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Abstract: We performed dry oxidation on n-type silicon carbide (SiC), followed by annealing in
diluted N»O, and subsequently fabricated n-type MOS structures. The study aimed to investigate the
impact of different annealing times on the trap charges near the SiC/SiO, interface and the reliability
of the gate dielectric. Capacitance-voltage (C-V) and current-voltage (I-V) measurements of the n-type
MOS revealed that increasing the annealing time with N, O effectively reduces the density of electron
traps near the SiC/SiO; interface, mitigates the drift in flat-band voltage and enhances the oxide
breakdown field strength. However, excessive annealing time leads to an increase in the flat-band
voltage drift of the MOS, resulting in premature oxide breakdown. Using the optimized annealing
conditions, we fabricated n-type LDMOSFETs and obtained the threshold voltage (Vth), field-effect
mobility (upg) and specific on-resistance (Ron-sp) from the transfer curve (Id-Vg) and output curve
(Id-Vd) measurements. The research findings provide valuable insights for the gate oxidation process
of SiC.

Keywords: silicon carbide; N, O; interface states; MOS capacitor; POA; LDMOSFET

1. Introduction

As one of the third-generation wide band gap semiconductors, Silicon carbide (SiC)
has many outstanding electrical, mechanical and chemical properties, including a large
band gap, high electron and hole mobility, extremely high hardness, high quality factor Q,
high thermal conductivity, high chemical corrosion resistance and others [1]. Due to these
physical advantages, SiC is now widely used as a material for powering MOSFET devices.

One advantage of SiC is that SiO, can be obtained by thermal oxidation, which makes
it possible to follow the similar design of silicon based on metal-oxide semiconductor (MOS)
field effect transistors. However, a carbon-rich layer and defects form at the interface of
SiC/SiO; after oxidation. This results in a high density of interface states (Dit) near the
conduction band edge (EC) and valence band edge (EV) in the SiC bandgap, trapping
most of the free electrons in the MOSFET inversion channel, further reducing the channel
mobility [2]. This is not good for MOSFET devices and can lead to an increase in the
threshold voltage and power dissipation and a decrease in channel mobility. Different
defect models have been proposed through theoretical calculations and experiments to
explain the origin of the defects, such as the sub-oxide layer [3], native point defects [4]
and carbon-related defects, including carbon-dangling bonds, SiCxOy species and carbon
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clusters [5,6]. Until now, there is still no consensus for a unified model of the dominating
defects. For passivating these defects, conventional POA methods are used to passivate
interface traps in a nitrogen-containing atmosphere (NO or N,O) [7,8]. N,O decomposes at
a high temperature and produces NO and O,. NO will offer nitrogen for the interface, and
the oxygen produced by N,O decomposition will cause slow re-oxidation. The competitive
relationship between N passivation and re-oxidation makes the passivation effect of N,O
slightly inferior to that of NO [9]. It is reported that the peak mobilities of MOSFETs
annealed in NO and N,O were 37 and 29 cm?V~—1s71, respectively [10]. NO or N,O
can provide a large amount of nitrogen during annealing. Nitrogen enters the SiC/SiO,
interface during annealing. As the annealing temperature or annealing time increases,
this nitrogen accumulates at the SiC/SiO, interface until saturation [11]. After reaching
saturation, this nitrogen diffuses into the S5iO; and SiC bodies, filling silicon vacancies [12],
reacting with carbon dangling bonds to convert C=C bonds into C=N bonds [13] and
diffusing to the device channel region to form nitrogen doping [14], resulting in a reduction
in the shallow interface state and improving the channel mobility of the device. Although
annealing in NO has been proved to be more beneficial, N, O is still widely used, mainly
because of the toxicity of NO [15]. The passivation effect is not only related to the annealing
atmosphere but also closely related to the specific annealing conditions.

