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Effects of buffer layer material and thickness on

catalyst-assisted growth of SWNTs

Graduate student: Yu-Rung Peng Professor: Cheng-Tzu Kuo

National Chiao Tung University
Institute of Materials Science & Engineering

Abstract

In this work, effects of buffer layer materials and their thicknesses on catalyst-assisted
growth of single-walled carbon nanotubes (SWNTs) on Si wafer by microwave
plasma—enhanced chemical vapor deposition. (MPCVD) were investigated, using CH, and H,
as source gases, Co and Fe as catalysts. The buffer. layer materials include ZnS-SiO;, SizNy,
TiN, Al,O3, AIN, and AION with-thickness ranging from 5 nm to 20 nm. The deposited buffer
layers, the carbon nanostructures-and existence of SWNTs were characterized by atomic force
microscopy (AFM), X-ray diffraction (XRD),-field -emission scanning electron microcopy
(FESEM), high resolution transmission electron microscopy (HRTEM), I-V measurement,
and RBM peaks of Raman spectroscopy. From the experimental results, the following
conclusions can be drawn:

The carbon nanostructures and their growth mechanisms are mainly depending on the
following process parameters: buffer layer material, catalyst material and their thicknesses,
and carbon deposition conditions. The catalyst-assisted SWNTs are more favor to be
synthesized on Si wafer with Al-based materials as buffer layer, e.g. Co as catalyst, or the
H-plasma pretreated particle size of the catalyst is much smaller, e.g. Fe as catalyst. Further
more, for Co as catalyst, the tendency to form SWNTs are in order of AION =Al,03> AIN
and AION(10 nm) > AION(20 nm) > AION(5 nm); and for Fe as catalyst, AIN >Al,Os3, where
the numerical values are buffer layer thickness. This is due to the facts that effect of the buffer
layer is basically to provide the sitting sites for a catalyst particle to form the nano-sized
extrusions on its surface to grow bundles of SWNTs. Therefore there is existence of an
optimum thickness of the buffer layer. It also implies that the growth of SWNTSs assisted by
Co catalyst and Al-based buffer layer material follows the root-growth mechanism with few
bundles of SWNTs from a catalyst particle; and follows the Baker growth mechanism for
SWNTs with Fe as catalyst, where some of the bundles of SWNTSs are from different catalyst



particles.

Regarding effect of carbon deposition conditions, there is existence of an optimum
deposition pressure (~23 Torr for Co catalyst) and an optimum CH4/H, ratio (1.5/200
sccm/scem for Fe catalyst) to synthesize networks of bundle-like SWNTSs. A higher pressure
or higher CH4/H, ratio is basically to supply more carbon source to form more amorphous
carbon to poison more nano-sized extrusions of a catalyst particle or more catalyst particles of
smaller sizes, so the tendency to form SWNTSs is minimized. A lower pressure (< 16 Torr)
for Co as catalyst is essentially to give a lower temperature and to supply less carbon source,
so number of possible extrusion sites on a catalyst particle having enough carbon to form
SWNTs is decreased. In the case of Fe catalyst, due to a much smaller particle size after
H-plasma pretreatment, a lower CH4/H, ratio (< 1.5/100 sccm/sccm) implies that a less
number of the smaller-sized catalyst particles to be poisoned by amorphous carbon are
minimized, so more SWNTs can be formed. The results also demonstrate that carbon
nanostructures with buffer layer under the present deposition conditions have no significant
effects on their field emission properties.
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