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Abstract

Dilution of gas was deployed to investigate the surface morphology and the surface topography of Silicon Carbide (SiC) film
deposited using Very High Frequency — Plasma Enhanced Chemical Vapour Deposition (VHF-PECVD) technique. The deposition
process of SiC thin film was performed with 150 MHz excitation frequency and 20 W radio frequency (RF) power. The argon and
hydrogen carrier gas dilution was set to 5 scem. Silane (SiH4) and methane (CHa4) functioned as precursor gases and their flow
rates were fixed at 2 and 8 sccm, respectively. Direct observations revealed that the surface morphology of deposited
nanostructured-silicon carbide (ns-SiC) films in all samples had layer-island structure with varied island density and size formation
above the critical layer thickness. Next, surface topography and roughness of the deposited SiC films were examined using Atomic
Force Microscopy (AFM) in non-contact mode. As a result, all samples displayed different roughness, surface topography structure,
and average grain diameter.
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Abstrak

Pencairan gas digunakan untuk menyiasat morfologi permukaan dan topografi permukaan filem silikon karbida (SiC) yang
dimendap menggunakan kaedah Frekuensi Sangat Tinggi — Pemendapan Wap Kimia Dipertingkatkan Plasma (VHF-PECVD).
VHF-PECVD dikendalikan menggunakan frekuensi pengujaan 150 MHz pada kuasa gelombang radio (RF) 20 W. Sementara itu,
pencairan gas pembawa argon dan hidrogen ditetapkan kepada 5 sccm. Gas pendahulu silane (SiH4) dan metana (CH4) masing-
masing ditetapkan pada 2 dan 8 sccm. Pemerhatian langsung mendedahkan bahawa morfologi filem nanostruktur-silikon karbida
(ns-SiC) yang dideposit dalam semua sampel mempamer sktruktur lapisan-pulau dengan ketumpatan pulau yang berbeza dan
pembentukan saiz di atas ketebalan lapisan kritikal. Topografi permukaan dan kekasaran filem SiC yang dimendap diperiksa
dengan Mikroskopi Daya Atom (AFM) dalam mod bukan sentuhan. Hasil kajian menunjukkan bahawa semua sampel mempunyai
kekasaran struktur topografi permukaan dan diameter butiran purata yang berbeza.
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Introduction

Nanoscience and nanomaterial are the fastest growing
research areas to date since the introduction to
nanotechnology by Richard Feynman [1]. Material
properties improve when the material is reduced to
nanoscale [2-7]. The cutting-edge trend of nanomaterial
applications includes electronic devices for extreme
environments such as high temperature, high corrosion,
high nuclear radiation, and high electromagnetic
radiation - the importance of using unique material as
resource in extreme conditions. Silicon carbide (SiC) is
a relatively new semiconductor material that has been
gaining popularity in high-frequency and high-power
applications. Since several decades ago, SiC has been
identified as a potential material for use in extreme
conditions due to its mechanical properties, chemical
inertness, thermal stability, high oxidation resistance,
high hardness, large band gap, and relatively lightweight
[1, 8-11]. In fact, SiC has a crucial role in some
optoelectronic device applications [11-13], including
light-emitting diodes (LEDSs), electroluminescent
devices [14], and thermoelectric cooling (TEC) devices
[15]. Nevertheless, low-quality material has hindered
the development of high-quality devices [16].

Several methods that can be used to synthesise SiC thin
films are hot wall chemical vapour deposition
(HWCVD), plasma enhanced CVD (PECVD), electron
cyclotron resonance CVD (ECR-CVD), magnetron
sputtering, pulsed laser deposition (PLD), ion
implantation, and molecular beam epitaxy (MBE) [8,
17]. Many studies revealed that high-quality thin films
and nanostructured-SiC (ns-SiC) can be produced using
higher radio frequency (RF) PECVD at lower
temperature. Notably, PECVD with RF exceeding 13.56
MHz is classified as very high frequency (VHF-
PECVD) [19].

