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The technological advances in integrated circuit and nano manufacturing are leading to the
inception of a new range of electronic devices that operate in the GHz frequency range. It is
the aim of this paper to study the electromagnetic properties that a carbon nanotubes bucky
paper sheet may present in the GHz range, and how this could be used in the construction of
miniaturized antenna systems.

The miniaturization of antenna devices in general, and of resonant antennas in particular,
becomes harder as the targeted size becomes much smaller than the wavelength, as they
usually require a dimension on the order of the wavelength. Several techniques exist that
allow miniaturising antenna systems, but they also present some side effect on the
performance of the antenna. One of this technique relies on the use of dielectrics with high
permitivitties in order to reduce the effective wavelength and so the dimensions of the
antenna, but these materials may present some limitation when the size of the device becomes
too small (like for example a extreme reduction of its bandwidth), therefore it becomes
necessary the study of new materials that could present some advantage in terms of resonant
size that would fit the requirements of constructing miniaturised antennas.

Possible structures that could be used in the development of such systems are nanotubes.
Carbon nanotubes could be defined as a cylinder made from a graphene sheet, presenting
metallic or semiconductor behaviour, [1], depending on the direction of folding the graphene
sheet, and may present a slow wave velocity, allowing significant reduction of the wavelength
and hence resonant antenna dimensions, [2]. The theoretical behaviour has been studied in
several papers, [2], [3], as well as some studies towards its applications, [4]. But in these
studies the nanotubes where considered isolated.

In this work the approach will not consider an isolated carbon nanotube, but we will
characterize the macroscopic properties of a material formed by single-walled carbon
nanotubes, what it is known as ‘bucky paper’. There has been some similar study on the
behaviour of carbon nanotube composite, [5], but they did not focus on its usage as a
conductive sheet. The study will be done by measuring the S-Parameters of a transmission
line in a broad range of frequencies up to 50GHz using the setup of Figure 1. Once the
measurements are done, it is possible to extract some electrical parameters of the bucky paper
strip that may be of interest, as it may be the case of the conductivity that presents the strip.

Figure 2 shows the preliminary results for the conductivity measured from the attenuation of
the S-parameters of the microstrip line made with bucky paper. It can be observed that the
conductivity of a sheet of bucky paper may be in the order of 10* and 10° S/m, although
further measurements will be made in order to assess the dependence of the strip conductivity
with respect to the excitation power or the existence of a polarization voltage
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Figures:

Figure 1. Measurement setup, to the left a metallic (copper) microstrip line that is taken as a reference in
the measurements, to the right two different microstrip lines: the first one present a shortcircuit in the
middle, in order to get a reflection coefficient with different lengths, and most to the right a pass-through
line, for measuring in a transmission fashion.
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Figure 2. Preliminary results on the conductivity of a CNT bucky paper strip measured in a microstrip
transmission line. It can be observed how the value of the conductivity is in the order of 10* S/m
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