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Abstract

A parametric study for growing vertically aligned carbon nanotips utilizing microwave plasma enhanced chemical vapor deposition
was presented. The effects of process parameters including process time, microwave power and applying bias were discussed. The height
of nanotips was affected by the microwave power and process time. The growth of rod-shape or tip-shape structure depends on the
microwave power. The high microwave power is favorable for growing rod-shape structure which results from the faster diffusion of
carbon atoms in the metallic catalysts under high temperature. The sharpness of carbon nanotips seem possibly to be controlled by
varying bias voltage. These carbon nanotips exhibit the characters of high number density and well vertical alignment. Furthermore,
we demonstrated that the growth of carbon nanotips by different metallic catalysts, such as Au, Pt, Ag and Si, could be chosen for apply-

ing in various regions.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

For the past decades, numerous researchers devoted
their attention and efforts on carbon related materials, such
as diamond film [1], carbon nanotips [2], and filamentous
carbon which includes carbon nanotubes [3], nanowires
[4] and nanorods [5]. In particular, the carbon related mate-
rials with high aspect ratio are widely applied in industrial
region. The sharp carbon related nanomaterials such as
carbon nanotips, carbon nanocones and carbon nanohorns
were utilized as field emitters and catalyst supports [6-8].
Either the geometrical advantage or the well electron con-
ductivity is considerable for electrical devices. However,
physical [9] and chemical [10] etching technologies were
often used to fabricate most of the sharp carbon related
nanomaterials. The complicated and expensive fabricating
processes are ineligible for a widespread use. In order to
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reduce the costs and shorten fabricating processes, the
synthesis of sharp carbon related nanomaterials by self-
assembled bottom-up method is essential for a variety of
application.

In this work, we present a bottom-up method for fabri-
cating carbon nanotips instead of the traditional etching
method. The figure and sharpness could be controlled by
varying the process parameters. These carbon nanotips
with high aspect ratio are suitable for the electron field
emitting application. Besides, the synthesis of carbon nano-
tips via different metallic catalysts to meet the need of other
industrial areas is demonstrated. Transitional metals, such
as Au, Pt, Ag and Si, are used to grow carbon nanotips
which exist on the top of the nanotip. This tip growth
model is desirable for the application of sensors [11].

2. Experimental details
The synthesis of carbon nanotips was achieved by

microwave plasma enhanced chemical vapor deposition
with DC bias. The metallic catalysts including Au, Pt and
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Ag were first deposited on p-type silicon (100) wafer sepa-
rately with a thickness of 5nm by e-beam evaporation.
Next, the catalysts deposited wafer was put on a molybde-
num holder in a quartz tube for growing carbon related
nanomaterials. Methane and hydrogen were introduced
to the tube for reactive gas species with flow rate of 20
and 100 sccm, respectively. The base and working pressure
in this work were respectively 10~ and 1 Torr. Additional
biases ranged from —100 V to —250 V were applied during
the experiment to enhance the growth of tip-shape carbon

Fig. 1. SEM micrographs of carbon nanotips grow for: (a) only,
pretreatment (b) 5 min and (c) 10 min.

nanomaterials. Before growing carbon nanotips, hydrogen
plasma pretreatment was performed for nucleating the
nanoparticles and clearing the native oxide of Si wafer.
The experimental parameters of this work are bias voltage,
microwave power, and reaction times. The investigations of
surface morphologies and interior structures were relied on
scanning electron microscope (JOEL 6500) and high reso-
lution transmission electron microscope (Philips Tecnai-
20). Bonding structure of carbon nanotips was investigated
by Raman spectroscopy (Jobin Yvon Lab-RAM HR) with
a 632.8 nm He—Ne laser.

3. Results and discussion

SEM micrographs of carbon nanotips under different
growth time are shown in Fig. 1. Fig. 1(a) depicts the nucle-
ation of gold nanoparticles from gold layer under the
hydrogen plasma treatment for 10 min. Fig. 1(b) and (c)
present the images of cone-shaped carbon nanomaterials
grown under the condition of microwave power 300 W
and bias —100 V for 5 min and 10 min, respectively. The
lengths of carbon nanotips are ranged from tens of nano-
meter to hundreds of nanometer, which depends on the
growth time and microwave power. The temporal effects
of nanotips height under different power are presented in
Fig. 2. From Fig. 2, it can be found that the height of car-
bon nanotips dramatically increase with increasing growth
time and saturate even under different microwave powers.
The saturation of height might be attributed to the deacti-
vation of gold nanoparticles. The deactivated gold nano-
particles could not catalyze the growth of nanotips.
Therefore, the plasma etching rate will higher than the
growth rate, which resulted in the shrink of height. How-
ever, the higher microwave power will improve the activity
of catalyst which results in the slower saturation of nano-
tips. Another effect of microwave power is the shape of car-
bon nanostructures. Fig. 3 shows the relationship between
the shapes of carbon nanomaterials and microwave power.
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Fig. 2. The relationships between the length of the tips and the process
time under different microwave powers.
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Fig. 3. SEM micrographs of carbon nanotips grow under different
microwave powers: (a) 250 W, (b) 300 W and (c) 350 W.

