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Abstract

Patterned carbon nanotubes on silicon substrates were obtained using electrophoretic method. The carbon nanotubes
migrated towards the patterned silicon electrode in the electrophoresis suspension under the applied voltage. The carbon
nanotubes arrays adhered well on the silicon substrates. The surface images of carbon nanotubes were observed by scanning
electron microscopy. The field emission properties of the patterned carbon nanotubes were tested in a diode structure under a
vacuum pressure below 5 x 10™* Pa. The measured emission area was about 1.0 mm?> The emission current density up to
30 mA/cm? at an electric field of 8 V/um has been obtained. The deposition of patterned carbon nanotubes by electrophoresis is

an alternative method to prepare field emission arrays.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Carbon nanotubes (CNTs) are very attractive as
electron field emitters for their nanometer scale, high
aspect ratio [1,2], superior mechanical strength [3],
good conductance and high chemical stability. Several
groups have reported electron field emission from
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CNTs [4-6]. Many efforts have been made to develop
differing methods for making patterned CNTs [7,8].
Patterned CNTs could be grown on some substrates
with catalyst by chemical vapor deposition (CVD)
method [9,10], while it always required relatively high
growth temperatures (>600 °C), which limited us to
use some substrates with low melting temperatures.
Also, the patterned CNTs could be fabricated by a
screen printing method [11]. Patterned deposition of
dispersed CNTs on silicon wafers or conducting layer-
coated glass substrates would be useful to fabricating
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the carbon nanotube field emission arrays (FEAs) or
carbon nanotube based field emission displays (FEDs)
devices. In this paper, the patterned CNTs on silicon
substrates formed by electrophoretic method, and the
field emission properties of it were reported.

2. Experiments

In this study, the substrates were p-type silicon
(1 00) wafers with resistivity of 5-8 Qcm. First, a
silicon dioxide layer on silicon substrates with the
thickness of about 300 nm was prepared by wet
oxidization method. Then, the silicon dioxide layer
was patterned by the photolithography and chemical
etching treatment to form some apertures with the
diameter of about 25 pwm at the space of 25 pwm. The
patterned silicon dioxide layer was used as a mask to
perform a selected deposition of carbon nanotubes.

The multiwall nanotubes (MWNTSs) were synthe-
sized by CVD method, and purified by ultrasonic
agitation in solution with 1:1 ratio of H,SO, and
HNO;. The MWNTs were dispersed in isopropyl
alcohol solution that contained little dissolved
Mg(NOj3),. A little amount of dissolved ethyl cellulose
was added to the suspension to disperse the CNTs. The
CNTs electrophoresis suspension was ultrasonically
dispersed for about 5 h, and then stably placed over
night for depositing the large sized CNTs conglom-
erations. The top fraction of the suspension was used
in electrophoresis procedures.

The patterned silicon wafer as a cathode and a
stainless steel mesh as an anode were immersed into
the CNTs electrophoresis suspension at room tem-
perature. An adjustable direct voltage was applied to
the electrodes. In this study, the electrodes kept at a
constant gap of 2 cm, the applied voltage was varied
from 30 to 600 V, and the deposition time was varied
from 2 to 10 min. Lastly, the patterned CNTs were
deposited on silicon wafers by electrophoresis, and
carbon nanotube FEAs were obtained.

3. Results and discussion
The electrophoretic rate of CNTs depended on

some experimental factors that included the concen-
trations of the CNTs, the electrolyte in the suspension,

as well as the current density on the electrode surfaces.
The CNTs migrated towards the negative electrode
instead of the positive one under the applied voltage.
This is because the Mg>* ions were absorbable by
suspending CNTs, and then formed the double
electron layers around the CNTs in the suspension.
The patterned CNTs arrays adhered well on the
conducting silicon substrates. The good adhesion
might be due to the formation of metal hydroxide
derived from the metal ions reaction on the substrate
electrode surface as proposed elsewhere [12].

The morphology of the CNTs arrays was observed
by scanning electron microscopy (SEM). Fig. 1
depicts a typical SEM image of patterned CNTs
arrays deposited on a silicon substrate. The CNTs
deposited preferably on the patterned conducting
silicon surface rather than on the insulated silicon
dioxide mask layer. From the cross-section SEM
images, the average thickness of the patterned CNTs
layer was about 3 wm. The thickness was controllable
by adjusting the deposition time.

The measurement of field emission properties was
carried out in a diode structure under a vacuum
pressure below 5 x 107*Pa. The specimen was
attached to a copper pedestal using conducting glue,
which was used as a cathode. While a stainless steel
plate was used as an anode. The gap between the
electrodes was 260 wm. The measured field electron
emission area was about 1.0 mm?”. The area summed
up the circle areas of the carbon nanotube arrays,
excluded the area of silicon dioxide layer. The curve of
current density versus electric field of the CNTs arrays

Fig. 1. SEM image of the patterned CNTs on a silicon substrate.
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Fig. 2. The curves of current density vs. electric field.

is shown in Fig. 2. The emission current density was
up to 30 mA/cm? at an applied electric field of 8 V/
pm. The Fowler—-Nordheim (FN) plot of the data is
also shown in the inset of Fig. 2. The plot of In (J/E?)
versus 1/E yielded a straight line in agreement with the
FN equation, confirmed the current resulted from
electron field emission. The carbon nanotube FEAs
deposited on silicon substrates by electrophoretic
method presented good dispersing and fine electrical
contact, which would be helpful to attain a high
emission current density at a low electric field.

4. Summary

Patterned carbon nanotube FEAs on silicon
substrates were achieved by electrophoresis. In this
study, the carbon nanotube arrays showed excellent
electron field emission properties, and an emission

current density up to 30 mA/cm? at an electric field of
8 V/p.m has been obtained.
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