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ABSTRACT

An in-depth understanding of the formation of silicon dioxide (SiO;) on silicon carbide (SiC) in thermal
oxidation is imperative for micro/nano fabrication processes, integration of electronic components, and
evaluation of SiC device performance under extreme conditions. Herein, we report a comprehensive
study on the effects of crystalline orientations, thicknesses, and growth temperatures of cubic SiC films
on their wet oxidation properties. The oxidation rate and surface morphology were characterized using
atomic force microscopy (AFM) and light reflectance measurement systems. Our experimental results
revealed the role of defects in the SiC crystal on the oxidation that relates to SiC thickness, deposition
conditions, crystal orientation and temperature of wet oxidation. Critically, the electrical properties of SiC
films oxidized at 900 °C remained the same as the unoxidized film as confirmed by room-temperature
current-voltage measurements, indicating a long-term service temperature of SiC. These findings are
expected to provide crucial information on the effects of defects on the formation of SiO, on SiC films
at different oxidation temperatures, which is highly essential for establishing a basic platform for the

fabrication of high-performance SiC-based electronic devices.

© 2020 Elsevier B.V. All rights reserved.

1. Introduction

Silicon carbide (SiC) is emerging as an ideal candidate for micro-
electromechanical system (MEMS) devices operating in extreme
conditions such as elevated temperature, radiation, and chemi-
cally harsh environments thanks to its remarkable properties [1-5].
In particular, the chemical inertness of SiC against several lig-
uid electrolytes offers the reliable and long-term operation, while
their large energy gap, good thermal conductivity, high breakdown
voltage and excellent mechanical strength allow for unique func-
tionalities as well as high-temperature operations that cannot be
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achieved with the conventional Si technology. One of the major
merits of SiC over other non-silicon wide bandgap semiconductors
(e.g. GaN or diamond) is its ability to be thermally oxidized to SiO5,
which is very promising for its use as a gate dielectric in transistors,
an insulator to isolate electronic components in integrated circuits
or a sacrificial layer in nano-machining [6-8]. In this regard, high
quality oxide growth of SiC in a dry environment is routinely done
atvery high temperatures ~1250 °C for MOSFET fabrication [52]. To
date, a considerable number of studies have been devoted to a bet-
ter understanding of the oxidation mechanism and behavior of SiC
via various oxidation processes [9-13]. The well-established ther-
mal oxidation mechanism of Si has been exploited to investigate the
oxidation mechanism of SiC under similar oxidation parameters.
For example, Kakubari et al. performed real-time observation of SiC
thermal oxidation using an in-situ ellipsometer and found that the
oxidation-time dependence of SiO, thickness can be interpreted
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Table 1
List of different SiC films epitaxially grown on a Si substrate employed for wet
oxidation.

Sample Thickness (nm) Deposition temperature  Crystalline orientation
S1 89 1000 °C <100>
S2 389 1000 °C <100>
S3 394 1000 °C <111>
S4 403 1250 °C <111>
S5 400 1250°C <100>
S6 976 1250 °C <100>

Low temperature: 1000 °C.
High temperature: 1250 °C.

using the Deal-Grove model, similar to Si oxidation [14]. Song et al.
modified Deal-Grove model by taking the carbon oxidation process
into account and concluded that a linear-parabolic formula can be
applied to SiC oxidation [15]. Similarly, Narushima et al. studied the
oxidation of chemically vapor-deposited SiC in wet oxygen using a
thermogravimetric technique and demonstrated that the oxidation
kinetics follow a linear-parabolic relationship over the temperature
range of 1823 to 1923 K [16]. The influence of crystal orientation
on the oxidation of SiC has attracted a great attention. While the
oxidation of different crystalline orientations for Si such as <111>
and <100> is well characterized and modeled, the oxidation of SiC
on Si is more complicated. This process relies on the inward diffu-
sion of oxygen and ultimately the out diffusion of carbon from an
imperfect lattice. SiC on Si has stacking faults that reduce in den-
sity away from the Si interface. SiC crystal orientation is derived
from that of Si during the heteroepitaxial SiC deposition where the
lattice mismatch is ~20 %; however, there are many domains cre-
ated on the surface which represent another crystal imperfection
[18,19]. A recent study by Simonka et al. reported that SiC exhibits
an anisotropic oxidation nature, where the oxidation growth rates
depend strongly on the crystalline orientation of the SiC crystal
[20].

