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Structural evolution of the hydrogenated amorphous silicon carbide (a-SiC:H) films 
deposited by rf-PECVD from a mixture of SiH4 and CH4 diluted in Ar shows that a 
smooth transition from amorphous to nanocrystalline phase occurs in the material by 
increasing the Ar dilution. The optical band gap (Eg) decreases from 1.99 eV to 1.91 
eV and the H-content (CH) decreases from 14.32 at% to 5.29 at% by increasing the 
dilution from 94 % to 98 %. at 98 % Ar dilution, the material contains irregular shape 
Si nanocrystallites with sizes over 10 nm. Increasing the Ar dilution further to 
98.4 %  leads  to  a  reduction  of  the  size  of  the  Si  nanocrystals  to  regular  shape  Si  
quantum dots of size about 5 nm. The quantum confinement effect is apparent from 
the increase in the Eg value to 2.6 eV at 98.4 % Ar dilution. Formation of Si quantum 
dots may be explained by the etching of the nanocrystallites of Si by the energetic ion 
bombardment from the plasma. 
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1. INTRODUCTION 
 

Study of the formation of silicon quantum dots (Si q-dots) which are silicon 
nanocrystallites having sizes of the order of Bohr atomic radius ( 5nm) 
embedded in high band gap amorphous oxides, nitrides or carbides of silicon 
is highly interesting from the point of view of understanding the basic 
physics  of  the  interaction  of  the  light  quanta  with  such  quantum  size  
matter. Tuning of the band gap in these materials by controlling the size of 
the Si q-dots have possible technical application in photoluminescent devices 
and in for third generation solar cells.[1, 2] Most of the works on Si q-dots 
in a-SiC matrix used hydrogen dilution of the source gases containing Si and 
C.[3] In this paper we are reporting our studies on the gradual evolution of 
the nanocrystalline Si into Si quantum dots in a-SiC:H films by the control 
of the argon dilution of the source gases.  
 
2. EXPERIMENTAL 
 

The a-SiC:H films were deposited by the conventional rf PECVD technique 
from a mixture of SiH4, CH4, and Ar. Total flow of the process gases was 
maintained at 100 sccm. SiH4, and CH4 were flown at 1:1 ratio and the Ar 
dilution given by [Ar] 100 %/([Ar] + [SiH4] + [CH4]) was varied from 94 % 
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to 98.4 %. The preparation conditions of the samples are given in Table 1. 
The crystalline structure of the nanophase films was investigated using a 
Seifert XDAL 3000 X-ray diffractometer, operating in the grazing incident 
geometry (incident angle of 2 ).The incident X-ray wave length was 
1.5418  (Cu K  line) at 35 kV and 30 mA. The nanostructure of the films 
was studied by HRTEM (JEOL 2010). The hydrogen and carbon bondings 
with silicon was studied by FTIR absorption spectroscopy in the frequency 
range between 400 and 4000 cm – 1. The optical absorption and the band gap 
of the films were measured by UV-vis spectrophotometer (HITACHI U4100).  
 

Table 1 – Preparation conditions of the samples 
 

Sample 
No. 

SiH4 
(sccm) 

CH4 
(sccm) 

Ar 
(sccm) 

Temp 
( C) 

Press 
(Torr) 

Power 
density 

(mW/cm2) 
#QD1 3 3 94 200 0.2 400 
#QD2 2 2 96 200 0.2 400 
#QD3 1.5 1.5 97 200 0.2 400 
#QD4 1 1 98 200 0.2 400 
#QD5 0.8 0.8 98.4 200 0.2 400 

 
3. RESULTS 
 

3.1 XRD 
 

No diffraction peak related to crystalline silicon is observed up to a dilution 
level of 96 % (Curves 1 and 2, Fig. 1). But at 97 % dilution of Ar small, broad 
but  clearly  resolved  diffraction  peaks  at  2   28.4 , 47.3 , and 56.1  appear 
corresponding to the (111), (220), and (311) crystal planes of silicon res-
pectively (Curve 3, Fig. 1).[4, 5] With further increase of the dilution level to 
98 %, the intensities of all three diffraction peaks are increased while the full 
widths at half maximum (FWHM) of all these diffraction peaks become smaller 
[Curve 4, Fig. 1]. An additional peak at 69.2  corresponding to (400) plane of 
Silicon also appears at this dilution level.  The peaks however, becomes broad 
when the Ar dilution level is further increased to 98.4 % (Curve 5, Fig. 1). 
 
