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Abstract
Self-aligned carbon nanotubes have been synthesized by catalytic decomposition of benzene using the
substrate with grooves. The nanotubes typically with ~500 nm in length and 30-50 nm in diameter are grown
from the top edge of grooves toward the center of grooves and parallel to the substrate surface. They have a
straight form, which is quite different from nanotubes produced by conventional catalytic chemical vapor
deposition. The growth mechanism of nanotubes is discussed in terms of the feeding of precursors guided by the
wrinkles which were formed at the edge of the main grooves when the grooves were made by scratching using a

scriber.

I. Introduction

Since the discovery of carbon nanotubes [1]
which are only a few nanometers in diameter
and a few micrometers in length, their
applications to mechanical and electronic
nanometer-scale devices have been expected.
Electrical conductivity measurements on the
bulk material [2,3], on individual multi-walled
[4,5] and single-walled [6] nanotubes and on
bundles of single-walled nanotubes [7,8] have
revealed that they have a function as metallic,
insulating or semiconducting nanowires, which
is probably depending on the helicity and the
diameter as theoretically predicted [9-11].
Conventional methods used to generate
nanotubes, such as carbon-arc discharge
techniques [1,12], catalytic pyrolysis of
hydrocarbons [13], catalytic and condensed
phase electrolysis [14], generally suffer from
drawbacks that polyhedral particles are
coincidently formed and/or the dimensions of
the nanotubes are highly variable. Therefore,
the methods for purification and individual
handling of nanotubes have been investigated
(see e.g., Ref. [15]), which is important for
further progress of their fundamental and
application studies. There have also been
several attempts of the position controlled
growth of nanotubes by controlling the
position of catalytic material in catalytic
chemical vapor deposition (CVD) [16]. In this
paper, we demonstrate a graphogrowth of
nanotubes, which is a self-aligned growth of
nanotubes on the grooved substrate by
catalytic CVD.

II. Experiments

Substrates were quartz plates with and
without grooves. The grooves were formed by
scratching using a scriber and had ~10 pm
width. Fine and almost straight wrinkles also
appeared near the edge of the main grooves
with angles of 110-115° from the scratching
direction. The wrinkles were several
nanometers in height and their spacing was ~
500 nm. An 8 nm thick Ni film was evaporated
as a catalyst on the substrates. The substrates
were set on a substrate holder of graphite
positioned in a quartz reactor tube (28 mm
outside diameter, length 50 cm) and Helium
gas was introduced at the flow rate of 50 sccm
as shown in Fig. 1. The substrate surface was
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Fig. 1  Schematic diagram of the CVD system.

placed face downwards. The temperature was
raised at 120°C/min up to 700C and main-
tained it for 30 min in order to change the thin
film of Ni to round particles with diameter of
10-300 nm. The operating pressure was 120
mTorr. After that, a source gas of benzene was
fed into the reactor at the flow rate of 50 sccm
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for an hour to form nanotubes under the
condition of the pressure of 2 Torr and tempe-
rature of 700°C.

The products were observed using a field
emission scanning electron microscope
(FESEM, HITACHI S-4500).

II. Results and Discussion
Figure 2 shows the SEM image of nanotubes

ot NS L e

500 nm

Fig.2 SEM image of the typical nanotubes grown

of the flat surface.

prepared on the substrate without grooves. The
shape of the resultant nanotubes is typical of
that (not straight) by catalytic CVD. The
diameter and length of nanotubes are ~25 nm
and several micrometers, respectively. The
role of the catalyst in this CVD process has
been considered to be dehydrogenation of
benzene to produce precursors [17]. This result
suggests that it is difficult to control the tube
direction, although there have been several
reports (see e.g., Ref. [16]) on the growth
position control by positioning catalytic
metals.

Figure 3 shows the SEM image of nanotubes

Fig. 3

SEM images of the nanotubes at the edge of
the groove. The direction of the source gas is
also indicated.

prepared on the grooved substrate, where the
direction of the source gas flow is also
indicated. The aligned nanotubes are grown
from the top edge of grooves toward the center
of grooves and parallel to the substrate surface.
Moreover, none of the nanoparticles,
polyhedral particles usually formed in an arc
discharge method and bundled nanotubes is
observed. The nanotubes have a straight form
typically with 0.5-1 um in length and 30-50
nm in diameter. This shape is quite different
from that of nanotubes on the flat surface
shown in Fig. 2. It is obvious that not only the
growth position but also the tube direction can
be controlled. It is also observed that
nanotubes are grown with the same direction
as the wrinkles formed near the edge of the
groove. This 1s much more clearly seen in Fig.
3(b).

Figure 4 shows the SEM image of the

Fig.4  SEM image of the Ni particles after the heat

treatment of the Ni film.

wrinkles after the thermal treatment of Ni thin
films. As seen in the figure, the Ni particles
with diameter of ~40 nm gather along the
wrinkles. This suggests that the Ni particles
formed from thin films migrate to be trapped at
a step. Taking account of the role of the Ni
particles in CVD, we have a growth model
described below. Source gas molecules
reaching the wrinkles adsorb with its ring
parallel to the Ni surface, and then are
dehydrogenated by Ni catalysis to produce
precursors. The precursors are guided by the
wrinkles and move to the top edge of grooves
to form nanotubes there. Here Ni round
particles might cause the graphite sheets
adsorbing Ni surface to transform into the
carbon nanotubes []8].

The feeding of precursors with a certain
direction is believed to grow the straight
nanotubes. It is found in Fig. 3(b) that a
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nanotube does not always grow where a
wrinkle intersects the top edge of grooves.
This might be caused by the fluctuation of the
line density of Ni particles on a wrinkle.

We have confirmed that the growth of
aligned nanotubes does not depend on whether
the substrate is placed face downwards
(described here) or upwards.

IV. Conclusion

The aligned growth of nanotubes has been
achieved on the grooved substrate by catalytic
CVD. This graphogrowth has been explained
by the feeding of precursors with a certain
direction which is guided by the wrinkles
where Ni particles of a catalyst gather. This
result gives us a key to control not only the
growth position but also the growth direction
of nanotubes.
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