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Abstract—Closed-form mobility models for SiC MOS inter-
faces were developed based on scattering theory, explicitly incor-
porating temperature dependence using power-law approxima-
tions. These models improve the physical accuracy and predictive
capability of TCAD simulations for SiC MOSFETs, and provide
insight into the dominant scattering mechanisms at the interface.

Index Terms—Silicon Carbide, MOSFET, Inversion layer, mo-
bility, Modeling, dipole scattering, Coulomb scattering

I. INTRODUCTION

Silicon carbide (SiC) MOSFETs are widely recognized as
promising power devices owing to their superior properties,
such as high breakdown voltage, high-temperature operation,
and low switching loss. In low-voltage-rated (≤ 1200 V) SiC
MOSFETs, the channel resistance (Rch) constitutes a major
portion of the total on-resistance (Ron) and thus plays a critical
role in device performance. Accurate prediction of Rch is
therefore essential for device design and requires a mobility
model that captures the physical characteristics of the inversion
layer at the SiC/SiO2 interface.

The inversion layer mobility is influenced by electric field,
carrier density, and temperature. To enable reliable TCAD-
based device simulation, it is vital to develop a physically
based model that not only improves the accuracy of per-
formance prediction, but also provides insight into mobility-
limiting mechanisms—thereby guiding device optimization.
However, existing models face two major limitations when
applied to SiC MOS interfaces:

• Neglect of dipole scattering: Unlike conventional Si
MOSFETs, the inversion layer mobility in SiC MOSFETs
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is significantly limited by dipole scattering [3], [4], which
is believed to originate from microscopic dipoles associ-
ated with the conduction-band wavefunction in 4H-SiC,
spontaneous polarization, or interfacial charge redistribu-
tion [2]. The exact physical origin remains unclear.

• Lack of physical interpretation: While empirical mod-
els exist for mobility as a function of temperature or
electric field, they often lack a physical foundation,
making their parameters difficult to interpret and limiting
their usefulness for device design.

To address these issues, we propose a physics-based,
closed-form mobility model that incorporates both dipole and
Coulomb scattering mechanisms. The model is derived from
the scattering theory of two-dimensional electron gases and
explicitly includes temperature dependence. It enables accurate
TCAD prediction of device performance, particularly under
high-temperature conditions.

This work extends our earlier modeling efforts [3]–[5],
incorporating key findings on interface traps and dominant
scattering mechanisms at the SiC MOS interface. Here, we
present the methodology and results for modeling the tempera-
ture dependence of inversion layer mobility in SiC MOSFETs.

II. METHOD OF MODELING

To accurately reproduce the inversion layer mobility in SiC
MOSFETs, it is essential to model both the interface states,
which govern electron trapping, and the free carrier mobility
itself. The impact of interface states was characterized using
Hall effect measurements. For mobility modeling, our analysis
based on scattering theory showed that dipole scattering is
the dominant scattering mechanism at SiC MOS interfaces, as
previously reported [4], [5].



We derived a closed-form expression for dipole scattering-
limited mobility (µdp) by fitting the theoretical calculations
with simple analytical functions. The mobility was expressed
as a product of two separable functions: one depending only
on the effective electric field (Eeff ), and the other on the sheet
carrier density (ns):

The mobility was expressed as a product of functions of
effective electric field (Eeff ) and sheet carrier density (ns):

µdp(Eeff , ns) = f(Eeff) · g(ns), (1)

where
f(Eeff) = (Eeff/E0)

−γ , (2)

g(ns) = µ0

(
1 +

ns
ns0

)(
ndp0ddp0
ndpddp

)
, (3)

and the model parameters are listed in Table I. The effective
electric field Eeff is defined as:

Eeff =
q

εSiC

(
Ndpl +

11

32
ns

)
, (4)

where Ndpl is the areal density of the ionized acceptors in the
depletion region.

