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Abstract: In the present work a-SiC:H thin films were prepared using magnetron sputtering 

technique for different substrate temperatures from 100℃ to 290℃. Their optical properties were 

studied using the ellipsometry technique. The experimental results show that the optical band gap 

of the films varies from 2.00 eV to 2.18 eV for the hydrogenated films, whereas Eg is equal to 1.29 

eV when the film does not contain hydrogen atoms and for Ts=100℃. The optoelectronic quality of 

the films seems to be the optimum when Ts=100℃ or Ts=220℃. Additionally, the refractive index 

exhibits an inverse relationship with E₉ as a function of Tₛ. Notably, these thin films were deposited 

12 years ago, and their optical properties have remained stable since then. 
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1. Introduction 

Amorphous silicon carbide (a-SiC:H) thin films have received considerable attention in recent 

years due to their unique combination of properties, such us high chemical and mechanical stability, 

excellent electrical properties and high optical transparency [1]. The optical properties of amorphous 

silicon carbide (a-SiC:H) thin films, in particular, have made them of great interest in various 

optoelectronic applications, such as photovoltaics, optoelectronics and gas sensing [2,3]. One of the 

most important optical properties of a-SiC:H thin films is their optical band gap. In general, a-SiC:H 

thin films have a wide band gap and this makes them transparent to visible light, but absorbent in 

the ultraviolet region of the electromagnetic spectrum [4]. 

Chaussende D. et al. [5] have demonstrated that, between RF power, substrate temperature and 

pressure, the RF power is the main parameter that, at first order controls all the deposition process 

and film properties. Generally, the sputtering parameters have been found to have a good influence 

on both the structural and optical properties of a-SiC thin films [6]. When referring to amorphous 

films, it is speculated that the optical properties are closely related to the films’ chemical structure. 

This indicated that by adjusting the sputtering conditions, specifically by changing the concentrations 

of Si and C atoms, the optical properties of the SiC:H films can be controlled [5,7]. Nussupov K. et al. 

[7] reported the high suitability of magnetron-sputtered silicon carbide films’ optical properties for 

reducing surface reflection. In particular, they discovered that the most effective antireflection 

coating is hydrogenated silicon carbide deposited at 150W RF power. 

Another key optical property of a-SiC:H thin films is their refractive index, n. This is a measure 

of how much light bends when it passes through the material and it determines the optical properties 

of thin films in optical devices, such as anti-reflection coatings, wavelengths and optical filters. Films 

deposited at higher power have been shown to exhibit the highest refractive index [7]. Similar to the 

refractive index, extinction coefficient, k, appears to decrease with decreasing rf power. The decrease 

in the refractive index with decreasing power could be attributed to a violation of stoichiometry or 

the presence of voids in the film. It is evident that the transmittance also decreases with a decrease in 

sputtering power [6]. 
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However, the pressure parameter also affects the refractive index. Kumar M. [6] observed a 

decrease up to a certain limit of sputtering pressure, followed by an increase with further reduction 

in sputtering pressure. 

The increase of sputtering power also affects the thickness of the films, as it results in a significant 

increase of the kinetic energy and deposition rate. Thus, the size and shape significantly change, 

which leads to an increase in the thickness of the films [6]. On the other hand, it is worth noting that 

during the annealing process, film thickness has been observed to decrease [8]. Additionally, an 

increase of the plasma power leads to a decrease of both the refractive index and the extinction 

coefficient. These reductions are attributed to the carbon content of the a-SiC:H film [9].  

The optical band gap of c-SiC is known to be larger than that of c-Si [10]. Therefore, the larger 

the number of Si-C bond fraction exists, the wider the optical band gap appears in the a-Si(1-x)Cx:H 

thin films. Zhang Y. et al. [10] found that with decreasing the deposition power density, the optical 

band gap of a-Si(1-x)Cx:H thin films increases due to increasing Si-C bond fraction. Thus, the optical 

band gap of the a-Si(1-x)Cx:H alloys is controlled through the Si-C bond formed by controlling the 

deposition power. The same result was found by Kefif K. et al. [11], as well as by Yunaz I. et al. [12]. 

