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Abstract—Due to the increased likelihood of a potential dc bus
shoot-through and eventual device failure, detection of false turn-
on of SiC MOSFET is essential. However, detecting false turn-
on through experiments is challenging due to the difficulty in
measuring the actual gate-source voltage and channel current of
the device. This paper presents an experimental method to detect
the occurrence of false turn-on of SiC MOSFETs when used in a
half-bridge configuration. The false turn-on event causes a device
overcurrent and slower drain-source voltage transitions, which
are used as indicators for the experimental method. The method
is verified through DPT experiments and SPICE simulation for
a 1.2kV SiC MOSFET for a range of operating conditions.

Index Terms—False turn-on, crosstalk, detection, SiC MOS-
FET, DPT, Experiment,

I. INTRODUCTION

SiC MOSFETs are increasingly gaining popularity over
silicon counterparts due to their significantly faster-switching
transients, lower losses, and ability to operate at higher
temperatures [1]. However, fast-switching transients of SiC
MOSFETs (e.g., high (dv/dt)) can amplify the impact of
circuit parasitics resulting in unwanted challenges. Among
them, the false turn-on phenomenon poses a serious issue for
SiC MOSFET [2]. It refers to the unintentional triggering of
the complementary MOSFET during the active device’s turn-
on transition. The simultaneous turn-on of both devices in
a half-bridge leg can cause a potential short circuit of the
DC bus, resulting in overcurrents, increased switching losses,
excessive heating, and eventual device failure [3].

The false turn-on of the complementary MOSFET occurs
during the turn-on transition of the active device QQp. A
positive voltage is applied at the gate of Q5. As Qp turns
on, load current [y is first transferred from the top device
to @p, and then, its drain-source voltage vgsp falls to on-
state drop. Consequently, the drain-source voltage of the top
device vgs increases from zero to DC bus voltage. However,
due to this voltage gradient (dv/dt), a current is induced in
the gate circuit of Qp through the miller capacitance. This
current charges the gate-source capacitance of ), and a gate-
source voltage vgs7 is spuriously induced in Q7. When vgsr
exceeds the threshold voltage, Q)1 experiences a false turn-on,
as shown in Fig. 1(b).

This phenomenon has been well recognized in the existing
literature [3]-[11]. Among these [3]-[7] presented detailed
mathematical models for predicting the spurious gate-source
voltage induced in the complementary device. On the other
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Fig. 1: (a) SiC MOSFETs in half-bridge configuration (b)
waveforms related to false turn-on phenomenon: ()p - active
SiC MOSFET Qr - complementary SiC MOSFET, Dy, Dp
- SiC Schottky Diodes (SBD)

hand, suppression of this spurious gate-source voltage was
addressed in [8]-[10]. Although analysis and suppression of
false turn-on are given considerable attention, the research
publications concerning its detection through experiments are
scarce [11]. This is due to the difficulty in measuring the actual
gate-source voltage and channel current of SiC MOSFET,
which are primary indicators of the false turn-on phenomenon
[11].

Detection of false turn-on in experiments is essential for (a)
proper selection of gate drive parameters for safe operation
and (b) identification and suppression of crosstalk in experi-
ments. [11] proposed a method to detect false turn-on in SiC
module by measuring the current through the common-source
inductance of the complementary MOSFET. By comparing
this ringing current for two different negative drive voltages,
the signature of the false turn-on was determined (under a
constant (dv/dt) approximation). However, it is not always
possible to vary gate-drive voltage or probe the current in the
actual converter setup.

From the above discussion, it is evident that there is a
lack of literature that describes the usage of experimentally
accessible waveforms for detecting false turn-on of SiC MOS-
FETs in a half-bridge configuration. This paper addresses
this gap and presents a mechanism to detect the false turn-
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on experimentally. Unlike the device current measurement in
the existing detection technique [11], the proposed method
requires only the measurement of the complementary device’s
drain-source voltage. In addition, it presents additional in-
sights into the false turn-on process. The proposed method
is validated through experimental and simulation results for
a 1.2kV, 30A SiC MOSFET for a wide range of operating
conditions. Also, it is applied to SiC MOSFETs in two half-
bridge configurations (a) with and (b) without anti-parallel SiC
Schottky diode.

This paper is arranged in the following order. A brief
overview of the switching dynamics during the false turn-on
phenomenon and the proposed detection technique is discussed
in Section II. Section III presents details of the double pulse
test (DPT) experimental setup and equipment used in this
article. Section IV presents the experimental results and the
application of the proposed technique for detecting false turn-
on in half-bridge configurations. Finally, section V concludes
the paper.

