlinear channel
current model (see (12)) of SiC MOSFET is used [31]. The
channel current ich comprises of two MOSFET channels in
parallel. While ich1 dominates in the low current region, ich2
dictates the high current region. This “2 channel model” results
in improved threshold voltage extraction close to the datasheet
value. To validate the premise, the “2 channel model” is
compared with the single-channel model (put Ks = 0 in (12))
typically used in the literature [34], [37] (see Fig. 17). While
Vth1 = 4.707V and Vth2 = 7.941V are obtained for the “2
channel model”, single channel model gives Vth = 6.051V
(see inset of Fig. 17). Note: threshold voltage extracted using
the linear channel current model (ich = gfs(vgs−Vth)) used in
[3], [4] results in even higher (7.487V). Thus, a better channel
current model is also used in this article.

B. Capacitance models of SiC MOSFET and SiC SBD

To model the nonlinear capacitances (Cds, Cgd) of SiC
MOSFET, detailed nonlinear models (see (13) and (14)) are
considered [37]. Similarly, a nonlinear model (see (15)) is used
for modeling the reverse-biased capacitance Cak of SiC SBD.

Cds(vds) =
Cds0(

1 +
vds
k1

)0.5

Cgd(vdg) =



Cox vdg < 0
Cgd0(

1 +
vdg
k2

) 0 ≤ vdg ≤ VT

Cgd1(
1 +

vdg − VT

k3

)m2
vdg ≥ VT

Cak(vak) =
Cak0(

1 +
vak
k4

)0.5

(13)

(14)

(15)

C. Empirical relationship of (dv/dt) and vTgs peaks with load
current and gate resistances

Deriving a closed-form expressions for (dv/dt) and vTgs
peaks are challenging due to the pronounced nonlinearities
in the characteristics of SiC MOSFETs and SiC SBDs. How-
ever, to capture the dependence of these quantities on load
current and gate resistances, empirical relationships have been
formulated using the validated crosstalk model.

The expressions for (dv/dt) during the turn-on and turn-
off transitions of the active device are shown in (16) and
(17), respectively. As indicated, (dv/dt) decreases with I0
during the turn-on transition, while it increases with I0 during
the turn-off transition. However, (dv/dt) decreases with the
increase in RB

g2 during both turn-on and turn-off transitions.
The relationships between the positive and negative vTgs peaks,
(dv/dt), and RT

g2 are presented in (18) and (19), respectively.
It is observed that the magnitude of both positive and negative
vTgs peaks increase with (dv/dt) and RT

g2. In these equations,
a1–a3, b1–b3, c1–c4, and d1–d3 denote fitting parameters
obtained through curve fitting of the vTgs and (dv/dt) plots.

dv

dt (on)
=

c1(
1 +

I0
c2

)(
1 +

RB
g2

c3

)c4

dv

dt (off)
=

d1I
d2
0(

1 +
RB

g2

d3

)

(16)

(17)
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vTgs peak (positive) =
(
a1 log(R

T
g2 + a2) + a3

)(dv

dt (on)

)
vTgs peak (negative) =

(
b1 exp(−b2R

T
g2) + b3

)(dv

dt (off)

)b4

(18)

(19)

D. State-space representation of the proposed model

To enable efficient implementation of the proposed model in
popular programming environments such as C/C++ or Python,
(1)-(9) are reformulated into a state-space format. This ap-
proach integrates seamlessly into practical design workflows,
allowing for precise predictions of crosstalk-induced gate-
source voltage peaks. The governing equation for the circuit
in Fig. 4(a) is shown in (20) and solved numerically to obtain
vTd′s′ . Subsequently, (21) corresponds to the circuit in Fig. 4(b),
which uses the estimated vTd′s′ to calculate vTgs.



