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Abstract: The effective parameters on the diameter of carbon nanotubes (CNTs) by plasma enhanced chemical vapor deposition
(PECVD) were presented. Among lots of influential parameters, the effects of the catalytic film thickness and the pretreatment
plasma power on the growth of CNTs were investigated. The results show that the size of catalytic islands increases by increasing the
thickness of catalytic layer, but the density of CNTs decreases. The pretreatment duration time of 30 s is the optimal condition for
growing CNTs with about 50 nm in diameter. By increasing the pretreatment plasma power, the diameter of CNTs decreases
gradually. However, the diameter of CNTs does not change drastically from 80 to 120 W. The uniformly grown CNTs with the
diameter of 50 nm are obtained at the pretreatment plasma power of 100 W.
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1 Introduction

Among a lot of carbon-based materials, carbon
nanotube (CNT) is attracted by many researchers
because of their unique electronic, mechanical, thermal,
and chemical properties [1-3]. Due to these excellent
characteristics, CNTs are known as a promising material
for nano-scale sensors and devices such as chemical or
biosensors, atomic force microscopy (AFM) tips, fuel
cells, and field emitted display (FED) [4—8]. In the
implementation of CNTs to the practical applications, the
control of their diameters is one of the most important
factors for the micro-, and nano-fabrication processes.

Among several methods, chemical vapor deposition
(CVD) technique has been widely used for the CNTs
growth [9—11]. In particular, the popular method to
produce vertically-aligned CNTs having a good
uniformity is plasma enhanced chemical vapor
deposition (PECVD) [12—14]. CNTs can be synthesized
on the substrates coated with a metal catalyst such as Ni,
Co, and Fe using PECVD methods. In the CNTs growth
by PECVD, there are a lot of influential parameters such

as the gas mixing ratio, plasma condition, catalyst
thickness, growing temperature [15,16]. Because they are
coupled each other, however, it is not easy to control the
specific parameter for obtaining well grown CNTs.

In this work, the effects of the catalytic film
thickness, pretreatment duration time and pretreatment
plasma power on the growth of CNTs were studied. The
investigation of the effect of these parameters can give a
clue to solve the issues caused in the implementation of
CNTs into various CNTs applications.

2 Experimental

Because of several advantages such as low
temperature process, high deposition rates and large area
synthesis, the CVD process is a good technique for
CNTs synthesis. In particular, PECVD can synthesize the
CNTs at low temperatures compared to thermal CVD,
and the vertically-aligned CNTs can grow by PECVD
from the plasma guide. In this work, the hybrid vacuum
machine combined the thermal CVD and the PECVD
was used to synthesize the vertically aligned CNTs.
Figure 1 shows the schematic diagram of the hybrid
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Fig. 1 Schematic diagram of hybrid vacuum system for
synthesizing carbon nanotubes

vacuum system.

The nickel deposited on SiO,/Si wafer by e-beam
evaporator was used as a catalytic film. The 300
nm-thick SiO, layer playing a role of the diffusion
barrier grew on the p-type Si wafer by thermal oxidation
in furnace. CNTs grew on the prepared substrates at the
growing temperature of 750 °C and the chamber pressure
of 600 Pa. For the hydrocarbon source gas, acetylene was
used, and the gas mixture with V(NH3):V(C,H;)=4:1 was
flushed during the growth process. Among lots of
growing parameters, the effects of catalytic film
thickness, pretreatment duration time, and pretreatment
plasma power were investigated in this work. For various
catalytic film thicknesses, 3 nm-, 5 nm- and 7 nm-thick
Ni films were prepared. To investigate the effect of
pretreatment duration time on the growth of CNTs,
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the pretreatment was processed for 10, 20, and 30 s
respectively. Through varying the pretreatment plasma
power from 20 to 120 W, the effect of the plasma power
on the growth of CNTs was investigated. The surface of
catalytic film after the pretreatment and the diameters of
CNTs were verified by a field emission scanning
electron microscopy (FE-SEM, HITACHI S—4800).

