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Improved S1C Power MOSFET Model Considering
Nonlinear Junction Capacitances

Zhuolin Duan

Abstract—Silicon carbide (SiC) power metal-oxide—
semiconductor field-effect transistors (MOSFETs) have been
applied in high-power and high-frequency converters recently.
To effectively predict characteristics of SiC power MOSFETs in
the design phase, a simple and valid model is needed. In this
paper, a simple improved SiC power MOSFET behavioral model is
proposed using SPICE language. Key parameters in the model are
analyzed and determined in detail, including parasitic parameters
of the power module, steady-state characteristic parameters, and
nonlinear parasitic capacitances. The effect of negative turn-OFrF
gate drive voltage is considered and a continuously differentiable
function is proposed to describe the gate-source capacitance.
Experimental validation is performed under a double pulse circuit
employing an N-channel power MOSFET half-bridge module
CAS300M12BM2 (Cree Inc.) rated at 300 A/1200 V. The main
switching dynamic characteristic parameters of the model have
been compared with those of the measured results. The results
show that taking gate-source capacitance as a linear value as
most previous models do will cause significant turn-ON deviations
between experiment and simulation results, while the improved
model is more accurate compared with the measured results.

Index Terms—Behavioral model, metal-oxide-semiconductor
field-effect transistors (MOSFETS), silicon carbide (SiC).

1. INTRODUCTION

N THE past few decades, with the great development of
Iwide-bandgap semiconductor materials, especially silicon
carbide (SiC), considerable progress of power semiconductor
devices based on SiC has been made in many applications [1].

Since metal-oxide—semiconductor field-effect transistor
(MOSFET) is a widely-used transistor in industrial applications,
such as motor drive systems, a lot of attention has been drawn
to SiC power MOSFET. Compared with Si MOSFET, SiC power
MOSFET has a lot of superior characteristics, such as smaller
ON-state resistance, higher switching speed, higher switching
frequency, and higher operating temperature [2], [3]. Hence, it
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is quite applicable for industrial power products which require
high temperature, high frequency, or high-power density, and it
has gradually been popular in many applications.

In order to evaluate the characteristics of SiC power MOSFET
such as electromagnetic interference (EMI) characteristics and
power losses, and to evaluate the converter functions in design
phase, an accurate model is needed, which should not be too
complex as well [4]-[6].

So far, there have been many SiC MOSFET modeling meth-
ods in previous reports. In [7], a review of SiC MOSFET models
presented in the literature is presented. The physical numeri-
cal models in [8] and [9], which are based on the carrier drift—
diffusion motion equations, are always too complex to be imple-
mented in circuit simulations. Thus, behavioral models should
be adopted in circuit simulations. Some types of simulation
software, such as Saber and PSpice, provide built-in MOSFET
models [10]-[12]. But often they can only be used in one spe-
cific simulator and cannot be easily transplanted to other types
of software. At the same time, the accuracy of these models
is often not enough for switching transient processes. Due to
the fast switching speed of SiC MOSFET, parasitic capacitances
should be well modeled. In [13], a simple SPICE behavioral
model of a 5 A/10 kV SiC MOSFET is given, which is based on
specific modification on the conventional level-1 commercial
SPICE MOSFET model. A modified switch model for the nonlin-
ear gate—drain capacitance C,q is presented. But a lot of efforts
are needed to extract factors from measured curves to obtain
accurate Cyq model. For the gate—source capacitance Cyy, in
most previous models, it is treated as a constant.

In this paper, a low-complexity and improved behavioral
modeling method is proposed. Module parasitic parameters,
steady-state characteristics, and interelectrode capacitances are
modeled. Since the device datasheet does not provide enough
information for building an accurate model, some parameters
of interelectrode capacitances are determined by measurement.
The effect of negative gate drive voltage is considered and Cy is
redefined. A hyperbolic-tangent-based function is proposed to
describe Cy, thus convergence problems can be avoided. Com-
pared with previous models which take Cy as a linear value,
the model can avoid deviations between experiment and sim-
ulation turn-ON transient waveforms and is more accurate. In
addition, the model is simple enough and very suitable to be
used in circuit simulations. A SiC power MOSFET half-bridge
module, named CAS300M12BM?2 [14] released by Cree Inc.,
rated at 300 A/1200 V, has been employed for experimental
tests. Finally, the performance of the model has been verified
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Fig. 1. CAS300M12BM2 module. (a) Current density distribution in ANSYS Q3D. (b) Schematic of the electrical circuit including parasitic inductances and
resistances.

through a double pulse test circuit by comparisons between sim-
ulation and experiment results. In addition, temperature charac-
teristics of the model are not concerned in this paper, so the
modeling method does not take temperature characteristics into
consideration.

