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Abstract

The Hall effect mobility (uHan) of the SiC MOSFETS
with N -implanted channel region was investigated by in-
creasing the dose of nitrogen (N). The pnan in channel re-
gion was systematically examined from the viewpoint of
the channel structure, that is, the surface and buried
channel. It is experimentally demonstrated that the in-
crease in the dose of N results the improvement of pHaiin
channel region due to the formation of the buried chan-
nel. However, further increase of N was found to de-
crease the pnan in channel region, resulting from the deg-
radation of electron mobility in bulk region.

1. Introduction

The enhancement of the peak field effective mobility has
been reported for 4H-SiC MOSFTEs with the counter doped
structure and the buried channel structure formed by N ion
implantation [1,2]. The effect of the N ion implantation is
considered to be the reduction of Coulomb scattering proba-
bility in channel region. That is, Coulomb scattering at the
SiC/SiO; interface can be reduced by the relaxed electric field
[1] or the electron position away from the MOS interface [2].
In order to clearly understand the carrier transport properties
in the SiC MOS inversion layer, it is important to evaluate the
unan in channel region. Different from the field effect mobil-
ity, the Hall effect measurement allows us to investigate the
unan in channel region separately from the surface carrier den-
sity (Ns), which is affected by high amount of the interface
traps at the SiC/SiO, interface. However, the experimental
studies on the puan in channel region of the SiC MOSFETS
with the N ion implantation are very limited [3, 4]. A study
by V. Mortet et.al. has revealed the pan in channel region
with the depletion mode behavior [3]. With increasing the
dose of N implantation up to 1x102 cm?, the pian in channel
region keeps increasing. On the other hand, another study by
F. Mouscatelli et.al. has pointed that higher concentration of
N below the MOS interface reduces the pwan in channel region
by using the device, whose N concentration is higher than
5x108 cm® [4]. Therefore, the effect of increasing N ion im-
plantation into SiC MOSFETSs has not been consistently un-
derstood yet for the wide range.

In this study, we evaluated the pwan in channel region with
increasing the dose of the N ion implantation into the p-type
well region. Both the devices with the surface channel and

buried channel were systematically examined through the N
dose dependence of the pxan in channel region.
2. Experimental sample structure

The planar-type Si-face 4H-SiC MOSFETS with the hall
bars were fabricated on the ion-implanted region (Fig. 1).
The ion-implanted well region were formed by the Alumi-
num (Al) and N ion implantation. In order to examine N
dose dependence of the pqan in channel region, the dose of N
implantation was changed up to 2.4x10% cm2 with the en-
ergy of 40 keV. The gate oxide was formed by thermal oxi-
dation with the post nitridation process.
3. Results and Discussion
3.1. Surface channel device
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Fig. 1 Schematic of the fabricated SiC MOSFETSs with N-implanted
region on Al-implanted well region.

When the ion-implantation energy is 40 keV and the
dose of N is less than 2x10? cm™, the fabricated devices
work as the surface channel devices at room temperature by
simulation. With increasing the dose of N from 0 to 2x10%?
cm2 the pwan in channel region increases when comparing at
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Fig. 2 pnan in channel region as a function of N for the devices
with the dose of N from 0 to 2 X 102 cm?
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the same Ns (Fig. 2). This is a similar result as in Ref. 3. It is
noteworthy that the pxan in channel region proportionally in-
creases to the power of Ns, suggesting that pxan in channel
region is mainly dominated by Coulomb scattering [5]. It is
considered that the relaxed electric field at the same Ns by
increasing the dose of N results in the suppression of Cou-
lomb scattering probability of the electrons in the surface
channel.
3.2. Buried channel device

When the dose of N is more than 8x10*2 cm?, the fabri-
cated devices work as buried channel devices at room tem-
perature by simulation. We compared the surface channel
devices and a buried channel device, whose does of N is
8x10'2 cm2. It is found that a buried channel device shows
higher pwan in channel region when comparing at the same
Ns (Fig. 3 (a)).
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Fig. 3 (a) pHan in channel region as a function of Ns for the sur-
face channel and buried channel devices. The device whose
does of N is 8 X 10'2 cm works as the a buried channel device.
(b) pHan in channel region as a function of Ns for the buried
channel devices. The dose of N is 8 X 10!2 cm™ and 2.4 X 10'3
cm, respectively.

It is found that the power-law coefficient of the pan in
channel region as a function of Ns is different from that of
the surface channel device in low Ns region. This experi-
mentally indicates that a fabricated device with the N dose
of 8x10% cm works as buried channel, as expected. Fur-
thermore, we fabricated the device with higher dose of N,
which is 2.4x10% cm2. The degradation of the ppan in chan-
nel region was found at the same Ns by increasing the dose
of N from 8x10%2 cm™ to 2.4x10% cm™ (Fig. 3 (b)). This
means that the pwan in channel region decreases with too
much dose of N when the devices operate as the buried
channel device and the electrons flow in the bulk region.
3.3. Transition from buried channel to surface channel

It is important to experimentally confirm that pan in low
Ns region in Fig. 3 (b) is representing the electron conduc-
tion in the bulk region of the buried channel device. For this
purpose, we have applied the body bias at room temperature.
It is expected from the simulated carrier distribution at the
MOS interface that applying the body bias enables the tran-
sition from the buried channel to the surface channel. (Fig. 4
(@)). Itis clearly observed that applying the body bias results
in the reduction of the pyan in channel region at the same Ns.

(Fig. 4 (b)). The power-law coefficient of pnan in channel re-
gion as a function of Ns becomes closer to the value of the
surface channel device.
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Fig. 4 (a) simulated carrier distribution of the SiC MOSFETS at
the MOS interface with applying body bias (b) pHan in channel
region as a function of Ns with the body bias. The dose of N was
8X 10" cm?.

In addition, the temperature dependence of the pan in
channel region was measured between 177 K to 348 K. The
reduction of the pwan in channel region at the same Ns was
found in low Ns region with the elevation of temperature
(Fig. 5). This is considered to be corresponding to the reduc-
tion of the electron mobility in the bulk region at higher
temperature.

w102
g
£
°
:
1 .
10 1011 1012 1013
Ng (cm?)

Fig. 5 pHan in channel region as a function of Ns with changing
temperature. The dose of N was 2.4x10'3 cm™.

4. Conclusions

The Hall effect mobility of the SiC MOSFETS with N-
implanted channel region was investigated by increasing the
dose of N. As the device changes from the surface channel
to the buried channel, the improvement of the pnan in chan-
nel region was found. However, further N implantation de-
creases the pwan in the channel region due to the degradation
of the electron mobility in the bulk region. This understand-
ing was confirmed by applying the body bias and changing
temperature.
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