didc
dt

dvTd′s′

dt

dvBds
dt

dvBgs
dt


=



Vdc − vBds − vTd′s′

Ldc + Ld + Ls
idc − I0

CT
oss + CT

d′s′(e) + CT
ak

idc − iBch
CB

g′s′d(e) + CB
d′s′(e) + CB

ak

VGG − vBgs − Ls
didc
dt

+ τ2(v
B
dg)

dvds
dt

τ1(vBdg)


(20)



dvTgs
dt

dvTds
dt

diBs
dt

diTd
dt

dvTg′d′

dt



=



(
CT

ds + CT
gd

) (
iTs − iTd

)
+ CT

gdi
T
d

Cgs

(
CT

ds + CT
gd

)
+ CT

gdC
T
ds

CT
gd

(
iTs − iTd

)
+
(
Cgs + CT

gd

)
iTd

Cgs

(
CT

ds + CT
gd

)
+ CT

gdC
T
ds

vTg′d′ + vTd′s′ − vTgs −
(
iTs − iTd

)
Rg1

Ls

vTgs − vTds − vTg′d′ +
(
iTs − iTd

)
Rg1

Ld

VEE − vTg′d′ − vTd′s′ −
(
iTs − iTd

)
Rg1

Rg1CT
g′d′(e)



(21)

E. Discussion on post-false dynamics, its detection and over-
shoots in the current

It can be observed from Fig. 15 that false turn-on of QT can
occur if gate resistance values are chosen outside the shaded
region in Fig. 16 (e.g., RB

g2 = 5Ω, RT
g2 = 20Ω). To confirm

the occurrence of false turn-on, DPT test is conducted with
RB

g2 = 5Ω, RT
g2 = 20Ω, VEE = −1.75V. Note: this condition

results in the highest positive vTgs peak in the chosen range of
gate resistances (i.e., RB

g2, R
T
g2 ∈ (0, 20)Ω).

The model’s predicted results are compared with the exper-
imental data in Fig. 18(a) for Vdc = 800V, I0 = 10A and a
good correlation is observed. As it is challenging to detect the
occurrence of false turn-on by analyzing vTg′s′ , v

B
d′s′ and idc

waveforms, vTgs and iTch predicted from the model are shown
in Fig. 18(b). It is evident that QT experiences false turn-on
as vTgs exceeds Vth1 (shown as shaded region in Fig. 18(b)).
However, vTgs eventually falls below Vth1 and false turn-on do
not persist due to its self-regulatory nature, which is explained
as follows. As the channel gets turned on (iTch > 0), the voltage
drop across Ls presents a negative feedback and opposes the

Fig. 18: (a) Comparison of idc, vBd′s′ , v
T
g′s′ waveforms obtained from

the model with experiment (b) vTgs > Vth1 and iTch > 0 showing a
false turn-on of QT (800V, 10A, VEE = −1.75V])

Fig. 19: Experimentally obtained idc waveforms showing negligible
overshoot (a) I0 = 5A and (b) I0 = 25A. (Vdc = 800V, RB

g2 = 5Ω)

rise in vTgs. Moreover, as vTds reaches Vdc, the (dv/dt) becomes
negligible and the source of induced vTgs disappears. Therefore,
vTgs reduces and decays to VEE eventually.

Fig. 18(b) shows that the false turn-on of QT occurs only for
a brief duration, resulting in a minimal energy loss of 4.8618µJ
compared to the total energy loss. Moreover, it results in
negligible overshoot in the current, as shown in Fig. 19. The
false turn-on in this case can be considered to be mild and its
detection requires estimation of vTgs and iTch waveforms, which
can be estimated from the proposed model.

However, for more pronounced cases, the false turn-on
can be detected by monitoring variations in the drain-source
voltage slew rate (dv/dt), as detailed in [38]. Prior to false
turn-on, RT

g2 has no effect on dv/dt. However, after false turn-
on, increasing RT

g2 causes a detectable reduction in dv/dt.
By systematically varying RT

g2, these dv/dt changes can be
observed as an experimental indicator of false turn-on in
pronounced cases. This detection approach offers a practical,
indirect means to confirm false turn-on events when they
significantly impact switching behavior.

