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This paper presents a study of the transition between amorphous and crystalline phases of 

SiC films deposited on Si(100) substrate using H3SiCH3 as a single precursor by a 

conventional low-pressure chemical vapor deposition method in a hot-wall reactor. The 

microstructure of SiC, characterized by x-ray diffraction and high-resolution transmission 

electron microscopy, is found to vary with substrate temperature and H3SiCH3 pressure. The 

grain size decreases with increasing MS pressure at a given temperature and also decreases 

with reducing temperature at a given MS pressure. The deposition rates are exponentially 

dependent on the substrate temperature with the activation energy of around 2.6 eV. The 

hydrogen compositional concentration in the deposited SiC films, determined by secondary 

ion mass spectrometry depth profiling, is only 2.9 % in the nanocrystalline SiC but more than 

10 % in the amorphous SiC, decreasing greatly with increasing deposition temperature. No 

hydride bonds are detected by Fourier transform infrared spectroscopy measurements. The 

chemical order of the deposited SiC films improves with increasing deposition temperature. 
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1. Introduction 

Amorphous SixC1-x (a-SiC) and nanocrystalline silicon-carbide (nc-SiC) have attracted a 

considerable research interest as materials for constructing high-efficiency silicon solar cells 

[1-5]. Amorphous SiC is also applied as a passivation layer for crystalline silicon [6] and as a 

metal diffusion barrier for copper [7]. Various growth techniques have been employed to 

achieve gaseous reactive species when the substrate temperature is relatively low, including 

bias-assisted hot filament chemical vapor deposition [8], plasma-enhanced chemical vapor 

deposition (PECVD) [9, 10], pulsed laser deposition [11], and ion beam sputtering [12]. 

Compared with these techniques, the conventional chemical vapor deposition (CVD) requires 

higher deposition temperatures. However, higher temperatures may enhance the chemical 

order [13, 14], therefore can increase the optical energy gap of the grown materials and 

improving their doping efficiency [15-17]. It has been reported [18] that the highest structural 

order in amorphous films is achieved just before the transition from amorphous to crystalline 

phase. 

The preparation of a-SiC is usually conducted with two precursors that are heavily diluted 

by hydrogen to hydrogenate the dangling bonds and to widen the optical energy gap by 

reducing the homonuclear Si–Si, and C=C graphic bonds. The density, thermal stability, 

optical and photoelectrical properties are strongly correlated to the bonding configuration and 

H concentration in these a-SiC films. Si–H and C–H bonds start to release H at 327 and 577ºC, 

respectively, which causes thermal instability, and all the H atoms escape from the film at 

temperature higher than 800 ºC [19]. Therefore, the thermal stability of the films can be 

improved with the higher deposition temperature. 

As a promising single precursor for single-crystalline SiC deposition, H3SiCH3 

(methylsilane, abbreviated as MS) has recently been widely investigated in various deposition 



methods [20-25]. Because Si–C bonds are already present in MS with the Si:C ratio of 1:1, 

MS is a desirable precursor for the preparation of chemically ordered a-SiC films in the 

region close to the amorphous-to-crystalline transition. Deposition of a-SiC films using MS 

has been achieved by different techniques, including electron beam excitation [26], hot-wire 

CVD [27], PECVD [28], and cold-wall CVD [29]. Although it is understood that the 

amorphous-to-crystalline transition temperature depends on the preparation method and 

processing pressure, there is no study on the transition from a-SiC to crystalline SiC (c-SiC) 

for films deposited by the conventional low-pressure CVD (LPCVD) method in a hot-wall 

reactor with MS as a single precursor. Such a study can provide the guidance for the 

development of deposition phase diagrams and is of significant technological importance for 

the preparation of chemically ordered a-SiC or partly crystallized nc-SiC films.  

In this study, we investigate a-SiC and c-SiC films deposited on Si substrates, in the 

temperature range between 600 and 700 ºC, using MS as a single precursor in a conventional 

hot-wall LPCVD reactor. The microstructures and chemical order of the deposited SiC films 

were investigated by various characterization techniques. The analysis is focused on the 

factors controlling  the structural transition, H concentration and bonding configuration in the 

deposited SiC films. 