II. PROPOSED FALSE TURN-ON DETECTION MECHANISM

In this section, a brief overview of the switching dynamics
before and after the occurrence of the false turn-on is presented
through SPICE simulation. The insights obtained herein are
then used to propose a false turn-on detection method.

A. False turn-on dynamics - A Brief Overview

To understand the dynamics of false turn-on, SiC MOS-
FET is considered in a half-bridge configuration as shown
in Fig. 1(a). The active device (Qp is undergoing a turn-
on transition while the complementary device Qr is kept
at off-state by applying a negative voltage Vrg. The circuit
in Fig. 1(a) is simulated in SiMetrix (SPICE environment)
with SiC MOSFET model at the operating condition: V. =
800V, Iy = 20A,Vgg = —5V. The simulated false turn-
on waveforms without and with the SiC Schottky diode
(Dp, Dr— C4D20120A) are shown in Fig. 2(a) and (b),
respectively. As evident from Fig. 2, false turn-on of Qr
initiates during the voltage transition period (at the boundary
between light pink and green shaded regions). After Qr
falsely turns on, the output capacitance of ()7 discharges to
support the channel current, leading to a reduction in the drain-
source voltage gradient (dv’,, /dt). Consequently, an effective
voltage drop appears across the power loop inductance (Lg.),
resulting in a current drawn from the DC bus. This additional
current appears as an overcurrent in the active device Qp
and leads to an additional loss in both the devices in the
half-bridge. Compared to Fig. 2(a), a slower rise/fall in the
drain-source voltages can be observed in Fig. 2(b). This is
due to an increase in the effective output capacitance across
the devices due to the reverse-biased depletion capacitance of
the SiC Schottky diode, making the circuit less susceptible to
false turn-on.

B. Indicator for false turn-on detection

It is observed from Fig. 2 that the turn-off gate resistance
(Rgr) of Qr can significantly impact the switching dynamics

[— R =10 — Ryr =52 —— Ryr = 20Q)

800 Vie , 40
’l}dB,s_,})/ g bde

400 T AN 20

0 \_ 0
800 Ve /:@M@’/’\\ ,V/>“\>

’l}:{;s/ ’//N

400t

0

0 20 40 60 80 100

800 |Vde . 40

400 I \ 20
o—/ NS 0

800 Vdr LN 9\\“’,
4
400}
0
0 20 40 60 80 100
t(ns)
(b)

Fig. 2: Simulation Waveforms obtained from SPICE [V, =
800V, Iy = 20A, Ryp = 5§, Vgg = —5V] (a) Without SiC
SBD (b) With SiC SBD

(i.e., change in (dv/dt) after the occurrence of the false turn-
on phenomenon). This also means that its converse statement
that the switching dynamics is negligibly impacted by R,r,
then there is no false turn-on, is also true. As evident from
Fig. 2, increasing Ry from 1 to 5Q leads to negligible
differences in the waveforms. This indicates the absence of
a false turn-on. However, increasing Ry, beyond 52 leads
to a reduction in the drain-source voltage gradients (dv/dt)
significantly (see Fig. 2), indicating the occurrence of the false
turn-on.

A plot of the drain-source voltage gradients
(dvE ., /dt,dv} ., /dt - obtained from the SPICE simulation)
as a function of R,7 is shown in the Fig. 3 for various
operating conditions. The (dv/dt) is calculated by considering
the time taken for the voltages to change from 10-90% of the
DC bus voltage. It can be observed that both dv? , /dt and
dvl ., /dt remain almost invariant for a given load current
when Rgr changes from 1€ to 5. On the other hand, both
voltage gradients are observed to reduce when increasing
Rgr from 5Q to 20€2. This further bolsters the use of (dv/dt)
and its dependence on R,r for detecting false turn-on.

C. Proposed detection method

The main objective of the detection technique is to de-
duce if a false turn-on occurs at a given operating condition
(Vie, lo, Ry, Ry7). The proposed method considers only the
active devices’ drain-source voltage (v ) measurement and
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Fig. 4: False Turn-on Detection Algorithm

the insight presented in the previous subsection. The following
steps are followed to detect a false turn-on (see Fig. 4.)

e Step 1: Set the operating condition (Vy, Iy, Ryp, Rgr =
Ryro) and measure the vgs, waveform experimentally.
Extract the gradient of vy s p and set it as the reference
(dv/dt)g.

o Step 2: Increase Ryr = Ry and follow Step 1 to obtain
the drain-source voltage gradient ((dv/dt)1).

e Step 3: Compare the drain-source voltage gradient with
the reference. If (dv/dt); = (dv/dt)y then the v5
remained unaffected by the increase in R47. Hence, it can
be concluded that the false turn-on did not occur at both
values of Ryr (i.e., Ryro, Rgr1). On the other hand, if
(dv/dt); < (dv/dt)o, then it can be concluded that false
turn-on has occurred at the new value of Ry = Ryri.

