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Silicon carbide (SiC) nanowires were synthesized at 900°C by
the laser ablation technique. The growth morphology, micro-
structure, and defects in SiC nanowires were characterized by
scanning electron microscopy (SEM) and high-resolution
transmission electron microscopy (HRTEM). The Raman scat-
tering study indicated that the Raman peaks corresponding to
the TO and LO phonon modes of the SiC nanowires had larger
red shifts compared to those of bulk SiC material. The red
shift, broadening peak, and the asymmetry of the Raman peak
could be explained by the size confinement effect in the radial
and growth directions. The growth mechanism of SiC nano-
wires was discussed based on the vapor–liquid–solid reaction.

I. Introduction

THE laser ablation technique has been widely used for nano-
struc tural processing because of its many advantages, such as

the easy transferring of a target material composition into products
at a low working temperature for high-melting and multicompo-
nent materials. Recently, various forms of complex oxide films,
quantum dots,1 and one-dimensional nanostructures, such as nano-
wires,2 nanotubes,3 and composite nanostructures,4 have been
fabricated by this technique.

Silicon carbide (SiC) is a wide-bandgap semiconductor with
extreme hardness and high thermal conductivity at normal and
high temperatures.5,6 In the past two decades, SiC one-dimensional
nanostructures, such as nanowires, nanorods, and nanowhiskers,
have been found to have many novel properties and potential
applications.7,8 Theoretical calculations and experimental results
show that the elasticity and strength of an individual SiC one-
dimensional structure are much greater than that of bulk SiC.9 The
combination of these distinctive mechanical, thermal, and elec-
tronic properties, and their superior physical and chemical stabil-
ity, make SiC one-dimensional nanostructures an excellent candi-
date for optical applications and strengthening phases in ceramic-,
metal-, and polymer-matrix composites. SiC one-dimensional
nanostructures could also be used as nanoblocks in high-power
semiconductor devices operating in a harsh environment. To date,
several methods have been used to synthesize SiC one-
dimensional nanostructures, including sol–gel, carbothermal re-
duction of SiO2, decomposition of organic silicon compounds,
reaction between silicon halides and CCl4, and conversion of
carbon nanotubes to SiC nanorods by reacting with SiO.7,8,10

However, all of these technologies operate only at a high temper-
ature, which limits the applications in many fields. Laser ablation
technology has the advantage of synthesizing SiC one-dimensional
nanostructures at a relatively low temperature. Laser ablation
technology can operate at a much lower temperature and produce
fine nanowires, while maintaining the chemical component of the
product in a stoichiometric ratio.2 In this experiment, we studied
the fabrication of SiC nanowires from SiC ceramic targets by laser
ablation, and the structure, growth mechanism, and optical prop-
erties of SiC nanowires were systematically investigated.

II. Experimental Procedure

The experimental setup is similar to one that was previously
described.11 It consists of a KrF excimer pulsed laser and an
evacuated alumina tube placed inside an electronic tube furnace. A
SiC target (25 mm3 25 mm 3 5 mm) was placed inside the
alumina tube at the center of the furnace. A graphite substrate that
was dipped in saturated iron nitrate aqueous solution for two days
was placed inside the alumina tube at one end of the furnace. The
system was pumped to,0.01 torr (,1.33 Pa). Argon, mixed with
5% hydrogen as a carrier gas, flowed through the alumina tube at
50 cm3/min. The working pressure was;300 torr (;40 kPa). The
system was heated at 7°C/min to 1100°C. A temperature gradient
was established from the center to the edge of the alumina tube,
with the temperature of the substrate at;900°C, which was lower
than that at the center. The laser beam (wavelength 248 nm, energy
400 mJ/pulse, frequency 10 Hz) was focused on the SiC target and
the ablation lasted for 2 h.

The product formed on the substrate was examined by scanning
electron microscopy (SEM; Model XL 43 FEG, Philips, Eind-
hoven, the Netherlands). Small pieces of the samples were then
collected and mounted on a folding grid for transmission electron
microscopy (TEM; Model CM 20, Philips) observation. The
structural investigations were conducted with TEM and high-
resolution TEM (HRTEM; Model CM200FEG, Philips), which
were operated at 200 kV acceleration voltage at room temperature.
The chemical composition of the samples was detected using
energy dispersive X-ray (EDX) spectrometer and electron energy-
loss spectrometer (EELS; Model GIF200, Gatan, Pleasanton, CA)
facilities attached to the TEM and HRTEM. The Raman scattering
spectra were measured with a micro-Raman spectrometer (Ren-
ishaw, Hoffman Estates, IL) at room temperature. The 514 nm line
of an Ar1 laser was used as the excitation. No polarization was
used, and the Raman signals were collected using back-scattering
geometry, with a spectral resolution of 1.0 cm21.

III. Results and Discussion

Figure 1 shows a typical SEM image of SiC nanowires
synthesized on a graphite substrate. Large quantities of straight,
curved, and randomly oriented nanowires are shown in this image,
and the lengths of the nanowires are up to tens of micrometers.
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There are also some spherical nanoparticles at the tips of the
nanowires in this image. Details of the morphologic structure of
SiC nanowires are shown in the TEM image in Fig. 2. The
nanowires are fairly clean with very few particles attached to their
surfaces. Figure 2 shows that the nanowires have a core–shell
structure, and the diameter of the core and the thickness of the shell
are fairly uniform for individual nanowires. Analysis of a number
of SiC nanowires showed that their diameters varied from 59 to
110 nm, and the mean value was;80 nm. The chemical
composition of the nanowires was determined by EDX, and the
results revealed that only silicon, carbon, and oxygen were
detected. Selected-area electron diffraction (SAED) performed on
the nanowires (see the SAED pattern in Fig. 2) indicated that the
nanowires were composed of crystalline SiC and some amorphous
component.

