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Abstract: A novel burning technique for making a semiconducting single-walled carbon nanotubes (SWNTs) transistor assembled by 
the dielectrophoretic force was suggested. The fabrication process consisted of two steps. First, to align and attach a bundle of 
SWNTs between the source and drain, the alternating (AC) voltage was applied to the electrodes. When a bundle of SWNTs was 
connected between two electrodes, some of metallic nanotubes and semi-conducing nanotubes existed together. The second step is to 
burn the metallic SWNTS by applying the voltage between two electrodes. With increasing the voltage, more current flowed through 
the metallic SWNTs, thus, the metallic SWNTs burnt earlier than the semiconducting one. This technique enables to obtain only 
semi-conducting SWNTs connection in the transistor. Through the I—V characteristic graph, the moment of metallic SWNTs burning 
and the characteristic of semi-conducing nanotubes were verified. 
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1 Introduction 
 

Carbon nanotube which has a rolled structure of a 
graphite sheet is made by chemical vapor deposition 
(CVD) or arc discharge method[1]. Single-walled carbon 
nanotubes (SWNTs) made by these methods have ~1.4 
nm in diameter and, in the case of multi-walled carbon 
nanotubes (MWNTs), the diameter reaches 15−20 nm. 
Furthermore, carbon nanotubes (CNTs) have metallic or 
semi-conducting characteristics according to the 
structure of the chiral vectors[2]. Since 1991[3], CNTs 
have been used in many nanoscale applications due to 
their unique mechanical, electrical and chemical 
properties. Due to these specific characteristics, CNTs 
have been considered a prime candidate in numerous 
micro and/or nanoscale sensors and devices such as field 
emitted displays, fuel cells, electronic circuits and 
mechanical sensors[4−8]. 

Especially, since the most application needs to make 
a small size device, many researchers have studied how 
to move, align, and deposit carbon nanotubes on the 

special place. The most studies for the movement, 
alignment and deposition of carbon nanotubes have been 
done by chemical vapor deposition[1, 9]. Since this 
method has an advantage to grow carbon nanotubes 
simultaneously, it is so effective in mass producible 
assembly. However, this method needs very expensive 
facilities and it is so difficult to control CNTs’ length and 
to find the growth conditions. Since this process requires 
high temperature over 800 °C, furthermore, there is a 
compatibility problem in the fabrication process. Another 
method is to deposit carbon nanotubes manually. 
However, it is not easy to grip a carbon nanotube by the 
manipulator since carbon nanotubes are so tiny. 

In this work, we tried to align and attach the CNTs 
at the room temperature by the dielectrophoretic force. 
By this method, we made semiconducting SWNTs 
transistor. When a bundle of SWNTs is connected 
between two electrodes, some of metallic SWNTs and 
semi-conducting SWNTs exist together. To retain only 
SWNTs, we proposed a new technique, the burning 
method. Through the analysis of the characteristics, we 
verified that only the semiconducting SWNTs were  
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retained between two electrodes. 
 
2 Fabrication process and background theory 
 
2.1 Fabrication process 

To align and attach a bundle of SWNTs, we 
fabricated a patterned device which was made by Ti and 
Au. Figure.1 shows the patterned electrodes which will 
work as a source and drain. 
 

 
Fig.1 Optical microscope image of patterned device for 
semiconducting SWNTs transistor 
 

The applied alternating (AC) voltage was 0.6 V/μm 
to 0.7 V/μm at 5 MHz, and the volume of the drops of 
the SWNTs solution was 0.5 μL to 1 μL. After dropping 
a droplet of SWNTs solution on the electric field applied 
electrodes, we could detect the deposition of CNTs 
between two electrodes by the oscilloscope.  

To prepare the metal electrodes, we deposited 
Ti(200 Å)/Au(300 Å) on the patterned SiO2 (150 nm) by 
the photolithography process. To align and attach 
SWNTs, we applied AC voltage to the electrodes pair 
which can be used as source and drain. Palladium (Pd) as 
a secondary layer was deposited on the contact point of 
the nanotubes layer with 800 Å-thickness for making a 
ohmic contact. The width of main electrode was 10 μm 
and the gap between two electrode was 4−5 μm. We used 
SWNTs generally with 7−8 μm length and 2 nm 
diameter. To untangle and disperse the SWNTs, SWNTs 
solution was diluted and sonicated for several hours 
 