Coaxial Current DC Bus Film Capacitors

Shunt Resistor

SiC
MOSFET

Gate Driver

Fig. 5: Experimental Setup

However, nothing can be concluded for the operating
condition with Ry7 = Rg7¢. Further investigation is
required.

e Step 4: Select a new value of turn-off gate resistance
Ryra < Rgro. Follow Step I and obtain the new
gradient (dv/dt)s. A false turn-on occurs at the operating
condition if (dv/dt)s < (dv/dt)o else, there is no false
turn-on.

III. EXPERIMENTAL SETUP

Double pulse test (DPT) is a widely used experimental
technique to characterize the switching transients of SiC MOS-
FETs. The experimental setup is shown in Fig. 5. The setup is
designed to operate at DC bus voltage V. = 800V and load
current up to Iy = 60A. Two sets of 45, F film capacitors and
three sets of 0.1y F ceramic capacitors form the DC bus and
supply the switching currents. A 150uH air-core inductor is
used as the inductive load. The DPT is conducted for a SiC
MOSFET (LSICIMO120E0080 39A,1200V from Littelfuse)
in two half-bridge configurations (a) with and (b) without
SiC Schottky diode (C4D20120A, 33A, 1200V). Isolated gate
driver 1ED3124MUI12H (Infineon Technologies) with high
CMTI rating (> 200kV/us) and small isolation capacitance
(Cipo = 0.9pF) is used for driving the SiC MOSFETs.

The test conditions are: dc bus voltage V;. = 800V, turn-on
gate resistance for bottom device R, p = 5, 2012, turn-off gate
resistance for the top device Ryr = 1,2,5, 10,2092 and load
currents Iy = 5,10,15,20,25A. The drain-source voltages
vE (t),v],,(t) and active device current i4(t) are the key
waveforms for characterizing the false turn-on switching tran-
sients. The drain-source voltages are measured using a high-
voltage differential probe (THDP0200 from Tektronix) with
200 MHz bandwidth, whereas a coaxial current shunt resistor
(SSDN-414-10) from T&M Research is used for measuring
the device current. These signals are captured in a 1 GHz
mixed-signal oscilloscope (MDO2104) from Tektronix and
then processed in MATLAB. A deskew and calibration fixture
(067-1686-00 from Tektronix) is used to match the delay of
the current and voltage probes.
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Fig. 6: Experimental waveforms obtained for SiC MOSFETs
in a half-bridge configuration with SiC SBD. (a) Ryp =
5Q,I4. = 5A (b) Ryp = 20Q, I, = 25A

IV. RESULTS AND DISCUSSION

In this section, the experimental results are used to vali-
date the proposed method for detecting false turn-on of SiC
MOSFETSs in a half-bridge configuration.

A. Half-bridge configuration with SiC SBD

Fig. 6(a) shows the experimentally obtained switching tran-
sient waveforms (v%,,v7, ., i4.) for SiC MOSFET in a half-
bridge configuration with an externally connected anti-parallel
SiC Schottky diode. The waveforms are obtained for the
operating conditions: Vg = 800V, Ryp = 58,15 = 5A,
and for Ryr = 1,5,10,202). As evident, the experimentally
obtained waveforms show a negligible change when Ry is
increased from 1) to 5C). Whereas, further increase of Ryr
to 1092 and 202 results in substantial changes in the wave-
forms: (a) rate of change of drain-source voltages (v2,,v7] )
reduces and (b) i4. experiences overcurrent. This validates the
insight presented in Section II.C that the switching transients
become a function of R,7 following the occurrence of the
false turn-on. Similarly, experimentally obtained waveforms
for Ryp = 2092, I3, = 25A are shown in Fig. 6(b) with other
operating conditions remaining the same. It can be observed
that increasing Ry from 1Q to 20Q2 has no effect on the
switching transient waveforms. This indicates the absence
of the false turn-on in the complementary device. Thus,
high values of turn-on gate resistance of the active device
(Ryp) minimize the susceptibility of the false turn-on. This
is due to the decrease in the drain-source voltage gradients
(dvB ., /dt), (dv} ., /dt) with the increase in R,p, which is
not sufficient to cause the false turn-on. However, larger R,p
will lead to an increase in turn-on losses.

