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Abstract

Conventional plasma enchanced chemical vapor deposition (PECVD) has been widely used since decades to deposit silicon carbide
(SiC) thin film. However, lower RF frequency tends to produce hydrogenated amorphous silicon carbide (a-SiC:H) and poly-
crystalline (p-SiC) type of films. This work aims to investigate the crystallinity, morphology and deposition temperature of SiC thin
films at higher RF frequency. SiC thin films have been prepared on silicon substrates by using very high frequency plasma enhanced
chemical vapor deposition (VHF-PECVD). The utilisation of plasma at higher frequency is predicted to give a great impact to allow
the chemical reaction at lower temperature with better crystallinity and morphology compared to conventional PECVD method. In
this work, the substrate temperature and deposition time were kept constant at 400°C and 15 minutes respectively, while the RF fre-
quency was veried between 100 MHz to 200 MHz. The crystallinity of SiC thin film samples was observed using Raman Spectros-
copy while the morphology was examined under the atomic force microscopy (AFM) and scanning electron microscopes (SEM). The
results shown that the crystallinity and morphology of the samples were slightly improved as frequency increases. It was observed
that the surface roughness of SiC thin films is improves from 5.43 nm at 100 MHz to 13.91 nm at 200 MHz.
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1. Introduction

Silicon carbide (SiC) is one of a well-known semiconductor mate-
rial which get high interest among the researcher due to its stand-
out mechanical properties, great electrical properties with wide
band gap, chemical inertness, thermal stability and high resistance
to shock in harsh environment. Its outstanding properties are im-
portant for several applications in the optoelectronics devices such
as light emmiting diode (LED), nanoelectromechanical system
(NEMS) sensors, macroelectromechanical system (MEMS) sen-
sors and thermoelectric cooling (TEC) devices [1][2][3].

The nanostructure silicon carbide (ns-SiC) thin films can be grown
by conventional plasma enchanced chemical vapor deposition
PECVD technique at 13.56 MHz. In most cases, high temperature
deposition is required in order to improve the thin films crystallin-
ity. However, high deposition temperature could induce thermal
stress in the deposited samples. Moreover, this conventional tech-
nique generally produces amorphous (a-SiC) and poly-crystalline
(ps-SiC) type of films which are less competitive to a ns-SiC
[3]1[4]. Thus, the very high frequency PECVD (VHF-PECVD) has
been used and developed in this work in order to deposit the ns-
SiC thin films at lower temperature compared to conventional
PECVD. The dffect of frequency to the crystallinity and morphol-
ogy of SiC thin films will be investigated in this work. VHF-

PECVD could give a great impact to allow the chemical reaction
at lower temperature with better crystallinity and morphology
compared to conventional PECVD method. The existence of
plasma has been proven to produce a good quality of thin film
with unique composition and properties [5].

2. Methodology

2.1. Sample Preparation

The SiC thin films were prepared by using VHF-PECVD with
specified precursor gases. Silane (SiH4) was used as silicon source,
Methane (CHa) as the carbon source while Argon (Ar) and Hydro-
gen (H2) were used as the enchancer for the nucleation of the SiC
formation. The quality of thin films will critically depends on the
quality and clarity of the substrate and therefore a high quality of
Si (100) wafer with low resistivity and thickness was choosen for
this work. The substrate was cut into small pieces and degreased
with acetone in an ultrasonic bath. The substrate was then im-
mersed into isopropyl solution to remove microorganism from the
surface. This was followed by 2% of Hydrofluoric acid (HF) etch
and followed by drying with Nitrogen in order to remove native
oxide on the surface. Finnaly, the substrate was placed into VHF-
PECVD chamber for SiC thin films deposition. The parameter
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such as chamber pressure, RF power and substrate temperature
(400°C) were kept constant but RF frequency was varied;
100MHz, 160MHz and 200MHz.

2.2. Characterization

The characterization was performed to study the crystallinity and
the morphology of the samples. Various techniques were em-
ployed in this work such as AFM, SEM and Raman Spectroscopy.
The morphology and crystallinity of the samples with various RF
frequencies were obtained.

Scanning electron microscope (SEM) is the technique have been
used to observe the condition of sample surface. In addition, SEM
also observable technique for measuring the thickness of the sam-
ple by cross section [6], while Raman spectroscopy was used to
gain information on molecular vibrations and crystal structures by
using laser light source directed to the samples. This technique
also can measure the amount of crystallinity of the samples.

AFM is the one kind of scanning probe microscope (SPM). It is
the powerful method to study the surface morphology of the sam-
ple. There are consists of three modes which is contact mode,
tapping mode and non-contact mode. The contact mode is suitable
for hard surface while the non-contact mode most useful for imag-
ing soft surface but sensitive to the external vibrations. The tap-
ping mode is probably for imaging soft biological specimen or
poor surface adhesion (carbon nanotubes) [7].

The AFM produces a 3D images on a nanoscale by scanning and
measure the forces of interactions between a sharp probe and sur-
face with short distance. In this study, the probe is hang by the
flexible cantilever and non-contact mode tip is used to the surface.
The sample was mounted on a piezoelectric scanner with three-
dimension piezo-movements. The deflection of the cantilever is
measured by optical method. In non-contact mode, the cantilever
do not contact but oscillates near the surface of the sample. The
oscillation slightly above resonant frequency.

