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Abstract

Magnetic-field dependent resistivity and Hall-effect measurements combined with high resolution mobility
spectrum analysis (HR-MSA) were employed to study room-temperature electronic transport in 4H-SiC
metal-oxide-semiconductor field-effect transistor (MOSFET) structures. It is shown that the mobility dis-
tribution for electrons at the SiO2/SiC interface is significantly broader than expected for quantum confined
carriers, exhibiting Hall scattering factors significantly greater than the generally assumed unity value. The
interfacial electron mobility and Hall scattering factor are likely to be determined by potential fluctuations
arising from a disordered transition layer on the SiC side of the SiO2/SiC interface. For the MOSFET
structures studied, charge trapping at the SiO2/SiC interface was found to determine the interfacial free
electron sheet density, in agreement with prior studies on similar device structures. HR-MSA has enabled
unambiguous discrimination between electrons in the ion-implanted buried channel layer and at SiO2/SiC
interface in a depletion-mode MOSFET structure.
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1. Introduction

Silicon carbide (SiC) is regarded as a most
promising wide bandgap semiconductor material
for the realization of power electronic devices
needed to boost output power density and efficiency
in power control modules for the next-generation
of electrically powered vehicles, promising also
significant reductions in module size and weight
[1]. In particular, SiC-based power metal-oxide-
semiconductor field effect transistors (MOSFETs)
are expected to have major applications in alterna-
tive energy power converters, motor control, photo-
voltaics, telecommunications, heating and robotics,
and power transmission [1, 2].

Although state-of-the-art SiC-based MOSFETs
have demonstrated performance levels superior to
those of Si-based devices at similar power ratings,
the performance of SiC-based devices is still limited
by inversion-layer channel resistance [3, 4]. Post-
oxidation annealing has enabled significant reduc-
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tions in channel resistance, as well as increased
transconductance and reduced trap densities at the
SiO2/SiC interface [4–6]. Although the field-effect
mobility is typically employed as a figure of merit
to evaluate inversion layer electronic transport, the
free electron density in the inversion layer tends to
be significantly reduced by trapping at SiO2/SiC
interface states, thus resulting in field-effect mobil-
ity values that significantly underestimate the true
inversion layer conduction mobility as determined
from Hall-effect measurements [4–7]. In this paper,
we present results of room-temperature Hall-effect
characterization of both normally-on and normally-
off 4H-SiC MOSFET structures.

2. Experiment and Sample Details

Lateral n-channel MOS-gated Hall bridge struc-
tures with effective active area defined by L=400
µm and W=40 µm were fabricated on Al-doped
p-type epitaxial layers grown on 4◦ off-axis (0001)
Si-face 4H-SiC wafers. Two different samples from
the same wafer die were studied: Sample 1, with
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channel layer defined in the as-grown p-type epi-
taxial layer (with nominal acceptor concentration
of 5×1015 cm−3); and Sample 2, on which a buried
n-type layer was formed in the original p-type epi-
layer through ion-implantation of N-ions with a pro-
jected range of 300 nm to an effective donor density
of 9 × 1016 cm−3. The gate oxide layer was formed
by dry oxidation at 1175 ◦C, followed by a wet re-
oxidation anneal at 950 ◦C and a 1175 ◦C 2h post-
oxidation anneal in NO. The final oxide thickness
was 54 ± 1 nm.

Magnetic-field dependent resistivity and Hall-
effect measurements were performed as a function
of applied gate bias at room temperature and mag-
netic field intensities B up to 12 T. For all mea-
surements, the drain of the Hall bridge structures
was biased at VDS=1 V, which resulted in effective
biases as measured at the resistivity probes that
did not exceed 0.34 V, whilst the substrate contact
to the underlaying p-type layer was biased at 0 V.
From the measured sheet resistivity Rs and Hall
coefficient RH , the conductivity tensor components
σxx and σxy were obtained from:

σxx =
Rs

R2
s +R2

H

; and σxy =
RH B

R2
s +R2

H

(1)

which, in principle, contain information about all
carriers present in the sample according to the dis-
cretized mobility transform equations [8–10]:

σxx =
∑
j

Sp(µj) + Sn(µj)

1 + µ2
jB

2
(2)

σxy =
∑
j

[Sp(µj) − Sn(µj)] µjB

1 + µ2
jB

2
(3)

where Sp(µ) = q µ p(µ) and Sn(µ) = q µn(µ) are
the hole and electron conductivities in the mobility
domain (i.e., the mobility spectrum), respectively;
p(µ) and n(µ) are hole and electron sheet densi-
ties, respectively, expressed in terms of their mobil-
ity distribution, and q is electronic charge. High-
resolution mobility spectrum analysis (HR-MSA)
was employed to solve the coupled inverse transform
problem posed by Eqs. 2 and 3, and thus extract
Sp(µ) and Sn(µ) [10]. From the mobility spectra,
the sheet carrier concentration Ns and mean mobil-
ity µD associated with the i-th conductivity peak
were calculated from:

Ns =
∑
i

Sn(µi)

qµi
; and µD =

1

qNs

∑
i

Sn(µi) (4)

The mean mobility thus extracted is effectively the
drift mobility, since it is an average with respect
to the total electron concentration of the i-th peak
[10, 11]. The Hall-effect mobility µH , defined as the
mobility average with respect to the total conduc-
tivity of the i-th peak σs, is then calculated from:

σs =
∑
i

Sn(µi), and µH =
1

σs

∑
i

µiSn(µi) (5)

From (4) and (5), the Hall scattering factor rH can
then be calculated from:

rH =
µH

µD
(6)

It should be noted that determination of rH us-
ing the above expressions assume that the magnetic
field has negligible influence on the carrier mobility
distribution.

