
Formation of silicon carbide nanowire on insulator through direct wet
oxidation

Hoang-Phuong Phana, Ina Ginosukeb, Toan Dinha, Takahiro Kozekib, Tuan-Khoa Nguyena,
Takahiro Namazuc, Afzaal Qamara, Dzung Viet Daoa, Nam-Trung Nguyena

aQueensland Micro- and Nanotechnology Centre, Griffith University, Queensland, Australia.
bDepartment of Mechanical Engineering, University of Hyogo, Hyogo, Japan.

cDepartment of Mechanical Engineering, Aichi Institute of Technology, Toyota, Japan.

Abstract

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 technique to form cubic-silicon carbide (3C-SiC) on silicon dioxide (SiO2) by using silicon

wet-thermal-oxidation. Experimental data confirmed that SiO2 was successfully formed underneath of

300 nm width SiC nanowires, while the properties of SiC was almost unaffected during the oxidation

process. This simple technique will open the pathway to the development of SiCOI (SiC on insulator)

based electrical and optical applications.

Keywords: Silicon carbide, SiC on insulator, SiC nanowires, nanowires waveguides,

LOCOS, MEMS

1. Introduction

Wide band gap materials such as diamond like carbon, III–nitride, 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 carbide5

is a preferable choice owing to its excellent physical properties along with the availability of wafers

[3, 4]. Nevertheless, the main obstacles which hinder the wide applications 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, 6, 7, 8]. Epitaxial SiC films grown on large10

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

∗Corresponding author
Email address: hoangphuong.phan@griffithuni.edu.au (Hoang-Phuong Phan)

Preprint submitted to Material letters February 13, 2017



such as SiO2 are desired to prevent the leakage current from the functional layer (SiC) to the substrate

(Si). In addition, the SiC on SiO2 platform is also of significant interest for optical applications such

as SiC waveguides or photonic crystals since SiC offers a higher refractive index than SiO2 [9, 10, 11].15

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, 13, 14, 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 allows20

the material remain unchanged during the thermal oxidation process. 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 SiCOI. Our experimental measurements shows that thermal

oxidation of silicon makes the development of SiC nano structures (e.g. nanowires) on insulator possible25

without 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

Figure 1 illustrates the methodology and fabrication process to form 3C-SiC on insulator. The30

idea of creating SiC on SiO2 was motivated by the low oxidation rate of SiC with respect to Si

[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 direction,

transforming the Si layer under SiC into SiO2. 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 time35

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 SiO2 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 deposition at 1000◦C (step 2). The detailed growth40

process of the 3C-SiC can be found elsewhere [18]. The thickness of the SiC layer, measured by

TMNANOMETRICS Nanospec/AFT 210, was found to be 288 nm. The carrier concentration of the

film was 5× 1018 cm−3 measured by a hot probe technique. Subsequently, SiC nanowires were formed

using FIB (focused ion beam) TMSII NanoTechnology SMI3050SE (step 3) [19, 20]. After the FIB

cutting process, thermal annealing at 500◦C was performed to eliminate the implanted Ga+ ions from45
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Figure 1: The fabrication process of SiC NWs on insulator

the Si. Finally, the patterned SiC on Si samples were wet-oxidized to form SiC on SiO2. 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 estimated50

as follows. Let tox be the thickness of the grown SiO2, the thickness of the consumed Si layer is

tSi = 0.44 × tox. 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:

t =
w/2

0.44 × µT
(1)

where w and µT are the width of the SiC nanowires, and the oxidation rate of Si at degree T , respec-55

tively.

2.1. Results

Figure 2 shows the SEM images of SiC nanowire arrays fabricated using FIB. The dimensions of

each nanowire were 288 nm in thickness, 300 nm in width and 10 µm in length. The distance from

Figure 2: SEM images of SiC nanowires prior to wet-oxidation.
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the top surface of the SiC film to that of the Si substrate was also measured to be 455 nm, using60

TMDektak 150. This implies that a Si sidewall with a height of 177 nm was formed underneath SiC,

allowing the subsequent horizontal oxidation.