In addition, by controlling the film composition and deposition conditions we can adjust the 

absorption coefficient, α. The absorption coefficient of a material is a measure of the amount of light 

absorbed per unit thickness of the material. The absorption of a-SiC:H thin films is dependent on the 

film composition and deposition conditions and is typically low for visible light [13].  

It is important to note that the increase of Si-C bond fraction increases the concentration of 

dangling bonds in amorphous thin films, deteriorating their optical properties. This is compensated 

by introducing the suitable quantity of hydrogen that decreases the dangling bonds concentration. 

The main point is the retention of optical properties for the future. The present work focuses on 

this direction where films were produced 12 years ago. 

2. Materials and Methods 

The a-SiC:H thin films studied in this work were deposited with the technique of magnetron 

sputtering. The target used was SiC of constant composition (66 wt% Si and 34 wt% C), 99.9% purity 

and 81 cm2 in area. The rf power was 150 W and the target to substrate distance was 4.5 cm. The 

sputtering chamber was evacuated below ≈10-8 Torr before the introduction of argon and hydrogen 

through variable-leak valves. The substrate temperature was varied from 100℃ up to 290℃. The flow 

rate of argon was 30 sccm in all cases, whereas the hydrogen flow rate was 20 sccm or 0 sccm for the 

case of the films not containing hydrogen. The substrate used was Corning glass 7059. The substrate 

and the target were cleaned by pre-sputtering for about 20min before the deposition of the films. The 

film thickness and the transmittance spectra of the films were measured using FR-Monitor by 

ThetaMetrisis. 

3. Results 

The absorption spectra of the a-SiC:H thin films with different substrate temperatures are shown 

in Figure 1. Obviously, with increasing substrate temperature, the absorption curves decrease with 

wavelength, presenting typical behavior for amorphous SiC:H [14]. Data from Figure 1 is used for 

the calculation of the √αhv − hv diagram (figure 2), so as to determine the optical band gaps. 
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Figure 1. Absorbance coefficient versus wavelength. 

In order to calculate the optical band gaps of the a-SiC:H thin films, the √αhv − hv curves have 

been designed. As it is clear, the a-SiC:H thin films obey the relation obtained by Mott and Davis [15] 

(αhv) = B2(hv − Eg)
2, (1) 

where α is the absorption coefficient, B is the Tauc constant [16] and Eg is the optical band gap. The 

optical band gap is obtained by fitting such absorption data to the above expression. 

 

Figure 2. √αhv versus photon energy (hν) and calculation of the optical band gap energies via Mott 

and Davis method. 
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Figure 3 shows the optical band gap of a-SiC:H films as a function of substrate temperature. It is 

clear that the Eg, from 100℃ to 290℃, varies from 2.00 eV to 2.18 eV, whereas as the hydrogen flow 

rate increases from 0 sccm to 20 sccm the Eg increases about 0.8 eV for the case of Ts = 100℃. 

 

Figure 3. Optical band gap energy versus substrate temperature. 

From the diagrams of Figure 2 were calculated the values of slope B of the relation (1) and 

presented in Table 1. Take into account that B is a measure of the disorder of amorphous material 

and more specifically the highest values represent the less disordered material [17]. It is obvious that 

the optimum quality material is observed at Ts=100℃ and Ts=220℃. 

Table 1 shows the slope B of Tauc constant as a function of substrate temperature. It is clear that 

maximum value of samples B and D reveals that these films present the minimum disorder, which is 

related to optimum optoelectronic properties. 

Table 1. Hydrogen flow rate and Slope B of the obtained a-SiC:H thin films. 

Sample 
Substrate  

Temperature Ts 
Slope B 

Hydrogen 

A 100℃ 224.34 No 

B 100℃ 450.93 
Yes 

C 140℃ 353.63 
Yes 

D 220℃ 460.32 
Yes 

E 290℃ 308.38 
Yes 

Finally, the refractive index, n, of the a-SiC:H thin films deposited with different substrate 

temperatures was calculated [18] from relation (2):  

n = [N + (N2 − n1
2)1 2⁄ ]1 2⁄ , (2) 

where 
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𝑁 = 2𝑛1
𝑇𝑚𝑎𝑥 − 𝑇𝑚𝑖𝑛

𝑇𝑚𝑎𝑥𝑇𝑚𝑖𝑛
+
𝑛1

2 + 1

2
, (3) 

and n1 is the refractive index of the substrate, equal to 1.531 for CORNING-7059 glass and the 

results are presented in Figure 4. 