The carbon nanomaterials have tip-shape or rod-shape
structure which depends on the microwave power. The
low microwave power is flavour to form the tip-shape car-
bon nanostructure instead of rod-shape nanostructure. It
could be explained that the high microwave power causes
the high reaction temperature and the high decomposition
rate of hydrocarbon which might enhance catalytic activity

of gold nanoparticles. Moreover, either the inter diffusion
or bulk diffusion rate of carbon atoms will increase with
the increasing reaction temperature. This might causes
the formation of rod-shape of carbon nanomaterials which
is similar to vapor-liquid-solid growth mechanism of car-
bon nanofibers [12]. However, the carbon-gold ecutectic
point is much higher than carbon-iron. The diffusion of
carbon atoms in the gold catalysts is very slow, which
results in the formation of “‘short” carbon nanofibers. Nev-
ertheless, the low microwave power results in the lower
activity of gold nanoparticles, which causes the accumula-
tion of amorphous carbon on the outside and the bottom.
Moreover, the gold catalysts on the top of the tips act as
the protecting mask to prevent the etching of the tip-body.
As time goes on, the accretion of carbon atom will contin-
ually accumulate in the bottom of the short carbon nanof-
ibers which form in a tip-shape structure. Fig. 4(a) is the
TEM image of the metallic catalyst on the top of the tip-
like structure. The metallic catalyst which remains on the
top of the tip was identified as gold metal by EDX. A
TEM EDX spectrum of the tip-body is shown in
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Fig. 4. (a) A HRTEM image of Au catalyst on the top of a carbon
nanotip. (b) A TEM EDX spectrum of the tip-body.
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Fig. 5. SEM micrographs of carbon nanotips grow under various applied biases: (a) —100 V, (b) —150 V, (c) =200 V and (d) —250 V.

Fig. 4(b). The result shows strong signal of carbon on the
body of the nanotips. Furthermore, a weak Si signal is also
presented in the EDX spectrum of the tip-body, which may
be due to the strong ion bombardment from the Si sub-
strate and re-depositing on the surface of nanotips.

The applied bias effect is shown in Fig. 5; each sample
was synthesized in the condition of 300 W and 30 min
growth. Apparently, when the bias contrarily increases,

catalyst deposition

the tip angle will decrease, namely, it becomes sharper. It
could be explained that the higher bias will increase the
stronger ion bombardment in plasma system. However,
the metal on the top of nanotip could prevent the etching
on the topside. As the bias increasing, the metallic mask
on the top will gradually lessen due to a strong ion bom-
bardment rate which caused the needle-shape structure.
In addition, applying negative bias will promote the growth

precipitation and homharmt

formation of tips

Fig. 6. The possible growth model of carbon nanotips.
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Fig. 7. Raman spectra of carbon nanotips grow under various applied
biases.

of carbon nanotips. Applying bias in MWPECVD to
enhance the growth of a series of carbon nanomaterials
have been discussed in many researchers [13-15]. The
higher tip height will cause the smaller apex angle. The pos-
sible growth model of carbon nanotips is demonstrated on
Fig. 6. Fig. 7 is the Raman spectra of carbon nanotips syn-
thesized under various applied biases. The first-order of

Raman spectrum of carbon nanotips shows two peaks at
1591 cm ™! (G line) and 1348 cm ™!, which are high fre-
quency E,g first-order mode and the D-line associated with
disorder-allowed zone-edge modes of graphite. The Raman
spectra reveal that applying a high bias voltage can increase
the graphite phase and diminish the disorder carbon phase
of carbon nanotips. Pursuant to the consequence above, we
can attribute a fact that high ion bombarded rate will
diminish the content of amorphous carbon outside the
nanotips under high applied bias. Other metallic catalysts,
such as Pt, Ag and Si, were used for growing carbon nano-
tips which are presented in Fig. 8. The metallic layers,
except for Si, were first deposited on the Si wafer by e-beam
evaporation. The appropriate development condition for
growing these nanotips is microwave power 300 W with
applying —250 V bias for 30 min. This reveals that the car-
bon nanotips can be synthesized even using dissimilar
metallic catalysts. And, all of the nanotips are tip-grow
model, whish can be widely used in many region such sen-
sor and field emission.

4. Conclusion
Vertically aligned carbon nanotips were synthesized by

microwave plasma enhanced bias assisted chemical vapor
deposition. The shape, length and sharpness can be

Fig. 8. SEM micrographs of carbon nanotips grow by different metallic catalysts: (a) Au, (b) Ag, (c) Pt and (d) Si.
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controlled by adjusting the microwave power, process time
and applied bias. The HRTEM image and EDX spectrum
show that the metallic catalyst exists on the top of the tip
and the nanotip is made of carbon. The possible growth
model of carbon nanotips was also proposed. The low dif-
fusion rate of carbon atoms and strong ion bombardment
incur the formation of carbon nanotips. Furthermore, we
demonstrated the growth of carbon nanotips with different
metallic catalysts, i.e. Au, Pt, Ag and Si, which could be
chosen for a practical application in various regions.
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