On the other hand, wet oxidation of SiC, like Si, provides a higher
oxide growth rate than dry O, oxidation and so is regarded as a
far harsher environment. However, wet oxidation usually does not
provide the highest quality device gate oxides because of a lower-
density oxide and dielectric strength of the oxide layers compared
to that formed by dry oxidation. This leads to the fact that the for-
mation of the oxide layers on SiC in a humid environment is highly
undesired in some cases due to the as-grown oxide layers may
negatively impact on the working performance of SiC-based elec-
tronic devices operating at elevated temperatures. Therefore, more
research efforts in this context are urgently needed to achieve a bet-
ter understanding of the influence of wet oxidation on SiC, which
will be helpful in improving and optimizing the working perfor-
mance of high-quality SiC-based electronic devices. However, to
the best of our knowledge, comprehensive studies focused on the
influence of the crystalline orientation, thickness, and growth tem-
perature of SiC films on the wet oxidation of SiC are extremely rare
[17,21,22].

Herein, we report a comprehensive study on the effects of the
crystalline orientation, thickness, and growth temperature of SiC
films on wet oxidation of SiC films grown on Si substrates with
respect to different oxidation temperatures using AFM and light
reflectance thin film thickness measurement. In particular, we
examined six different SiC films, which were epitaxially grown on Si
substrates at different growth temperatures. The crystalline orien-
tation of these SiC films is either <100> or <111> oriented surface
and their thicknesses vary from 89 nm to 976 nm (Table 1). Our
experimental results revealed that the oxidation of epitaxial 3C-
SiC depends on several factors such as deposition temperature,
oxidation temperature, crystal orientation and film thickness. In
particular, the thinner the SiC film, the higher the average oxi-
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dation rate under the same crystalline orientations and growth
temperatures of SiC films. On the other hand, the average oxidation
rate appears to be higher on <111> oriented and low-temperature
grown SiC films compared to that of <100> oriented and high-
temperature grown ones. Importantly, our AFM data pointed out
that the defects strongly influence the wet oxidation rate, which
is dependent on the film thicknesses, crystalline orientations, and
growth temperature. These findings are expected to significantly
contribute to the current understanding of the behavior of wet oxi-
dation of SiC, and thus helping in the evaluation the performance
of different oxidized SiC films as a function of oxidation tempera-
ture, which can be considered as a stepping-stone for an effective
and reliable production of the next generation SiC-based electronic
devices.

2. Experimental
2.1. Epitaxial deposition of SiC films on Si substrates

Unintentionally doped 3C-SiC films at different thicknesses and
crystalline orientations were grown on on-axis 150 mm dia. Si
substrates in an SPT Microtechnologies USA Epiflx reactor. The Epi-
flx reactor was designed for large batch epitaxial deposition of
3C SiC on wafers upto 300 mm in diameter. Si substrates were
cleaned using the standard Radio Corporation of America (RCA)
cleaning procedures prior to being loaded into the reactor. SiC films
were deposited at either 1000 °C or 1250 °C by an Alternative
Supply Epitaxy method previously described elsewhere [45,46].
Compared with the conventional continuous supply epitaxy depo-
sition method, the ASE method provides a significant reduction in
crystal defects for a given temperature. The resulting films were
close to atomically smooth and did not suffer from Si voiding under
the film that leads to additional SiC crystal defectivity.

2.2. Wet-oxidation of epitaxially deposited SiC films

The wet oxidation of SiC was performed using a semiconductor
type diffusion furnace from HiTech Furnaces UK. Water vapor was
generated by bubbling nitrogen as a carrier gas through water at
96 °C. Precise control of the vapor partial pressure and temperature
was achieved over wet oxidation at temperature of 900, 950, 1000
and 1050 +/—0.5 °C for a period of 10 h. Detailed process flow of
the ramping-up, stabilization, post-annealing, cooling-down and
wet oxidation period is shown in Scheme 1.