II. BEHAVIORAL MODELING FOR THE SIC POWER MOSFET

The investigated SiC power MOSFET is a half-bridge module
encapsulated in a standard 62-mm package. Stray parameters of
the power module, suchas Ly, L, Lg, strongly influence switch-
ing performances of the MOSFETs and may induce resonance,
thus need to be considered in the device modeling procedure. By
the software ANSYS Q3D, extraction of parasitic parameters of
the power module has been realized. The extracted parasitic el-
ements results are inductance and resistance matrices at a given
frequency. The current density distribution of the module in
Q3D and its electrical circuit schematic with extraction results
are shown in Fig. 1.

As shown in Fig. 1(a), most of the current is concentrated
toward terminal pins. Thus, stray inductances of terminal pins
have great influence on switching performances.

Behavioral model of the basic power MOSFET chip can be
drawn as Fig. 2.

As shown in Fig. 2, M, and Dy,,qy are used to describe the
basic characteristics of N channel MOSFET. Interelectrode capac-
itances Cys, Cya, and Cyy are used to reflect the dynamic char-
acteristics. The drain—source capacitance Cys is a PN junction
capacitance between drain and source, which does not appear
in Fig. 2 because it can be realized by junction capacitance of
the diode. The antiparalleled diode is modeled using the diode
model provided by LTspice. The required parameters in the
diode model, such as saturation current /,, emission coefficient
n, capacitance gradient factor m, junction potential v;, ohmic
resistance ry, forward transit time ##, can be extracted by manu-
facturer datasheet. 12, is the internal gate resistance, which can
be measured by an LCR meter.

Then, the modeling method using SPICE language will be
expounded in detail, mainly including the modeling methods of
steady-state characteristics and interelectrode capacitances.

A. Steady-State Characteristics Modeling of SiC MOSFET

To describe the steady-state characteristics of MOSFET, the
Shichman—Hodges model [15] is adopted, for it is simple and
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Fig. 2. Behavioral model of power MOSFET chip.

its simulation time is short. When the gate to source voltage V
is lower than the threshold voltage V;y,, the MOSFET turns OFF and
the drain current I is set as zero. When Vj, is higher than V}y,,
MOSFET works normally, and the working region can be divided
into two cases. If the “internal” drain to source voltage Vjs
is larger than (Vs — Vi), the MOSFET works in the saturation
region, else it works in the linear region. In the saturation region,
the drain current can be written as

I =05Kp (14 Vi) (Ves — iRy — Vi) (1)

where Vj;, represents the threshold voltage, K, is a parameter
of the transconductance, A is the coefficient of channel length
modulation, and R, R are drain and source resistances, respec-
tively. Compared with the long channel, A, which represents the
relative variation of channel length, is very small and can be
treated as zero. Then, by choosing points from the saturation
region of device output characteristic curves in the datasheet,
basic parameters Viy,, K, and R, can be extracted by (1).
In the linear region, the drain current can be written as

I; = Kp (1 + )VVds) (V:gb —Vin —I4Rs — 0.5 Vzls) Vs - (2)

The ON-state resistance Rg(on) is a reciprocal of the slope
of output characteristic curve in linear region. To calculate
Rys(on)> (2) needs to be simplified. Also, A is treated as zero.
Because in linear region 0.5 Vys is relatively small compared
with (Vg5 — Viy,), thus it is ignored. By applying a 1 V voltage
between the external drain and source, it can be derived that
I; = ]-/Rds(on)s and Vgg = 1 — (Rd + Rs)/Rds(on)~ Then,
the following equation can be derived from (2):

Rds(on) = Rd + Rs + ]-/ (Kp (vas - ‘/th - Rs/Rds(on))) .

3)

By (3), R4 can be calculated by choosing points from the lin-

ear region of device output characteristic curves in the datasheet.

The internal gate resistance R, can be measured by an LCR
meter.

After modeling steady-state characteristics, the transfer char-

acteristic curve and output characteristic curves can be achieved.
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Fig. 3. Steady-state characteristic curves comparison. (a) Transfer character-

istic. (b) Output characteristics.

Then, the simulated curves are compared with the datasheet
curves, and the results are shown in Fig. 3.

As shown in Fig. 3, with the simple modeling and parameter
extraction method, a satisfied accuracy of the simulated steady-
state characteristics compared with datasheet values has been
achieved.