B. Half-bridge configuration without SiC SBD

The experimentally obtained drain-source  voltage
s, vT.) and current (ig.) waveforms for half-bridge
configuration without SiC SBD are shown in Fig. 7(a) at
the operating condition 800V, 5Q,5A for various values of
Ryp. Similarly, experimental waveforms at the operating
condition 800V,2012,25A are shown in Fig. 7(b). As
evident, increasing R, has a higher impact on false turn-on

—— Ry =10  —— Ry =50 —— Ry =100

80C

Ryr = 2002

800)
B 400
400,

'l;dT,_,_, 0
40
30 Lde,
20
10
0

0 20 40 0 40 80 120
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(a) (®)
Fig. 7: Experimental waveforms obtained for SiC MOSFETs
in a half-bridge configuration without SiC SBD. (a) R;p =
5Q, 1. = 5A (b) Rygp = 20Q, I, = 25A

TABLE I: Comparison of drain-source voltage gradients
(dv/dt)

With SiC SBD Without SiC SBD
Operating Rgr | (v /dt)  (dvl,,/dt) | (doli_/dt)  (dvl,_,/dt)
Condition () (V/ns) (V/ns) (V/ns) (V/ns)
1 24.14 23.14 38.71 35.88
5 24.08 23.14 39.35 32.97
1?2:9:55‘;2 10 21.05 20.34 29.50 28.57
20 15.13 15.00 2143 19.67
1 11.19 11.32 19.67 20.00
5 11.11 11.32 19.67 19.67
Rgp = 209 10 11.43 11.21 17.39 17.35
Ije = 25A
20 9.84 9.68 13.56 13.19

waveforms compared to the case where anti-parallel SiC SBD
is used. This is due to higher drain-source voltage gradients
observed without SiC SBD, which results in higher spurious
gate-source voltage for the same operating conditions. Table
I presents the (dv/dt) obtained in the above two cases.

C. Illustration of false turn-on detection mechanism

In this subsection, the proposed method is applied to detect
whether a false turn-on occurs at the operating condition. The
algorithm for false turn-on detection is shown in Fig. 4, and
a detailed process is described in section II.

To illustrate the proposed false turn-on detection method, it
is applied for the operating condition [Vy. = 800V, ;. =
154, Ry = 5Q, R,y = 1082]. Following step 1, double
pulse test is conducted for the operating condition mentioned
above. vZ , is obtained from the double pulse test and its
gradient (dv/dt)o is estimated as 16.85V/ns. In step 2, Ryp
is increased to 2092 and and the new (dv/dt); is obtained
as 12.63V/ns (see Fig. 4). Since (dv/dt)1 < (dv/dt)o, false
turn-on occurred at Rgr = 20€2. However, the occurrence
of false turn-on cannot be predicted at Ryr = 108 yet.
Rgr is chosen to be 52 smaller than the operating Ryr =
1092 (dv/dt) estimated experimentally at Rgr = 5Q is
17.647V/ns. Since, (dv/dt)y < (dv/dt)s, this implies that
the false turn-on occurred at R,z = 10f). Note: although
the change in (dv/dt) due to the occurrence of false turn-
on appears to be small, a significant change is observed in
the waveforms. Therefore, to verify the above conclusion, the
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waveforms at these values of turn-off gate resistances (247)
are compared in Fig. 8.
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Fig. 8: Proposed Alogrithm

V. CONCLUSION

In this paper, a simple experimental method is proposed to
detect the false turn-on phenomenon for SiC MOSFETSs in a
half-bridge configuration. A brief overview of the false turn-on
phenomenon presented in this paper indicated that the switch-
ing transients become dependent on the turn-off gate resistance
of the complementary device (undergoing false turn-on) after
the occurrence of the false turn-on. This insight is used to
propose a method to detect the false turn-on experimentally.
The method requires only the measurement of the drain-source
voltage of the active device. Therefore, it can be used for
detecting false turn-on in a practical power converter. Double
pulse tests are conducted to obtain the switching transients
of a 39A, 1200V SiC MOSFET (LSICMO120E0080) from
Littelfuse for a wide range of operating conditions. The
insight and the proposed false turn-on mechanism are validated
experimentally.

It is observed that half-bridge configurations without SiC
SBD are more susceptible to false turn-on compared to the
case where SiC SBD is used. This is due to significantly higher
gradients of drain-source voltages without the SiC SBD.
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