INFLUENCE OF A Cr LAYER ON THE GLASS SUBSTRATE
ON THE GROWTH OF CARBON NANOTUBES
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We report the effect of a Cr layer on the glass substrate during the growth of carbon
nanotubes (CNTs) by chemical vapor deposition. When Fe was used as a catalyst
in the CNT growth, longer CNTs were obtained by increasing the thickness of the Cr
layer. However, CNTs were not grown on the surface with a thick Cr film and Co
or Ni catalyst. These results arise from a difference in the mechanism of CNT

formation when using different catalyst metals.
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1. Introduction

Carbon nanotubes (CNTs) have attracted much attention as promising materials for
application in nanotechnology and nano-devices because of their superior structural, mechanical,
chemical, thermal, and electrical properties.'> CNT formation has been carried out using
various techniques, such as plasma-enhanced or thermal chemical vapor deposition (CVD),**
SiC surface decomposition,”® arc discharge,”'’ laser vaporization'' and more. The different
methods form CNTs with a variety of shapes and features.

For the application of CNTs to field emission displays, it would be necessary to grow
CNTs directly on the electrode for use as cathodes. Therefore, obtaining CNT films with
controllable growth and good emission properties is important.

In CNT formation by CVD, it is well-known that the catalyst is one of the most important
parameters. CNTs have been grown using transition metal catalysts at relatively low
temperature. Because the density and diameter of the CNTs is dependent on the size of the
catalyst particles, it is also important to investigate the interaction between the catalyst and the
buffer layer, which is generally used in CNT growth. The buffer layer may act as a diffusion
barrier between the catalyst and the substrate,'? affecting the CNT properties. To control the
detailed characteristics of CNT growth, it is necessary to understand the role of metal catalysts
at a fundamental level.

In the present paper, we investigated the influence of a Cr layer in the growth of CNTs on a
glass substrate by CVD. We will show that the Cr layer affected the size of the fine catalyst

particles deposited upon it.

2. Experimental

The substrate was made of glass (MATSUNAMI Inc., Micro Cover Glass), which was
cleaned in acetone and rinsed in deionized water before being inserted into a vacuum chamber.
A pure Cr buffer layer and Fe, Co, or Ni catalyst were deposited by RF-sputtering (ANELVA,

SPF-210H). The thickness of the catalyst layer, measured by a surface texture measuring
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instrument (SURFCOM, 1400D), was about 3 nm. The sample was introduced into the
reaction chamber under a base pressure of 2x10” Pa. The surface was annealed at 550°C using
an infrared lamp in Ar gas (1.3x10° Pa) to form fine catalyst particles for CNT formation, with
temperatures measured using an optical pyrometer. The annealing time in making particulate
Fe, Co, or Ni was 40 min, 15 min, and 12.5 min, respectively. CNT growth was performed in
a CVD chamber for 15 min in C,H,, H,, and Ar gases at a total pressure of 1.3x10° Pa. We
observed several structures on the CNT-grown surfaces by scanning electron microscopy

(SEM).

3. Results and discussion

Figure 1 shows SEM images taken after CVD formation of CNTs on a glass substrate with
each catalyst (Fe, Co or Ni), with varying thickness of the Cr buffer layer (about 3, 35, or 100
nm).

At first, no CNT growth could be confirmed for a Cr thickness of 3 nm with Fe catalyst, as
shown in Fig. 1(a). However, we observed very short CNTs with a length of about ~0.1 pm
and diameters of 80~100 nm for Cr thicknesses of 35 and 100 nm, as shown in Figs. 1(b) and
1(c), respectively.

Next, we observed long CNTs with random orientation in Fig. 1(d). CNTs with a length
of about ~1.3 um and diameter of about 70~100 nm were formed on the substrate surface. The
features of the CNTs in Fig. 1(e) coincide approximately with those in Fig. 1(d). The density
of CNTs decreased slightly with increasing thickness of the Cr buffer layer. When the
thickness of the Cr buffer layer was about 100 nm, we could confirm no CNT growth.