2. Experimental details 

SiC films were deposited on Si(100) substrates (a resistivity of 5-15 Ω·cm) using MS as the 

precursor in a hot wall LPCVD reactor (with a base pressure lower than 5×10-8 mbar). The 

deposition of SiC films was carried out in the temperature range of 600-700 ºC (in the 50 ºC 

interval) with the MS pressure ranging from 0.006 to 0.06 mbar. The flow rate of MS was 

maintained at 9.5 sccm for all deposition processes, and the duration of each deposition 

process was set to be 10 h. Prior to the loading of Si substrates into the LPCVD reactor, 



standard RCA clean was carried out. The temperature was ramped to the desired deposition 

temperature in vacuum with a ramp speed of 5 ºC /min. 

X-ray diffraction (XRD) analysis, high-resolution transmission electron microscopy 

(HRTEM), secondary ion mass spectrometry (SIMS) and Fourier transform infrared (FTIR) 

spectroscopy were employed to characterize the deposited SiC films. The XRD measurements 

were performed with CuKα radiation in a Bruker D8 advance x-ray diffractometer, with 

acquisitions from 20º to 75º, an increment of 0.02 º/step, and the duration for each step of 2.4 

seconds. The HRTEM measurements were carried out on cross-section TEM specimens using 

a FEI Tecnai F30 TEM (operating at 300 kV). The SIMS measurements for H depth profiling 

analysis were carried out using a Cameca IMS-5f ion microprobe equipped with a double 

focusing magnetic sector using Cs+ source. The detection limit of H in Si is 2×1020 cm-3 and 

the precision of SIMS depth analysis for SiC material is ±15 %. The FTIR absorption 

spectrum measurements were performed by a NexusTM spectrometer from Nicolet in the 

mid-IR range from 400 to 4000 cm-1 with a resolution of 4 cm-1. The reference spectrum of a 

fresh Si wafer was subtracted. 

Detailed growth conditions and SiC film thickness for different samples are summarized in 

Table. 1, where the deposition rates can be determined by dividing the deposited film 

thickness by 10 h. The sample labels are given in the forms of Txxx_LP and Txxx_HP, in 

which the number xxx represents the process temperature (in oC), LP stands for “low 

pressure” and is used for samples processed at 0.006mbar, and HP stands for “high pressure” 

and is used for samples processed at 0.06mbar. 

Table 1. Detailed growth conditions and SiC film thickness for different samples.  

 

3. Results and discussion  

3.1 The microstructure of deposited SiC films 



3.1.1 Influence of substrate temperature on the microstructure of deposited films 

The dependences of the deposition rates on the substrate temperature are shown in Fig. 1. 

The deposition rates are exponentially dependent on the substrate temperature with the 

activation energy of about 2.6 eV for both pressures. For sample T600_LP, the deposition rate 

Fig. 1. The dependences of deposition rates on the substrate temperature and MS pressure. 

is too slow to yield a desirable thickness for further characterizations. XRD patterns for all 5 

samples (except T600_LP) are shown in Fig. 2. Figure 3 shows the cross-section HRTEM 

images and corresponding selected area electron diffraction (SAED) patterns for samples 

T700_LP, T700_HP, T650_HP and T600_HP. A relative sharp diffraction peak at 2θ around 

35.8º is found (as shown in Fig. 2) for sample T700_LP, corresponding to 3C-SiC{111} 

diffractions. Crystal lattice fringes are observed in sample T700_LP (shown in Fig. 3(a)), and 

four homocentric diffraction rings are seen in Fig. 3(b), identified as 3C-SiC (111), (200), 

(220) and (311) reflections, respectively. The regular dot diffractions are from underlying Si 

in SAED patterns in Fig. 3(b) and (h). Lower magnification TEM images (not shown here) 

show that crystal grains have a columnar shape that expands laterally up to 100 nm as the film 

thickness is increasing. All these results indicate that sample T700_LP is composed of nc-SiC. 

