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Abstract. Cubic silicon carbide (3C-SiC) thin films were grown on (100) and (111) Si substrates by CVD 
technique using hexamethyldisilane (HMDS) as the source material in a resistance heated furnace. HMDS was 
used as the single source for both Si and C though propane was available for the preliminary carbonization. 
For selective epitaxial growth, patterned Si (100) substrates were used. The effect of different growth para-
meters such as substrate orientation, growth temperature, precursor concentration, etc on growth was exa-
mined to improve the film quality. The surface morphology, microstructure and crystallinity of grown films 
were studied using optical microscopy, scanning electron microscopy (SEM), X-ray diffraction (XRD) analysis 
and X-ray photoelectron spectroscopy (XPS). 
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1. Introduction 

The unique combination of wide band gap, high thermal 
conductivity, high breakdown field and high-saturated 
electron drift velocity in SiC makes it one of the best 
choices for a semiconductor suitable for high power, high 
temperature and high frequency devices, where Si and 
GaAs devices cannot be used. Moreover, SiC is appropri-
ate for devices operating in aggressive environments  
because of its stability to nuclear radiation and chemical 
attacks due to the high energy Si–C bond. SiC devices 
capable of operating at over 500°C have been developed, 
as well as p–n junctions with breakdown voltages of 
5000 V (Morkoc et al 1994; Casady and Johnson 1996). 
Most of these developments have occurred in the hexa-
gonal polytypes of SiC. The rapid development of 6H- 
and 4H-SiC substrates has resulted in the progress of  
device development in these materials. While homoepi-
taxial growth of 3C-SiC has not developed due to the 
relative paucity of 3C-SiC substrates, heteroepitaxial growth 
of 3C-SiC on Si (Nishino et al 1983) and other substrates 
(Parsons 1987) has indicated the promise of high mobi-
lity devices, etc (Jacob et al 1996). 
 In fact, the growth of 3C-SiC on cheap Si substrates is 
one of the most promising technologies for bringing the 
benefits of SiC to consumer devices of the future. Never-
theless, there is a 20% lattice mismatch and an 8% ther-
mal expansion coefficient mismatch between 3C-SiC and 
Si. 3C-SiC films grown on Si contain a high density of 

defects, such as misfit dislocations, stacking faults, twins, 
inversion domain boundaries (IDB), double positioning 
boundaries, etc. The main defects observed in the Si sub-
strate in the vicinity of the SiC/Si interface are voids (Wu 
et al 1996). One of the most promising approaches to 
reduce interfacial defect density is the use of selective 
epitaxial growth on patterned Si substrates followed by 
epitaxial lateral overgrowth. The technique has success-
fully been utilized to grow 3C-SiC on Si (Jacob et al 2000; 
Nishino et al 2002). 
 Chemical vapour deposition (CVD) is most commonly 
used, and relatively convenient for epitaxial growth of 
3C-SiC on Si. Different types of source gases have been 
used to obtain the best crystal quality as well as to lower 
growth temperature. Various organometallic precursors 
such as tetramethylsilane [(CH3)4Si : TMS], methyltri-
chlorosilane [CH3SiCl3 : MTS], and hexamethyldisilane 
[(CH3)6Si2 : HMDS] have been used as single-source sys-
tem to reduce the growth temperature of 3C-SiC/Si (Avigal 
et al 1974; Takahashi et al 1992; Jacob et al 2001). In 
case of selective epitaxy at high temperatures (> 1200°C), 
the oxide mask gets damaged (Edgar et al 1998). There-
fore, lower growth temperatures are needed to minimize 
the damage to the oxide mask. 
 In this paper, we report the growth of 3C-SiC films on 
Si (100) and (111) substrates using a metalorganic source, 
HMDS, in a CVD reactor. HMDS, with pre-existing silicon–
carbon bonding, is used to achieve lower growth tempe-
rature. The effects of substrate orientation, growth tempe-
rature, precursor concentration, etc on the growth of SiC 
have been discussed too. Void formation has been exami-
ned by optical microscopy and SEM. XRD and XPS were 
also used to characterize the grown films. 
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2. Experimental 

