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1. INTRODUCTION

The study of amorphous silicon carbon (a-SiC) has garnered significant attention due to its unique
electronic properties and potential applications in various technological fields such as photovoltaic cells, light-
emitting diodes (LEDs), and thin-film transistors [1]. Amorphous silicon-carbon combines the beneficial
properties of both silicon and carbon, resulting in a material that is mechanically robust, chemically stable, and
exhibits tunable electronic characteristics [2]. Unlike crystalline materials, a-SiC lacks long-range order, which
provides distinctive advantages in terms of flexibility and the potential for large-area applications [3]. The
deposition process [4], particularly the role of precursor gases such as methane, plays a critical role in
determining the structural and electronic properties of the resulting films [5]. Understanding the influence of
methane flow rate on the electronic properties of a-SiC is essential for optimizing its performance in electronic
devices [6].

The deposition of a-SiC typically involves techniques such as plasma-enhanced chemical vapor
deposition (PECVD), where methane serves as a carbon source. The methane flow rate during the deposition
process can significantly alter the bonding configurations within the material [7]. Specifically, the ratio of sp”2
(graphite-like) to sp® (diamond-like) carbon bonds can be modulated by varying the methane flow rate [8],
which in turn affects the material's electronic band structure [9]. An increase in methane flow rate generally
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leads to a higher concentration of sp? bonds [10], which are associated with narrower bandgaps and higher
electrical conductivity [11]. Conversely, a lower methane flow rate favors the formation of sp® bonds [12],
resulting in wider band gaps and reduced conductivity [13]. These variations in bonding and electronic structure
underscore the importance of precise control over the deposition parameters to achieve the desired electronic
properties in a-SiC films [14].

In addition to the structural and electronic implications, the methane flow rate also impacts the
material's defect states and overall film quality. Defect states, which arise from incomplete bonding or
impurities, can act as trap sites for charge carriers, thereby influencing the electronic performance of the
material [15]. A thorough investigation into the relationship between methane flow rate and the resulting defect
states is crucial for optimizing the electronic properties of a-SiC. Advanced characterization techniques, such
as spectroscopy ellipsometry, while the surface roughness morphology atomic force microscopy (AFM), are
employed to elucidate these correlations. By systematically studying the effects of methane flow rate on the
electronic properties of a-SiC, this research aims to provide a comprehensive understanding that will aid in the
design and fabrication of high-performance a-SiC-based electronic devices [16]. This knowledge is pivotal for
advancing the material's application in cutting-edge technologies, where tailored electronic properties are
paramount.

2. RESEARCH METHOD

This investigation used corning glass 7059 substrate, manufactured with indium tin oxide (ITO), to
create the p-type layer of a-SiC:H. The two multi-chamber deposition chambers in the PECVD process are
designated for the unique purpose of depositing p-type a-SiC:H layers, as seen in Figures 1(a)-1(c). Under
these circumstances, the radiation heater temperature (substrate temperature) is the only factor that affects the
filament temperature [17]. The source gas is silane gas (SiH4) that has been concentrated in hydrogen (H,) to
a 10% level. Transparent and able to raise the concentration of charge carriers, methane (CH,) is added as a
p-type layer optimization. Diborane (B2Hs) gas is used as a dopant gas at a concentration of 10% in H, [18].
Table 1 illustrates the growth metrics that were employed.

Table 1. Materials for the a-SiC:H p-type layer to be deposited
P-type layer of amorphous silicon carbon (a-SiC:H)
P-1

Deposition parameters

P-2
Flow rate SiH,4 20 sccm 20 sccm
Flow rate B,Hg 2 sccm 2 sccm
Flow rate H, 20 sccm 20 sccm
Flow rate CH, 10 sccm 20 sccm
Power RF 5 Watt 5 Watt
Temperature 210°C 210°C
Pressure 4800 mTorr 4800 mTorr
Time 10 minutes 10 minutes

Figure 1. Schematic of p-type a-SiC:H coating sample preparation: (a) PECVD system with a multi-chamber,
(b) samples panel p-type layer a-SiC:H (10 x 10) cm? integrated with a conductive film, and
(c) spectroscopy ellipsometry (V-VASE, J. A. Woollam Co.)