For sample T650_LP, a much broader diffraction peak is found in XRD patterns (as shown in 

Fig. 2), indicating grain size becomes smaller when deposition temperature was reduced from 

700 to 650 oC.  No pure a-SiC was observed with MS pressure of 0.006mbar.  

Fig. 2. X-ray diffraction patterns for SiC films deposited under various conditions. 

Fig. 3. (a) HRTEM image of sample T700_LP, (b) SAED patterns of sample T700_LP, the regular dot 

diffractions are from underlying Si substrate (c) HRTEM image of sample T700_HP, (d) SAED 

patterns of sample T700_HP, (e) HRTEM image of sample T650_HP, (f) SAED patterns of sample 



T650_HP, (g) HRTEM image of sample T600_HP, (h) SAED patterns of sample T600_HP, the 

regular dot diffractions are from underlying Si substrate. 

For samples deposited with MS pressure of 0.06mbar, there is a broad diffraction peak at 2θ 

around 35.8º in the XRD patterns from sample T700_HP. Crystal lattice fringes are observed 

in Fig. 3(c), the grain size is in the range of 5 to 10 nm, and three circular rings are found in 

the SAED patterns in Fig. 3(d), identified as reflections from 3C-SiC (111), (220) and (311), 

respectively. No diffraction peaks in the XRD patterns can be found for samples T650_HP 

and T600_HP, which reveals that they are pure amorphous in structure. No crystal fringes can 

be found in the HRTEM images as shown in Fig. 3(e) and (g). The diffused rings in Fig. 3(f) 

and (h) confirm that these films are amorphous in structure. The experimental results from 

XRD and TEM are in good agreement; both demonstrate that the nucleation of crystal grains 

are inhibited at reduced deposition temperature, and pure a-SiC was deposited onto Si 

substrate when the temperature is equal or below 650ºC with a MS pressure of 0.06 mbar.  

3.1.2 The effect of pressure on the microstructure of deposited films 

The effect of pressure on the microstructure of deposited films can be determined by the 

comparison of films deposited under different pressures. The dependences of the deposition 

rates on MS pressure are also shown in Fig. 1. For samples T700_LP and T700_HP, an 

increasing of 10 times in MS pressure leads to a 2.6 times increase in the deposition rate, from 

41 to 105 nm/h. The same trend is also found for samples T650_LP and T650_HP, the 

deposition rate increases from 8 to 21 nm/h, increasing by a factor of 2.6 times. As shown in 

Fig. 2, the sharp diffraction peak becomes much broader when MS pressure is increased from 

0.006mbar in sample T700_LP to 0.06mbar in sample T700_HP. Both films contain 

nanocrystalline grains, but the grain size decreases significantly from around 100 nm for 

T700_LP to only 10 nm for T700_HP. Clearly, better crystallinity is achieved with the lower 

MS pressure. Comparing samples T650_LP and T650_HP, the broad diffraction peak in XRD 



patterns observed in T650_LP disappears in T650_HP, which means the increase in pressure 

inhibits the nucleation of SiC nuclei, and causes the microstructure transition from nc-SiC to 

pure a-SiC. This again demonstrates that at a given temperature higher MS pressure induces 

more disorder to the microstructure to the deposited SiC film, and the transition from c-SiC to 

a-SiC can be achieved by varying MS pressure. 

3.2 Hydrogen concentration and chemical order investigation 

The hydrogen atomic concentrations were revealed by SIMS depth profiles analysis and 

measured results are shown in Fig. 4 for the samples prepared with MS pressure of 0.06mbar 

at different temperatures. The hydrogen atomic concentration in samples T700_HP, T650_HP 

and T600_HP is about 2.9×1021 cm-3, 1.1×1022 cm-3 and 1.7×1022 cm-3, respectively, which 

corresponds to compositional concentrations of 2.9 %, 11 % and 17 % (the precision of SIMS 

analysis for SiC material is around ±15 %). The hydrogen atomic concentration is quite 

uniform throughout the film thickness (as shown by SIMS depth profiles), decreases 

significantly at elevated temperatures.  