3 Results and discussion

In this experiment, the effect of the catalytic film
thickness on the growth of CNTs was investigated. Ni
catalytic film was pretreated at 600 °C and 266.6 Pa to
form the catalytic islands on the surface. Figure 2(a)
shows the result of pretreatment with a 3 nm-thick Ni
catalytic film. The small islands form on the whole area
of the surface. By increasing the catalytic film thickness,
the size of island gradually increases, and the density of
catalytic islands is reduced, as shown in Figs. 2(b) and
(c). It is understood that the Ni film forms into small
islands due to the surface tension and the compressive
stress caused by the mismatch of the thermal expansion
coefficients of SiO, and Ni. Figures 3(a)—(c) show the
FE-SEM images of CNTs grown on Ni layers with
different initial thicknesses at the gas mixing volume
ratio of 4:1 (V(NHj3):V(C,H,)). CNTs were synthesized at
the growing temperature of 750 °C and the plasma power
of 80 W for 5 min. As shown in Fig. 3(d), the diameter of
CNTs increases by increasing Ni film thickness.

Figure 4 shows the results of growing CNTs on Ni
thin film according to the pretreatment duration time.
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Fig. 2 FE-SEM images of Ni catalytic films with thickness of 3 nm (a), 5 nm (b), and 7 nm (c) after pretreatment, and relationship

between diameter of islands and Ni thickness (d)
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Fig. 3 CNTs grown on Ni layer with 3 nm (a), 5 nm (b), and 7 nm (c) by PECVD, and relationship between diameter of CNTs and Ni

thickness (d)
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Fig. 4 FE-SEM images of Ni film at pretreatment duration time of 10 s (a), 20 s (b) and 30 s (c), and CNTs grown on pretreated Ni

layer for 10 s (d), 20 s (e) and 30 s ()
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During the pretreatment process, the catalytic layer is
etched and forms as small islands. By increasing the
pretreatment time, the size of catalytic islands is reduced,
as shown in Figs. 4(a)—(c). For verifying the effect of
pretreatment duration time on the size of the etched
catalytic islands, CNTs with the prepared samples were
synthesized at the plasma power of 100 W and the
growing temperature of 750 °C. Figure 4(d) shows the
CNTs grown on the pretreated Ni film for 10 s. Because
the pretreatment duration time of 10 s is too short to form
small catalytic islands as shown in Fig. 4(a), CNTs with
the diameter of over 100 nm were synthesized. For the
pretreatment duration time of 30 s, the diameter of CNTs
is around 50 nm. After the pretreatment for several
minutes, however, CNTs are not synthesized because the
catalytic layer is etched away by the long etching
process.

The plasma power is one of the most effective
parameters to synthesize CNTs using PECVD. The effect
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of pretreatment plasma power on the growth of CNTs
was investigated in this work. Figure 5 shows the CNTs
grown at pretreatment plasma powers of 20, 60, 80, 100
and 120 W. At the plasma power of 20 W, the diameter of
CNTs is around 110 nm as shown in Fig. 5. It may be
caused by the weak plasma power that may lead to the
formation of the large sized catalytic islands. CNTs were
synthesized under the same plasma power as the
pretreatment plasma power. By increasing the plasma
power, as shown in Figs. 5(a)—(c), the diameters of CNTs
decrease. At the plasma power of 80 W, CNTs with the
diameter of 50 nm grow. By increasing the plasma power
from 80 to 120 W, however, the diameters of CNTs do
not change drastically, as shown in Fig. 5(f). At the
plasma powers of 80 and 120 W, the CNTs are kinked
because of a little weak and a little strong power
respectively as shown in Figs. 5(c) and (e). At the plasma
power of 100 W, the vertically aligned CNTs with the
diameter of 50 nm and good straightness are obtained.
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Fig. 5 CNTs grown at pretreatment plasma powers of 20 W (a), 60 W (b), 80 W (c), 100 W (d) and 120 W (e), and relationship

between diameter of CNTs and pretreatment plasma power (f)
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4 Conclusions

1) The effects of the catalytic film thickness and the
pretreatment plasma power on the growth of CNTs were
investigated by PECVD. Ni catalytic films with
thickness of 3, 5 and 7 nm were pretreated at 600 °C to
form the catalytic islands.

2) By increasing the thickness of catalytic layer, the
size of island increases gradually, and the density of
catalytic islands decreases.

3) For verifying the effect of the pretreatment
duration time on the diameter, CNTs grow at the plasma
power of 100 W and pretreatment duration time 10, 20 s,
and 30 s. 10 s is too short to form small size catalytic
islands, and the duration time of 30 s is proper to
synthesize the well grown CNTs with the diameter of 50
nm. By increasing the pretreatment plasma power up to
80 W, the diameter of CNTs decreases gradually.
However, the diameter of CNTs does not change
drastically at pretreatment plasma power from 80 to 120
W. The uniformly grown CNTs with the diameter of 50
nm are obtained at 100 W.
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