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Distribution of electric field for carbon nanotube assembly: Simulation (I)
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Abstract: The distribution of electric field for the alignment and attachment of carbon nanotubes (CNTs) was simulated. To be
attached at the desired place, the aligned and attracted CNTs should be stayed in the desired area called the stable region or the
quasi-stable region for an instant where the change of electric field is minimized. Since the conical electrode has the very narrow
sized quasi-stable region, few CNTs can be attached. The rectangular electrodes have a wide stable region, so lots of CNTs can be
attached. The results indicate that the round electrode which has a proper sized quasi-stable region is more effective for aligning and
attaching a single CNT than the conical or rectangular shaped electrodes.
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1 Introduction

Recently, the hottest issue in nanotechnology is how
to expand this technology into the commercialization
area. Many researchers discussed the technical
possibility for the product commercialization using the
nanotechnology, and proved the possibility for that, but
there is a far distance to go forward. The perfect
solutions for mass production using nanotechnology
have not been found yet.

The use of various nano materials in nanoscale
science and engineering has been widely researched.
Carbon nanotubes (CNTs), in particular, are the most
popular subject of research in nanotechnology. Since
their discovery in 1991[1], CNTs have been used in
many nanoscale applications due to their unique
mechanical, electrical and chemical properties. Because
of these special characteristics, CNTs are a prime
candidate for numerous microscale and nanoscale
sensors and devices such as field emitted display (FED),
fuel cells, transistors, and chemical or bio sensors[2—6].
Because of the technical limit for CNTs assembly onto a
device, however, the product commercialization has been
delayed.

Previous research for the CNT assembly was
focused on CNTs fabrication by chemical vapor
deposition (CVD) method[7—8]. It is proved to be a very
effective method since CNTs can be grown at the desired
place where the catalyst is located. However, there are
some limitations such as non-uniformity of growing
conditions and difficult length control of CNTs. A few
attempts were reported to attach CNTs on the specific
place using the mechanical attachment method[9]. In this
case, however, great efforts are needed to assemble CNTs
successfully.

In this work, the electric field was used to assembly
CNTs on the desired place. Furthermore, the distribution
of the electric field was simulated under different shapes
of electrodes and the effect of the shape of the electrode
was investigated to align and attach CNTs on the desired
place.

2 Simulation

2.1 Background theory

Dielectrophoresis which causes the translation
motion of neutral matter by the polarization effect arises
from a nonuniform electric field. A neural particle such
as a CNT polarized in an electric field moves to the
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region with the highest electric field intensity in a
nonuniform electric field.

From this principle, the DEP force was used as a
principal driving force to align and attach CNTs at the
desired place in this work. The DEP force due to the
nonuniform electric field can be expressed by the
following equation[10]:
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where Fpgp is the DEP force; r is the diameter of the
particle; [ is the longest dimension of the particle; E is
R.M.S. of electric field intensity which is generated by
alternating current. In Eq.(2), K(w) is the Clausius-
Mossotti equation which is composed of the conductivity
and permittivity of a particle and a medium; ¢, is the
dielectric constant of the particle electric field; &, is the
dielectric constant of the medium. This force is affected
by the applied frequency due to the complex permittivity
expression ¢ =e—iolw; o is the conductivity; and w is the
frequency of the AC electric field which decides the
dielectric force as a positive or a negative force.

The DEP force is generated by the dipole moment
or the polarizability caused in the ununiform electric
field. CNTs are aligned and attracted by the dipole
moment or the polarizability in proportion to the degree
of ununiformity of electric field. As shown in Eq.(1), a
long particle is faster than a short one because a longer
particle is affected by higher DEP force than a smaller
one. If CNTs are much longer than the impurities, CNTs
might be attracted and aligned faster. Fig.1 shows the
schematic diagram of CNTs’ alignment and attraction
phenomenon by the DEP force.

2.2 Fabrication of electrodes pair

For aligning and attaching CNTs between two
electrodes, three different shaped electrodes were made
by micro fabrication process, as shown in Fig.2. Through
the photolithography process, metal deposition by
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Fig.1 CNT alignment and attraction phenomenon between two
electrodes by DEP force
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Fig.2 Micro fabrication process for making three different
shaped electrodes

evaporator, and lift-off processes, aluminum (30 nm
thickness) electrodes were patterned on the SiO, (200
nm) layer.