Many studies have shown that using diluted N>O to anneal the oxidized SiC/SiO;
interface can also improve the interface characteristics. The initial results by Philippe et al.
show that the SiC MOS flat band voltage drift can be effectively reduced by cutting down
the proportion of N,O in the annealing atmosphere from 20% to 10% [9]. Zhao et al. found
that in the diluted N, O (10% in Nj) annealing, a higher-temperature nitridation reduced the
trap time constant and increased the trap capture cross-section [16]. Masato et al. annealed
the SiO, deposited by PECVD in diluted N,O. It was found that this annealing condition
can improve the channel mobility of 4H-5iC MOSFETs [17]. Tseng et al. tested different
mixing ratios between N,O and N at three temperatures to identify the mechanism of
diluted N>O oxidation processes on 4H-SiC. The results demonstrated that the collision
partner played a critical role in N;O decomposition. The diluent N, worked as the collision
partner at oxidation temperatures below 1200 °C and significantly affected the grown oxide
thickness in a diluted N,O ambient [8].

Since a diluted N,O annealing process can weaken the re-oxidation and avoid the
formation of new interface states, the influence of different annealing times in a diluted
N,O atmosphere on the electrical performance of n-type SiC MOS capacitors was studied
in this paper. Interface state density with charge voltage drift at different passivation times
was extracted through C-V testing, characterizing the interface quality of SiC/SiO;. On the
basis of SiC MOS capacitors, SiC LDMOSFET devices were fabricated to extract the channel
mobility of MOSFET devices, quiescent electrical tests of MOSFET devices were carried out
and the results were analyzed and calculated. The threshold voltage, transconductance,
field-effect mobility and specific on-resistance were obtained and some existing research
results were compared

2. Experiment of MOS Capacitors

NO is stable below 1100 °C, and when the temperature exceeds 1200 °C, N,O is
thermally decomposed, and the reaction is as follows [1]:

N,O - N, + 0O 1)

N,O + O — 2NO )

In the process of post-annealing, the diffusion coefficient of N,O in SiO, is much lower
than that of NO and O, due to its large molecular weight, so the process of interfacial
nitriding is not carried out by N, O itself but by NO produced by the thermal decomposition
of N,O. This is consistent with the temperature required for N,O annealing in the industry
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from 1200 to 1300 °C. When the temperature exceeds 1300 °C, NO is also be decomposed
by heat, which is not desirable, and the reaction of thermal decomposition is as follows:

2NO — Np + O, 3)

In this study, the MOS capacitors were fabricated on commercial n-type 4° off-axis
(0001) 4H-SiC epitaxial wafers. The nitrogen doping concentration of the epitaxial layer
was 8 x 10'® cm~3 and the thickness was 12 um. The preparation process of the experiment
is shown in Figure 1. The crystal elements were first cleaned with standard RCA and
then immersed in BOE solution. The elements were then rinsed with deionized water and
dried with nitrogen. After that, the gate oxides were fabricated by oxidation at 1280 °C for
50 min under dry oxygen pressure of 90 kPa. Then, different annealing times were used
in diluted NoO (10% in N7O). The annealing temperature and pressure were 1180 °C and
90 kPa, respectively. After the annealing process, the molybdenum (Mo) film of 200 nm
was deposited on the front of the sample as the gate electrode, while protecting the oxide
layer from being affected by the subsequent process. The S5iO; on the back of the sample
was removed by dry etching, and the 150 nm thick nickel (Ni) was then deposited as the
back ohmic contact. Metal post-annealing was used in a N, atmosphere at 1000 °C for
2 min. The photoresist was spun on Mo and graphically applied. Then, a metal dry etching
machine was used to etch the excess Mo to form a circular gate electrode with a diameter
of 300 um.

Mo Oxidation in O,
50min (1280°C)
Si0, POA in N,0(10%in N,)

30min, 90min, 150min (1180°C)

Gate metal (Mo 200nm)
deposition by sputtering

S16 Backside Ni (150nm) ohmic contact
N, annealing (1000°C)
Reactive ion etching of gate metal
Yy CL+0,
Ni
Measurement

Figure 1. The structure and fabrication procedure of SiC MOS.

