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Abstract

Free electron mobility in the inversion channels of 4H-
SiC (1120) a-face MOSFET subjected to different oxi-
dation processes were evaluated by using Hall effect meas-
urement. The free electron mobility of the wet oxidation
sample is higher than that for the NO post oxidation an-
nealing sample for the same doping concentration epi-
layers. This result indicates that the degradation of the
free electron mobility by scattering origins depends on the
oxidation processes.

1. Introduction

Field-effect mobility (urg) is a key characteristic of 4H-
SiC metal-oxide-semiconductor (MOS) devices. The g of a
MOS field-effect transistor (FET) depends on the free elec-
tron density and free electron mobility in the inversion chan-
nel [1]. With a 4H-SiC(0001) Si-face, the free electron ratio
is approximately 30% even after NO post-oxidation anneal-
ing (POA) [1]. Thus, with a Si-face, there is room for increase
of the ure by reducing the density of the interface trap (Dj)
and/or near interface trap (NIT). By contrast, with a (1120)
a-face, a (1100) m-face, and (0338), a free electron ratio
of over 70% can be achieved by employing NO POA [2]. The
free electron mobility must be increased if we are to further
improve the ure at these crystal faces. Recently, our group has
demonstrated a high inversion channel mobility which is
comparable to bulk mobility by adopting ultralow net doping
concentrations [3]. This high free electron mobility results
from the broad inversion channel caused by an ultra-low
doped p-well, which makes the electrons recede from the in-
terface. This result indicates that there are unidentified scat-
tering origins at a Si0»/SiC interface which significantly de-
teriorates the free electron mobility [3,4]. Therefore, these
scattering origins must be eliminated to improve urg. It has
been reported that a wet oxidation process on an a-face pro-
vides an extremely high e [5,6]. The wre is higher than the
free electron mobility of a MOS inversion channel formed by
NO POA [2,4]. This means that the higher yrr of a MOSFET
on an a-face with a wet oxidation process cannot be explained
solely by the decrease in Dj; and/or NIT. In this work, the free
electron ratio and mobility in the inversion channel on a-face
MOSFETs formed by NO POA and a wet oxidation process
were compared by using Hall-effect measurement.

2. Experiments

The n-channel MOSFETs were fabricated on 4H-SiC a-
face Al-doped p-type epitaxial layers on an n-type substrate.
The doping concentration of the epitaxial layer was approxi-
mately 3x10'® cm™. Gate oxide films of 60 nm thick were
formed by either dry O, oxidation at 1200 °C followed by NO
POA at 1250 °C (NO sample), or pyrogenic oxidation at
1100 °C followed by H, POA at 1000 °C (Wet sample). The
total electron density (7)) Was estimated by performing a
split capacitance-voltage (C-V) measurement at 10 Hz. In ad-
dition, the free electron density (7fe.) and mobility (an)
were determined by undertaking a Hall-effect measurement
using the van der Pauw method. The strength of the applied
magnetic field was approximately 0.5 T. The Hall factor was
assumed to be unity.

3. Results and Discussion
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Fig. 1. ure of NO and Wet samples at 300 K.

Figure 1 shows the ure of NO and Wet samples at 300 K.
An extremely high yre was obtained for the Wet sample com-
pared with that for the NO sample. This result is consistent
with the reported trend [5,6]. Figure 2 shows the nioal, Zfrce,
and Airap (= Riotal — Mfree) Values for the (a) NO and (b) Wet sam-
ples at 300K. Additionally, the free electron ratio (= Afree / #to-
wl) is shown in Fig. 2 (c). The free electron ratios of both sam-
ples are almost the same. It has been reported that wet oxida-
tion reduces the Dj; value at E. — E > 0.2 eV as calculated by
the High-Low C-V method [6]. However, a comparison of the
free electron ratios of the NO and Wet samples indicates that
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the Dj; and/or NIT values near the conduction band edge for
both processes, which affect the free electron ratio, are the
same. Therefore, the fact that yre of the Wet sample is higher
than that of the NO sample cannot be explained by a differ-
ence between the free electron ratios.
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Fig. 2. ntotal, Niree, and nwap for (a) NO and (b) Wet samples, and
(c) free electron ratio at 300 K.
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Fig. 3. Comparison between gman and ure for (a) NO and (b)
Wet samples at 300 K.

Figure 3 compares the g and e values of (a) NO and
(b) Wet samples at 300 K. The g4 of the Wet sample is al-
most twice that of the NO sample, although it does not reach
the bulk mobility value. Given that the doping concentrations
of the samples are almost the same, this result indicates that
the Wet oxidation process is superior to the NO post oxidation
process in terms of eliminating scattering origins at the
Si0,/SiC interface. Figure 4 shows the fuan temperature de-
pendence for NO and Wet samples from 150 to 350 K at 7.
= 5%10"? cm™. The temperature dependence of the Wet sam-
ple is stronger than that of the NO sample, probably because
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Fig. 4. Temperature dependence of zman for NO and Wet sam-
ples from 150 to 300 K at nfree of 5x10'2 cm™.

the phonon scattering becomes relatively apparent by elimi-
nating the scattering origins; however, the dependence is still
weaker than that of phonon scattering ( o T™1° ) [3]. It is
known that a large quantity of nitrogen atoms is present at the
Si0,/SiC interface on the a-face when the NO POA process
is employed [7]. This nitrogen atom may be one component
for a scattering origin which decreases the free electron mo-
bility. Therefore, a more effective oxidation process that can
eliminate the scattering origin achieve higher free electron
mobility as expected from the bulk mobility of 4H-SiC.

3. Conclusions

The origins of field effect mobility enhancement on 4H-
SiC a-face MOSFET by wet oxidation were investigated. It
was found that the increase of field effect mobility of the wet
oxidation sample compared with NO sample was not due to
the increase of the free electron density, but rather due to the
increase of free electron mobility. This result indicates that
the wet oxidation process generates less scattering origins at
Si0,/SiC interface. This idea is also suggested by the in-
creased temperature dependence of free electron mobility,
which would originate from that the phonon scattering be-
comes relatively apparent. A more effective oxidation process
will achieve higher free electron mobility as expected from
the bulk mobility of 4H-SiC.
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