F. Measurement of PCB parasitic capacitance
As noted in Section IV-B, gate-drain (CB

g′d′(e), C
T
g′d′(e)) and

drain-source PCB parasitic capacitances (CB
d′s′(e), C

T
d′s′(e))

are essential for accurately predicting (dv/dt) and crosstalk-
induced vTgs peaks. These capacitances are constant for a given
PCB layout, determined by trace geometry, overlap, spac-
ing, and dielectric properties. While they cannot be entirely
removed, their impact can be reduced by minimizing trace
overlap and selecting lower-permittivity materials.
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Fig. 20: (a) Bare PCB (b) Equivalent circuit model of the bare PCB
(c) Step-source with large series resistance

TABLE XIII: Measured Values of Parasitic Capacitance

Tests Measured
Capacitance

Value
(pF)

Extracted
Capacitance

Value
(pF)

5.1 CB
g′s′(e) + CB

g′d′(e) 8.863 CT
g′s′(e) 4.61

5.2 CT
g′s′(e) + CT

g′d′(e) 10.222 CT
g′d′(e) 5.61

5.3
CB

g′s′(e) + CB
d′s′(e)

+CT
g′d′(e) + CT

d′s′(e)
178.723 CT

d′s′(e) 86.2

5.4
CB

g′s′(e) + CB
d′s′(e)

CT
g′s′(e) + CT

d′s′(e)
177.723 CB

g′s′(e) 4.113

5.5
CB

g′d′(e) + CB
d′s′(e)

+CT
g′s′(e) + CT

d′s′(e)
178.36 CB

g′d′(e) 4.75

5.6
CB

g′s′(e) + CB
d′s′(e)

+Cdc(par)

1132.01 CB
d′s′(e) 82.8

5.7
CT

g′s′(e) + CT
d′s′(e)

+Cdc(par)

1135.91 Cdc(par) 1045.1

These capacitances are typically in the picoFarad range,
making measurement with standard instruments like LCR
meters is challenging. This work applies the method from [35]
using a bare PCB (see Fig. 20(a)), whose lumped circuit model
is shown in Fig. 20(b). To measure these capacitances, a step
voltage is applied across two PCB terminals with a high-value
series resistor (≈ 100− 500kΩ) to suppress inductive effects.
Sequential tests (5.1–5.7 in Section III-B of [35]) provide
equivalent capacitances, obtained from time constants in the
step response. Solving these yields individual capacitances,
shown in Table XIII.

G. Effect of trench gate structure on crosstalk dynamics

The trench gate structure of SiC MOSFET can significantly
affect device characteristics which in turn can affect switching
behavior and crosstalk dynamics. To better understand the ef-
fect of the gate structure on device behavior, the characteristics
of planar gate SiC MOSFET (C2M0080120D from Wolfspeed)
is compared with trench gate SiC MOSFET (SCT3080KL), as
shown in Fig. 21.

While transconductance of both devices are similar, trench
gate SiC MOSFET has slightly higher threshold voltage but
superior on-state resistance. In addition, while the planar-gate

Fig. 21: Comparison of characteristics of planar with trench gate
SiC MOSFET (a) Transfer characteristics (id vs vgs) (b) Output
characteristics (id vs vgs) (c) Capacitance characteristics

SiC MOSFET has marginally larger gate-source (Cgs) and
drain-source (Cds) capacitances, the trench-gate device has
a significantly larger gate-drain capacitance (Cgd). A distinct
characteristic of the trench-gate design is its notably higher
Cgd/Cds ratio. Consequently, trench-gate devices are likely
to exhibit slower switching transients due to this elevated
Cgd/Cds ratio but may also increase the induced gate-source
voltage in the complementary device during positive and
negative crosstalk events [6].
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