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REVIEWS

PROPERTIES OF CARBON NANOTUBES AND THEIR
USE IN POTENTIAL APPLICATIONS

Many laboratories in the world are doing research in the field of nanotechnology. Among lot of nanomaterials carbon nanotubes became
very popular because of their unique properties which could be used in many applications. But first, lot of problems with their preparation need

to be solved.

1. Structure

Carbon nanotubes (CNTs) are very promising material because
of their extraordinary properties - electronic, mechanical and
optical. These properties are given by the structure of the CNTs.
We can imagine a nanotube as a graphite plane rolled up to
a cylinder. It can be opened or closed at one or both ends of the
cylinder. Each nanotube is characterized by the chiral vector C,
and the chiral angle 6 (Fig. 1). The chiral vector: C, = na, + ma,,
where a,, a, are the lattice vectors and n, m are integers, is given
on the circumference of the nanotube. [1]

There are three types of structures: armchair (60 = 45°, n = m),
yZig-zag“ (6 = 0°, m = 0) and chiral (6 = 0 - 30°, n # m). CNTs
are divided into two main groups: Single Wall Carbon Nanotubes
(SWCNTs) and Multi Wall Carbon Nanotubes (MWCNTs).

Properties of CNTs and their use in potential applications  Table 1
properties electrical physical mechanical
- field emission |- thermally - mechanical
- conductivity stable strength
- large surface |- elasticity
area
- cavities
applications |- electronic - gas sensors - STM/AFM
nanodevices |- hydrogen tips
- emitors for storage - instruments
displays - electrodes for for nanomani-
- AFM tips bateries and pulation
- sensors fuel cells - composit
- composit materials
materials

Fig. 1 CNT structure [1]

2. Properties

The most interesting properties of carbon nanotubes and their
potential use in some applications are given in Table 1.
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The most important property for the use in the electronic
applications is the conductivity of carbon nanotubes. Depending
on the structure, they can be either metallic or semiconducting.
Because of their small diameter, they represent nearly ideal one-
dimensional system. So the nanotubes do not allow the scattering
of charge carriers by defects or phonons and they exhibit lower
resistivity than conventional systems. Electrical transport in CNTs
is supposed to be ballistic, so the energy dissipation in the CNT is
minimal and the dissipated power density is lower [2]. CNTs can
withstand current densities up to 107 A/cm?® [3]. One of the poten-
tial applications is CNTFET, which is an analogue of the silicon
MOSFET, where the silicon channel is replaced by a SWCNT.
Gold electrodes (source and drain) were fabricated on the SiO,
covered silicon wafer [2]. SWCNT (channel) was then manipu-
lated to bridge the electrodes. The heavily doped wafer with the
silicon dioxide served as the gate electrode and gate dielectric.
This nanoelectronic device had a lot of disadvantages such as high
contact resistance and low on-current. And all transistors, created
using one SWCNT, had to be on or off at the same time. These
problems were solved by the preparation of top-gated CNTFET
and the fabrication of a better metal-CNT contact.
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Very promising property of carbon nanotubes is their field
emission. If voltage is applied to carbon nanotubes in the electric
field formed, they emit electrons. This makes nanotubes a very
promising material for cold electron emitters. Electron emitters for
SEM, TEM, flat displays and cathode ray lamps have to meet some
strict criteria (stable emission current, small energy spread). Com-
pared to conventional electron emitters, carbon nanotubes have
the best parameters [4]. The next advantage of CNTs field emit-
ters is low voltage needed for field emission. For emission cur-
rents of 1077 A applied voltage of 10> V is needed [3].

The most interesting mechanical parameter is Young’s modulus,
which is a measure of material’s elastic strength. The modulus is
determined by the C-C bonds within the walls. Its value for CNTs
is about 1 TPa [3]. Another amazing property is elastic deforma-
tion - the deformation disappears when the load, causing this
deformation, is removed. This is caused by the ability of carbon
atoms in the walls to change their hybridization. An AFM tip with
CNT can be fabricated by manually attaching a nanotube to the
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Si tip or by direct growth of a CNT onto the Si tip. Extremely
stable MWCNT tips with small diameters (< 30 nm) were fabri-
cated. The mass production technology of wafer-scale CNT AFM
tips was developed [5].

3. Applications

These are just few applications which use the properties of
carbon nanotubes. There are many other possible applications
such as nanocomposites [6][7], CNTs films for sensor structures
[8]19], hydrogen storage medium [10] etc. Most of these applica-
tions are under development. The most important step is the effi-
cient preparation of CNTs with the possibility to control their
properties with aspect to the desired application.

4. CNTs at FEI STU

At the Department of Microelectronics FEI STU in Bratislava
there is a group of researchers trying to prepare arrays of oriented
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Fig. 2 Carbon nanotubes grown on non-conducting substrates magnified
a) 146 530 x and b) 5 970 x
LEO 1550
Fig. 3 Carbon nanotubes grown on conducting substrates
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carbon nanotubes on various substrates with good emission char- | troscopy and Scanning Electron Microscopy in cooperation with
acteristics. Arrays of non-oriented carbon nanotubes on non-con- | the International Laser Centre. This work is supported by Grants
ducting and conducting substrates were prepared (Figs. 2 and 3). | of the Ministry of Education of the Slovak Republic VEGA
On the conducting samples measurements of electron emission | 1/3034/06, VEGA 1/2040/05 and VTP 1002/2003.

were carried out. All the samples were studied using Raman Spec-
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