




















ELECTRICAL PROPERTIES OF CARBON NANOTUBES

The electrical properties of semiconductor nanotubes have been studied and
show the following results: As the diameter of the tube increases, the bandgap
between the valence and conduction band decreases (Poole). This was shown to
be a linear dependence relationship. In addition, the electronic structure of
nanotubes has been investigated. If one plots the differential conductance (G =
I/V) of the tube versus the applied voltage, it is easy to see how close the
electron energy levels are to each other. In other words, it is a measurement of
the density of states of the electrons.

From these plots, the energy gap can be derived. Looking at the 2" plot,
there is very little current flow for voltages ranging 0 — 7 volts. The bandgap
energy of CN is .7eV.

Another interesting characteristic is that these tubes can also be treated as
wires in the right scenario. Because of their scale, quantum mechanical effects
must be used to describe the electrons. In the quantum mechanical world,
particles are treated as both particles and waves. This concept developed
because of the discovery of de Broglie’s wavelength. This says that:

_ﬂ h

e

where p is the momentum of the particle,
h is Planck’s constant

c is the speed of light

v is the frequency

and A is the wavelength.

This equation relates the momentum of a particle with a wavelength, which is
associated with a wave. In carbon nanotubes, the only electrons that may pass
through must have a de Broglie wavelength that is a multiple of the
circumference of the tube. This causes the tube to act like a one-dimensional
quantum wire that can be modeled by a potential well having energy of the
length of the nanotube (Poole).

APPLICATIONS OF CARBON NANOTUBES

Carbon nanotubes display field emission. In other words, when an electric
field is applied along the axis of the nanotubes, electrons are emitted from the
ends of the tube. There are several ways that this can be used. One application
currently being developed is using these nanotubes to create flat panel displays.
Instead of using an electron gun to excite the phosphors on the TV screen,
electron emission from the nanotubes can be used to create the image. Another
good property of carbon nanotubes is that they are poor transmitters of
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electromagnetic energy. This is especially important in military applications
where there are concerns about electromagnetic pulses damaging equipment.

Field-effect transistors (FET) are yet another possible future application for
carbon nanotubes. Experimental carbon nanotube FETs have been shown to
exhibit similar conductive properties to silicon FETs. However, nanotubes have
the advantage of having a much faster switching rate than silicon counterparts.
If these FET’s were to be implemented in a computer, it could theoretically have

a clock speed of about 10" times the speed of current microprocessors. In
addition, the use of nanotubes would shrink the size of processors significantly.

Using carbon fiber for reinforcement of materials is fairly common today.
This same concept can be applied to carbon nanotubes. For example, research at
General Motors has shown that adding nested carbon nanotubes to
polypropylene doubles its tensile strength. Also, a study at the University of
Tokyo has shown that incorporating 5% carbon nanotubes by volume increases
the tensile strength of aluminum by a factor of 2 (Poole).

Lastly, carbon nanotubes have been proposed as components for DNA and
protein biosensors, ion channel blockers, and bioseparators and catalysts.
Carbon nanotubes are also becoming relevant in neuroscience research and
tissue engineering (Bianco 571).

FUTURE OF NANOTECHNOLOGY

As we move into the future, nanotechnology is becoming increasingly
important not only in engineering, but in biology and chemistry as well.
Advances in the field of semiconductor nanotechnology have and will continue
to have a tremendous impact on electronic and optic-electronic devices.
Traditional devices have been improved in terms of speed, size, as well as cost.
Emerging technologies such as quantum dots and carbon nanotubes hold the
potential to revolutionize several areas in optics, electronics, imaging, security,
and materials.
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