The oxide thickness was measured by ellipsometry (J.A.WoollamM-2000, ].A Woollam,
Lincoln, NE, USA) after annealing. The electrical properties of SiC MOS were measured
by an Agilent-B1505A electrical characterization system. Near-interface traps (NITs) were
characterized by bidirectional capacitance-voltage (C-V) measurement at room temperature.
The voltage sweep started from depletion towards accumulation, followed by a reverse
sweep from accumulation towards depletion. The interface state density (Dit) was extracted
by the high frequency-low frequency method. The current-voltage (I-V) curve was obtained
by applying a DC voltage with a step size of 0.1 V to characterize the reliability of the gate
oxide. Twenty MOS electrodes were designed in the experiment, and the average value
was taken as the test results under the corresponding oxidation conditions.

3. Results and Discussion

This section is divided by subheadings. It should provide a concise and precise
description of the experimental results and their interpretation, as well as the experimental
conclusions that can be drawn.

3.1. The Results of C-V Test

After oxidation and annealing, ellipsometry measurements show that the oxide thick-
nesses of as-ox, POA30, POA90 and POA150 are 47.2 nm, 48.4 nm, 48.6 nm and 49.4 nm,
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respectively. It can be seen that when annealed in diluted N;O, the thickness change of the
sample’s oxide layer is negligible. This avoids additional oxidation, which might lead to
new interface traps [17].

The normalized bidirectional C-V measurement results with a frequency of 1 MHz
are shown in Figure 2. The C-V curves of all samples have positive flat-band voltage.
This indicates that negative charges were generated during the preparation process of the
SiC MOS capacitor. The sample without annealing shows a flat band voltage of 4.71 V.
After N,O annealing, the curve had obvious left shift and clockwise hysteresis. This is
determined by the doping concentration of SiC and the work function of the gate electrode,
indicating the presence of negative fixed charges and electron traps. The hysteresis of the
curve is related to the oxide trap near the interface. When the gate voltage scans from
negative to positive, electrons are injected into the oxide and captured by NITs [18]. Then,
when the gate voltage is retraced, these electrons cannot be released in time due to their
large time constant [19]. A larger gate voltage was needed to balance these electrons.
According to the bidirectional C-V curve, the flat band voltage and the trap density near
the interface were extracted, as shown in Table 1. At the annealing time of 30 min, the
density of the NITs was 5.27 x 10! cm~2. When the time was increased to 90 min, the
density of the NITs was increased to 2.11 x 1011 em~—2. When annealed for 150 min, the
density of the NITs was close to the value of the un-annealed one. This indicates that
the flat band voltage and hysteresis voltage decreases with the increase in annealing time
in diluted N;O. However, excessive annealing also increases the flat band voltage and
hysteresis voltage. This is because NoO decomposes at a high temperature to produce
NO, O; and Ny, and the NO injects N atoms into the interface. The accumulation of N
atoms reduces the density of interface states and NITs [15]. After annealing in N,O, the
interface of SiC/SiOy is nitride. At the interface after nitriding, it was found that when the
temperature drops to 4 K, there was a very strong EDMR signal generated by Nh, which
was similar to the nitrogen shallow donor at the 4H SiC carbon h-site [Nc(h); C3y symmetry,
g| = 2.0005and g | = 2.0010] [20]. The signal width of this Nh was only 0.4-0.5 mT, which
was much smaller than the 3.6 mT [20] of the k-site shallow nitrogen donor Nc(k), This
indicates that both of the N¢(h) and Nh centers are related to shallow nitrogen donors.
When the temperature was less than 20 K, the relationship between N¢(h) and Nh was
consistent. Therefore, it is believed that the Nh signal originates from the h-site of the
shallow nitrogen donor in the channel region. The annealing time and temperature in
N,O atmosphere can both affect the concentration of N at the SiC/SiO, interface. With
the increase in annealing time and temperature, the concentration of N at the SiC/SiO,
interface significantly increases. After reaching saturation, it diffuses into SiO, and SiC. The
XPS measurement results show that the N peak widens as the concentration of N atoms
increases [21]. During the annealing process, these N atoms that diffuse to the surface of
SiC form high-density N donors and ultimately appear in the form of Nh centers. These
shallow interface state donors form very fast interface states near the conduction band
(Ec). Compared to slow interface states that can be detected at a frequency of 1 M, these
very fast interface states often require a frequency of over 100 M to be detected or can be
detected at a frequency of around 1M when the temperature is lowered to low temperatures
(<20 K). The interface state of the SiC/SiO, interface decreases due to the accumulation
of N at the interface during annealing, but at the same time, very fast interface states are
also generated, which is a dynamic process that requires finding an equilibrium point.
These diffused N atoms form stable binding states that exist at the interface, even if they
are y-ray exposure does not remove it, and the specific form of existence still needs to be
studied. When these N donors appear in the channel region, it is obvious that this lowers
the threshold voltage of the device [20,22]. Therefore, by properly controlling the N,O
annealing time, SiC MOSFET can perform with relatively low threshold voltage and small
threshold voltage drift.
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Figure 2. Normalized C-V characteristics for the samples with different N,O POA time. Broken line
shows the ideal C-V curve calculated by Poisson’s equation.