B. Modeling of Interelectrode Capacitances

The three nonlinear interelectrode capacitances Clys, Cyd,
and Cys considerably impact transient switching processes.
Therefore, to establish precise high-frequency power MOSFET
model, correct description of these capacitance characteristics
is needed.

For SiC power MOSFET, considering reliable turn-OFF, —5 to
—2 V negative turn-OFF gate drive voltage is often employed.
When the gate voltage crosses zero and becomes negative, the
gate—source capacitance increases and reaches the value of the
oxide capacitance [16]. Thus, Cy; is treated as a linear value, as
most previous models may lead to inaccuracy between exper-
iment and simulation results. In [17], an optional capacitance
in series with a switch is added in parallel with the original
linear value to describe Cys when the gate voltage is negative.
But this discontinuous behavior of Cys may create convergence
problems, thus the method is not suitable for circuit simulations.
For numerical modeling of a nonlinear capacitance, the expres-
sion used should have continuous derivative in the used range,
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and a possibility of independent selection of minimum and
maximum values. When Vj is positive, Cys reaches the mini-
mum value and when Vj; is negative, C,, reaches the maximum
value. Thus, it is proposed to use a hyperbolic-tangent-based
function to describe Cyg as follows:

Cgs =05 Cgsm(l — tan h(U(g, 3))) + Cgs min (4)

where Ciyqmin is the gate—source capacitance when the gate
drive voltage is positive and Cyqp, is the gate—source capaci-
tance increment when the gate voltage is negative, which can
be adjusted by experiment results or experience. By this expres-
sion, the value of C,, can be more exactly described and it is
simple and suitable to be used in simulations.

For SiC power MOSFET, capacitance Cyq varies dramatically
with Vgq. When V4 is negative, Cyq is physically the series
connection of the gate oxide capacitance C,, with the depletion
layer capacitance under gate oxide. This capacitance is fairly
low due to the thickness of the nonconducting die, it is the
minimum value of Cyq and is defined as Cyqmin. When Vgq is
positive, the die is conducting and Cyq is physically Ciy, it is
the maximum value of Cyq and is defined as Cyqmax. Since it
is hard to read Cydmin and Cyamax values from the datasheet
graph, an experimental method proposed in [ 18] is used to obtain
the values. The method extracts the capacitances by switching
waveforms measured during a turn-ON process in the half-bridge
test circuit.

The following empirical formula is used to describe the non-
linear parasitic capacitance Cyq [19]:

A tan h(and) +B, if Voiq>0
Coq =

5
if Vog <0 ©)

C atan(aVyq) + D,
where the constant parameters A, B, C, and D are calculated
depending on Cgqmin and Cgamax values. Parameters A and
C are the slopes of the atan and tanh curves when V,q = 0,
respectively, and they are equal. Parameters B and D determine
the crossover value when V,q = 0 and they are equal. Parameter
a is tuned to fit the slope of Cyq with the datasheet graph.

Since Cyq is a variable capacitance, a challenge in the SPICE
modeling is how to express variable capacitance equations and
how to diminish the risk of convergence problems [20]. The
following method is used to realize the variable capacitance. A
variable capacitance model can be treated as an arbitrary voltage
source by

Vi) = 4 / L(t)dt. ©)

By making the current of the variable capacitance go through
a 1 F capacitance, the voltage on the 1 F capacitance can be
read as the current integral term [ I.(t)dt. Then, the vari-
able capacitance model in (6) is realized as shown in Fig. 4,
where V(ctrl) is the expression of Cgq, namely (5), and V(int) is
the voltage on the 1 F capacitance.

Capacitance Cg; is constituted by the MOSFET drain—source
capacitance paralleled with free-wheeling diode capacitance. It
varies with the depletion width of PN junction, which depends
on drain—source voltage Vi, and it can be described by the
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Fig. 4. Variable capacitance realization circuit.
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Fig. 5. Values of parasitic capacitances in relationship with the drain—source
voltage.

following equation [21]:

‘/;18 —m
Cas = Cio (1 + ) )
Vi

where Cj, is the value of Cys when Vgs = 0, which can be de-
rived by the output capacitance Cyss minus the gate—drain capac-
itance at Vg, = 0. The output capacitance at V3, = 0, which is
Cossmax- can be identified using the manufacturer datasheet. V;
is the built-in voltage of diode and can be treated as an undeter-
mined coefficient. m is the capacitance gradient factor. Ignoring
the temperature characteristics, by fitting the slope of the output
capacitance C,gs curve in the datasheet, these parameters can be
determined.

