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Abstract

The influence of nitridation and wet oxidation fol-
lowing nitridation on  near-interface-traps in
SiC-MOSFETs was analyzed by deep level transient
spectroscopy (DLTS). We established a method to eval-
uate the space distribution of traps. From the DLTS
measurements, we found that traps at the shallow levels
affect  subthreshold swing and mobility of
SiC-MOSFETs after the wet oxidation, while threshold
voltage shift was influenced by deep level traps which
increased after the wet oxidation. By measuring the
spatial distribution of the deep level traps, it was re-
vealed that they were increased in the SiC bulk near the
interface by the 800 °C and 900 °C wet oxidation, while
the traps at the MOS interface increased only after the
900 °C wet oxidation. It is expected that these variations
in the trap densities correspond to the degree of the
threshold voltage shifts observed in SiC-MOSFETs.

1. Introduction

SiC-MOSFETs are required to be designed to have a
large threshold voltage (V) for prevent erroneous arc firing
in circuits. Although Vy is usually controlled by doping
concentration in the channel, it makes the mobility to be
lower. Recently, Furuhashi et al [1] have reported that it is
possible to obtain the ¥, positive shift by a wet oxidation
process after nitridation of a gate oxide without significant
decrease of the mobility. The reason, however, of the phe-
nomena has not been clarified. In this study, to shed light
on the mechanism, we investigated the influences of the
nitridation and the wet oxidation following the nitridation
on near-interface-traps in SiC-MOSFETs by deep level
transient spectroscopy (DLTS). We established a DLTS
method to evaluate the space distribution of traps including
interface, with controlling a pulse voltage height to fix the
surface potential variation 4y, while sweeping a bias volt-
age. The spatial distribution of the deep level traps affected
by the nitridation and wet oxidation at different tempera-
tures were analyzed , and it was found the relation between
the threshold voltage shift and trap densities in SiC bulk at
the interface.

2. Experimental

Frist, a gate oxide layer was formed by high tempera-
ture dry oxidation on Si-face 4H-SiC. Then, nitridation was
done by NO annealling, after which 800°C or 900 °C wet
oxidation was performed for 30 min. Then, MOS-FET
structures were fabricated by electrode formation. n-type
MOS-capacitors processed under the same nitrida-
tion/oxidation conditions as the MOS-FETs were fabricated
and the near-interface-trap densities and space distribution
of traps were analyzed by DLTS measurements.

3. Results and Discussion

Figure 1 shows IV, characteristics and field-effect mo-
bilities ur (300 K, V= 0.1 V). Subthreshold swing (SS)
and p. were 1600 mV/dec and 3 cm?/V/s, respectively,
after the dry oxidation, and these values were improved to
500 mV/dec and 26 cm?/V/s, respectively, after the nitrida-
tion. The 800 °C wet oxidation after the nitridation shifted
Vi by +0.75 V, while SS and ur were not significantly
changed, only 1.1 and 0.92 times, respectively. The wet
oxidation at a higher temperature of 900 °C resulted in a
larger Vi shift (+4.0 V) and degradation of both SS and yy.
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Fig. 1 The characteristics of MOSFET (a) /4V; characteristics and
(b) Field effect mobility uz

For comparison, we examined the near interface trap
density (D) of the MOS capacitors by a Hi-Lo CV method
at 300 K as shown in Fig. 2(a). The densities of traps hav-
ing variety of time constants (T =1 ps ~ 1 s) were measured
from the difference between the quasi-static CV (QSCV)
and 1 MHz CV characteristics. The time constant values
correspond to energy levels of E.- E, = 0.35 ~ 0.7 eV (for
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300 K and cross capture section ¢ = 107 cm?). By the
800 °C wet oxidation following the nitridation, the density
of traps deeper than 0.35 eV were increased. The increasing
of the deep level traps is thought to contribute to the Vi
positive shift without the mobility degradation [2].