3. Results and Findings

3.1. Atomic Force Microscopy

The effect of frequency on deposition of SiC thin films were ob-
served through AFM. Figure 1 shows the AFM images of deposit-
ed SiC with different frequency; 100MHz, 160MHz and 200MHz.
The AFM images was observed via SPIWin software. The calcu-
lated parameters such as surface roughness, mean size and mean
diameter values were obtained from the installed AFM software.

The mean size (Sv) is determined by using equation below.

Mean S5ize,5, = %T,

where St is a grain area and N is a grain count, while the mean
diameter (Dv) is determined as follows;

Mean Diameter,D, = 2 (c)

(b)

Figure 1: 3D images of SiC thin films for frequency at (a) 100MHz (b)
160MHz (c) 200MHz

The surface of SiC films on Si substrate becomes rougher as the
number of SiC granules has increases. The surface roughness also
depends on the thickness of the nanocrystalline Si-C (nc-SiC)
films produced. The surface morphology changed depends on the
rate of formation of films whereby more particles packed with
each other and covered with nanosized grains to produce nc-SiC.
Table 1 shows the physical properties of the samples with differ-
ent frequency.
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Table 1: Physical properties of SiC thin films

100MHz 160MHz 200MHz
Roughness, RMS
(nm) 5.43 11.94 13.91
Mean Size (nm?) 9.18x10° 6.45x10* 7.27x10*
Mean Diameter 2 2 2
(nm) 1.08x10 2.87x10 3.04x10

Figure 1 shows a dense films with continuous morphologies of
crystalline nano-structures were observed where z-dimension de-
termined the particle heights. The grown of nanostructures of the
films are noticeably affected by the frequency. As the frequency
increases, bigger energy was imparted to electron via stochastic
heating or called collision less heating which helps the dissocia-
tion of SiH4 and CHa4 and reduces the energetic ion impact on the
growth surface of the thin films [8][9]. Thus, the higher growth
rate with dense film were produced. In addition, most researcher
got that the higher frequency would also result in a reduced sheath
thickness and a lower voltage potential across the electrodes that
makes the deposition growth of films greater and provide better
uniformity of films thickness [8]. Thus, the roughness of the SiC
thin films is 5.43nm, 11.94nm and 13.91nm obtained at 100MHz,
160MHz and 200MHz respectively which is greatly become more
compact as the frequency increased.

3.2. Atomic Force Microscopy

Intensity (a.u.)
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Figure 2: Raman spectra for all samples

Figure 2 above shows the Raman spectra of the samples with dif-
ferent frequency; 100MHz, 160MHz and 200MHz after the base-
line correction. The range are set from 350 cm-t until 1200 cm™ as
the peaks appeared around this specified range. The intensity is
slightly increases as the frequency increases.

All samples appeared four identical peak bands. The spectra was
divided into two regions which are 400 cm! to 600 cm™* and 600
cm™to 1000 cm. The first region was clearly shown the broad
peak around 480 cm indicated that Si-Si bonds of amorphous Si
clusters existed in the samples. In the second region, the peaks
exist around 600 cm to 650 cm which corresponding to longi-
tudinal acoustic (LA) modes of 4H-SiC while the peaks around
780 to 800 cm and 970 cm™to 980 cm are attributed to SiC
longitudinal optical (LO) and SiC transverse optical (TO) respec-
tively [10][11][12]. A bit shift occurred may lead by the stress of
the films due to high lattice and thermal mismatch [13]. This con-
firms the amount of Si-C bonding are present in our samples. The
spectra from all samples were fitted with lorentzian-gaussian ap-
proximation with installed Origin Software. This can be explained
that the peak and amount of crystallinty increases as the frequency
increases. It agreed with the AFM result which is the roughness of
the surface directly proportional to the amount of crystallinity.

Table 2 shows the percentage of crystallinity of all samples. The
percentage of crystallinity can be obtained by equation below [14].

Ay

— x 100
Ay + Ag

% of crystallinity =

where the Ac is the area under Laurentzian approximation while
Ag is the area under Gaussian approximation

Table 2: Amount of crystallinity

100MHz 160MHz 200MHz

53.32

% Crystallinity 50.89 52.37

3.3 Scanning Electron Microscopy

Figure 3 shows the cross sectional of the samples observed by
SEM technique. The thickness increases from 276nm to 309nm
when the frequency increases from 160MHz to 200MHz. It shows
that the thickness of the samples are depend on the frequency. As
the higher frequency was used, the growth rate of Si-C increases,
thus the thickness of the samples increases [15].

SiC films

276nm

@

SiC films

(b)

Figure 3: Cross sectional of SiC thin films for frequency at (a)
160MHz and (b) 200MHz
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4 Conclusion

In summary, the SiC thin films were succesfully prepared using
VHF-PECVD system. The effect of frequency on the crystallinity
and morphology were investigated. The surface roughness, film
thickness, intensity and amount of crystallinity of the samples
increases with frequency. The crystallinity measured by Raman
spectra were slightly increases from 50.89% to 53.32% when the
frequency increases as it enhanced the growth rate of Si-C on the
substrate. Higher frequency gives strong effect which helps the
dissociation of SiH4 and CH4 and reduces the energetic ion impact
on the growth surface of the thin films.
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