Parasitic capacitances Cigs, Ciss, and Cog listed in the
datasheet can be represented by parasitic capacitances Cyg, Cyq,
and Cy, as follows:

Ciss = Cgs + ng
Crss = Lgd
C(oss = Ugad + Cds- (8)

Then, the simulated capacitance results compared with the
datasheet curves are shown in Fig. 5. The blue lines are the
datasheet curves, and the red lines are the simulated capacitance
curves.

It can be found in Fig. 5 that, within most of the working
range, the simulated capacitance curves match well with the
datasheet curves.

Finally, parameters of the model are listed in Table I.
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TABLE I
BEHAVIORAL MODEL PARAMETERS

Parameter Value Unit Parameter Value Unit
K, 17832 A/V?  Cpemin 21 nF
Vin 2.5 v Cgsm 12 nF
A 0.001 v-! Cgdmin 150 pF
Ry 0.0007 Ohm Cgdmax 13176 pF
R, 0.0009 Ohm a 0.6 -
I 8.35¢—4 A Cio 35 nF
N 3.298 - m 0.39 -
V; 0.69 v ry 0.002 Ohm

Fig. 6. Photograph of the test platform (a) SiC MOSFET module and driver.
(b) The PCB with capacitors. (c) Test layout.

™M .
L=20 nH D Rioat=1.1mOhm
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l Ligad=50uH
S
Vae
|+ = C4=80uF D
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L~12nH R=10 Ohm !
R4=0.1mOhm -G |g<]
Ves S
Fig. 7. Simulation circuit for switching transient test.

III. COMPARISON BETWEEN EXPERIMENT AND
SIMULATION RESULTS

To verify the analysis and modeling method in the previous
section, a typical double pulse test circuit is built based on an
inductive clamped circuit. Fig. 6 shows the photograph of test
platform. The 1200 V 300 A SiC MOSFET half-bridge mod-
ule CAS300M12BM2 from Wolfspeed corporation is tested. A
gate driver CGD15HB62P-32 also from Wolfspeed corporation
is used, which provides a 9 A maximum drive current, and a —5
to 20 V drive voltage. A 10-() resistance is used as the external
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the improved model @600 V 85 A.
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Fig. 10. Comparison of experiment and simulation turn-ON waveforms with
the improved model @600 V 85 A.

gate resistance. Parasitic inductance of the gate circuit is mea-
sured by an Agilent E4990A impedance analyzer, which is about
12 nH. A 50 pH ferrite-core inductor is used as the load induc-
tor. A printed circuit board (PCB) with 80 uF input polypropy-
lene capacitance, which was designed to minimize the parasitic
inductances, was built to conduct the experiment. The test cir-
cuit was fed by 600 V dc supply voltage. Switching voltages
measurements were carried out with the Tektronix DPO4054B,
500-MHz oscilloscope, equipped with voltage probes: GTP-
100A-4 (600 V/100 MHz). Switching current was measured
by an ultramini Rogowsky Current Transducer: CWT 3Bmini.
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Fig. 11. Comparison of experiment and simulation turn-ON waveforms with
the model of linear C'ys @600 V 85 A.
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Fig. 12.  Comparison of drain—source voltage spectra of experiment and
simulation.

In addition, as temperature characteristics are not considered
in this paper, all experiments are done at room temperature
(~25°0).

Circuit analysis is implemented in a commercial software,
named ANSYS Simplorer, as shown in Fig. 7. Stray inductance
of the dc loop is measured by an Agilent E4990A impedance
analyzer and is added to the circuit. Gate circuit stray
inductance is added to the circuit. Output voltage rise and fall
time of the gate driver are considered, which can be regarded as
about 10 ns.

Double pulse test results of the two models, the improved
model, and the linear C,s model are compared with experiment
results, shown as follows. Figs. 8 and 9 compare experiment
results and simulation results of the device turn-OFF waveforms.
Figs. 10 and 11 compare experiment results and simulation re-
sults of the device turn-ON waveforms. The red lines represent
the experiment waveforms, and the blue lines represent the sim-
ulation waveforms.

It can be seen from Figs. 8 and 10 that the improved model
can correctly represent the switching transient waveforms. The
drain current of the SiC MOSFET is 85 A before its turn-OFF
transient, and during its turn-ON transient the peak drain current
reaches about 140 A.