TABLE I
MODEL PARAMETERS FOR CLOSED-FORM EXPRESSION OF DIPOLE

SCATTERING-LIMITED MOBILITY

Symbol Value Unit Remarks
γ 0.9 1 exponent
E0 1 MV/cm normalization factor
µ0 148.19 cm2/V·s
ns0 2.86× 1012 cm−2

ndp0 1× 1013 cm−2 normalization factor
ddp0 1× 10−7 cm normalization factor
ndp 3× 1013 cm−2 fitting parameter
ddp 1× 10−7 cm fitting parameter
T0 300 K Room temperature
κ 1.2 1 exponent

To incorporate temperature dependence into the mobil-
ity model, we extend the ns-dependent term g(ns) to a
temperature-dependent form gt(ns, T ), and introduce an ad-
ditional factor h(T ) to account for the remaining temperature
effects. The resulting expression becomes:

µdp(Eeff , ns, T ) = f(Eeff) · gt(ns, T ) · h(T ). (5)

This formulation is based on the observation that the screening
constant is proportional to ns/T , which implies that part of
the temperature dependence can be incorporated into g(ns)
by scaling with T . Assuming that the remaining temperature
dependencies are separable from the field and density terms,
we define gt(ns, T ) as:

gt(ns, T ) = µ0

(
1 +

ns
ns0

· T0
T

)(
ndp0ddp0
ndpddp

)
. (6)

To derive the functional form of h(T ), dipole scattering-
limited mobility was calculated based on the scattering theory
of a two-dimensional electron gas. The temperature depen-
dence of the dipole scattering-limited mobility was evaluated
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Fig. 1. Calculated mobility as a function of temperature under the conditions
of constant effective electric field (Eeff = 0.5 MV/cm) and constant
screening effect (ns/T = const.). Also shown are the corresponding values
of ns and Ndpl adjusted at each temperature to maintain these conditions.

under the conditions of constant effective electric field and a
fixed ratio of ns/T .

Next, we describe the procedure used to determine the
functional form of the temperature-dependent term h(T ). We
begin by setting the initial sheet carrier density ns at 300 K to
1×1012 cm−2. To maintain a constant screening effect, the ra-
tio ns/T is kept constant, and ns is scaled proportionally with
temperature during the calculation of mobility. Meanwhile,
the effective electric field Eeff is kept constant. Since Eeff

defined by Eq. 4 is a function of both ns and Ndpl, the areal
acceptor concentration is adjusted according to the variation
in ns to ensure that Eeff remains unchanged. This calculation
setup is illustrated in Fig. 1, which shows the calculated
temperature dependence of mobility under the conditions of
constant effective electric field and constant screening effect.
The corresponding temperature-dependent values of ns and
Ndpl used in the calculation are also plotted. The effective
electric field is fixed at 0.5 MV/cm throughout this analysis.

Under these conditions, the mobility is evaluated with only
temperature varied, while both the screening condition and
Eeff are fixed. Accordingly, the field-dependent term f(Eeff)
and the density-dependent term gt(ns, T ) remain constant, and
the variation in mobility directly reflects the behavior of h(T ).

Physically, this configuration ensures that the shape of
the carrier wavefunction—governed by Eeff—is unchanged,
and that the screening condition characterized by ns/T re-
mains constant. In other words, the energy dependence of
the momentum relaxation time is fixed, and the observed
temperature dependence of mobility arises solely from the
thermal averaging over the distribution function.

Through this procedure, we find that h(T ) can be ap-
proximated by a power-law function of temperature, with an



exponent of approximately 1.2:

h(T ) ∝ T 1.2. (7)

Figure 2 shows the calculated temperature dependence of
dipole scattering-limited mobility for various effective electric
fields, under the same screening conditions (ns/T = const.),
which corresponds to ns = 1×1012 cm−2 at 300 K. Figure 3
shows its temperature dependence for various screening con-
ditions (ns/T = const.), with the effective electric field fixed
at Eeff = 0.5MV/cm.

These results demonstrate that the temperature exponent
κ ≈ 1.2 is consistently across a wide range of effective electric
fields and screening conditions.

Based on these observations, the temperature dependence
of mobility is approximated as:

h(T ) =

(
T

T0

)κ
with κ = 1.2. (8)
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Fig. 2. Temperature dependence of dipole scattering-limited mobility under
the constant screening condition (ns/T = const.), which corresponds to
ns = 1× 1012 cm−2 at 300 K, for various effective electric fields Eeff .

The same approach used to incorporate temperature depen-
dence into the closed-form expression for dipole scattering-
limited mobility was also applied to Coulomb scattering-
limited mobility. Specifically, the ratio ns/T and the effective
electric field Eeff were kept constant during the calculation,
so that the influence of the carrier distribution function on the
temperature dependence could be isolated and analyzed.