Table 1. SiC MOS structures fabricated with different POA time.

Oxidation Time POA Time v Hysteresis N
Sample at 1280 °C at 1180 °C FB in C-V NITS
. . V) (cm~2)
(min) (min) V)

as-ox 50 / 471 0.21 6.78 x 101
POA-30 50 30 3.60 0.02 5.27 x 1010
POA-90 50 90 2.40 0.08 2.11 x 101
POA-150 50 150 291 0.16 5.02 x 101

The channel mobility of SiC MOSFET is low because the high density of states (Dj;)
at the S5iC/SiO; interface causes Coulomb scattering [23]. The D;; was extracted by the
high-low method at Ec — Er = 0.2-0.6 eV [24]. The characteristics of high frequency and
low frequency were measured at 1 MHz and 1 kHz, respectively. When a high frequency
signal is added to a DC signal, the interface defects cannot catch and release electrons
following the signal. When a low frequency signal is superimposed, interface defects can
trap and release electrons. Figure 3 shows the Dj; distribution of the SiC MOS capacitors
near the edge of the 4H-SiC conduction band at different annealing times. The POA90
sample has the lowest Dj; of 5.78 x 101! cm~2eV~! when Ec — Er =0.2 eV.

The accumulation of N atoms on the SiC/SiO; interface during annealing can remove
the C-related defects and form stronger Si=N and O=N bonds [25]. During the oxidation
process of SiC, carbon splitting gaps may be formed, some of which may form 7-bonded
interstitial carbon dimers (Ci=Ci) during the oxidation process. These Ci=Ci dimers may
generate acceptor states near the edge of CB. When annealing in a N,O atmosphere, NO
generated by thermal decomposition enters the SiC/SiO, interface and react with Ci=Ci
within a certain Fermi level range, as shown in the following formula [13]:

SiC/SiO; : | (G = G;)° +2e7 | 4 Si0; : NO = SiC/SiO; : |(Ci)e + O%| + SiO, : CN~ 4)
C if

SiC/Si0, : [ CG=0)+ e*} +5i0, : NO = SiC/SiO, : (Ni = Q)" +Si0, : CO*™ )

