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Growth of SiC on Si(100) by low-pressure MOVPE
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Abstract 3C-SiC was grown on Si(100) using a metal-organic vapour phase epitaxy set-up at
temperatures well below 1000°C (mostly at 940°C). A UV-source has been added to the set-up.
Carbon tetrabromide (CBr4) was used as the carbon source. The implementation of UV stimulation
during the growth process leads to a higher uniformity of the grown surfaces and in most cases to a
lower roughness compared to the growth under the same conditions but without UV stimulation.
An additional effect is an increased density of self-organized nano-islands. The results of our
recent investigations concerning the growth as well as the growth of initial nano-scale islands are
described and discussed in the present paper.

Introduction
Cubic silicon carbide (3C-SiC) is at present a topic of considerable interest due to its potential in
electronic device applications, micromechanical systems, etc. [1-7]. Semiconductor materials
grown directly on silicon can profit directly from the availability of low-cost large area substrates,
their superior thermal conductivity and the possibility to realize a new generation of optoelectronic
devices monolithically integrated with silicon microelectronics. An example is lateral epitaxial
growth of SiC on Si [7]. It is also important to employ lower growth temperatures.
Monocrystalline layers have been grown at temperatures as low as 750°C [8] or 1000°C [5]. In
order to obtain such low growth temperature methylsilane was used as a source of both Si and C.
In [5] Ge was employed as a surfactant to promote two-dimensional SiC growth at 1000°C by
MOCVD. Both 3C-SiC and 6H-SiC were obtained on Si(111). The aim of the present paper is to
investigate low temperature growth of SiC on Si(100) using low-pressure metal-organic vapor
phase epitaxy (MOVPE) offering the possibility to control the Si/C ratio in the gas phase.

Experimental
The growth was performed in a horizontal infrared-heated MOVPE machine designed by
AIXTRON and operated at low pressure (20 to 100 hPa) utilizing the precursors carbon
tetrabromide (CBr4) and monosilane (SiH4, 2% in H2) as sources of C and Si, respectively. For
more stable operation at high temperatures a modification of the heating system has been made

(compressed air cooling system, Au-coatings of the reflectors and for some cases Au-coated
shields over the reactor). A mercury-xenon lamp as a UV-source has been added to the set-up
(upper structure in Fig. 1). The growth temperature for most experiments was 940°C. Exactly
oriented Si (100) substrates were employed. Our samples were grown with or without UV
stimulation. Experiments with varied
CBr4/SiH4 flow ratios were carried out.
A short Si substrate-carbonisation step
[1] was added in the experiments at the
beginning of the SiC growth process.

Results and discussion
The
samples
obtained
were
investigated
by
atomic-force
microscopy (AFM), scanning electron
microscopy (SEM), photoluminescence
(PL),
optical
microscopy,
and
transmission electron microscopy
(TEM). In this work we concentrated Fig. 1. AIX 200 reactor with the additional source of
our attention to the initial stages of the
UV radiation
SiC growth. The UV stimulation
increased the uniformity of the grown surfaces and in most cases decreased their. An example of
the UV influence on the initial stage of SiC growth is shown in Fig. 2. AFM revealed the
formation of three-dimensional islands with densities up to 1010 cm-2 (Fig. 2 b) for the growth with
UV stimulation.
SEM images of the corresponding surfaces after further SiC growth on Si (100) substrates
for the same growth conditions as in Fig. 2 are shown in Fig. 3.
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Fig. 2. AFM images (2×2µm2) of the surfaces after SiC growth on Si (100) substrates for the
same growth conditions (in particular duration 5 min): a – without UV stimulation; b – with
UV stimulation.
AFM images of the surfaces after SiC growth on Si (100) substrates with UV stimulation for the
same duration 5 minutes and different CBr4/SiH4 flow ratios (with CBr4 flow constant for all
experiments) are shown in Fig. 4. TEM investigations of these samples revealed the transition
from amorphous to fine polycrystalline and then to textured 3C-SiC films with the ratio variation.
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Fig. 3. SEM images of the surfaces after SiC growth on Si (100) substrates for the same growth
conditions as in Fig. 2, but with a duration of 30 min: a – without UV stimulation; b – with UV
i l i

a
b
c
2
Fig. 4. AFM images (2×2µm ) of the surfaces after SiC initial growth on (001) Si substrates with
UV stimulation for the same growth duration, but different CBr4/SiH4 flow ratios: a- 3; b- 0.9; c0.4.

Summary
In summary, UV stimulation has
been developed as a technique for
the low-temperature growth of SiC
on Si. The samples obtained were
investigated using SEM, AFM,
TEM and PL. UV stimulation of

PL intensity, arb.units.

PL investigations of the samples were carried out at temperatures from 15 to 300 K. An
example of the PL spectra measured at 150 K is shown in Fig. 5. A broad PL peak around 2.4 eV
was observed. Its FWHM is about
0.44 eV. The PL spectrum is
similar to that reported in [9] for
1.0
3C-SiC grown by rapid thermal
chemical vapor deposition at 1100
0.8
or 1200°C.
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Fig. 5. PL of a SiC sample grown on Si (100) substrate.

the SiC growth process allows to improve the uniformity of the growth surface, i.e. a lower
roughness of the surface, and to increase the density of the self-organized nano-islands at the
initial stage of the growth. Investigations regarding the optimisation of growth conditions are
ongoing. A further improvement of the quality of the films can be obtained by use of foreign
atoms incorporation in the SiC/Si interface or surfactants. The implementation of UV stimulation
is possible also for high temperature SiC on SiC growth, as well as for wet and dry SiC etching.
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