In order to learn more about the structure of SiC nanowires, an
individual nanowire was characterized by HRTEM. The interface
between the SiC core and the amorphous shell is shown in Fig. 3.
The EELS result, taken from the amorphous shell, showed that the
outer layer consisted of silicon and oxygen. By combining the
above results, we concluded that the nanowires consisted of a
crystal SiC core and an amorphous silicon oxide (SiOx) shell.
Moreover, there were numerous stacking faults in the crystalline
core. The planes of these stacking faults were perpendicular to the
growth direction of SiC nanowires, which is a typical fault
characteristic in one-dimensional SiC structures.7,10,12The growth

direction of SiC nanowires is, therefore,,100.. Observations of
many individual nanowires showed that the diameters of the
crystalline cores varied from 20 to 70 nm, and the mean value was
;55 nm. Meanwhile, the thickness of the amorphous outer layers
varied from 11 to 30 nm, and the mean value was;17 nm.

In Fig. 2, the nanoparticle marked by the arrow contained iron,
silicon, carbon, and oxygen, as determined by EDX. The spherical
nanoparticles that had formed on the tips of the nanowires indicate
that the SiC nanowires were produced by the vapor–liquid–solid
(VLS) growth mechanism.2,8,13Using this mechanism, the follow-
ing growth model of SiC nanowires was proposed. The iron nitrate
coating on the graphite substrate decomposed into iron oxide and
nitrogen oxide at a high furnace temperature. Then, the iron oxide
was reduced to iron nanoparticles at a high temperature by
hydrogen gas (mixed in the carrying gas). These nanoparticles
acted as the catalyst for the formation of SiC nanowires. When the
SiC target was ablated by the laser beam, SiC vapor was generated
and transported to the graphite substrate. SiC vapor was rapidly
condensed into the metallic liquid nanoparticles, resulting in the
supersaturated state. The SiC phase precipitated from the super-
saturated liquid nanoparticle, forming SiC nanowires. The pres-
ence of the residual oxygen in the apparatus may have resulted in
the formation of the amorphous SiO2 layer, cladding the SiC
nanowires during growth. It is not clear what happened to the extra
carbon; possibly, it formed CO. In Fig. 2, it was also observed that
the nanoparticles had tails underneath them, which were wrapped
in SiC nanowires. This structure increased the contacting surface
area between the catalyst and the nanowire and, therefore, en-
hanced the chemical reaction and accelerated the growth of SiC
nanowires.

The micro-Raman technique was used to characterize the
optical properties of the SiC nanowires. The typical Raman spectra
taken from SiC nanowires and the SiC ceramic target are shown in
Fig. 4. The bulkb-SiC is of the zincblende structure, which has
two phonon modes at theG-point of the Brillouin zone, i.e., a TO
mode at 796 cm21 and a LO mode at 972 cm21, as shown in Fig.
3. Compared with the first-order optical phonon of bulk SiC,14 the
Raman spectra of SiC nanowires reveal the prominent Raman
features at;784 and 938 cm21 that correspond to the TO and LO
phonon modes. Both peaks have a significant red-shift of 12 and
34 cm21 with respect to the TO and LO phonon modes of bulk
SiC, respectively. It is reasonable to interpret this shift with a
microcrystal model based on the size confinement effect.15 Fur-
thermore, the stacking faults may have also caused an additional
size confinement effect.15 Moreover, as shown in the TEM and
HRTEM images, the SiC nanowires have a core–shell structure.

Fig. 1. Typical SEM image of SiC nanowires.

Fig. 2. TEM image of SiC nanowires. Inset shows the SAED pattern.

Fig. 3. HRTEM image of an individual SiC nanowire.
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Because of the difference in the thermal expansion coefficients
between the SiC core and silicon oxide shell, this structure may
result in internal stress within the SiC core when the temperature
of the furnace is lowered to room temperature after preparation.
These internal stresses may cause the red-shift of the LO and TO
phonon modes of SiC nanowires.16 The broad and asymmetric
character of the TO and LO phonon modes of SiC nanowires, with
respect to that of bulk SiC, could also be attributed to the size
confinement effect and internal stress.16,17

IV. Summary

SiC nanowires with an average diameter of 80 nm and a length
of tens of micrometers were synthesized by laser ablation at
900°C. TEM and HRTEM observation revealed that SiC nano-
wires contained a high density of stacking faults and were wrapped
by thin silicon oxide layers (;17 nm). The grown mechanism was
a typical vapor–liquid–solid mechanism, in which nanosized iron
particles acted as catalysts at the tip of each SiC nanowire. The
optical properties characterized by Raman scattering showed that
the Raman peaks of SiC nanowires have a significant red-shift of
12 and 34 cm21, with respect to the TO and LO phonon modes of

bulk SiC. The red-shift, peak broadening, and asymmetry of the
Raman peak could be explained by the size confinement effect of
both the radial direction and growth direction.
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Fig. 4. Raman spectrum of SiC nanowires.
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