For previous models, which regard Cys as a linear value
simply, turn-OFF waveforms comparison between experiment
and simulation in Fig. 9 shows little difference. However,
a serious deviation occurs in turn-ON switching transient as
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Fig.13.  Comparison of experiment and simulation waveforms when R, = 0
Ohm. (a) Turn-OFF waveforms with the improved model. (b) Turn-OFF wave-
forms with the model of linear C'g;. (c) Turn-ON waveforms with the improved
model. (d) Turn-ON waveforms with the model of linear Cy.

shown in Fig. 11, which can be regarded as the result of smaller
Cys when the drive voltage starts from negative values. The
internal gate resistance %, is measured by an LCR meter and
can be considered as correct.

To do the EMI analysis, the results need to be carried out
in frequency domain. The experimental drain—source voltage
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Fig. 14.  Comparison of experiment and simulation waveforms when R, =
67.3 Ohm. (a) Turn-OFF waveforms with the improved model. (b) Turn-OFF
waveforms with the model of linear Cyg. (¢) Turn-ON waveforms with the
improved model. (d) Turn-ON waveforms with the model of linear C.

waveform and the simulated drain—source voltage waveform are
synthesized for 100 cycles, and their spectra are computed by the
fast Fourier transformation. Comparison of drain—source volt-
age spectra of experiment and simulation is plotted in Fig. 12.
The red one represents the spectrum of experiment, and the blue
one represents the spectrum of simulation.
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Fig. 15.  Comparison of experiment and simulation waveforms when Vg, =
400 V. (a) Turn-OFF waveforms with the improved model. (b) Turn-OFF wave-
forms with the model of linear Cys. (c) Turn-ON waveforms with the improved
model. (d) Turn-ON waveforms with the model of linear Cyy.

As shown in Fig. 12, the spectrum of simulated drain—source
voltage agrees well with the spectrum of experimental drain—
source voltage.

To verify the model for different external gate resistances,
an external gate resistance 0-C) is adopted while other test
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TABLE II
DYNAMIC CHARACTERISTIC PARAMETERS OF EXPERIMENTS AND SIMULATIONS

Test Experiment Simulation with Difference compared ~ Simulation with model  Difference compared
conditions improved model with experiment of linear Cy with experiment
600 V Turn ON Ti(on) = 0.169 ps Ti(on) = 0.164 ps 2.96% Ti(on) = 0.131 ps 22.5%
85A T, = 0.0474 ps T, = 0.042 ps 11.4% T, = 0.042 ps
E,n = 4.5666 mJ E,n = 47001 mJ 2.92% E,, =47194m]
Turn OFF Tg(orry = 05067 s Tq(or) = 0.5105 ps 0.7% T(orry = 0.5105 ps
Ty = 0.1468 us Ty = 0.1400 ps 4.6% Ty = 0.1400 s
E,¢ = 3.7702 mJ E,¢ = 3.9384 mJ 4.5% E, ¢ = 3.9631 mJ
500V Turn ON Ti(on) = 0.1678 s Ti(on) = 0.163 pus 2.86% T (on) = 0.1300 ps 22.5%
72 A T, = 0.0418 us T, = 0.036 us 13.9% T, = 0.037 pus
E,n =29148mJ E,n = 3.0004 mJ 2.94% E,, =3.0123mJ
Turn OFF Ty(orry = 05042 us  Ty(orr) = 0.5130 ps 1.75% Ty(orry = 0.5130 ps
Ty = 0.1392 us Ty = 0.1230 ps 11.6% T; = 0.1230 ps
E, ¢ = 2.3361 mJ Eq ¢ = 2.2012 m]J 5.77% Eq¢ = 2.2156 m]
400V Turn ON Ti(on) = 0.1678 us T (on) = 0.1600 s 4.6% T (on) = 0.1300 ps 22.5%
58 A T, = 0.0362 us T, = 0.0310 us 14.4% T, = 0.0330 us
Eon = 17772 m] FEo, = 1.7748 mJ 1.11% Eon = 1.8207 mJ
Turn OFF Ty(orry = 0.5090 us  Ty(orr) = 0.5200 s 2.2% T (orr)y = 0.5200 s
Ty = 0.1380 s Ty = 0.1220 ps 11.6% Ty = 0.1220 ps
Eq¢ = 1.3759 mJ Eq¢ = 1.2778 mJ 7.13% E, ¢ = 1.2823 mJ

conditions are the same as before. Double pulse test results
are shown in Fig. 13.