The VHF-PECVD technique was employed in this study
at 150 MHz plasma excitation frequency to deposit SiC
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film. The effect of dilution gas on SiC film was
examined and characterised by wusing FTIR
spectroscopy, FESEM, and AFM. Notably, high
excitation frequency of PECVD has some advantages
over conventional PECVD, including higher deposition
rate, less defect and better-quality films, higher electron
density, lower plasma potential, and lower impact of ion
bombardment when compared to conventional PECVD
[19]. However, no study has assessed SiC film
synthesised with RF-PECVD at a frequency exceeding
100 MHz with SiHs and CHs precursors at low
temperature. The ns-SiC thin film should successfully
grow using VHF-PECVD at the said excitation
frequency.

Materials and Methods

First, Si [100] substrates were thoroughly cleaned with
ethanol and followed by organic cleaning in ultrasonic
bath for 10 minutes. Next, the substrates were immersed
in acetone for 10 minutes in ultrasonic bath. To remove
the remaining contaminant particles, the substrates were
submerged in 50% sulphuric acid (H2SO4) before
another ultrasonic bath for 10 minutes. The oxide layer
on the substrate surface was stripped off by immersing
in 50% fluoric acid (HF). Finally, the substrates were
rinsed with deionised (DI) water and blow-dried with N
gas. The substrates were then ready to be placed in the
process chamber.

The substrates were labelled as samples A, B, and C.
Sample A was diluted with the mixture of argon and
hydrogen gases, while sample B was diluted only with
hydrogen gas, and sample C without dilution of gas
mixture. Substrate temperature, RF power, deposition
time, and SiH. flow rate were fixed at 400 °C, 20 W, 15
minutes, and 2 sccm, respectively, for all samples A-C.
The growth parameters for samples A-C are summarised
in Table 1.
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Table 1. Gas dilution growth parameter

Sample Power Temperature  Argon Hydrogen Silane Methane Deposition
(w) (°C) Flow Rate  (sccm) Flow Rate  Flow Rate  Time
(sccm) (sccm) (sccm) (min)
A 5 5
B 20 400 - 5 2 8 15
C - -
Results and Discussion erials.

Both chemical composition and bonding structure of Si
C thin film samples were verified using IR spectroscop
y. This technique has been vastly used to qualitatively a
ssess the type of chemical bonding present in thin film
materials, including a-Si:H, a-SiO,, a-SiNx:H, a-SiCx:
H, and a-C:H. In fact, IR spectroscopy is used to quanti
tatively determine the concentration of terminal hydrog
en bonds (Si-H, C-H, O-H, & N-H) and network bonds
(Si-C, Si-0, Si-N, P-O, & B-0) present in thin film mat

Figure 1 illustrates the IR spectrum for samples A-C in
two regions ranging from 650 to 1500 cm™ and 1800 to
3000 cm™. The sharp peaks observed at 1500-1800 cm-
! range are attributed to O-H water vapour vibration in t
he air during the measurement [20, 25]. Moreover, sign
als of the deposited thin film were noted at 650-1500 ¢
m* and 1800-3000 cm™, in comparison to the blank Si
wafer.
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Figure 1. Comparison of IR spectrum between Si wafer and samples A-C

Spectra in regions (I) and (I) revealed the following
vibrational bands: absorption band at ~ 650-1000 cm™ is
correlated to Si-C stretching [18, 21, 26-28]. The band
at ~ 1000-1150 cm™' is ascribed to Si-O-Si asymmetry
and symmetry stretching vibration band or Si-CH»-Si
wagging mode [18, 21, 26, 28]. At ~ 1000 cm™!, the band
corresponds to Si-CH, bending mode [24, 27]. In most
samples, lower intensity absorption bands in the range
of 1200-1500 cm™ were detected. A shoulder at ~ 1250

cm! is linked with Si-CHj3 stretching mode [26] or Si-
CH, wagging mode [24]. The symmetry and asymmetry
C-H, bending and stretching modes are associated with
~ 1250-1500 cm? and 2700-3000 cm’' bands,
respectively [20-22, 26-27]. The Si-H, stretching mode
is assigned to the band from ~ 1850 cm™! to 2300 cm’!
[21]. The small sharp peak at ~ 2350 cm™! is attributed
to CO; in the atmosphere [24, 27]. All the peaks verified
that all the deposited thin film samples possessed Si-C
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network bonds.

