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Abstract

Single-walled carbon nanotubes (SWNTSs) were synthesized by the laser-heated ACCVD method on the
sample stage of an environmental AFM with Raman scattering measurement capabilities. Fe/Co or Co/Mo metal
particles, which were supported on zeolite particles or silicon substrates, were used as catalyst, and ethanol vapor was
used as the carbon source. The catalysts on the AFM sample stage were heated (to about 800 °C) in ethanol vapor (0.01
~1 Torr) by Ar-ion laser irradiation, and SWNTs grew from the catalyst particles. Though this laser-heated ACCVD
method was simple, Raman scattering spectra, AFM images, and SEM images showed that high-quality SWNTs were
generated. By using the laser-heated ACCVD method, in-situ Raman scattering, which was caused by the heating laser
irradiation, was measured during the entire CVD process. The G-band from SWNTs and the silicon peak appeared in
in-situ Raman scattering spectra. The intensity of the G-band showed the growth of SWNTSs, and the temperature
dependence of the Raman shift of the silicon peak was used to determine the sample temperature. In-situ Raman
scattering elucidated the lifetime of the catalyst and the existence of an incubation time before the onset of SWNT
growth. SWNTs started to grow rapidly after the incubation time and the growth rate gradually decreased. The
incubation time was strongly dependent on the pressure of the ethanol gas.
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Fig. 1 Experimental apparatus. AFM was built with
Raman scattering capabilities, a vacuum pump
and gas lines. The temperature of a sample
located on the AFM sample stage could be
controlled using laser heating technique.
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Fig. 2 CCD monitor images of the sample surface. (A)
Before CVD, the zeolite particles dispersed on
the silicon substrate. (B) Zeolite particles were
irraditated by CW-Ar-ion laser (488.0 nm). (C)
After irradiation, zeolite particles inside the
laser spot had become black.
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Fig. 3 Raman scattering from SWNTs generated from
Fe/Co metal catalyst supported on zeolite
particles by the laser-heated technique. Raman
scattering spectra (a) and (b) were measured at
the center of the heating laser spot and its edge,
respectively.
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Fig. 4 SWNTs generated using laser-heated ACCVD technique. (A) CCD monitor image of the silicon substrates
loaded with Co/Mo metal catalyst particles. (B) Raman scattering spectrum and (C) the AFM image of SWNTs
were measured without taking out of the AFM chamber. (D) SEM image of this sample.
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Fig. 5 Transition of the intensity of (a) the G-band, (b)

silicon Raman peak and (c) the silicon
temperature during the CVD process. These
intensities were corrected with the intensity
temperature dependence and the silicon
temperature was calculated with the Raman
shift temperature dependence.
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Fig. 6 Relationship between the ethanol gas pressure
and the incubation time (At).
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