2.3. Material characterizations

The thicknesses of SiC films were measured using thin film
reflectance measurement using a Nanometrics Nanospec/AFT 210,
assuming a consistent refractive index of 2.65. Spectral reflectance
curves were obtained by the surface profilometry technique using
Filmetric F40. The surface topography of SiC films was characterized
using Atomic Force Microscope (AFM) ParkAFM NX20 operating in
air non-contact mode and using a cantilever tip of < 10 nm. To deter-
mine the thickness of the as-grown SiO, using AFM, the SiC films
were patterned by a standard photolithography process, followed
by a buffered oxide etching (BOE) to remove the exposed as-grown
oxide layers. The current-voltage (I-V) characteristics of the SiC
films before and after oxidation were obtained at room temper-
ature using a semiconductor device parameter analyzer (Agilent
B1500). Before the measurements, a thin layer of aluminum was
deposited on the films by sputtering and subsequently patterned to
form metal electrodes. The quality of the Aluminum was assessed
by measuring the relative reflectance to Si at 436 and 480 nm at
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(a) (b)
: H,0 vapor
C* H Cs & 9
o N = 2 Y
0, h02 2 Do, Co, 5
e} ) O| Original SiC surface t g . tz
2 2 1 S|02
co CO Current SiC surface
<+ <+— <+— ’ .
D SiC SiC
h co — — — ==
. H co Ceo Wet oxidation
: s . )
C.i C Sio, | SiC

Fig. 1. (a) Five steps for oxidation of SiC proposed by Song and co-workers [15] and (b) the concept of wet oxidation in SiC films epitaxially grown on a Si wafer.

>218 % and >235 % respectively that confirms metal reflectivity is
of semiconductor industry quality.

3. Results and discussion

According to previous studies, the oxidation mechanism of SiC
films can be described using the same model for the thermal oxi-
dation of Si proposed by Deal and Grove with some modifications
[23-26]. In particular, the growth in the three-step thermal oxi-
dation of Si follows the following reaction: X2 + AX = B(t + 1),
where X stands for the thickness of the oxide, t is the oxidation
time, the quantity 7 corresponds to a shift in the time coordinate,
which corrects for the presence of the initial oxide layer. B and B/A
are parabolic and linear rate constant, respectively. However, it is
impossible to directly apply Deal and Grove model for the oxidation
of SiC because this model does not include the gas out-diffusion.
Song et al. proposed a five-step oxidation process for SiC, in which
gas out-diffusion of the product during the thermal oxidation was
taken into account as shown in Fig. 1a. As such, this five-step dry-
oxidation process of SiC is considerably more complicated than the
three-step oxidation process of Si as following [15,23]. These steps
include (i) a flux of oxidant species arriving at the oxide surface; (ii)
in-diffusion of oxidant species through the oxide film; (iii) reaction
with SiC at the SiO, /SiCinterface; (iv) out-diffusion of product gases
through the oxide film; and (v) removal of product gases away from
the oxide surface.

For SiC, the last two steps are not involved in the oxidation of Si.
Moreover, the authors suggested that oxidation rate of SiC is about
one order of magnitude slower than that of Si under similar oxida-
tion conditions. The first and last steps of this oxidation process are

rapid, and thus are not rate-controlling steps [15]. Based on these
findings, we assumed that wet oxidation of SiC can also be described
by the five-step model for SiC dry oxidation mentioned above. Fig. 1
shows the basic process for wet oxidation of SiC films epitaxially
deposited on a Si substrate. It is imperative that oxidants must dif-
fuse across the newly formed oxide layer and subsequently react
with SiC at the SiO,/SiC interface for successive oxidation. In the
wet oxidation process, water (H,O0) molecules instead of oxygen
(02) molecules are the oxidants, which dissociate at high tempera-
ture to form hydroxide (HO) before reaching the SiC surface. More
importantly, hydroxide exhibits faster diffusion mobility in SiC than
pure O, which results in a higher oxidation rate of wet oxidation
than dry oxidation, similar to the case of Si [47]. We proposed that
wet oxidation of SiC consists of the consumption of SiC (marked as
t; in Fig. 1), the formation of SiO, layers (marked as t, in Fig. 1)
and the removal of excess C in various forms of gases (not marked),
which is governed by the following reactions:

SiC(s) + 3H,0(g) — SiO2(s) + 3Ha(g) + CO(g)

SiC(s) + 4H20(g) — SiOz(s) + 4Ha(g) + COx(g)

Fig. 2a presents the color chart of three different SiC films with
respect to the variation in thicknesses and oxidation temperatures,
observed by naked eye. Apparently, the SiC films showed different
colors at different thickness [27]. Only a slightly gradual change was
observed in the colors of the SiC films wet-oxidized at 900, 950 and
1000 °C with respect to the unoxidized ones. However, the colors
change was significant for films oxidized at 1050 °C. These results
are consistent with the absorption spectra, where a slight change
was measured as the oxidation temperature increased from 900
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Fig. 2. Optical characterization of the oxidized SiC film. (a) Photograph taken under normal daylight conditions of three different SiC films, showing the color variation with
respect to the changes in the SiC thicknesses and the growth of oxide layers. (b) Spectral reflectance curves of SiC films having different thicknesses, revealing the changes

of adsorption features as oxidation temperatures increased.

