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The study of permittivity measurement of
buckypaper under the condition

of X-band microwave
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Abstract

The dielectric storage and loss properties of carbon nanotubes
(CNTs) is an important property of a material to decisively determine
their pragmatic applications in electro optics and as these two parameters,
among others provide insight to CNTs and their suitability for electronic
applications. Especially under the microwave circumstance, it is not easy
to be measured by the conventional method. Therefore, a measurement
technique which can measure dielectric parameters with high precision
and accepts thin specimens is highly desirable. In the experiment, we use
the method of rectangular cavity perturbation to measure the permittivity
of the multi walled CNT buckypaper which made in our laboratory.

In this study, the electromagnetic field simulation distribution of
cavity was done by the simulation software of HFSS, in order to find the
position needs to be placed inside the cavity and about the size of the
sample with the use of standard Teflon. After the simulation and
measurement, we found the best sample size of 2x2mm? in this system.

In this experiment, the observed value of the real part of dielectric
permittivity (¢’), for the pure buckypaper is about 3.7 and the imaginary
part (&) is about 0.013. Besides, the imaginary part becomes larger as the
frequency increase. Then we observe the variation in the dielectric
property by the process of annealing, doping, sputter and by plasma
treatment. Doping Al,O3; powder can increase the real part of dielectric
and decrease the imaginary part and it is also found decrease in the
dielectric loss after the treatment of thermal annealing. The effect of
sputtering the material on both sides of BP gives better results than
sputtering only in one face. Moreover, we can increase or decrease the
real part of permittivity by treating in the different gas atmosphere for
plasma process, and found reduction in the dielectric losses after plasma
process than before.

Keywords: Buckypaper ~ Cavity perturbation ~ Dielectric Permittivity
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