As shown in Fig. 13(a) and (c), switching transient waveforms
of the improved model and experiment match well. For the
model of linear Cj, though turn-OFF waveforms comparison
between experiment and simulation shows little difference [see
Fig. 13(b)], a serious deviation occurs in turn-ON switching
transient [see Fig. 13(d)]. This can be regarded as the result of
smaller Cys when the drive voltage starts from negative values.

Then, to verify the model for gate resistance higher than 10 €2,
an external gate resistance 67.3-€2 is adopted. The test dc supply
voltage was 100 V. Double pulse test results are shown in Fig. 14.

As shown in Fig. 14(a) and (c), turn-OFF and turn-ON switch-
ing transient waveforms of the improved model and experiment
match well. For the model of linear C,, though turn-OFF wave-
forms comparison between experiment and simulation shows
little difference [see Fig. 14(b)], a serious deviation occurs in
turn-ON switching transient [see Fig. 14(d)]. This can also be
regarded as the result of smaller Cys when the drive voltage
starts from negative values.

To verify the model under different voltages, double pulse
test results when dc voltage is 400 V while other test conditions
are the same as the initial one are shown in Fig. 15.

As shown in Fig. 15(a) and (c), switching transient waveforms
of the improved model and experiment match well. For the
model of linear Cyg, though turn-OFF waveforms comparison
between experiment and simulation shows little difference [see
Fig. 15(b)], a serious deviation occurs in turn-ON switching
transient [see Fig. 15(d)]. This can be regarded as the result of
smaller Cys when the drive voltage starts from negative values.

To verify the model in a further step, different dc voltages
are applied to the double pulse test circuit, while other test
conditions are the same as the initial one. Dynamic characteristic
parameters are used as accuracy metrics of the model. They
are turn-ON delay time #g(,,) and turn-OFF delay time ¢4(of),
current rise time #, and current fall time ¢, turn-ON switching

energy E,,, and turn-OFF switching energy F,g. The original
experiment data are stored in csv format and postprocessed in
software MATLAB. The reprocessing progress includes delay
time compensation of the current probe, which is about 25 ns,
and loss calculation, which is an integral operation of the voltage
and current data. The test results are listed in Table II.

As shown in Table II, for the improved model, at all test points,
compared with the experiment results, the switching power loss
differences are less than 10%. The drain current rise time and
fall time differences are less than 15%. The turn-ON and turn-
OFF delay time differences are less than 5%. However, for the
model which treats Cy as a linear value, though other dynamic
characteristic parameters are almost the same as the improved
model, turn-ON delay time differences between experiment and
simulation results are more than 20%. Test results prove that,
compared with the model which takes Cy as a linear value, the
proposed improved model shows much better matching with the
measured results.

Model complexity limits model usability and thus is signif-
icant for model applications. The proposed model is described
by just about 7 equations and 20 parameters. These parame-
ters can be extracted from manufacturer datasheets, simple LCR
meter test, or test waveforms. The procedures of parameters ex-
traction are simple and the consumption is low. Compared with
analytical models, which uses device structural constants, the
proposed model is simple. Such a model is not time consuming,
and it can be well used in circuit simulations.

IV. CONCLUSION

In this paper, by a datasheet and measurement combined
modeling method, an improved behavioral model of SiC power
MOSFET is proposed using SPICE language. By the software
Q3D, parasitic parameters of the power module are extracted
and considered. Adopting the Shichman—Hodges model and ex-
tracting steady-state parameters from the datasheet, the steady-
state model is obtained. The steady-state characteristics of the
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model are in good accordance with those in datasheet. Then,
nonlinear interelectrode junction capacitances are studied in de-
tail. Voltage-dependent capacitances Cyq and Cqyy are described
by empirical formulas. In addition to the existing SiC MOSFET
model, nonlinearity of gate—source capacitance Cys because of
negative gate drive voltage is considered and redefined. A con-
tinuously differentiable function is proposed to describe Cls,
thus convergence problems can be avoided. Simulation results
are compared with the experiment results in a double pulse
test circuit under different supply voltages. Comparison results
show that without consideration of negative gate voltage, which
impacts the gate—source capacitance, significant deviations for
turn-ON delay time occur. However, simulation results of the
proposed improved model show much better matching with the
experiment results. Therefore, the proposed modeling method
is verified. In addition, the model is simple enough and very
suitable to be used in circuit simulations. The proposed model
can be employed to evaluate EMI, power losses, and operation
performances of SiC power MOSFET before prototype imple-
mentation, and can also be used to simulate and analyze the
converter functions. In this way, cut-and-try cost and time in
design approaches can be reduced.
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