Equation (4) gives an energy gain of 2Ep — 1.3 eV, i.e,, 2.5-3.1 eV in the chosen Fermi-
level range and describes the observed carbon removal from the interface [9,26]. The energy
gain in Equation (5) is Ep + 1.8 eV, positive for any Fermi-level position, and 3.7-4.0 eV in
our range. Therefore, this is the dominant reaction and it is responsible for the observed
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nitrogen incorporation at the interface [27]. These reactions convert the carbon dimer into a
zwitterionic but mobile carbon filler and into a fixed N=C dimer (deep donor level), with
a few N=N bonds expected [13]. When annealed in the atmosphere containing N,O, the
passivation by N and the oxidation by oxygen are carried out simultaneously. Even if N,O
was diluted, additional oxidation still exists [8,28]. When the annealing time increased to
150 min, the Dj; increased instead. The content of N atoms at the interface tends to become
saturated. Excessive nitrogen passivation causes nitrogen atoms to diffuse into the SiO,
layer for several nanometers near the interface. This leads to some new interface traps,
decreasing the field effect mobility (upg) of MOSFET [29]. The value of D;; of the POA90
and POA150 samples at Ec — E1 = 0.35-0.6 eV is larger than that of POA30. The energy
level of the C cluster is related to its size [13]. The passivation of N can reduce the size of C
clusters and transfer their energy levels to the lower part of the semiconductor band gap
(or possibly beyond the band gap) [30]. Therefore, the Dj; between 0.35 and 0.6 eV at the
bottom of the conduction band increases. The longer nitrogen passivation of the POA150
sample makes Dj; lower than that of the POA90 sample at Ec — E1 = 0.35-0.6 eV.

1013
—=— 28-0X
—=—POA30
—=—POA90
—=—POA150
1012 -
>
NQ)
£
N
Q.‘:.‘
1011 -
1010 1 1 1 1 1
0.2 0.3 04 05 0.6 0.7
EE; (eV)

Figure 3. Distribution of interface state density in the bandgap of the sample with different POA time.

3.2. The Results of IV Test

Figure 4 shows the leakage current density—electric field (J-E) curve of the SiC MOS
capacitor under different annealing times. The POA30 sample has the highest breakdown
field of 10.08 MV /cm. Although increasing the annealing time is helpful to reduce the
density of interface states and improve the mobility of devices, the reliability of the gate
dielectric is be reduced at the same time and makes the gate breakdown prematurely. The
longer the passivation time is, the earlier the dielectric breakdown point arrives. These
results show that the oxide leakage current density at electric fields above 5 MV /cm
increases sharply due to Fowler-Nordheim tunneling; when a positive voltage is applied
to the gate of an n-channel MOS capacitor, an electric field appears in the gate oxide layer.
At low electric fields, due to the presence of a potential barrier between the semiconductor
and the metal, the current density remains almost unchanged. When the gate voltage rises
and the oxide layer is in the high field region, the height and width of the barrier decrease,
and the probability of electrons tunneling through the oxide layer from the semiconductor
into the metal greatly increase; this significantly increases the current density between the
semiconductors and metals. The electron tunneling model under high electric fields is
called the Fowler—-Nordheim tunneling model, and the leakage current is controlled by this
model. Its expression is as follows [1]:
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Figure 4. A comparison of current density (J) as a function of electric field (E) for the four samples.

Among them, E is the electric field strength in the oxide, m™ is the effective mass of
electrons in the oxide, ¢p is the barrier height or conduction band offset between the oxides
and semiconductors (AEc) and i = h/27t, where h is the Planck constant. From this, it can
be seen that as the electric field strength increases, the leakage current controlled by the
Fowler-Nordheim tunneling model significantly increases. As shown in Figure 4 of the
article, except for POA30 and POA150, samples of as-ox and POA90 experience a sharp
increase in leakage current above 5MV /cm due to the Fowler-Nordheim tunneling effect.
So, the electric field in the oxide layer of all samples should be kept below 5 MV /cm.

