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Abstract

Recent advances in the electrical conductivity levels of Conducting
Polymers (CP) and impressive improvements in their stability are making
these materials very attractive potential alternatives to copper in planar
antennas. This is particularly so in applications where light weight,
inexpensive and/or wearable/conformal antennas are a consideration. There
have been isolated efforts in the past towards using CP as material for
antenna and transmission line design. This thesis endeavours to provide a
systematic study of key factors that are important for the understanding of
these materials, their design and simulation as basis material for building
microwave antennas.

The thesis could be considered as made up of two parts. The first part
(Chapter 2 and Appendix A) presents a mathematical model of electrical
conduction and permittivity in CPs as a function of dopant concentration and
frequency. The electrical conduction and permittivity are very dispersive for
these materials primarily due to different relaxation times exhibited by the
conduction electrons. This part also develops closed-form expressions
formulas for rapid estimation of the effective permittivity of microstrip lines on
multi-layer substrates. A 2D finite element eigen-mode analysis leading to the
effective permittivity for two and three layer microstrip line structures is used
as a reference solution and successfully validates the closed-form
expressions.

The second part (Chapter 3 and 4) presents the design, simulation and
fabrication of microwave antennas using thin CP films. Results on CP based
microstrip patch antennas operating at 2 GHz, 4.5 GHz and 6 GHz are
presented. This part also presents a systematic study on the impact of CP film
thickness, conductivity and fabrication method on antenna performance. An
indirect method for determination of the permittivity of non-standard RF
substrates and detection of dispersion in the electrical conductivity of CP film
has been demonstrated. This part validates the possibility of using CPs as
microwave antennas and gives credence to many possibilities in the field of
conformal antennas, wearable antennas, sports and medical applications.

The thesis is concluded in chapter 5 by summarising the results and
presenting some exciting possibilities that these exotic materials open for
future applications in the field of antenna applications.
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Scope of Thes-

he scope of this thesis is bounded in terms of materials defined as
conducting plastics, mechanism of conductivity in such materials and
the models ascribed to simulate the conduction mechanism in these
materials. This work will not be dwelling in depth into molecular structure of
CPs at the quantum level. However, different models for describing
conductivity and permittivity variation are discussed in brief in chapter 2.

Following salient points defining the scope of this thesis are as follows:

X2 A number of materials which are conductive do not necessarily
fall in the category of CPs and these are excluded from the scope of

this work. Some of such excluded materials are :

» Metallo-phthalocyanines (such as copper or cobalt-
phthalocyanines etc)

» Tetrathiafulvalene/ Tetracyanoquinodimethanide (TTF/TCNQ);
such charge-transfer materials that are based on donor-acceptor

complexes.

» Polysilanes. These materials are quite similar to CPs in
properties such as conductivity and non-linear optical properties.
They differ essentially in their conjugation structure. They are o

based rather than 1T based in the case of CPs.

» lon Conductive Polymers; such as Polyethylene oxide
impregnated with LiCIO, cations. These materials find
application as solid electrolyte in dry cells and the mechanism of

conduction is through ion exchange process.

> Organic polymers such as(SN),, Polythiazyl. They are very

conductive at room temperature (RT) and become super

[xxix]



conductive at temperatures below 0.26°K. The conductivity in
these materials is highly directional and is mostly along the

polymer chain.

» Polymer materials with conductive fillers such as graphite or
metallic powder for introducing conductivity in otherwise non-

conductive polymer.

<> No effort is made in this work to present models for depicting
other (physical or chemical) properties of CPs (such as environmental
stability, temperature, aging, thermal conduction etc.) and describing a
detailed account of the quantum mechanism for observed conductivity
in CPs. Further, the research in this work is also constrained to
Polypyrrole and PEDOT CPs due to ease of availability and inherent

stability of these materials over other CPs such as PA, PT etc.
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