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The influence of the hot wire temperature on the crystallization of 

μc-Si:H films prepared by hot wire-assisted-ECR-CVD 

 

ABSTRACT  

We have constructed a hot wire assisted ECR CVD system to prepare a-Si:H and µc-Si:H 
films. The effect of hot wire temperature on crystallization of a-Si:H films is studied in the films 
prepared by these system. The crystalline fraction and crystalline grain size are analyzed by 
Raman scattering. The hydrogen content and the bonding scheme of hydrogen were measured by 
Fourier transform infrared (FTIR) spectroscopy. At low hot wire temperature, about 20 at.% 
hydrogen is included in the film. With increasing the hot wire temperature, the total content of 
the hydrogen, SiH2 and SiH decrease and the microcrystalline phase appears. It is found from the 
ratio of the crystalline TO peak to the total area of the TO peak of the Raman scattering spectra 
that the volume fraction of the crystalline phase increases with increasing the hot wire 
temperature. The crystalline peak has a tendency to shift toward the higher wavenumber with 
increasing the hot wire temperature, suggesting that the grain size increases with increasing the 
hot wire temperature.  

 

INTRODUCTION 

In recent years the applications of hydrogenated microcrystalline silicon (µc-Si:H) films, 
grown at low substrate temperature, in thin film transistors (TFT) for use in active matrix liquid 
crystal displays, p-i-n solar cells and light emitting devices (LED) have been intensively 
investigated. Light-induced degradation of a-Si:H based solar cells has been a major impediment 
in the development of thin film amorphous silicon technology. The stability of a-Si:H films is 
related to the amorphous network structure, whereas the improvement of amorphous network 
may finally lead to the formation of micro or nanocrystalline silicon (μc- or nc-Si), which shows 
no noticeable light-induced degradation, but a poor photosensitivity. It has been confirmed in 
recent years that hydrogenated silicon films deposited in the regime just above the phase 
transition from amorphous to crystalline state could gain both the fine photoelectronic properties 
like a-Si:H and high stability like μc-Si:H [1-6]. The demand of these applications is not only a 
high quality but also a high deposition rate on the preparation. Although the plasma-enhanced 
CVD is commonly used for the preparation of µc-Si:H, the electron cyclotron resonance (ECR) 
CVD and hot wire (HW) CVD have also been studied as promising methods to obtain a high rate 
deposition at low substrate temperature. We have constructed a hot wire assisted ECR CVD 
system to prepare a-Si:H and µc-Si:H films. 

In this paper, a-Si:H and µc -Si:H films have been deposited at various hot wire temperature 
in a hot wire assisted MWECR CVD apparatus. The effect of hot wire temperature on 
crystallization of a-Si:H films is studied in the films prepared by the above system.  



Fig.1. Schematic diagram of the experimental apparatus. 
 

EXPERIMENTAL DETAILS  

A-Si:H and µc-Si:H films were prepared using hot wire assisted MWECR CVD system. The 
schematic diagram of the experimental apparatus is shown in Figure 1. The frequency of the 
microwave was 2.45GHz, the power was 555 W and the intensity of magnetic field in resonance 
section was 0.0875T. In order to increase the activity of the particles, we used hot wire assisted 
technique. The tungsten filaments of 0.5 mm thick and 350 mm long, located at about 60 mm 
from the substrate. The voltage in the filaments was controlled by a booster; the temperature of 
filament was measured by an infra-red pyrometer. The substrate temperature was 473K, pressure 
was 2 Pa. The flow flux is 20sccm, and the hydrogen dilution ratio is 1:4. The films were 
deposited on single crystal Si wafers and Corning-7059 glasses respectively. The film thickness 
was measured by a TENCOR alpha-step profilometer. The thickness of films was about 1μm. 
The crystalline volume fraction and crystalline grain size are analyzed by Raman scattering. The 
hydrogen content and the bonding scheme of hydrogen were measured by Fourier transform 
infrared (FTIR) spectroscopy.  

RESULTS AND DISCUSSION 



 
Fig. 2 Variation of deposition rate as a function of hot wire temperature of the films.
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Figure 2 shows the variation of deposition rate as a function of the hot wire temperature. As 
seen in the figure, the deposition rate increases from 19.8 to 26.7 Å/s, as the HW temperature 
increases up to 1600oC. The deposition rates in the present work are much higher than those by 
the ECR CVD [7] and those by the HW CVD in the low HW temperature range [8]. 
 
 
  

Fig. 3 (a) FTIR absorption
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Fig. 3 (b) Hydrogen content of the

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 



The FTIR absorption spectra of the films are shown in Figure 3(a). Two peaks of the 
stretching mode of SiH and SiH2 were observed at 2000cm-1 and 2100cm-1, respectively. Two 
Gaussian peaks were used to fit the observed spectra. The amount of hydrogen bonded in SiH 
and SiH2 configurations (CSiH and CSiH2) was calculated from the area of each assigned peak and 
the total content of hydrogen (CH) was the sum of CSiH and CSiH2. The hydrogen contents are 
shown in Figure 3(b). With increasing the hot-wire temperature, the total hydrogen content and 
the SiH2 content decrease, but the SiH content first increases and then decreases, and above the 
1450oC, the SiH content almost do not change.  