4. Experiment of LDMOSFETs

LDMOSFETs were fabricated on commercial n-type 4° off-axis (0001) 4H-5SiC epitaxial
wafers. The nitrogen doping concentration of the epitaxial layer was 8 x 10!> cm 3 and
the thickness was 12 um. Firstly, the inorganic solution was used to clean the substrate
according to RCA standard to remove the dirt on the surface, and then the BOE solution
was used to remove the natural oxide layer on the substrate to prevent the oxide layer from
affecting the subsequent process. The tablets were then washed with deionized water and
blown dry with nitrogen for the subsequent steps. In the first step, high-temperature ion
implantation was carried out, and AlICl; was used as the P-type injection source to form
a P-base region at a depth of 750 nm with a doping concentration of 1 x 107 cm~3. The
second step was still high-temperature ion implantation, using N as the N-type injection
source, and the injection was formed into a N + source region with a depth of 300 nm
and an injection concentration of 1 x 10 cm~3. Ton implantation was followed by high-
temperature ion activation, which was first baked with photoresist to form a carbon
film, which was covered on the surface of the substrate, and then annealed in an argon
atmosphere at 1700 °C for 30 min. After completion, the degumming machine was used
for 10 min under a condition of 500 W to remove the carbon film on the surface. After
that, the sacrificial oxidation of the surface was carried out, and the surface was oxidized
with SiC of about 20 nm to ensure the flatness of the surface and reduce the effect of ion
implantation on the substrate surface. After that, the gate oxygen layer was formed by
oxidation at 1280 °C for 50 min in the oxidation equipment, and immediately after the
oxidation, it was annealed at 1180 °C for 0, 30, 90 and 150 min in the same equipment
using a diluted N,O atmosphere (as-ox, POA30, POA90, POA150). After the gate oxygen
preparation was completed, 500 nm of metal Mo was sputtered on the surface, and the
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gate electrode was prepared by the stripping process. Then, 500 nm of metal Ni was
sputtered to form a source-drain metal at 1000 °C. The general fabrication process and
device structure are illustrated in Figure 5. Upon device fabrication completion, testing
was carried out using Agilent B1505 (Agilent, Santa Clara, CA, USA). The I-V test of the
transfer characteristics and output characteristics of the LDMOSFET device was carried
out, and the threshold voltage and transconductance were extracted from the obtained
transfer characteristic curves. The field-effect mobility of the device was calculated by
using the transconductance. The specific on-resistance was obtained from the resulting
output characteristic curve. Twenty MOSFETs were designed in the experiment, and the
average value was taken as the test results under the corresponding oxidation conditions.

N
—

SiC SiC
Mo M
Nj ili 1 ilio
<
SiC SiC

Figure 5. The fabrication procedure of SiC LDMOSFET.

The Results of I-V Test

The transfer curve is shown in Figure 6. The graph shows the curves of as-ox, POA-30,
POA-90 and POA-150. Taking POA-90 as an example, the threshold voltage of 7.83 V is
obtained by linear extrapolation from the linear region of the transfer characteristics. The
peak transconductance of the device is 3.79 uS at Vg = 24V. Figure 7 shows the typical
output characteristics of the fabricated lateral enhancement mode N-channel MOSFET
using POA-90 as an example, with the gate voltage (V) from 0 V to 25 V and the drain—
source voltage (Vpg) from 0 V to 20 V. The device exhibits a drain current of 1010 pA at
Vg =25V and Vpg = 20 V. The output characteristics exhibit excellent linear and saturation
regions. The specific data are shown in Table 2.

Table 2. SiC MOSFET structures fabricated with different POA time.

Oxidation Time POA Time v Peak Field Effect
Sample at 1280 °C at 1180 °C (‘T,? Mobility
(min) (min) (cm?/V:s)
as-ox 50 / 10.5 5.0
POA-30 50 30 9.3 6.0
POA-90 50 90 7.8 7.1

POA-150 50 150 8.5 6.3
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Figure 6. The transfer curves and transconductance curves of LDMOSFETs under different
oxidation conditions.

12}
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Figure 7. The output curve of LDMOSFET (taking POA-90 as an example).