As a result, a closed-form expression for the Coulomb
scattering-limited mobility was derived by assuming the same
functional form as that used for the dipole case. The mobility
is expressed as the product of functions that separately capture
the dependencies on Eeff , ns, and temperature:

µC(Eeff , ns) = f(Eeff) · gt(ns, T ) · h(T ), (9)
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Fig. 3. Temperature dependence of dipole scattering-limited mobility for
various screening conditions (ns/T = const.), with the effective electric field
fixed at Eeff = 0.5MV/cm.

where
f(Eeff) = (Eeff/E0)

−γ , (10)

gt(ns, T ) = µ0

(
1 +

ns
ns0

T0
T

)(
nif0
nif

)
, (11)

h(T ) =

(
T

T0

)κ
. (12)

The model parameters are summarized in Table II.

TABLE II
MODEL PARAMETERS FOR CLOSED-FORM EXPRESSION OF COULOMB

SCATTERING-LIMITED MOBILITY

Symbol Value Unit Remarks
γ 0.55 1 exponent
E0 0.33 MV/cm normalization factor
µ0 124.57 cm2/V·s
ns0 7.15× 1011 cm−2

nif0 1× 1013 cm−2 normalization factor
nif 1× 1013 cm−2 fitting parameter
T0 300 K Room temperature
κ 1.5 1 exponent

Figure 4 illustrates the procedure used to extract the
temperature-dependent component of mobility under condi-
tions of constant screening and constant effective electric field.
Similar to the dipole scattering case, the mobility exhibits a
power-law dependence on temperature. However, the tempera-
ture exponent κ for Coulomb scattering is significantly larger,
with κ = 1.5 compared to κ = 1.2 for dipole scattering.
This difference arises from the stronger energy dependence
of Coulomb scattering, which leads to a more pronounced
variation in the momentum relaxation time with carrier energy,
and consequently, a steeper temperature dependence of the
mobility.



0

200

400

600

800

1000

0 100 200 300 400 500

M
ob

ili
ty

 (
cm

2 /V
s)

Temperature (K)

Coulomb scattering-limited
mobility

E
eff

=0.1 MV/cm

E
eff

=0.5 MV/cm

E
eff

=1 MV/cm

h(T)~T1.5

h(T)~T1.5

h(T)~T1.5

Fig. 4. Temperature dependence of Coulomb scattering-limited mobility under
the constant screening condition (ns/T = const.), which corresponds to
ns = 1× 1012 cm−2 at 300 K, for various effective electric fields Eeff .

III. DISCUSSION

The theoretical analysis suggests that, under constant ef-
fective electric field and screening conditions, the temperature
dependence of Coulomb scattering-limited mobility is stronger
than that of dipole scattering-limited mobility. However, in
practical device operation and experimental settings, it is more
feasible and relevant to compare mobilities under constant gate
bias, i.e., fixed sheet carrier density (ns).

Under constant ns, increasing temperature weakens the
screening effect, which enhances scattering and reduces mobil-
ity. Conversely, both Coulomb and dipole scattering rates tend
to decrease with increasing temperature due to the increase
in mean carrier energy, leading to an increase in mobility.
Therefore, the observed temperature dependence of mobility
arises from the competition between these opposing effects.

Figure 5 compares the calculated Coulomb and dipole
scattering-limited mobilities as a function of temperature at
fixed ns and Eeff . The results show nearly identical tem-
perature dependence, approximately proportional to T , in-
dicating that the dominant scattering mechanism cannot be
distinguished based solely on temperature dependence under
these conditions.

This suggests that mobility measurements as a function of
temperature are of limited utility in identifying the dominant
scattering mechanism in SiC MOSFETs. Instead, to experi-
mentally characterize inversion-layer mobility and deduce the
scattering mechanism from its temperature dependence, mea-
surements must be performed under the conditions developed
in this study—specifically, at fixed ns/T ratio and Eeff . These
conditions can be experimentally realized by adjusting the gate
and substrate voltages in coordination as temperature varies.
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Fig. 5. Calculated temperature dependence of Coulomb and dipole scattering-
limited mobilities under constant sheet carrier density (ns) and constant
effective electric field (Eeff ).

IV. SUMMARY

To enable physics-based TCAD modeling of inversion-layer
mobility in SiC MOSFETs, closed-form expressions for dipole
and Coulomb scattering-limited mobilities were derived based
on the scattering theory of two-dimensional electron gases.
These expressions incorporate temperature dependence using
power-law functions with physically meaningful parameters.
The resulting models can be directly implemented in TCAD
frameworks and are expected to improve the accuracy of
mobility prediction and aid in identifying dominant scattering
mechanisms at the SiC/SiO2 interface.
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