Transverse optic (TO) modes of Raman spectra obtained from the µc-Si:H films prepared at 
various hot wire temperature are shown in Figure 4. As the hot-wire temperature increased, the 
c-Si TO peak (at around 520cm-1) appears and increases. From Fig.4, it can be found that the 
crystalline peak has a tendency to shift toward the higher wavenumber with increasing the hot 
wire temperature, suggesting that the grain size increases with increasing the hot wire 
temperature.  

 

Fig. 4 Raman spectra of the films deposited with different hot-wire 
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The grain size and the volume crystalline fraction of the films can be deduced by using the 

TO mode. Assuming a confinement model, the Raman shift is related with the size L of the 
crystallite as the formula (1) [9]: 

γωωω )L/a(A-L)( 0 −==Δ                              (1) 

where ω(L) is the frequency of the Raman phonon with size L , ω0 is the frequency of the optical 
phonon at the zone center, and a is the lattice constant of Si. The parameters A and γ used to 
describe the vibrational confinement are 47.41cm-1 and 1.44, respectively. From Fig.4, ωΔ  
is found to be 4.5cm-1, 2.5cm-1 and 1.5cm-1 for samples that with the hot wire temperature of 
1450oC, 1500oC and 1600oC, respectively. Then we obtain the corresponding grain size of 2.8nm, 



4.2nm and 6.0nm, respectively. The increase in the grain size may be affected by the change in 
the structural disorder in the amorphous phase which is correlated to the SiH bonding 
characteristics of the film. 

In order to obtain the crystalline volume fraction Xc, the Raman spectra of the TO mode 
were deconvolved into three components [10]. The lower wavenumber component (a) at around 
480 cm-1 due to a-Si, the higher wavenumber component (c) at around 520 cm-1 due to c-Si and 
the intermediate component (b) at around 510 cm-1 due to the bond dilation at the grain 
boundaries. The crystalline volume fraction was deduced from the formula (2):  

 Xc=(Ib+Ic)/(Ia+Ib+Ic)                                 (2) 

where Ia, Ib and Ic denote the intensity of the integrated intensity of the three components, 
respectively. It is found that the Xc of the µc-Si:H films is 53.6%, 60.3% and 78.2%, which 
hot-wire temperature of 1450 oC, 1500 oC and 1600 oC, respectively. 
    The results mentioned above are quite different from those of the films synthesized by 
either HW CVD or ECR CVD method. The coverage over the growing surface with atomic 
hydrogen is required for the forming of micro crystallites because the adsorbed SiH3 can migrate 
to find a low energy site for crystallization when the growing surface is covered with hydrogen 
atoms [11]. In the case of HW CVD, the atomic hydrogen is supplied by the decomposition of 
SiH4 on the hot wire. Sufficient amounts of hydrogen atoms for the surface coverage as well as 
an amount of adsorbed SiH3 to keep the film deposition are attained when the HW temperature is 
high, e.g. 2100oC [8]. In the case of ECR CVD, however, a very high dilution rate of H2/SiH4 is 
used for preparation of the µc-Si:H. Moreover, a high microwave power Pmw is needed to get the 
surface coverage with hydrogen atoms and a high substrate temperature Ts is needed to make 
adsorbed SiH3 migrate on the growing surface, for example, Pmw ≥ 540W and Ts ≥ 250oC [7]. We 
can prepare µc-Si:H at lower HW temperatures than by the HW CVD and at lower dilution ratio, 
Pmw and Ts than by the ECR CVD. 
 It is reported for a-Si:H films prepared by HW CVD that the deposition rate dramatically 
increases and the hydrogen content increases with the HW temperature [8]. In the present work, 
however, the deposition rate increases slightly with the HW temperature as shown in Fig. 2 and 
the hydrogen content decreases with the HW temperature as shown in Fig. 3(b). The rather high 
deposition rate in the a-Si:H film deposited with Tw ≤ 1400oC in present work compared to ref. 8 
can be attributed to the enhancement by the effect of ECR. The atomic hydrogen created in the 
ECR chamber may enhance the decomposition of SiH4 to increase the decomposition rate. Both 
the films prepared without operating HW and those prepared with Tw =1400oC are in the 
amorphous phase. But the latter films have a higher concentration of hydrogen atoms in the 
monohydride phase in spite of the lower concentration of total bonded hydrogen atoms than the 
former films as shown in Fig. 3(b). This suggests that not only the hydrogen atoms originating 
from the ECR plasma but also those created by HW contribute to yield a good quality a-Si:H. At 
higher HW temperature ( ≥ 1450oC), micro crystallites appear in the films. The excess atomic 
hydrogen may attack the growing surface of the film and have an etching effect and so the 
deposition rate decreases, but the overall deposition rate increases under the competition between 
the decomposition and the etching. Because of the etching effect, the hydrogen content in the 
films tends to decrease with increasing the HW temperature as shown in Fig. 3(b). 
 



CONCLUSIONS  

The effect of hot wire temperature on the properties of µc-Si:H was studied. The deposition 
rate of the samples dependent on the hot wire temperature. The total hydrogen content of the 
films showed a tendency to decrease with the hot wire temperature increasing. The hydrogen 
content of SiH first increases and then decreases with the hot wire temperature increasing. And 
from 1450oC, microcrystalline silicon phase appears. With increasing the hot wire temperature, 
crystalline volume fraction and crystalline grain size increase. Microcrystallization to the Si:H 
network has been easily obtained from the hot wire assisted ECR CVD method at a relatively 
low power, low substrate temperature and low hot wire temperature.  
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