°C to 1000 °C (Fig. 2b), while a huge shift was found for the films
oxidized at 1050 °C (Fig. 2¢). As expected, wet oxidation in 3C-SiC
is a highly temperature dependent process.

As mentioned above, SiO, is usually grown by the reaction of SiC
with the oxidant (H,0), where the thickness of the as-grown oxide
layer is typically larger than that of the consumed SiCfilm (i.e. t; > tq,
Fig. 1). Fig. 3 plots the thickness of the as-grown SiO- as a function
of oxidation temperature (the measurement data can be found in
Table S1 to S4). Accordingly, the thickness of the oxide layers in all
samples increased as oxidation temperature increased from 900 °C
to 1050 °C. This is reasonable as the diffusivity of oxidant species
through the as-grown oxide layer strongly depends on temperature
following an Arrhenius-type equation, D « exp[-E4/RT], where

D is the diffusion coefficient, E4 is the activation energy, and
R is the gas constant. Notably, the thickness of the as-grown SiO,
observed in the oxidation temperate ranging from 900 to 1000°C is
relatively small compared to that observed at 1050 °C for all exam-
ined SiC films. For the SiC films with the same thickness (~394 nm)
and being grown at a low LPCVD temperature, the <111> oriented
SiC film exhibits a considerably thicker oxide layer than the <100>
SiC film (189 nm and 91 nm at 1050 °C of oxidation, respectively).

This result implies a significant crystallographic orientation effect
on the wet oxidation process of SiC (Fig. 3b).

This phenomenon could be related to the differences in the den-
sities of SiC units between <111> and <100> surfaces. Having a
larger number of SiC units on the <111> surface that can take part
in the chemical reactions to form SiO, will lead to a faster oxida-
tion growth, similar to the case of Si [19]. Another possible reason
is the high density of stacking fault defects in <111> film compared
to the <100> film, as previously confirmed by our TEM measure-
ments [48]. Interestingly, the crystallographic orientation effects
on the wet oxidation is less profound for SiC films deposited at
high LPCVD temperature (Fig. 3¢). This result implies that wet oxi-
dation growth of epitaxial SiC films depends on crystal defectivity.
Higher SiC deposition temperature generally leads to less crystal
defects for a give film thickness. To further prove this finding, we
compared two <111> SiC films having the same thickness but being
LPCVD grown at different temperatures (Fig. 3d). Evidently, the
low-temperature LPCVD films experienced a significantly oxidation
rate than the high-temperature LPCVD ones (189 nm and 87 nm at
1050 °C of wet oxidation, respectively). This feature can be associ-
ated with a high density of defects in thin films epitaxially grown
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Fig. 3. (a) Schematic illustration of the patterning process for AFM measurements and an example of AFM image used to determine the thickness of the SiO2 layer. (b) to (g)
The dependence of the as-grown SiO; thickness on the SiC thicknesses, crystalline orientations, and growth temperature of SiC films with respect to oxidation temperature

ranging from 900 °C to 1050 °C.

on a foreign substrates at low temperature, such as misfit disloca-
tions, stacking faults, twin boundaries, or steps and kinks, which
are usually found in SiC as well as other semiconductors [28-31].
It was previously reported that these surface defect sites are more
chemically active compared to defect-free (or less defective) sur-
face sites [32-34,51]. Moreover, surface defects such as vacancies
and pinholes can facilitate the infiltration of oxidant species into the
inside layers of SiC and thus, rapidly generate the chemical reac-
tions of the wet oxidation [35,36]. Therefore, a higher density of
the surface defect sites in the low-temperature LPCVD films results
in a thicker SiO, layer than that of the high-temperature LPCVD
films. Notably, the influence of LPCVD temperature in the oxida-
tion is more visible in the <111> films than the <100> films and
therefore, further confirming the anisotropic oxidation nature of
SiC (Fig. 3e).

Another important feature that could contribute to the oxi-
dation rate of SiC is the thickness of the film, as this parameter
correlates to the defect density [49,50]. The experimental data
indicates that the 89-nm-thick SiC film exhibits a more signifi-
cant oxidation rate than the 389-nm-thick SiC film (Fig. 3e). In
particular, at 1050 °C, the thickness of the as-grown oxide of the
89-nm-thick SiC sample was found to be 430 nm, almost five
times larger than that of the unoxidized SiC films. This markedly
thick oxide layer suggests that the oxidation process not only
occurred in the thin SiC film but also taken place in the Si sub-
strate underneath. This possibility is strongly supported by the
fact that the oxidation rate of Si is much higher than that of

SiC. On the other hand, for thicker SiC films (e.g. 400 nm and
976 nm), no remarkable difference was observed in the oxidation
rate (Fig. 3g).

