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Aligned array of single-walled carbon nanotubes on a substrate is synthesized by chemical vapour deposition of 
methane. The combined synthesis and FIB technique presented here demonstrated the nanotube devices with metallic 
electrodes. Sample characterization was carried out with SEM pictures and I-V curves, which show that the nanotube with 
metallic electrodes may be widely used in both basic research and applications.  
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1 Introduction 
Synthetic nanotubes are attracting much interest 

because of their interesting electrical properties and 
possible applications1. While there has been 
considerable progress in understanding the electrical, 
mechanical and electromechanical properties of 
nanotubes, what has been lacking is an efficient 
strategy for fabricating nanotubes device with 
electrical connection. Furthermore, it would be 
desirable to find a simple method to develop a means 
of making robust, low-resistance electrical contact 
between nanotubes and metallic electrodes, which is 
important for both fundamental science and 
applications of nano materials. 

Over the years, several fabrication methods have 
been developed for making electrical contact to 
nanotubes. One approach combines microfabrication 
processing steps and the localized growth of a 
nanotube, involving in three steps of electron beam 
lithography (EBL) and the catalyst pattern with 
lithograph2. A second approach involves the 
dispersion of carbon nanotubes (CNT) and 
microfabrication techniques to form the suspended 
single-wall carbon nanotube ropes, which require the 
great skill in dispersing of nanotubes3,4. A third 
approach finishes the assembly of nano-structures 
with atomic force microscope (AFM) based 
nanomanipulation system or other micromanipulation 
system5, which is not suitable for the integration with 
micorfabrication techniques. 

In this paper, combing the chemical vapour 
deposition   (CVD)   method  to  synthesize   ultralong 

 
 

Fig. 1—Schematic of process steps: (a) silicon substrate 
(b) thermal oxidation. (c) catalyst deposition; (d) CVD synthesis; 
(e) FIB deposition and (f) final device with metallic electrodes. 
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SWNTs on SiO2 surfaces with FIB techniques, the 
electrical components based on SWNT with 
controllable positions were obtained. The SWNTs can 
be aligned on the surface with the length of several 
millimeters and the individual SWNT can be selected 
to form the desired device. The resistances of the 
nano devices formed in this way were ranging from 
tens kΩ to tens MΩ. 
 
2 Fabrication Methods 

The fabrication is realized to form a p-type (100) 
silicon substrate with the resistivity of 0.05-0.20 Ω·cm 

and the thickness of 400µm. The schematic 
procedures are shown in Fig. 1. Starting from a silicon 
wafer, a 1 µm SiO2 layer is formed by means of 
thermal oxidization at the temperature of 1100°C, 
which is used as isolation layer. A 0.01M FeCl3 
ethanol solution was used as a catalyst and applied by 
micro-contact printing to one edge of the substrate, 
which was then placed in a horizontal 1.5-inch quartz 
furnace with the catalyst end directed towards the gas 
flow. The catalyst was calcined at 900°C for 30 min 
in a flow of Ar/H2 (500sccm/30sccm) and then 
ethanol was introduced into the furnace by bubbling 

 
 

Fig. 2 (a)—SEM image showing SWNTs grown off catalyst area (b) SEM image of individual SWNT (c) SEM image showing the 
deposition of Pt metal on the individual SWNT (d) SEM image of the SWNT with Pt electrodes 
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200sccm Ar through the ethanol. The growth was 
terminated after 30 min by switching the gas to Ar/H2 
(500sccm/30sccm) and cooling down the furnace. 
Then, the ultralong SWNTs were grown on the 
surface of the silicon substrate with SiO2 layer by 
catalytic chemical vapour decomposition of ethanol. 
Then, a FIB system (DB235 system, FEI Company, 
USA) is used to microscopically observe the grown 
SWNTs and to fabricate electrical contacts in just one 
processing step with high resolution. Organic gas 
source with platinum, deposit the metal to the selected 
surface of this sample by irradiating it with a gallium 
ion beam. The base pressure of the growth chamber 
was 2 ×10-4 Pa. After introducing the Ga source gas of 

6 ×10-3 Pa. The focused Ga ions beam of 30 keV 
impinged onto the surface in a manner of scanning. 
After that, the nanotube with nano-connecting Pt 
electrodes was boned with the outside circuits.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 (a)—I-V curves of a semiconducting SWNT (b) I–V curve 
of an individual SWNT exhibiting two-terminal resistance 
~30MΩ 

 

3 Results and Discussion 
Scanning electron microscope (SEM) micrographs 

of SWNTs growing from catalyst areas are shown in 
Figs 2 (a and b). Several important features are noted 
in the SEM micrographs. First, we observe aligned 
line-like structures coming off the catalyst area. 
Second, the lines appear relatively straight and extend 
up to more than 3 mm. Third, individual carbon 
nanotubes can be identified as a single or a bundle of 
the carbon nanotube. Figs 2 (c and d) is the scanning 
electron microscope (SEM) micrographs of the 
individual SWNT with Pt electrical connection. The 
length of the Pt electrode is 100 µm. 

Further, sample characterization was carried out 
with the electrical properties. The samples formed by 
individual nanotube between metal electrodes are 
characterized at room temperature by measuring 
electrical resistance using a high voltage source-
measurement unit (Keithley 237). The measurement 
repeated several times and shows the coherence. The 
scan voltage is from –1V to +1V with the step of 
0.1V. Resistances ranging from tens kΩ to tens MΩ 
are normally observed.  

Figs 3 (a and b) shows the representative electrical 
properties of individual as-grown SWNTs on the 
SiO2/Si surface, both ~200 µm long. I-V curves for 
these SWNTs were taken at room temperature at 
various voltages. The field-effect transistor like 
current (I) versus voltage (V) characteristics in 
Fig. 3(a) corresponds to a semiconducting SWNT. We 
have  also  observed  the   resistance  like  current   (I) 

versus voltage  (V)  characteristics of the sample  with 
individual SWNT, which corresponds to metallic 
SWNTs. The resistance of these tubes can be tens of 
mega-ohms with linear current versus voltage I-V 
curves [Fig. 3 (b)]. These results are comparable to 
those fabrication approaches reported. However, the 
precise nature of the nanotube-Pt contacts remains to 
be determined in the future. 
 

4 Conclusions 
In summary, the synthesis and fabrication process 

reported here allows large numbers of SWCNT-based 
devices was successfully demonstrated by simple 
procedures. Important problems that remain to be 
addressed include understanding the precise nature of 
the interfaces between nanotube-catalyst or nanotube, 
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the interfaces between nanotube and metal electrode, 
a means of controlling the chirality of the nanotube, 
the method to select and process the grown SWCNT 
with the desired characteristics. Further, improvement 
on the growth of SWNT and fabrication will facilitate 
the elucidation of nanotube electrical, mechanical, 
and electromechanical properties and exploitation of 
useful electrical and nanoelectromechanical systems 
devices based on nanotube. 
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