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Abstract. The 3C-SiC nanorods were grown by using carbothermal reduction of SO without any
catalyst. The intensive broad photoluminescence peak around 480-500 nm was observed at room
temperature. The 3C-SiC nanorods with green — blue emitting light may have great application in
display devices and light emitting diodes.

I. INTRODUCTION

Silicon carbide SiC is one of the wide-band gap semiconductors with many superior
characteristics, which make great applications in high speed, high temperature and high-
power devices in harsh environments. However, due to its indirect band gap, bulk SiC is
not considered as a promising material for light emitting devices. Since the strong visible
photoluminescence from porous silicon at room temperature was discovered [1], intensive
light emitting from low-dimension indirect-band gap semiconductors became attractive
research. There were several studies on photoluminescence (PL) of porous and thin film
SiC prepared by different techniques [2, 3]. There are also some studies on PL of SiC
nanowires synthesized by chemical vapor deposition method or by using catalyst [4, 5, 6].
But the PL properties of SiC nanorods produced by carbothermal reduction, which have
individual shell-core structure are unknown.

In this work, we investigate the PL of SiC nanorods synthesized by carbothermal
reduction. Our samples are grown from silica xerogel containing carbon nanoparticles. The
morphology and structure of the product are determined by using transmision electron-
micro spectrometer and X-ray diffraction. An intensive blue-green light emission at 480
nm is observed at room temperature. The luminescence origin and potential applications
are discussed.

II. EXPERIMENTAL

Our samples of SiC nanorods were prepared in high temperature vacuum fur-
nace. Commercial precursor tetraethoxysilane Si(OCyHs)s and saccharrose CioHo9011
were mixed and then dried by the same method presented in previous report [8]. The per-
formed silica xerogel containing carbon nanoparticles was placed in graphite boat which
put at center of the furnace. The boat was gradually heated up and kept at 1550 YC for
3 hours under flowing argon. The treated SiC powder was taken out when it was cooled
down to room temperature.
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The as-grown products were characterized with transmission electron microscope
(JEM1010 JEOL), X-ray diffraction (XRD D8 ADVANCE Bruker), micro-Raman spec-
troscopy (LABRAM-1B Jobin Yvon). PL measurements were performed at room tem-
perature using He-Cd laser for ultraviolet excitation light A\ = 325 nm (Microspec 2300i).
The laser beam was focused into a spot with diameter of about 0.1mm on the sample.

IITI. RESULTS AND DISCUSSION

Silicon carbide nanorods were synthesized by carbothermal reduction of SiOy with-
out any catalyst assistance. The nucleation in small size of nanorods was carried out on
base of fine grinding silica xerogel containing carbon nanoparticles. The growth of SiC
nanorods is dominated by the vapor-liquid-solid progress. The solid SiOs was converted
from liquid to vapor state after 1200 °C and reacted with C in solid state; then SiC
nucleation performed. The growth was processed at temperature 1550°C.

Figure 1a shows a general overview of the TEM images of above mentioned synthe-
sized product. The morphology seems to be polytype straight curved rod-like structures
with outside diameter of about 20- 40 nm.
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Fig. 1. TEM images of synthesized SiC by carbothermal reduction of silica

Figure 2 demonstrates structure measurement of synthesized product. The XRD
pattern shows typical lines of 3C-SiC structure. The amorphous SiOs at about 20 degrees
of 2-Theta angle is also presented. In the same growth technique, Meng and coauthors
had indicates that when anneal proceeded at temperature below 1600°C, the synthesized
nanorods consisted of crystalline SiC core and amorphous SiOg shell [7]. Therefore, we
suggest that our synthesized product has the structure of crystalline 3C-SiC core wrapped
with amorphous SiO shell.

Results of Raman scattering measurement confirms a diminution of SiC wire size
to nanometer range. The Raman spectrum of synthesized material is shown in Fig. 3.
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Fig. 2. XRD measurements of synthesized SiC material.
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Fig. 3. Raman scattering measurement of as-grown SiC material.

Compared with bulk SiC, where phonon TO and LO modes have been at 790 and 965
cm ™! respectively[8], it is clear that there is red-shift of phonon TO and LO modes of our
synthesized SiC (779 and 925 cm™! respectively, in Fig. 3a). It is reasonable to interpret
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this shift with a microcrystal model based on the size confinement effect and internal
stress within SiC core when the temperature of furnace lowered to room temperature
after preparation. Fig. 3b shows also carbon existence of as-grown product through some
typical Raman scattering peaks. They are clearly Raman signals as G-band at 1580 cm ™!
and D-band at ~1340 cm~!. It seems belong to remaining excess carbon in reaction of
forming SiC nanorods.

Because of intense absorption of excess carbon, the PL of as-grown SiC material
could not be defined at room temperature. In order to eliminate excess carbon before PL
measurement, the material was annealed in ambient air at different temperatures for one
hour. Fig. 4 shows PL spectra of the same synthesized material annealed at 800, 900 and
1000°C.
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Fig. 4. Room temperature PL from SiC nanorods annealed at different temperatures.

The strong green-light emission band at about 520 nm is visible in the PL spectra
after 1 hour thermal annealing at 800°C. Further increase of annealing temperature gives
the blue—shift of PL peak at 490 nm (1000°C anneal). The observed PL intensity de-
creased with increase of temperature. In general, high-temperature annealing is expected
to produce a complete recombination of point defects through diffusion of mobile oxygen
in SiOy. It can quench defects, dissolve some luminescence centers and offer energy to
produce new phase in the matrix of SiOg [9]. Therefore, if the PL originate from defect-
related luminescence centers, the intensity should be reduced with increasing annealing
temperature.

Two broad peaks of PL at ~ 550 and 610 nm have been seen at 800 and 900°C and
completely vanished at 1000°C anneal. This PL is most probably due to oxygen related
defects in amorphous SiO,, region.
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One another shoulder in PL spectra at about 380 nm in all different annealing
temperatures is clearly observed. Based on stability of this blue-light emission band with
annealing, we suggest that the behavios is associated with the formation of some SiC/SiO,,
nanocables, where this structure emit stable violet-blue light at wavelengths of about
315 nm and 360-400 nm [10].

Our experimental observations, and in particular the observed blue-shift of the emis-
sion band with increasing annealing temperature could be better explained by Si,C1_,0,
complexes from nanorods with SiC core-SiOs shell structure. More experimental work is
necessary for a complete understanding of the origin of the blue-light emission band.

IV. CONCLUSION

In conclusion, we observed room-temperature visible photoluminescence from 3C-
SiC nanorods grown by carbothermal reduction of silica xerogel containing carbon parti-
cles. Significant light emission was observed at room temperature after annealing at high
temperature in ambient air. The peak position shifts from 520 to 490 nm for annealing
cycles at high temperature (800-1000°C). The structure of SiC nanorods should open the
way to new intense blue-green light-emitting diodes.
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