With spectroscopy ellipsometry (V-VASE, J. A. Woollam Co.) with a rotating analyzer and
compensator in Singapore Synchrotron Light Source (SSLS), a photon energy range between 0.6 and 6.5 eV
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was measured. The parameters y and A, which represent the ratio of the amplitude and the phase difference
between the reflected light polarized p and s, respectively, were collected on a 70° angle of incidence. With
the parameters determined by the surface roughness of the measurement results from P-1 and P-2 atomic force
microscopy (AFM), the program employed Woollam Complete Ease to further analyze the fitting of the
measurement data. The thickness, roughness, bandgap, and optical constants of the p-type layer of a-SiC were
all determined by evaluating each parameter of the dielectric function using a combination of Tauc-Lorentz
models (TL)/Tauc-Lorntz+G [19].

The spectroscopic ellipsometry observations on the p-type layer of a-SiC:H are analyzed using the
following equation [20]:
- Complex dielectric functions € (w) = & (w) + ie,(w) (o =the angular frequency of the incident photon).

- Refractive index n (w) = \/g [VeZ(w) + e2(w) + & (w)]
- Extinction coefficient k (w) = \/2 [Vei(w) + e2(w) — & (w)]

£2(w)
[ (w)+€5 ()]

- The reflectivity of normal incidence R (w) =

- Loss function —Im [ (w)] =

[n(w)=1]%+x2(w)
[n(w)+1]2+K2(w)

3. RESULTS AND DISCUSSIONS

The results of data fitting are displayed in Figures 2(a) and 2(b), together with the measurements of
<y> and <A> for the spectroscopic ellipsometry for samples P-1 and P-2. derived from the sample surface
roughness of P-1 and P-2 as shown in Figures 3(a) and 3(b) in order to facilitate the optical and electronic
analysis of each sample. The surface morphology of P-1 and P-2 on a 2x2 pm?2 film area was displayed. It can
be observed that there is a high degree of homogeneity between the P-1 and P-2 samples. In samples P-1, the
grain size was found to be modest, while samples P-2 showed a larger grain size. This results from
modifications to the nucleation process and sample growth brought about by the addition of the methane flow
rate [21]. Samples P-1 and P-2 showed that the samples' root-mean-square (RMS) surface roughness values,
as determined by AFM measurements, were 8.95 and 6.20 nm.
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Figure 2. Fittings (point curve) and experimental data (solid curve) from <¥> and <A> to
(a) P-1 and (b) P-2 obtained using an angle 70° measurement

In the room temperature range of 0.6-6.6 eV, the p-type layer of a-SiC:H was detected. Refractive
index, dielectric constant, absorption coefficient, thickness, and roughness of the p-type layer of a-SiC:H are
among the metrics and information on the optical properties of materials that were derived from the sample
fitting findings for P-1 and P-2. Moreover, each sample's normal incidence reflectivity (<R>) was determined
from the complex dielectric function <g1> and <e2>, optical conductivity (<o1>), refractive index (<n>), and
extinction coefficient (<k>) [22].
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(b)
Figure 3. Atomic force microscope measurements that measure (a) surface roughness P-1 and
(b) surface roughness P-2

3.1. Complex dielectric function <g1> and <e>>

Throughout the measurement energy range, the material's optical and electrical characteristics are
described by the dielectric function <¢>. The real <e1> and imaginary <g> are the two parts of the dielectric
function. The amount of light absorption in the material is represented by the imaginary component <g2>,
whereas the real component <g1> indicates the polarization of the material caused by the electric dipole, which
contributes to the atomic and electric polarization [23]. Samples P-1 and P-2 exhibit values of 2.94 eV and 2.64
eV for EO, respectively, as indicated by the real component <e1> in Figures 4(a) and 4(b). Sample P-2 is able
to absorb more energy than sample P-1 when the EO energy changes and this ultimately leads to an
improvement in the p-type layer's performance on the solar cell-based p-1-n a-SiC:H. At that energy, sample
P-2 is able to change in energy more than sample P-1 by a large margin (0.3 eV) [24]. Similarly, for the
imaginary component <g>>, the values of E; and E,, indicative of each sample's excitability, reveal that sample
P-2's E; and E; values change at a lower energy than sample P-1's.
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Figure 4. Dielectric function of each layer P-1 and P-2: (a) imaginary part <g;> and (b) real part <g;>
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3.2. Refractive index <n> and extinction coefficient <k>