2.1 Construction of CVD system 

The growth technique selected for growth of SiC thin 
films was CVD/MOCVD. A horizontal atmospheric pres-
sure CVD reactor was used for growth. The reactor was 
built around a resistance-heated furnace. The schematic 
diagram of the CVD system is shown in figure 1. The 
system consisted of a 1 m long quartz reaction tube in 
conjunction with two water-cooled flanges at the two 
ends. The quartz tube was connected to a rotary pump 
(~ 10–2 torr), which was used to remove air from the reac-
tion chamber. In order to initiate the chemical reaction at 
a particular temperature (> 1100°C), followed by thin 
film deposition, a hot-wall resistance heated furnace 
(ELECTROHEAT EN345T) was used. This had a maxi-
mum continuous operating temperature of ~ 1250°C. A 
graphite susceptor, on which the Si substrate was placed, 
was put at the centre of the reaction chamber. The gases 
utilized were high purity (XL grade BOC) hydrogen (H2), 
argon and propane. H2 was used as carrier gas, a small 
part of which was bubbled through liquid HMDS, in  
a stainless steel bubbler. Propane and argon were also  
introduced into the chamber for preliminary carboniza-
tion step and for purging, respectively. Mass flow con-
trollers (Qualiflow AFC 50) were used to regulate the 
flow-rate precisely and accurately. 

2.2 3C-SiC growth procedures 

Single crystal like Si (111) or Si (100) wafers (p- or n- 
type) cut into small pieces ( ≈ 1 × 1 cm), were used as sub-

strates. For selective epitaxy, patterned Si (001) substra-
tes masked by SiO2 were used. Patterns were generated 
by conventional photolithographic techniques. Before intro-
ducing the unpatterned substrates into the reaction cham-
ber, they were rinsed in HF (5%) for 5 min to remove the 
native oxide. The substrates were then washed in acetone 
to eliminate organic contamination, and finally cleaned 
by de-ionized water. The reaction chamber was eva-
cuated to a pressure of ~ 10–2 torr using a rotary pump to 
remove the air from the chamber and then purged with 
argon repeatedly prior to film deposition. Carrier gas (H2) 
was then allowed to flow through the chamber. Then the 
temperature was slowly raised to the growth temperature 
(> 1100°C) in the presence of H2 flow. The carrier gas 
flow was set to 1 slm during heating and subsequently 
increased to 3 slm before opening the HMDS flow valve. 
HMDS was introduced to the chamber to commence the 
growth at the juncture when the temperature reached the 
growth temperature. Propane was used for preliminary 
carbonization just before growth. Due to a large lattice 
mismatch (20%) between SiC and Si, it is very difficult 
to obtain smooth and defect-free interfaces. Initial car-
bonization using propane was adopted to create a crystal-
line interface with low defect density at low tempera-
tures. In this process the source of Si is the substrate itself. 
It is a self-limiting process due to diffusional effects. For 
actual growth, HMDS was used as a single source for both 
Si and C. This is a deposition process and the growth is 
not restricted by diffusion. The ratio of Si and C in this 
compound is 1 : 3 and it is thus carbon-rich. The growth 
period was varied from 1–2 h or more, as required. The 
growth temperature was varied between 1150 and 1250°C. 

 
Figure 1. Schematic diagram of the CVD system. 
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2.3 Characterization of the films 

After growth, the films were characterized by optical 
microscopy, SEM, XRD and XPS. The surface morpho-
logy of grown films was observed by optical microscopy 
(Union: Tokyo microscope) using the Nomarski differen-
tial interface contrast (NDIC) mode with magnification 
up to 800 × and SEM (JEOL JSM 5800 Scanning Micro-
scope). X-ray diffraction studies were performed using a 
Philips PW1729 X-ray diffractometer using Cu-Kα radia-
tion to characterize the crystallinity of grown films. XPS 
(VG Microtech-ESCA2000 Multilab), using a Mg K-α 
source, was used to confirm the growth of very thin films 
as well as to identify the presence of any contamination. 
 