3.2 Optical band gap 
 
The optical absorption of the films were measured by UV-Vis spectroscopy to 
study the optical band gap of the materials. The band gap was obtained from 
the commonly used Tauc’s formula (equation 1), 
 

 ( h )0.5  B(h  – Eg), (1) 
 

where  is the optical absorption coefficient, B is the joint optical density of 
states, and h  is the incident photon energy. [6,7] Fig. 2 shows the Tauc’s 
plot for different diluted films to determine the optical band gap Eg which 
was obtained from the plot of ( h )0.5 versus h  by extrapolating the linear 
portion of the curve to intercept the energy axis(at  0). It is observed 
that with increasing Ar dilution from 94 % to 98 % there is  a  continuous 
decrease  of  the band gap from 1.99 eV to 1.91 eV.  Increasing the dilution 
further to 98.4% there is a sharp increase in the band gap to 2.6 eV.  
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Fig. 1 – XRD pattern of the films deposited under different dilution levels of Ar 
 

 
 

Fig. 2 – Tauc’s plot of the a-SiC:H samples deposited at different ar dilution 
 
3.3 FTIR 
 

The nature of the Si-C, Si-H and C-H bonds within the samples deposited at 
different dilution level of Ar studied by FTIR absorption spectroscopy are 
shown in Fig. 3. These spectra have been corrected for the substrate 
absorption and normalized by the film thickness. The main absorption peaks 
appearing in the spectra are located at (1) ~ 650cm – 1 , (2) ~ 780 cm – 1, (3) 
~ 1000 cm – 1, (4) 1900 - 2100 cm – 1 and (5) 2800 - 3100 cm – 1.These peaks 
are attributed to (1) the wagging or rocking mode of Si-Hn for n  1 - 3, [8], 
(2) the stretching mode of Si-C, [9], (3) the wagging or rocking mode of  
C-Hn [10, 11], (4) the stretching mode of Si-H [12] and (5) stretching modes 
of C-Hn (sp3) or C-Hn (sp2) for n  1 - 3 [13] respectively. With the increase 
in Ar dilution level the intensities of the peaks at ~ 650 cm – 1 and 
~ 2090 cm – 1 related to Si-H bond decrease. This phenomenon may be 
associated with the nanocrystalline Si formation in the amorphous matrix. 
[14] It is also observed that the peak at ~ 1000 cm – 1 and the absorption 
band between 2800  -3100 cm – 1 (both related to C-Hn mode) decrease with 
the increase in Ar dilution level. This observation together with the decrease 
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of the Si-C stretching mode at 780 cm – 1 indicate that the a-SiC:H films are 
getting Si rich with the increase in Ar dilution level. Hydrogen content (CH) 
within the films estimated by de-convoluting the absorbance of Si-H 
wagging or rocking modes are shown in Fig. 5. It is clear from the graph 
that with the increasing dilution level the Hydrogen content within the 
films decreases rapidly which is an important indication of the formation of 
nano crystallites within the films.  
 

 
 

Fig. 3 – FTIR absorption spectra of the films grown at different Ar dilution 
 
3.4 HRTEM  
 

At 94% Ar dilution amorphous nature of a-SiC:H films is apparent from the 
featureless micrograph (See Fig. 4a). Corresponding SAED (Fig. 4b) shows 
diffused hallow pattern. With the increase in Ar dilution level diffused 
rings appear in the SAED indicating formation of the nanocrystallites. The 
micrograph and the SAED for the 98 % diluted sample are shown in Fig. 4c, 
d. The micrograph shows randomly oriented nanocrystalline Si of variable 
sizes. The fringe pattern corresponding to (111) plane of silicon is clearly 
discernible in the micrograph (Fig. 4c inset). The SAED (Fig. 4d) also shows 
a  sharp  ring  corresponding  to  this  plane.  At  98.4  %  Ar  dilution  the  
micrograph  consists  of  uniformly  distributed  nanocrystals  of  size  ~  5  nm  
Fig. 4e). A distinct feature is observed in the SAED of this film showing a 
diffused ring with some spots on it. The distinct spots coincide with the 
Laue spots for the planes (220) and (311) of Si. This unique feature may 
have appeared in the diffraction pattern when the size of the nanoparticle is 
reduced to the size of the order of Bohr radius producing the Si quantum 
dots in the dielectric matrix of SiC. 
 