Fig. 4a shows the oxidation rates (i.e. tsjpp/time) of all exam-
ined SiC films as a function of oxidation temperature. Apparently,
the differences in the oxidation rates of all the films are relatively
small in the oxidation temperature ranging from 900 to 1000 °C, but
become more visible at 1050 °C. Moreover, the oxidation rate shows
an exponential relationship with inverse temperature (1/T), which
matches very well with the model for diffusivity of oxidants (Fig.
S$1).The oxidationrates of the all samples can be classified into three
groups, where group I is the 89 nm-thick SiC film and group Il is the
394 nm- thick <111> SiC films, both LPCVD grown at low tempera-
ture. Group Ill is assigned to the rest four SiC films listed in Table 1.
The oxidation rate of the group I (~ 42 nm/h) was almost 2.5 times
higher than that of the group Il (~19 nm/h), and about 4-fold com-
pared to that of the group III. No significant difference was observed
in group III, where the <111> SiC and the low-temperature LPCVD
SiC films exhibit a marginally faster oxidation rate than <100> films
and the high-temperature LPCVD one (Fig. 4b). The thickness of a
SiC film only exhibits a marked effect on oxidation if it is smaller
than a certain value where planar defect density became signifi-
cant. Otherwise, the thickness-dependent wet oxidation of SiC films
is less visible as found for the relatively thick SiC films ranging
from ~400 nm to ~976 nm. On the other hand, the SiC films bear-
ing a combination of the <111> surface and the low-temperature
growth exhibit a significantly faster oxidation rate compared to
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that of the SiC films having either the <111> oriented surface or
the low-temperature growth. These results suggest that under the
tested conditions, wet oxidation of SiC mainly depends on crys-
talline orientations and deposition temperatures rather than their
thicknesses when the SiC film thickness exceeds a certain value
(e.g. above 390 nm). Determining the ratio between the volume
of grown SiO, and the volume of consumed SiC is important to
better understand the wet oxidation behavior. The thickness of the
remaining SiC films (post oxidation) was measured using Nanomet-
rics Nanospec reflectometer (Fig. 5a). Our experimental data shows
that the variation in the thickness of the consumed SiC of different
SiC films exhibits similar trends and features as observed previously
for the as-grown SiO, with respect to the crystalline orientations,
thickness and the grown-temperatures of the SiC films at different
oxidation temperature. Detailed information on the values of the
consumed SiC thickness can be found in the supporting informa-
tion (Table S1 to S4). Notably, the volume ratios of the as-grown
SiO, and consumed SiC are determined ranging from ~1.8 to ~2 at
oxidation temperature of 1050 °C depending on the choice of SiC
films (Fig. 5g), which is relatively close to the value of Si oxidation
(2.1)[37].

Fig. 6 shows AFM images of unoxidized SiC films and the as-
grown silicon oxide layer at 1000 °C. For the unoxidized SiC films,
the surface morphologies strongly depend on their thicknesses and
crystalline orientations (Fig. (6 a, d, g, j)) [44-46]. With the same
<100> orientation and low LPCVD temperature, the 389-nm-thick

SiC films exhibit larger crystal domains than the 89-nm-thick SiC
films, while the 976-nm-thick SiC film displays the largest domain
size. On the other hand, at the same thickness (~ 400 nm) and
low LPCVD temperature, the <111> SiC shows flake-like surface
compared to grain-like surface observed in the <100> SiC films.
Although the surface roughness relatively increased, the original
surface morphology of SiC are still observable in the as-grown oxide
films, indicating a correlation between the surface morphology on
the wet oxidation of SiC ((Fig. 6(b, e, h, k)). AFM images e and k
clearly show increase in height of the oxidized film that correlate
to the edges of the domains that indicates higher growth at these
boundaries. Moreover, previous studies suggested the presence of
excess carbon released during oxidation at or near the SiO,/SiC
interfaces, either as isolated atoms or in the form of cluster [38-41].
These residual carbon-related defects normally result in negative
impacts on the electronic/electrical properties of SiC-based elec-
tronic devices [42,43]. To examine the SiC/SiO, interfaces after
oxidation, we performed AFM measurements on the remaining SiC
films by wet-etching the oxide layers. The AFM images showed sev-
eral small, inhomogeneous protrusions on the surfaces, which can
be assigned to the carbon-related particles/clusters formed after
the oxidation at 1000 °C (Fig. 6(c, f, k, 1)), consistent with the result
reported by Koh et al. [41]. The AFM data of other samples oxidized
at 900, 950, 1000, and 1050°C further revealed that the density
of inhomogeneous particles and clusters increased with oxidation
temperature. Particularly, a significant change in the surface mor-
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Fig. 5. (a) The fabrication process to determine the thickness of the consumed SiC films after wet oxidation using reflectometry measurements. (b) to (f) The dependence of
the thickness of the consumed SiC films on the SiC thicknesses, growth temperature and crystalline orientations examined in the oxidation temperature ranging from 900
to 1050 °C. (g) The volume ratio of the as-grown SiC and consumed SiC for different SiC films.