3. Results and discussion 

3.1 Optical microscopy 

Optical microscopy was used to study the surface mor-
phology and identify defects. As the SiC film is transpa-
rent, it is possible to study the film as well as the SiC/Si 
interface. The magnification used for the optical micro-
scopy investigations ranged from 200 × to 400 ×. Figure 
2(a) shows the optical micrograph of a sample grown on 
Si (100) substrate at 1250°C for 1 h. Figure 2(b) shows 
similar photograph of a sample grown on Si (111) sub-
strate under the same conditions. Voids are clearly obser-
ved in both cases. Voids are the main interfacial defects 
in the case of SiC thin film growth. They are created due 
to localized out diffusion of Si atoms at high temperature. 
Li and Steckl (1995) demonstrated that at the earliest 
stages of growth, Si diffused out from the substrate non-
uniformly, particularly at the periphery of the nuclei. If 
the nucleation density is low, this results in the formation 
of irregular trenches, which are then transformed into 
faceted voids as the growth proceeds. They also sugges-
ted that it was possible to grow void-free films, if the whole 
substrate could be rapidly and uniformly covered with 
nuclei. It was observed that the shape of voids depends 
on the symmetry of the substrate surface because voids 
facet parallel to the lowest surface energy faces, i.e. 
{111} planes, during film growth. Thus, it is approxi-
mately square in shape on Si (100) and triangular on Si 
(111) substrates. 
 In the case of selective epitaxy, at high temperature 
(> 1150°C), the oxide mask gets damaged and the whole 
pattern peels off. Figure 3 shows the peeling off of the 
oxide mask when heated at 1250°C for 2 h in the pre-
sence of H2 and HMDS. Oxide mask degradation occurs 
in Si SEG at temperatures above 1100°C primarily through 
the reaction, SiO2 + Si = 2SiO (gas), which produces stress 
at the SiO2/Si interface. This stress causes delamination 
of the oxide mask, thereby destroying the selectivity. 

3.2 Scanning electron microscopy 

The surface morphology of the as-grown films was fur-
ther examined by SEM. Figure 4(a) shows an SEM image 
of voids in a patterned Si (100) substrate in the vicinity 
of the SiC/Si interface. This sample was grown at 1250°C 
for 1 h. These voids are typically faceted with their walls 
parallel to {111} planes because this surface possesses 
minimum surface energy. Figure 4(b) is a high magnifi-
cation SEM image of a faceted void showing the rough-
ness of facets. The centres of the voids exhibit further 
features, such as square shapes and other sharp lines, 
suggesting that voids have some sub-structure. From fig-
ure 4(a), it is observed that, in the patterned sample, no 
voids are formed inside smaller windows, i.e. formation 
of voids is dependent on the mask to window ratio. Here, 
inside the smaller windows, nucleation rate is higher than 
on the other portions of the substrate. As growth takes 
place on the bare Si and not on the oxide mask (due to 
lower sticking coefficient), the nuclei on the mask in the 
vicinity of smaller windows migrate to the windows,  

 
Figure 2. Optical images of (a) voids in 3C-SiC film grown 
on Si (100) and (b) voids in 3C-SiC film grown on Si (111). 
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Figure 3. Peeling off of oxide mask at high temperature (1250°C). 
 

 
Figure 4. SEM images of (a) voids on patterned Si (100) substrates, (b) magnified image of one of these faceted voids, (c) voids 
on Si (111) substrates and (d) magnified image of one of these faceted voids. 
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increasing the growth rate. As a result, by rapid coverage 
of smaller windows at a higher growth rate, void free 
regions have been achieved. Thus by selective epitaxy, 
void free regions (roughly 5 × 5 µm) can be grown. This 
could be increased by appropriate patterning of the mask. 
Even other interfacial defects, which are still present 
there, can be greatly reduced using lateral overgrowth. 
Figure 4(c) shows void faceting on the sample grown at 
1250°C for 2 h on a Si (111) substrate. Inside some of 
these voids triangle-like features were observed. Figure 
4(d) is the magnified image of one of these faceted voids. 
 