The results show that the refractive index of a-SiC:H thin films varies within the range of 3.142 

to 1.887, where the n of a-SiC thin film is 3.917 which is the highest value. These values are in 

agreement with the experimental results from previous works on a-SiC:H thin films.  

It is important to note that all the samples were deposited 12 years ago , and their optical 

properties were measured. The same properties were measured again 12 years later and the results 

remain accurately the same, suggesting that the structure of amorphous material, as well as hydrogen 

atoms in the network of a-SiC:H, is stable [19]. This property is important for many applications and 

it is necessary to be supported by other measurements in the near future. 

 

Figure 4. Refractive index versus substrate temperature. 

4. Discussion 

In this work, samples of amorphous silicon carbide deposited in different substrate temperatures 

from 100℃ to 290℃ have been studied regarding their optical properties. 

It has been established [15] that the addition of hydrogen improves the quality (slope B) and 

increases the optical band gap significantly, as it reduces the density of states, g(E), near the band gap 

edges. This is attributed to the fact that hydrogen is being added in order to compensate the dangling 

bonds in the amorphous network of a-SiC and to reduce the defects of the structure. 

Figure 2 shows the (ahν)1/2 versus (hν), where it is obvious that these graphs present different 

point of intersection with the horizontal axis (hν), as well as different slopes. These results are 

presented in Figure 3 and Table 1. It is clear that the optical band gap does not present a significant 

change since substrate temperature increases from 100℃ to 290℃, whereas the absence of hydrogen 

atoms in a-SiC reduces the Eg up to 0.9 eV. The effect of hydrogen atoms to amorphous thin films has 

been examined in the past [13,19] since the introduction of hydrogen compensates the dangling bonds 

and structural defects in a-SiC thin films. The behavior of Eg with the Ts presents deviation from 

ascending trend, which is observed with a-SiC:H rf sputtered thin films [14] for this temperature 

range, and can be explained by the fact that for this deposition conditions takes place better 
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rearrangement of hydrogen atoms in the a-SiC:H thin films. This is also supported by the results of 

slope B (see Table 1) where for Ts=100℃ and Ts=220℃ present the maximum values.   

In any case the results of slope B with Ts indicate that it is clear that samples B and D have the 

optimum compensation of dangling bonds, as well as structure defects, and both are suitable for 

optoelectronic applications.  

It can also be noticed that slope B decreases significantly in sample E, where the hydrogen flow 

rate is maximum. This is attributed to the fact that when adding foreign atoms to a material, there is 

a limited concentration that must not be overcome. Hence, if more that the accepted number of atoms 

are added to the amorphous network, the structure deteriorates and the material quality decreases 

[20]. 

Figure 4 shows the dependence of refractive index of a-SiC:H thin films on T_s which reflects in 

reverse manner the dependence of the optical band gap versus substrate temperature, which is 

convenient with optical properties [18]. 

5. Conclusions 

In the present work the optical properties of a-SiC:H thin films were studied. The films were 

deposited with magnetron sputtering in different substrate temperature, Ts, from 100℃ up to 290℃ 

and the main conclusions of the work are the follows; 

The experimental results show that the optical band gap, Eg, of a-SIC:H thin films  varies from 

2.0 eV to 2.18 eV which is attributed to changes in hydrogen concentration in the samples or the 

structural rearrangement with the increase of Ts. For the case that there aren’t hydrogen atoms in 

these films, Eg is 1.29eV. 

The Tauc slope (B) analysis indicates that films deposited at 100°C and 220°C exhibit the optimal 

material quality.  

The dependence of refractive index, n, on Ts is consistent with the results of Eg.  

Finally, the optical properties of the a-SiC:H thin films have remained stable over a 12-year 

period, demonstrating their reliability for optoelectronic and solar cell applications. 

Funding: Please add: This research received no external funding. 
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