Scanning electron microscopy

Figures 2 (a-c) illustrate the overall surface morphology
of the thin films, with inset images zooming in on the
flat region for samples A-C respectively. Next, Figures
2 (i-iii) portray the cross-sectional morphology for
samples A-C respectively. In sample A, the thin film had
the largest island diameter at less than 1 pm and the film
thickness was roughly ~ 397 nm. The island diameter in
sample B was similar to that of sample A. However, the
size exceeded 1 pm when agglomeration occurred
among the islands. Sample B had thinner film thickness

than sample A at 337 nm. Without argon gas during
deposition, the density of island nucleation displayed an
increase in sample B, when compared to sample A.
Meanwhile, sample C showed the highest density of
island nucleation above the film surface after attaining
critical thickness. Notably, island formation increased in
sample B and island density was higher in sample C.
Therefore, dilution gas was proven effective to reduce
the C-H network, which is ascribed to the high
dissociation of methane on the films [23]. The film
thickness values obtained from FESEM were 397 nm,
337 nm, and 357 nm for samples A-C respectively.

Figure 2. FESEM images of surface morphology ((a), (b), & (c¢)) and cross-sectional view ((1), (i), & (iii)) of SiC
films grown with different types of gas carriers for samples A, B, and C, respectively

Atomic force microscopy

Figure 3 shows high resolution surface topography of
AFM images for samples A-C represented in root-mean-
square roughness (Rms). Sample B had smoother surface
with Rrms 0f 0.798 nm, when compared to samples A and
C with R values of 1.505 nm and 1.599 nm,
respectively. Dilution gas influenced the formation of
different grain structure shapes, including triangular
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base pyramid [29, 31], square plateaus [30, 32], and
semi-square plateaus for samples A-C respectively. This
result is ascribed to the phase transition from amorphous
to crystalline phase when hydrogen and argon were
added during the deposition process [23]. Upon
comparing the Ry values of samples A and B, higher
surface roughness in sample A is attributed to the effect
of argon ion bombardment on film surface, although the
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deposition pressure in sample A was lower than that of
sample B. Hydrogen ions that existed in sample B
deposition process could have less ion bombardment
effect due to high electronegativity of H ion to have
reaction in gas space with other reactants, when
compared to the behaviour of argon ions as inert gas

naturally. The mean diameter value of triangular
pyramid island was ~ 81 nm and sample B showed well
definite square plateaus of ~ 120 nm wide (based). For
sample C, it had no perfect square plateau shape of each
grain and the average wide of grain was ~ 140 nm.

Figure 3. AFM images of the surface topography of SiC films grown with different types of gas carriers for samples
A, B, and C represented by (a & al), (b & bl), and (¢), respectively

Conclusion

In conclusion, the surface morphology of the deposited
ns-SiC films revealed a layer-island structure with
varied island density and size formation above the
critical layer thickness in all samples. Both surface
topography and roughness of the deposited SiC films
were assessed using non-contact AFM mode. The results
revealed that all samples had different roughness,
surface topography structure, and average grain
diameter. Thin film deposited with dilution gas had a
very smooth surface with the lowest Rims value of 0.798
nm. Notably, dilution gas had affected the formation of
different grain structure shapes. Nonetheless, the role of
argon gas in changing the grain structure from square
plateaus to triangular base pyramid demands further
investigation.
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