From the SEM image of the glass surface with Ni catalyst shown in Fig. 1(g), we found
that the length of the CNTs was about ~0.6 um and the diameter was about 60~80 nm. In Figs.
1(h-1), we observe no CNTs, but fine catalyst particles on the surface with a diameter of about
60~80 nm.

SEM images of the fine particles of several different catalysts adsorbed on the glass surface
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with a Cr buffer layer are shown in Fig. 2.  We did not observe the formation of fine particles
in Fig. 2(a), which corresponds to Fe catalyst and a Cr film of 3 nm. The density and size of
the fine particles increased slightly as the thickness of Cr films increased. In the case of Co
catalyst (Figs. 2(d-f)), fine particles were formed even on surfaces with thin Cr layers. The
density and size of the fine particles did not change over the range of Cr layer thickness from
3-100 nm. With a Ni catalyst (Figs. 2(g-1)), the density and size of the fine particles on a Cr-35
nm film were nearly equal to those on a Cr-100 nm film. However, fine particles did not form
on the Cr-3 nm adsorbed surface. We found that the density and size of the fine particles
depended on the thickness of the Cr films. Therefore, we believe that the interactions between
the catalysts and the glass substrate were restricted by the Cr films. According to the
experiments by Wang et al., a Cr film on glass acts as a diffusion barrier for Cu atoms.”  We
suggest that Cr layers can prevent catalyst atoms from diffusing into the glass substrate. The
size of the fine particles thus depended upon the thickness of the Cr films.

For a Co or Ni catalyst, we found that CNT growth was suppressed with increasing Cr film
thickness. Chuang et al. reported that there is a strong adhesion force between Ni
nanoparticles and a Ti film surface for CNT growth in a Ti/Si system."* Because of this force,
Ni nanoparticles could not be pushed up in the CNT growth. We suppose that there are also
strong adhesion forces between Co or Ni catalysts and a Cr film. CNT growth using a Ni
catalyst adopted a “through-tip” mechanism in general. We believe that the Ni could
contribute sufficient catalytic activity while trapped on the Cr buffer layer.

Moreover, we noticed when using a Co catalyst that the diameter of the CNTs became large
and the length shortened when we increased the Cr film thickness from 3 nm to 35 nm. H. Liu
et al. reported that the diameter of CNTs depends on that of the fine particles used as a
catalyst.”” The diameters of the CNTs in Figs. 1(d-e) correspond to those of the fine particles
in Figs. 2(d-e). Therefore, we confirmed that the formation of fine particles is one of the most
important requirements to forming desirable CNTs by CVD.

The formation of CrSi and CrSi, was previously reported after annealing a Cr film on a
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Si(111) surface at high temperature.'® In constructing a field emission display device, it is
necessary to examine the influence of the Cr film on the CNT growth in detail. If the size and
density of the fine particles can be controlled simply by changing of thickness of the buffer layer,

it will become possible to make CNTs with desirable characteristics.

4. Conclusions

The influence of Cr layer thickness on a glass substrate in CNT growth by CVD was
investigated using SEM. When using a Co or Ni catalyst, the lengths and densities of CNTs
grown on the surfaces decreased with increasing thickness of the Cr layers. The thickness of
the Cr layer affects the formation of fine catalyst particles and the adhesion force between the
catalyst and Cr layers. Thus, the Cr layer thickness is an important parameter in the growth of

CNTs by CVD.
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Figure Captions

Fig. 1:  SEM images taken after CNT formation on glass substrates with (a, d, g) 3 nm, (b, e,
h) 35 nm, and (c, f, i) 100 nm thick Cr layers by CVD using (a-c) Fe, (d-f) Co, and

(g-1) Ni catalysts, respectively.

Fig.2:  SEM images of fine particles of (a-c) Fe, (d-f) Co, and (g-i) Ni catalysts on glass

substrates with (a, d, g) 3 nm, (b, e, h) 35 nm, and (c, f, i) 100 nm thick Cr layers.
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