Fig.3 shows the optical microscope images of
conical, round and rectangular shaped electrodes with 4
um gap distance made by the micro-electro-mechanical
system (MEMS) process.
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Fig.3 Fabricated conical (a), round (b), and rectangular (c)
shaped electrodes by MEMS process

2.3 Simulation of electric field

The multiphysics modeling and simulation program,
FEMLAB®, was used to analyze the distribution of
electric field. The Maxwell equation was applied as a
govern equation for the electric field in Eq.(3):

o’ o°
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where ¢ is the electrical potential; and E is the electric
field vector.
Fig4 shows the boundary conditions for the



Soon-Geun KWON, et al/Trans. Nonferrous Met. Soc. China 21(2011) s117—s120 s119

simulation of the distribution of the electric field. The
Dirichlet boundary conditions were applied to (@,
©@,3,0,®8,© and the Neumann boundary conditions
were applied to @,®,®),10,(dD,d where were insulation
parts.

D)

®
Fig.4 Boundary conditions for simulation of distribution of
electric field (D, @), @: Ground voltage (V=0); @, @), ©:
Given voltage (V=10 V); @, ®, ©, @, @, @: Insulation

condition)

The gap distance between two electrodes was set by
4 um, 10 V was applied at different electrodes such as
conical, round and rectangular shaped electrodes.

3 Results and discussion

For analyzing the distribution of the electric field in
different shaped electrodes, the conical, round and
rectangular shaped electrodes were designed.

CNTs are expected to be aligned and attracted to the
area of the highest DEP force. In order to be attached
between the electrodes, these aligned and attracted CNTs
should be stayed at the desired place called the stable
region or the quasi-stable region where the change of the
electric field is minimized.

Even though CNTs are aligned and attracted to the
area by the high DEP force, there is no temporal and
spatial room for CNTs to stay and attach at the place
where the DEP force is changed rapidly. As shown in
Eq.(1), the DEP force is proportional to the square of the
gradient of the electric field. If the gradient of electric
field is nearly zero, the DEP force will be minimized.
Thus, the stable or quasi-stable area will be formed.

Fig.5 shows the simulation results of the
distribution of electric field in the conical shaped
electrodes. In Fig.5(a), the high intensity of the electric
field is generated at the end of electrodes. As shown in
Fig.5(c), however, the area called the quasi-stable region
where the gradient of the electric field is zero is very
narrow. From this result, it can be expected that few of
CNTs can be stayed at the apex of electrodes and
attached.
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Fig.5 2D- (a), 3D- (b) and lateral-distribution (c) of electric
field in conical shaped electrodes

On the other hand, the round shaped electrodes have
a wider quasi-stable region in comparison with the
conical shaped electrodes. In Fig.6, a wider quasi-stable
region at the middle of two electrodes can be seen. The
round shaped electrodes are expected for more CNTs to
be attached than the conical shaped electrodes.

The rectangular shaped electrodes show different
distributions of the electric field. As shown in Fig.7, the
rectangular electrodes have stable and quasi-stable
regions. A quasi-stable region is located at the edge of
the electrodes and stable region is located in the middle
of the electrodes. Since the quasi-stable region in the
rectangular electrodes is very narrow, however, lots of
CNTs are expected to be gathered at the middle of
electrode where is wide stable region.

From the simulated distribution of electric field
according to the three different shaped electrodes, CNTs
are expected to be stayed and attached between the round
or rectangular shaped electrodes. To align and attach a
single CNT on the electrodes, the round shaped
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Fig.6 2D- (a), 3D- (b) and lateral-distribution (c) of electric
field in round shaped electrodes

electrodes are expected to be more effective than conical
or rectangular shaped electrodes. By selecting the shape
of electrodes, the number of CNTs attached at the desired
place can be controlled.

4 Conclusions

1) The distribution of electric field in different
shaped electrodes (the conical, the round and the
rectangular shaped electrodes) was investigated.

2) The round shaped electrode is much more
effective for aligning and attaching a single CNT than
the conical or rectangular shaped electrodes because the
round shaped electrode has the proper sized quasi-stable
region where the change of the electric field is
minimized. On the other hand, the conical shaped
electrodes have a very narrow quasi-stable region and the
rectangular shaped electrodes have a wide stable region.

3) In the future work, we will try to align and attach
CNTs on different shaped electrodes, and find optimal
conditions for attaching a single CNT between two
electrodes.

Fig.7 2D- (a), 3D- (b) and lateral-distribution (c) of electric
field in rectangular shaped electrodes
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