4. DISCUSSIONS 
 

Formation of Si quantum dots in a host matrix may be achieved along two 
routes; firstly by the “bottom up” method where the gradual build up of the 
nanocrystals of the size of “Bohr radius” is achieved by assembling of the Si 
atoms in a regular arrangement and secondly, by “top down” method where 
the larger size nanocrystals are etched out to reach the size when the 
quantum confinement effect will be observed. The XRD data shows a 
gradual increase of the peaks corresponding to the various planes of  
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Fig. 4 – HRTEM images of the samples deposited at different Ar dilution. (a), (c), 
(e) shows the bright field micrograph of the samples deposited at 94 %, 98 % and 
98.4 % respectively. (b), (d) and (f) shows the corresponding selected area electron 
diffraction (SAED) pattern of the samples for  94 %, 98 % and 98.4 % Ar dilution 
levels respectively 
 

a b 

c d 

e f 
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crystalline silicon which indicates increase of the size of the Si nanocrystallites 
in  the  a-SiC:H  matrix  with  increase  of  of  Ar  dilution  from  94  %  to  98  %.  
Increase in the size of the Si nanocrystallites within a-Si has been observed with 
increasing the dilution of the source gas (SiH4) with hydrogen has been 
reported [13]. In this study we observe a broadening of the XRD peaks at the 
highest dilution level of 98.4 % (Curve 5, Fig. 1). The TEM micrograph of the 
98  %  Ar  diluted  sample  shows  irregular  shape  large  size  (>  10  nm)  Si  
nanocrystallites are observed. Corresponding SAED shows rings for Si(111) 
plane. On increasing the Ar dilution to 98.4 % decrease of the size of the Si 
nanocrystallites is evident from the inset of the micrograph (Fig. 4e). 
Corresponding SAED consists of diffused ring with some Laue spots. 
 

 
 

Fig. 5 – Changes in CH, E04 and Eg with Ar dilution 
 

 Argon takes leading role in the dissociation of SiH4 and  CH4 in the 
plasma as also influencing the surface reactions. While the Ar+ ions have 
higher reaction rate with CH4, the neutral metstable Ar* is chiefly 
responsible for the dissociation of SiH4. Thus presence of the relative 
amounts Ar* and Ar+ in the plasma determines the dissociation of SiH4 and 
CH4. Moreover, bombardment of the growth surface by Ar+ and Ar* 
influences the surface reactions which is important for the evolution of the 
deposited from amorphous to nanocrystalline phase. Diffused rings 
containing  Laue  spots  have  been  observed  in  the  case  of  Si  quantum  dots  
formed within porous silicon [15].  
 A strong evidence of the Si quantum dot formation in the a-SiC:H matrix 
is obtained by studying the variation of the Eg and E04 with the Ar dilution 
(Fig. 5). Increase of the size of the Si nanocrystallites causes a decrease of 
Eg from 1.99 eV to 1.91 eV and E04 from 2.21 eV to 1.91 eV by increasing 
the  Ar  dilution  from  94  %  to  98  %.  With  further  increase  in  the  Ar  
dilution to 98.4% both Eg and E04 sharply rises to the values of 2.6 eV and 
2.28 eV respectively. Such increase in the band gap can not be explained by 
the alloying of Si with C or H because both C and H bonding decrease with 
increasing Ar dilution. Bonded H-content CH in the material with change in 
Ar dilution plotted in Fig. 5 show a continuous decrease from 14.32 at% to 
3.31 at% with increase in Ar dilution from 94 % to 98.4 %. Reducing the 
size of the Si crystallites to the size of the Bohr atomic radius (~ 5 nm) has 
been found to increase the band gap due to quantum confinement effect.  
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 With increasing Ar dilution the growth of amorphous to micro/nano-
crystalline silicon occurs through the more and more bombardment of the 
growth surface by the metastable Ar* atoms and Ar+ ions from the plasma. 
Energy transferred to the surface increases the mobility of the surface 
adatoms helping in the formation of the nanocrystallites [16]þ At higher Ar 
dilution the momentum transfer to the surface causes etching from the 
surface. The nanocrystallites are also etched and their size reduced to form 
silicon quantum dots.  
 
5. CONCLUSION 
 

We have observed that deposition of quantum dots of uniform and regular 
size in a-SiC:H matrix occurs through the etching out of the initially formed 
larger size and irregularly shaped nanocrystallites of silicon. Bombardment 
of the growth surface by the ions from the plasma has been proposed to play 
a major role in the etching process. 
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