Fig. 4. Hydrogen depth profiles by SIMS measurements. 

The measured FTIR spectra are shown in Fig. 5. The centre position and full-width at half-

maximum (FWHM) of the absorption band of Si–C bond are summarized in Table 2 for 

comparison. According to the TEM analyses, samples T700_HP, T700_LP and T650_LP are 

composed of nanocrystalline SiC in microstructure. The Si–C bond in the crystalline 

configuration corresponds to the sharp symmetrical absorption band with the peak position 

being very close to that of single-crystalline 3C-SiC (798 cm-1) [30], although a small red 

shift and broadening of the peak are observed in those samples (as illustrated in Fig. 5 and 

Table 2), which could be due to defects and strained bonds at the grain boundaries or at the 

amorphous/crystal grain boundaries. The FWHM of Si–C absorption band increasing from 37 



cm-1 for sample T700_LP to 81 cm-1 for sample T700_HP indicates that the chemical order of 

deposited SiC decreases with increasing MS pressure. While the FWHM of Si–C absorption 

band for samples T700_LP and T650_LP is very similar, though the grain size of sample 

T650_LP is much smaller than that of sample T700_LP. It indicates that better chemical order 

is achieved with lower MS pressure. Samples T650_HP and T600_HP, which are amorphous 

in physical structure as revealed by TEM and XRD, the FWHM of the Si–C absorption band 

is larger than 170 cm-1 (as shown in Fig. 5 and Table 2). Red shifts of the peak positions, from 

794 to 757 cm-1, and 746 cm-1, respectively, were also observed for those two samples. This 

demonstrates degradation in the chemical order in those amorphous samples.  

Fig. 5. FTIR spectra of SiC films deposited on Si substrates under various conditions. 

Table 2. The center position and FWHM of Si–C absorption band obtained by FTIR spectrum 

measurements. 

Given that SIMS measurements show hydrogen concentrations of more than 10% in a-SiC 

films, if the hydrogen atoms were forming Si–Hn bonds they should be easily detected by 

FTIR. The typical absorption band from the Si–H bond, Si–H2 (dihydride) group, and (Si–

H2)n (polyhydride) group is located between 2000 and 2150 cm-1 [31]. The oscillator strength 

of Si-H bond stretching bands are enhanced by attaching C to Si [32], so the absence of 

absorption bands in this region, as shown in Fig. 5, indicates that Si–Hn (n = 1, 2, 3) bond 

density is below the detection limit of FTIR. Similarly, the lack of significant absorption 

bands in the range of 2800 to 3100 cm-1, shown in Fig. 5, indicates that either the C–Hn (n = 1, 

2, 3) bond density is very low in the film [27], or C–Hn (n = 1, 2, 3) bonds have very weak 

FTIR absorption strength. Quite a few papers have been published on hydrogen states, 

hydrogen concentration, and hydride bond density in a-SiC films [19, 27, 32-36], but possible 

disappearance of the absorption band of C–Hn (n = 1, 2, 3) bonds still remains as a 



controversial issue. Nonetheless, the following factors lead us to believe that most of 

hydrogen exists as C–Hn (n = 1, 2, 3) bonds in samples T650_HP and T600_HP: (1) the 

absorption band of the Si-C bond and Si–(CH3)n (n = 1, 2, 3) bonds sometimes overlap each 

other [32], (2) the oscillator strength of C–H bonds can be significantly reduced by the 

bonding environment [32], and (3) the significant reduction of hydrogen concentration (as 

revealed by SIMS) and the improvement of chemical order (shown by Si–C peak position and 

FWHM in FTIR spectra) at elevated temperatures. This means that the weak oscillator 

strength of C–H bond makes its absorption band in FTIR spectra unnoticeable.  