To verify the effectiveness of annealing in diluted N,O and the effect of different
annealing times on device performance, the gate voltage dependence of the field-effect
mobility #FE was measured, and the Vg for the measurement ranged from 0 to 30 V. The
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UEE can be calculated from the following formula using transconductance characteristics at

a drain voltage of 100 mV [1]:
9l
il

-~ U W
Cox Vds T

MFE

In this context, (d1y)/(dVgs) is the transconductance, also denoted as “gm”, Cox rep-
resents the gate oxide capacitance, W stands for channel width and L signifies channel
length. In the fabricated devices, the gate oxide thickness, channel length and channel
width are 49.6 nm, 2 um and 150 pum, respectively. Taking LDMOSFET devices prepared
under POA90 conditions as an example, the calculations reveal a peak field-effect mobility
of 7.1 cm? / Vs for the device. The output curve is depicted in Figure 7, and by evaluating
the linear region with a source-drain voltage from 0 to 3 V, the specific on-resistance of the
device is calculated to be 12 mQ)-cm?.

The results indicate that the annealing time in N>O does not necessarily present a
trend of the longer the better. An excessively long annealing time can actually increase
the interface state density and reduce the peak field effect mobility of the device, which is
consistent with the conclusion of MOS capacitors. However, the peak field effect migration
rate of POA-90 is not particularly prominent compared to current research levels, which
may be due to several reasons: firstly, differences in annealing atmosphere. Many studies
have used a NO annealing atmosphere, while this article uses a N,O annealing atmosphere.
Compared with NO annealing, the N,O annealing process involves re-oxidation, and the
impact on the interface state during this process is more complex. Secondly, this may be a
problem with the preparation process. In this article, the N,O annealing process is directly
carried out after gate oxygen oxidation, while in other studies, such as Song et al.’s [31],
the gate oxygen preparation process issandwich (nitridation—oxidation—nitridation) type.
Different preparation processes result in different SiO, /SiC interfaces, which have a sig-
nificant impact on the device. Thirdly, due to process limitations, this article chose metal
Mo instead of polycrystalline silicon as the gate metal. Polysilicon can change the Fermi
level through high concentration doping, which can adjust the barrier height during the
metal oxide semiconductor contact process, making it more suitable as the gate of MOSFET.
Although the peak field effect mobility of the device prepared in this article is not high, the
structure proposed in this article has a smaller threshold voltage compared to the study
by Song et al. The process of gate oxygen preparation and oxidation mentioned in this
article is also relatively simple, and simpler process steps introduce fewer errors, which is
conducive to achieving better device performance. The conclusion of this article has certain
guiding significance for the preparation of SiC MOSFET devices.

5. Conclusions

In this paper, n-type SiC MOS was prepared to study the effect of different N,O
annealing times on the reliability of MOS gate dielectrics. Through C-V test, it was found
that with the increase in annealing time, the flat band voltage and the density of states at
the SiC/SiO; interface decreased. However, a too-long N,O annealing time will lead to
excessive nitrogen passivation and additional oxidation, which will increase NITs and Dj;.
The I-V test showed that a shorter annealing time is helpful to improve the breakdown
field of gate dielectrics. Annealing in diluted N,O needs to be comprehensively considered
for its influence on threshold voltage, channel mobility and dielectric breakdown field.
The experimental results of n-channel SiC MOS capacitors show that the interface state
density of Ec — Et = 0.2 eV of POA90 is the smallest. LDMOSFET devices were prepared
using different annealing conditions, and the transfer and output characteristics of the
devices were measured. The results showed that post annealing in a N,O atmosphere can
improve the performance of the devices, such as the threshold voltage and peak field effect
mobility. However, the longer the annealing time, the more complex the interface state
of 5i0,/SiC and the lower the device performance. Based on the experimental results of
MOS capacitors, POA90 has the minimum interface density of states at Ec — Et = 0.2 eV,
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as well as the lowest threshold voltage and highest field effect mobility. The research
results of this article have certain reference significance for the manufacturing process of
MOSEET devices.
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