2.2 Background theory for assembly 

In this work, a driving force was used in the 
dielectrophoresis to assemble SWMTs, inducing that 
dipole moment, or polarization so particle can move, 
translate, and rotate along the gradient of electric field. 
When AC electric filed is applied to the electrodes, the 
polarization is induced on CNTs and a single CNT goes 
through a dipole moment due to non-uniform electric 
field. The dielectrophoretic force which arises due to the 
non-uniform electric fields can be expressed by the 
following equation[10]. 
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where  a is the longest dimension of the particle; εm is 
the dielectric constant of medium; εp is the dielectric 
constant of the particle; and E is electric field. This force 
is affected by the applied frequency due to the complex 
permittivity expression, ωσεε /* i−= , in which σ is 
conductivity and ω is the frequency of the AC electric 
field. 
 
3 Simulation 
 

In this work, the electrical characteristics between 
two electrodes were analyzed. To simulate a pre- 
experiment, we used a commercial program, FEMLAB®. 
Fig.2(a) shows a distribution of the electric field intensity 
when the current is applied between two sharp electrodes 
with 4 μm-gap distance. A simulation result of the round 
electrode is shown in Fig.2(b). As shown in Fig.2(a), in 
the case of the sharp electrodes, the electric intensity was 
concentrated on the center of the electrodes. The 
concentration of the electric intensity causes the 
attraction of CNTs to the center of the electrodes. 
However, it is not easy for CNTs to stay and attach at the 
center of the electrode since the electric field changes 
rapidly at the center of the electrode. In other words, the 
quasi-stable region is very narrow for CNTs to stay and 
attach on the desired place. In the case of a round 
electrode, the variation of the electric field is slow. So, it  
 

 
Fig.2 Distribution of electric field on sharp electrodes(a) and 
round electrodes(b) 
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has a higher possibility for CNTs to stay on the center of 
the electrode. 
 
4 Results and discussion 
 

Fig.3(a) shows SEM image of a multi-electrode 
pattern used in this work. It is composed of 8 electrodes 
set by the sharp electrodes and the round ones by turns. 
The SWNTs powder used in this work is shown in 
Fig.3(a) as an inset. Fig.3(b) shows the result of a bundle 
SWNT deposition through the repeated experiments. 
From the scanning electron microscopy (SEM) images 
after each experiment, it was seen that a single bundle of 
SWNTs attached device was obtained by applying the 
frequency of 5 MHz and the intensity of 0.66 V/μm. The 
deposition yield of a single bundle of SWNTs was up to 
70%. 
 

 

Fig.3 SEM images of 8 gaps array composed of round and 
sharp electrodes (SWNTs powder in a inset)(a) and a single 
bundle of SWNTs deposited electrodes(b) 
 

When a bundle of SWNTs is attached between two 
electrodes, metallic nanotubes and the semi-conducting 
nanotubes exist together. To retain only semiconducting 
nanotubes, a novel technique called burning method is 
proposed. Since the metallic carbon nanotubes have the 
capability of higher current flow, most of the current 
goes through the metallic nanotubes when we apply 
direct current (DC) voltage to the main electrodes. With 
increasing the voltage step by step, the undesired 

metallic nanotubes burned one by one. 
Finally, we obtained only semiconducting SWNTs 

deposited transistor. Fig.4(a) shows the I—V graph 
before burning the metallic carbon nanotubes, and 
Fig.4(b) shows the characteristics during the burning 
process. When the metallic SWNTs burn, as shown in 
Fig.4(b), the current drops suddenly. After burning the 
metallic SWNTs, we obtained only SWNTs deposited 
device which has the characteristic of the semi- 
conducting SWNTs, as shown in Fig.4(c). 
 

 
Fig.4 I—V characteristic graphs before burning process(a), 
during burning process(b) and after burning process(c) 
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5 Conclusions 
 

1) A novel burning technique for making a 
semiconducting SWNTs transistor assembled by the 
dielectrophoretic force is suggested. Through the 
experiments, we deposited a single bundle of SWNTs 
between two electrodes by applying the frequency of   
5 MHz and the intensity of 0.66 V/μm. Under this 
condition, the deposition yield of a single bundle of 
SWNTs is up to 70%. When a bundle of SWNTs is 
attached between two electrodes, metallic nanotubes and 
the semi-conducting nanotubes exist together.  

2) To retain only semiconducting nanotubes, a  
novel technique called burning method is proposed. 
Through burning the metallic carbon nanotubes, we 
obtained only semiconducting attached SWNTs 
transistor.  
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