4. Conclusions 

Deposition of crystalline and amorphous SiC films on Si(100) substrates was demonstrated 

using MS as a single precursor by a conventional low-pressure chemical vapor deposition 

method in a hot-wall reactor, the temperature range was 600-700 ºC  and no dilution gas was 

employed. Structural transitions from a-SiC to c-SiC were observed by varying the deposition 

temperature and MS pressure. The grain size decreases with increasing MS pressure at a 

given temperature and also decreases with reducing temperature at a given MS pressure. The 

deposition rates are exponentially dependent on the substrate temperature with the activation 

energy of around 2.6 eV. The hydrogen concentration decreased with increasing deposition 

temperature, with only 2.9 % in the c-SiC deposited at 700 ºC but higher than 10% in the a-

SiC films. No hydride bonds were found in the a-SiC films by FTIR measurements. The 

improvement of chemical order was found for SiC films deposited at elevated deposition 

temperature. 
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Figure captions 

Fig. 1. The dependences of the deposition rates on the substrate temperature and MS pressure. 

Fig. 2. X-ray diffraction patterns for SiC films deposited under various conditions. 

Fig. 3. (a) HRTEM image of sample T700_LP, (b) SAED patterns of sample T700_LP, the 

regular dot diffractions are from underlying Si substrate (c) HRTEM image of sample 

T700_HP, (d) SAED patterns of sample T700_HP, (e) HRTEM image of sample T650_HP, (f) 

SAED patterns of sample T650_HP, (g) HRTEM image of sample T600_HP, (h) SAED 

patterns of sample T600_HP, the regular dot diffractions are from underlying Si substrate. 

Fig. 4. Hydrogen depth profiles by SIMS measurements. 

Fig. 5. FTIR spectra of SiC films deposited on Si substrates under various conditions. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 1. Detailed growth conditions and SiC film thickness for different samples.  

Sample 

label Substrate 

Deposition 

temperature (ºC) 

Pressure of MS 

(mbar) 

Thickness of  

SiC layer (nm) 

T700_LP Si 700 0.006 410 

T700_HP Si 700 0.06 1050 

T650_LP  Si 650 0.006 82 

T650_HP Si 650 0.06 210 

T600_LP Si 600 0.006 11 

T600_HP Si 600 0.06 50 

 

Table 2. The center position and FWHM of Si–C absorption band obtained by FTIR spectrum 

measurements. 

Sample label 

Centre position of the Si–C 

bond absorption band (cm-1) 

FWHM of the Si–C 

absorption band(cm-1) 

3C-SiC single crystal 798 5.7 

T700_LP 796 37.1 

T700_HP 792 80.6 

T650_LP  790 38.7 

T650_HP 757 177.4 

T600_HP 746 193.5 

 

 

 

 



 

 

 

 

1000/T (K-1)
1.02 1.04 1.06 1.08 1.10 1.12 1.14 1.16

D
ep

os
iti

on
 ra

te
 (n

m
/h

)

.1

1

10

100

Symbols: experimental data
Lines: linear fit

0.06 mbar
0.006 mbar

600650700
T (oC)

 

 

Fig. 1. The dependences of deposition rates on the substrate temperature and MS pressure. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

                  Fig. 2. X-ray diffraction patterns for SiC films deposited under various conditions. 

 

 

 

 

 

 

 

 

 

 

 



                   

                       

                     

                   
 
                        

Fig. 3. (a) HRTEM image of sample T700_LP, (b) SAED patterns of sample T700_LP, the 

regular dot diffractions are from underlying Si substrate, (c) HRTEM image of sample 



T700_HP, (d) SAED patterns of sample T700_HP, (e) HRTEM image of sample T650_HP, (f) 

SAED patterns of sample T650_HP, (g) HRTEM image of sample T600_HP, (h) SAED 

patterns of sample T600_HP, the regular dot diffractions are from underlying Si substrate. 

 

 

 

 

Fig. 4. Hydrogen depth profiles by SIMS measurements. 

 

 

 

Fig. 5. FTIR spectra of SiC films deposited on Si substrates under various conditions. 

 
 