phology of SiC was observed in samples oxidized at 1000 °C and
1050 °C, while there was almost no change in the films oxidized at
lower temperature (e.g. 900 °C and 950 °C) (see Fig. S2 for detailed
information).

Based on the above results, we suggest that at low wet oxida-
tion temperature (e.g. 900°C), SiC films exhibited almost the same
thickness and surface morphology regardless of theirs thickness,
crystal orientations, and SiC deposition temperatures. Therefore,
low temperature wet oxidation can be used to exploit the selec-

tively oxidization of Si while maintaining the physical properties of
SiC. From microfabrication point of view, this feature could benefit
the development of several SiC MEMS devices (e.g. the LOCOS pro-
cess). To further prove this advantage, we measured the electrical
properties of a 394-nm-thick SiC films before and after oxidiza-
tion at 900 °C. It should be noted that the devices for electrical
measurements (the inset in Fig. 7) were fabricated after the oxi-
dation process had already been performed. To compare, we also
fabricated a reference sample from the same SiC-on-Si wafer that
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Fig. 6. AFM images operating in contact mode (5 x 5 pm?) of ((a), (d), (g) and (j)) on different SiC films before oxidation, ((b), (e), (h) and (k)) on the as-grown SiO, of the SiC
film oxidized at 1000 °C and ((c), (f), (k) and (1) exposed SiC surfaces of the SiC films oxidized at 1000 °C after removing the oxide layer by HF etching.

was not oxidized. The experimental data (on six SiC resistances
for each sample) showed that the oxidation process has no nega-
tive impacts on the Ohmic contact between the electrodes and SiC
films. Note that the contact resistance between Al and n-type 3C-
SiC is negligible as confirmed in our previous reports [53,54]. The
I-V characteristics (Fig. 7) show identical straight lines in the range
up to 3V, indicating stable electrical properties of oxidized SiC films
subjected to 900 °C wet oxidation. The stable electrical conductiv-
ity combined with consistent material properties suggested that
cubic SiC is suitable for applications operate in extreme environ-
ment (e.g. high humidity and high temperature approaching 900
°C).

4. Conclusion

This systematic investigation reports the effects of the crys-
talline orientations, thicknesses, and deposition temperature of SiC
films on the wet oxidation of different SiC films heteroepitaxially
deposited on Si substrates. Based on AFM and film reflectance |
spectroscopic reflectometry and etched oxide thickness measure-
ments, we observed that the crystalline orientations, thicknesses,
and growth temperature of SiC films strongly influenced the wet
oxidation rate. Like Si, the oxidation of <111> SiC proceeded faster
than the <100> orientation. Thinner SiC films oxidized faster while
thicker higher temperature deposited films were more resistant
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Fig. 7. I-V characteristics of the non-oxidized and oxidized 394-nm SiC film at 900
°C.The inset shows a schematic view of the device used to perform I-V characteristic
measurements.

to oxidation. Moreover, domain boundaries induced higher oxi-
dation rates for thicker films. These results indicate that wet
oxidation is strongly influenced by crystal defects in the het-
eroepitaxial deposited films. This would imply, for the highest
reliability of a 3C SiC on Si MEMS devices, the SiC surface mor-
phology that is exposed to the harsh environment, should not
have a high defect density (e.g. domain boundaries or stack-
ing faults). Importantly, the unperturbed electrical properties
of oxidized SiC confirmed by our current - voltage measure-
ments point out that a long-term service temperature of a
SiC on Si MEMS devices should be limited to 900 °C in wet
environment.
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