3.3 X-ray diffraction analysis of SiC films 

X-ray diffraction analysis was used in the present work to 
characterize the crystallinity of the films. Figure 5 corres-
ponds to diffraction from (a) the bare Si (111) wafer and 
from two films grown at 1250°C for 2 h (b and c). The 
difference between the two films is that the HMDS con-
centration is higher in the second case (i.e. in c). The peak 
at 28⋅68° arises from the Si (111) planes due to the CuKα 
radiation. The peak at 26° appears due to the diffraction 
of the CuKβ radiation from the Si (111) planes. In most 
of the cases, an additional peak at 58⋅9° has been obser-
ved. This peak appears at the position where the forbid-
den Si (222) peak should appear. In the two films, the 
presence of a peak at ~ 35⋅7° (111) indicates that the films 

are 3C-SiC. Analysing the XRD data of the films grown 
with different HMDS concentrations, it is clearly obser-
ved that the SiC (111) peak intensity varies with con-
centration and it is much more intense in the case of the 
film grown with higher HMDS concentration (figure 
5(c)) suggesting a thicker film for higher HMDS con-
centration. 
 The XRD patterns for the bare Si (100) substrate and 
the film grown on that substrate are shown in figures 6(a) 
and (b), respectively, using CuKα radiation. The main 
peak is at 69⋅15°, which is the (400) peak for Si. An addi-
tional peak at ~ 33° has been observed on almost all the 
Si (100) substrates. Again the inter-planar spacing corres-
ponding to Si (200) planes suggests that this peak is due 
to the reflection from Si (200) planes. The (200) peak is 
also a forbidden reflection and it appears due to double 
diffraction effects. The presence of the peak at 41⋅5° is 
due to the reflection from 3C-SiC (200) planes. Except 
this SiC (200) peak, all the peaks are also obtained from 
the bare Si (i.e. (a)). In both the cases, the peak at 61⋅7° 
appears due to the CuKβ radiation diffracted from the Si 
(400) planes. 
 The 3C-SiC peaks corresponding to (111) and (200) 
planes were obtained from the films grown on Si (111) 
and (100) single crystalline substrates, respectively. There-
fore, from XRD results, it can be suggested that the grown 
films are either truly epitaxial or highly textured poly-
crystalline. 

 
Figure 5. X-ray diffraction spectra of (a) bare Si (111) and (b) & (c) epitaxial 3C-SiC 
films on Si (111) substrates grown at 1250°C at different HMDS concentrations. 
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3.4 X-ray photoelectron spectroscopy (XPS) 

X-ray photoelectron spectroscopy was performed on some 
of the thinner samples to verify growth and to determine 
the presence of contamination, if any. The XPS result of 
the film, grown on Si (111) substrate using HMDS, is shown 
in figure 7 along with the carbon peak (C1s) in enlarged 
detail. The presence of carbide bonding is clearly identi-
fied by the peak near 283 eV along with some graphitic 
carbon (near 285 eV). Figure 8 shows the XPS survey of 
SiC film grown on Si (100) substrate using HMDS. The 
C1s peak was expanded also to bring out the details. In 
this case, it is observed that there is significant amount of 
graphitic carbon as compared to the carbide bonding. This 
behaviour is not well understood at present though efforts 
are being made to clarify the differences. The chief con-
tamination is oxygen, which could have come in trace 

quantities from the source gases or from minor leaks. Apart 
from O1s peaks no other contamination is observed. 

4. Conclusions 

Epitaxial growth of 3C-SiC on Si substrates by atmos-
pheric chemical vapour deposition was carried out using 
HMDS and hydrogen as the source and carrier gas, res-
pectively. The microstructure and surface morphology of 
the grown films were characterized by optical microscopy, 
SEM and XRD. The main defects that were observed by 
optical microscopy and SEM at the SiC/Si interface are 
faceted voids. The voids in the Si substrate are thought to 
form due to the non-uniform out diffusion of Si from the 
substrate. These voids were always faceted with their walls 
parallel to {111} planes. The number and size of the 
voids can be minimized by selective epitaxy and lateral 
overgrowth. XPS results indicate the formation of SiC 
even on very thin films. XRD data suggests that the films 
grown on Si (111) are epitaxial or highly textured films. 
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Figure 7. XPS survey of SiC film grown at 1250°C on Si 
(111) substrate (C1s peak is enlarged). 
 

 
 
 
Figure 8. XPS survey of SiC film grown at 1250°C on Si 
(100) substrate (with enlarged C1s peak). 
 

 
 
 
Figure 6. X-ray diffraction spectra of (a) bare Si (100) and 
(b) 3C-SiC film grown on Si (100) substrate at 1250°C. 
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