3. Results and discussion

Extracted inversion layer electron mobility and
sheet density for Sample 1 are presented in Fig. 1,
where it is evident that the field-effect mobility
µFE (extracted from the MOSFET transconduc-
tance) significantly underestimates the mobility of
free electrons in the channel as extracted from con-
ventional Hall-effect analysis, or from magnetic-
field dependent measurements combined with HR-
MSA. This observation, which is consistent with
previously reported results [3–5, 7], is attributable
to charge trapping at the SiO2/SiC interface. As
illustrated in Fig. 2 for VG= 15 V, the inversion
layer electron mobility distribution, as extracted
from HR-MSA, was found to be relatively broad,
indicating a Hall scattering factor rH significantly
greater than the generally assumed unity value [5].

Extraction of transport parameters for Sample 2,
a depletion-mode MOSFET (with a deep n-type
buried channel layer) in which the gate bias can
modulate the electron density near the SiO2/SiC
interface, is significantly more challenging because
the sample conductivity is dominated by electron
transport in the buried ion-implanted n-type layer.
In this case, HR-MSA offered the only means for
accurate discrimination of inversion layer transport
parameters from those associated with the buried
channel layer. The extracted parameters as a func-
tion of applied gate bias are summarized in Fig. 3.

As shown by the mobility spectrum for Sam-
ple 2 at VG= 15 V in Fig. 4, the mobility of elec-
trons at the SiO2/SiC interface was found to be
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Figure 1: Extracted inversion layer transport parameters
for Sample 1: (a) mobility, and (b) sheet electron den-
sity, extracted employing different analysis methods: High-
resolution mobility spectrum analysis (HR-MSA), conven-
tional Hall-effect analysis at a single magnetic field inten-
sity of 1 T, and field-effect (FE) parameters from gated Hall
bridge MOSFET transconductance.

remarkably broad with a significant spread of the
electron population towards low mobilities. Inver-
sion layer mobilities were found to be significantly
higher in Sample 2 than in Sample 1 at equivalent
sheet electron densities, and also exhibited lower rH
values (equivalent to narrower inversion layer elec-
tron mobility distribution linewidth). It is noted,
however, that for both samples the free electron
density near the SiO2/SiC interface represents less
than 50% of the total interfacial sheet electron den-
sity Ntotal expected from the ideal charge control
model. This result, which is consistent with prior
reports [4, 5, 7], suggests that the mobilities should
be approximately similar if Coulombic scattering by
trapped electrons is the dominant mobility degra-
dation mechanism. In contrast, we observe that
interface electrons in Sample 2 have significantly
higher mobilities and narrower mobility distribu-
tion compared to Sample 1. Given the report of
Zheleva et al., on the observation of a disordered
transition layer on the SiC side of the SiO2/SiC in-
terface [12], it is likely that the electron mobility at
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Figure 2: Inversion layer electron mobility spectrum for Sam-
ple 1 at VG = 15 V as extracted by HR-MSA from magnetic
field dependent measurements.

the SiO2/SiC interface is determined by scattering
processes associated with interfacial potential fluc-
tuations [4, 13], which may lead to electron mobility
distributions significantly broader than would be
expected for two-dimensionally quantum confined
carriers. The interfacial electron mobility enhance-
ment observed in Sample 2 may be due to screen-
ing or to reduction of such potential fluctuations by
intentional donors arising from the ion-implanted
buried channel layer.

Finally, regarding the electronic transport pa-
rameters associated with electrons in the ion-
implanted buried n-type layer, it can be seen from
Fig. 4 that the linewidth of their mobility spectra
is significantly narrower, characterized by rH val-
ues < 1.02 for all gate biasing conditions. The ap-
proximately gate-bias independent electron mobil-
ity of 592 ± 12 cm2/Vs, and Hall scattering factor
rH < 1.02, are in excellent agreement with those
reported for bulk 4H-SiC at equivalent donor con-
centrations [14].

4. Summary

Magnetic-field dependent resistivity and Hall-
effect measurements combined with high-resolution
mobility spectrum analysis have been employed to
characterize electronic transport at the SiO2/SiC
interface of 4H-SiC MOSFET structures. It has
been shown that the inversion layer electron mo-
bility distribution is significantly broader than ex-
pected for quantum confined carriers, exhibiting
Hall scattering factors significantly greater than the
generally assumed unity value. Interfacial electron
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Figure 3: Extracted electron transport parameters for the
ion-implanted buried channel and the electron layer at the
the SiO2/SiC interface in Sample 2: (a) mobility, and (b)
sheet electron density, extracted employing different analy-
sis methods: HR-MSA, and conventional Hall-effect analysis
at 1 T. Conventional Hall-effect analysis yielded average mo-
bility and sheet density approaching those of the dominant
ion-implanted buried channel.

mobility and Hall scattering factor are likely to be
determined by potential fluctuations arising from a
disordered transition layer on the SiC side of the
SiO2/SiC interface. For the MOSFET structures
studied, charge trapping at the SiO2/SiC interface
was found to determine the interfacial free electron
sheet density, in agreement with prior studies on
similar device structures. HR-MSA has enabled
the discrimination of inversion and buried channel
layer electron transport parameters in a normally-
on MOSFET with a deep n-type ion-implanted
buried channel layer.
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