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Silicon carbide on insulator is a promising platform for electronic devices at high temperature as well as
for opto-electrical applications. Utilizing the chemical inertness of SiC, this work presents a novel tech-
nique to form cubic-silicon carbide (3C-SiC) on silicon dioxide (SiO;) by using silicon wet-thermal-
oxidation. Experimental data confirmed that SiO, was successfully formed underneath of 300 nm width
SiC nanowires, while the properties of SiC was almost unaffected during the oxidation process. This sim-
ple technique will open the pathway to the development of SiCOI (SiC on insulator) based electrical and

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Wide band gap materials such as diamond like carbon, IlI-ni-
tride, and silicon carbide have been widely applied in numerous
electronic devices, where hostile conditions including high power,
high temperature exist [1,2]. These materials have also been
employed in MEMS applications which aim at high frequency
and high temperature sensing transducers. Among numerous
materials, silicon carbide is a preferable choice owing to its excel-
lent physical properties along with the availability of wafers [3,4].
Nevertheless, the main obstacles which hinder the wide applica-
tions of SiC are the high cost of wafer and low etching rate of SiC
in comparison to Si.

To solve these bottlenecks, cubic silicon carbide thin films,
which can be grown on a silicon substrate have been deployed as
an excellent platform for MEMS [5-8]. Epitaxial SiC films grown
on large scale Si wafers not only take advantage of low cost Si
wafers, but also simplify the fabrication process of SiC MEMS. To
make SiC devices feasible for applications in harsh environments,
electrical insulators such as SiO, are desired to prevent the leakage
current from the functional layer (SiC) to the substrate (Si). In addi-
tion, the SiC on SiO, platform is also of significant interest for opti-
cal applications such as SiC waveguides or photonic crystals since
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SiC offers a higher refractive index than SiO, [9-11]. To date, the
most common method to form SiC on insulator is based on wafer
bonding. However, wafer bonding typically requires smooth-
surface treatment and additional time-consuming steps for the
removal of Si. [12-15].

This letter presents a novel technique to form SiC on insulator
by thermally oxidizing the Si substrate. The key concept of this
technique is based on the chemical inertness of SiC which allows
the material remain unchanged during the thermal oxidation pro-
cess. In fact, the proposed technique is inspired by the LOCOS (local
oxidation of silicon) method that has been widely employed in
many CMOS (complementary metal-oxide-semiconductor)
devices [16]; however, there has been no report on utilizing LOCOS
into SiC material to form SiCOIl. Our experimental measurements
shows that thermal oxidation of silicon makes the development
of SiC nano structures (e.g. nanowires) on insulator possible with-
out the requirements of wafer-bonding and/or silicon removal. The
proposed method could pave the way to the development of SiC
based MEMS devices including high temperature sensors, and
nanowire waveguides.

2. Methodology and fabrication process of SiNWs

Fig. 1 illustrates the methodology and fabrication process to
form 3C-SiC on insulator. The idea of creating SiC on SiO, was
motivated by the low oxidation rate of SiC with respect to Si
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Fig. 1. The fabrication process of SiC NWs on insulator.

[17]. Furthermore, when patterning SiC, the Si substrate was also
intentionally etched, forming a Si sidewall underneath SiC. This
sidewall allows the thermal oxidation to occur in the lateral direc-
tion, transforming the Si layer under SiC into SiO,. It should also be
pointed out that, to make SiC fully isolated from the Si substrate,
SiC structures with a narrow width are preferable as their oxidizing
time is significantly reduced. Consequently, SiC nano structures
such as nanowires are more well suited for the proposed technique
than micro structures.

The fabrication process of the SiC on SiO, started from a
150 mm Si wafer treated with a standard RCA (Radio Corporation
of America) process (step 1). A 3C-SiC thin film was then epitaxially
grown on the Si wafer using low pressure chemical vapor deposi-
tion at 1000 °C (step 2). The detailed growth process of the 3C-
SiC can be found elsewhere [18]. The thickness of the SiC layer,
measured by ™NANOMETRICS Nanospec/AFT 210, was found to

be 288 nm. The carrier concentration of the film was 5 x 10'8 ¢m 3
measured by a hot probe technique. Subsequently, SiC nanowires
were formed using FIB (focused ion beam) ™SII NanoTechnology
SMI3050SE (step 3) [19,20]. After the FIB cutting process, thermal
annealing at 500 °C was performed to eliminate the implanted
Ga" ions from the Si. Finally, the patterned SiC on Si samples were
wet-oxidized to form SiC on SiO,. It should be noted that increasing
the temperature could significantly reduce the oxidation time;
however, the temperature needs to be limited below that used in
the LPCVD process in order to prevent unexpected changes in the
properties of the SiC film. Therefore, we carried out the oxidation
process at 950 °C, which is below the growth temperature of 3C-
SiC (1000 °C). The oxidation time for Si was estimated as follows.
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Let t,x be the thickness of the grown SiO,, the thickness of the con-
sumed Si layer is ts; = 0.44 x t,. Furthermore, as the oxidation
occurs on both sides of the Si sidewall, the actually consumed Si
layer must be larger than half of the width of the SiC nanowires.
Therefore, the amount of time required to sufficiently oxidize the
SiC/Si samples is:

w/2

'=0adx

(1)

where w and i, are the width of the SiC nanowires, and the oxida-
tion rate of Si at degree T, respectively.

2.1. Results

Fig. 2 shows the SEM images of SiC nanowire arrays fabricated
using FIB. The dimensions of each nanowire were 288 nm in thick-
ness, 300 nm in width and 10 pm in length. The distance from the
top surface of the SiC film to that of the Si substrate was also mea-
sured to be 455 nm, using ™Dektak 150. This implies that a Si side-
wall with a height of 177 nm was formed underneath SiC, allowing
the subsequent horizontal oxidation.

After the oxidation of Si at 950° for 60 min, the thickness of the
deposited SiO, layer and the consumed Si layer was obtained
through the following experiments. Fig. 3(a) plots the thickness
of SiC before and after the oxidation, and the thickness of the as-
deposited SiO-, layer measured using the ™NANOMETRICS Nanos-
pec/AFT 210. The similarity between the thicknesses of SiC before
(288 nm) and after thermal wet-oxidation (284 nm) indicates the
excellent chemical inertness of 3C-SiC with an oxidation rate of
below 1 A/min at 950 °C. On the other hand, the thickness of the
as-oxidized layer was found to be 427 nm, indicating a significant
oxidation selectivity between SiC and Si of approximately 1:100.

The distance between the top surface of the SiC layer and the as-
oxidized SiO, layer was found to be 202 nm, Fig. 3(b). As a result,
the thickness of the additional SiO, layer deposited on to the Si
layer is tippox = 455 — 202 = 253 nm. Consequently, the thickness
of the consumed Si layer  was tsi = tox — tropox =
427 — 253 = 174 nm. This result indicates an geometrical ratio
between the SiO, and the consumed Si thicknesses (to/tsi) of
1:0.41, which well fits the model presented in Eq. 1 (to/tsi =
1:0.44). More importantly, the thickness of the consumed Si layer
(174 nm) was larger than half of the width of SiC nanowires
(150 nm), indicating that the Si layer under the SiC nanowires
was sufficiently oxidized.

Fig. 3(c) presents the SEM image of the as-oxidized SiC/Si sam-
ples. It can be clearly seen from the top view of SEM that, SiO, was
deposited on the Si substrate. A cross section of the SiC NWs was
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Fig. 2. SEM images of SiC nanowires prior to wet-oxidation.
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