The refractive index of the material, represented by the value of <n>, and the energy lost due to
scattering, represented by the value of <k>, are the results of spectroscopy ellipsometry measurements [25].
The optical characteristics of sample layers P-1 and P-2 for measurements at the same temperature on the ITO
substrate are displayed in Figures 5(a) and 5(b). In comparison to the P-1 sample, the p-type a-SiC:H layer
quality in the P-2 sample had a lower n value, indicating that it was of good quality. The maximum absorption
rate achieved for sample P-2 is higher than that of sample P-1, despite the fact that both samples are evaluated
at the same substrate temperature. This is demonstrated by the very rapid reduction observed at energy <3.0
eV in <n> sample P-2 when compared to sample P-1. The temperature of the substrate has a significant impact
on how the atoms are deposited and diffuse over it during deposition [26]. The atoms on the substrate's surface
will vibrate due to its temperature in this instance, stretching the space between the planes and simplifying the
insertion process.

When comparing sample P-2 to sample P-1, the extinction coefficient <k> in sample P-2 is found to
be 3.0 eV lower, indicating that sample P-2's results are denser. As the flow rate of methane gas increases, the
extinction coefficient tends to decrease. The extinction coefficient curves that were obtained have finite energy,
meaning that a second layer of p-type a-SiC:H will own its energy price. The value of <k>, which is in the
negative, indicates that a more transparent p-type a-SiC:H layer is created at energies greater than 1.2 eV [27].
This is probably going to lead to atom insertion process saturation, which will produce a less dense layer.
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Figure 5. P-1 and P-2 samples' complex refractive indices are (a) <n>and (b) <k>

3.3. Loss-function < —Im [£~!(w)]> and normal incident reflectivity <R>

Loss-function < —Im [¢™*(w)]> as a function of energy can be derived from the real component
<g1>, and normal incident reflectivity <R> can be determined from the imaginary component <g> [28], as
seen for the P-1 and P-2 samples in Figure 6. The curve in the figure < —Im [¢~1(w)]> has shifted. as the
flow rate of methane gas increases, to a higher energy at P-2. In this case, a shift to a higher energy and a rise
in carbon concentration are related, whereas the shift is caused by the influence of the methane gas flow rate.
The curve can be used to determine the a-SiC:H p-type layer's optical gap. Using the definition of energy Eg,
that is, the definition of energy right now, we can find the normal incident reflectivity <R>. Reflectivity of
normal incoming light <R> valuable >3.0 eV.

Carbon concentration in the p-type layer of a-SiC:H rises with increasing methane flow rate. Using
data from hydrogen effusion experiments, NH calculates the amount of hydrogen present in the p-type layer of
a-SiC:H. The concentration of hydrogen and the amount of carbon in the p-type layer of a-SiC:H both rise with
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an increase in the flow rate of methane gas [29]. The influence of carbon and hydrogen is thus responsible for
the effect of the methane gas flow rate on the aforementioned optical quantities [30]. The amount of carbon
and hydrogen in the p-type layer will determine the optical gap Eg and the optical magnitude of the refractive
index <n>. The graph illustrates how hydrogen and carbon both raise the optical gap Eg and decrease the
refractive index <n>. The majority of academics believe that rising carbon concentrations are the only factor
contributing to the optical gap, however, hydrogen also plays a role [31]. Similarly, despite the fact that
methane gas is used as a carbon source throughout the deposition process, the decreased refractive index <n>
was linked by most researchers to an increase in carbon content.
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Figure 6. Samples P-1 and P-2: (a) loss-function and (b) reflectivity

4. CONCLUSION

The impact of variations in the methane gas flow rate on the optical properties of the p-type layer
a-SiC:H deposition results from the PECVD technique show changes in the form of an increase in the optical
gap, a decrease in the value of the dielectric function of the real and imaginary parts, a decrease in the refractive
index <n> and the Eo energy in sample P-2 changes in energy to a smaller one than the sample P-1 with a
change of 0.3 eV. In the meantime, the addition of amorphous tissue disorder is demonstrated by the impact of
increasing carbon composition on the regularity of amorphous tissue. In addition to the amount of carbon in
the film, hydrogen is thought to have contributed to the magnitude of the optical layer of the p-type a-SiC:H.
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