To measure the shallower level traps than 0.3 eV and
define the time constant and space distribution of the traps,
we measured Dy by DLTS. Figure 2(b) shows the D;, of the
MOS capacitors obtained from the DLTS signals. A reverse
bias was applied for depletion layer width to be 300 nm,
and a pulse bias (flat band voltage + 2 V) was applied to
accumulate electrons. The rate window was © = 0.88 ms
and the measurement temperature was 80 ~ 400 K. We can
measure the density of 0.10 ~ 0.75 eV energy level traps
(for the case of 6 = 10'* ¢cm?) under these measurement
conditions. D;; was decreased 0.25 times at all around the
energy level by the nitridation. The variation of D, after the
800 °C wet oxidation has difference between the shallower
and deeper traps than 0.2 eV. After the 900 °C wet oxida-
tion, the Dj including shallow traps increased by a factor of
2 comparing to the nitridation sample. The amount of D; at
the shallow levels (< 0.2 eV) is likely to correspond to the
variations of SS and mobility shown in Fig. 1, while D;, at
the deeper levels (> 0.2 eV) affect the V7 shift, in agree-
ment with the result by the Hi-Lo CV method in Fig. 2(a).
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Fig. 2 Density of the near interface traps in the MOS capacitor
measured by (a) Hi-Lo CV method (b) DLTS

We measured the space distribution of the deep level
traps from the interface to SiC bulk by the bias dependence
of the DLTS signal to further reveal the correlation between
Dj, at the deep levels and V7, shift. The relationship between
surface potential y; and bias voltage V, was calculated from
QSCV and 1 MHz CV characteristics [3]. Then, the pulse
voltage height was controlled to fix the surface potential
variation Ays = 0.1 eV, while sweeping the bias voltage.
The large pulse height was applied to bend the band struc-
ture of the flat-band or accumulation mode MOS structure.
By using this method, we can obtain the DLTS signals ir-
respective of the state of MOS structure, i.e. depleted,
flat-band, and accumulated. Thus, the space distribution of
the traps at SiC bulk and interface can be estimated.

Figure 3 shows the bias voltage dependence of the
DLTS signal at 300 K. The horizontal axis indicates the
surface potential when the pulse voltage was applied w; =y),.
(The bias voltage was applied to make y, =y, - 0.1 eV).
And the vertical axis indicates the DLTS signal 4C = C(er)

- C(7), normalized by Cox. The rate window (t) was set to
the same value of 0.88 ms as the measurement in Fig. 2(b),
and this t value corresponds to an energy level of 0.5 eV
(for 6 = 10"'* cm?). The signals of y, < 0 €V show traps in
the SiC bulk near the edge of the depletion layer and the
signal of y, ~ 0 eV indicates the interface traps.
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Fig. 3 Bias dependence of DLTS signal (t = 0.88 ms), yp is the
surface potential when the pulse voltage is applied.

There is a peak around y, ~ -0.05 eV after the dry oxi-
dation and the peak disappeared by the nitridation. The
DLTS signals at y, < 0 eV (SiC bulk near the interface)
increased after the 800 and 900 °C wet oxidations. The
traps at the interface do not change largely at 800 °C wet
oxidation, while they increased after the 900 °C wet oxida-
tion. And after the 900 °C wet oxidation, the y, ~ 0 eV
signals (interface) became three times higher than that after
the nitridation. The observed DLTS signal variations imply
that the deep level traps of the SiC bulk was increased in
wide depth range depending on the temperature of the wet
oxidation, and that the deep level interface traps were in-
creased after the 900 °C wet oxidation. Therefore, it is
speculated that the traps in the SiC bulk caused the small
Vi shift after the 800 °C wet oxidation, and that the in-
crease of the traps both in the SiC bulk and interface led to
the large Vi shift after the 900 °C wet oxidation.

4. Conclusions
In this study, the influences of the nitridation and the
wet oxidation following nitridation on near the interface
trap were analyzed by DLTS. The shallower traps than 0.2
eV and deep level interface traps were decreased by nitri-
dation. By 800 °C wet oxidation following nitridation, the
shallower traps was not increased. After 900 °C wet oxida-
tion following nitridation, the deep level interface traps
were increased. Moreover, the deep level traps in the SiC
bulk were increased by 800, 900 °C wet oxidation. These
variation correspond with the Subthreshold swing and the
mobility variation and the threshold voltage shift.
References
[1] M. Furuhashi, et al., Proceedings of The 25th ISPSD, Kana-
zawa (2013) 2-4.
[2] M. Furuhashi, et al., Mat. Sci. For. 985 (2014) 778-780
[3] H. Yoshioka, et al., J. Appl. Phys. 111 (2012) 014502.

- 387 -