After the oxidation of Si at 950◦ for 60 minutes, the thickness of the deposited SiO2 layer and the

consumed Si layer was obtained through the following experiments. Figure 3(a) plots the thickness of

SiC before and after the oxidation, and the thickness of the as-deposited SiO2 layer measured using the65

TMNANOMETRICS Nanospec/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 Å/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 1:100.70
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Figure 3: (a) The thickness of SiC and oxide layers measured using TMNANOMETRIC Nanospec A210; (b) The thickness

of the consumed Si layer measured using TMDektak 150; (c) SEM image of SiC nanowires from top view; and (d) Cross

sectional SEM image of the SiC nanowires (Inset: Observation of a SiO2/Si boundary using a FIB-SEM mode).
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Figure 4: Characterization of the oxidized film; (a) Raman spectroscopy (the intensity was normalized.) (b) Current-

Voltage characteristics of a oxidized SiC sample and the current leak through the dioxide layer to the Si substrate. Inset:

The current leak plotted in pA scale.

The distance between the top surface of the SiC layer and the as-oxidized SiO2 layer was found

to be 202 nm, Fig. 3(b). As a result, the thickness of the additional SiO2 layer deposited on to the

Si layer is ttop,ox = 455 − 202 = 253 nm. Consequently, the thickness of the consumed Si layer was

tSi = tox − ttop,ox = 427 − 253 = 174 nm. This result indicates an geometrical ratio between the

SiO2 and the consumed Si thicknesses (tox/tSi) of 1:0.41, which well fits the model presented in Eq. 175

(tox/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.

Figure 3(c) presents the SEM image of the as-oxidized SiC/Si samples. It can be clearly seen from

the top view of SEM that, SiO2 was deposited on the Si substrate. A cross section of the SiC NWs80

was then fabricated using FIB with a small applied power to avoid significant damage, Fig. 3(d). It

is evident from the cross sectional SEM image of the SiC NWs that the Si underneath of SiC was

successfully oxidized, forming SiCOI, which was consistent with the thickness measurements presented

above.

The properties of the oxidized 3C-SiC/Si samples was investigated using the following optical and85

electrical measurements. The Raman spectroscopy of the oxidized and non-oxidized samples showed

almost the same peaks. Accordingly, the transverse optical (TO) and longitudinal optical (LO) phonon

modes of the oxidized SiC/Si samples were observed at 794 cm−1 and 970 cm−1, respectively. This

result indicates that the oxidized film remained crystalline 3C-SiC. The sheet resistance of the oxidized

SiC was found to be 4 kΩ/square using TMAgilent B1505A , Fig. 4. This indicates that the highly90
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doped SiC exhibited good electrical conductivity after oxidation. The current leak through the SiO2

layer to the Si substrate was measured by sweeping a voltage from -1 V to 1 V, showing an ultra-small

leakage of below 2 pA at ±1 V. This result demonstrates that the wet oxidized SiO2 layer can function

as an excellent electrical-insulator for SiC devices. Furthermore, since the refractive index of 3C-SiC

is 2.65, which is much larger than that of the SiO2 substrate (1.55), the developed 3C-SiC nanowires95

on dioxide should be applicable for optical waveguide.

3. Conclusion

This work presents a novel fabrication process to form SiC on insulator using silicon thermal

oxidation. Our experimental results confirmed that it is possible to form the SiO2 layer underneath of

SiC nanowires without the requirements of wafer bonding owing to the chemical inertness of SiC and100

the high oxidation rate of Si at high temperature. The excellent crystallinity and electrical conduction

of SiC along with the negligible current leak through SiO2 indicates the feasibility of developing SiCOI

based devices for a wide range of electronics and optical applications.
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