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ABSTRACT

The conventional antenna systems require the mechanical movement of beam
scanning antenna to meet the demands of emerging field of communications. To
overcome the flaw of the mechanical movement an electronically tunable reflectarray
antenna based on non-homogeneous properties of substrate materials has been
introduced. This research study provides a thorough investigation on the tunability
performance of reflectarrays designed in X-band frequency range. The objective of
this work is to demonstrate the functionality of an active reflectarray antenna with
optimized loss performance and enhanced dynamic phase range. Different types of
reflectarray resonant elements such as rectangular, dipole and ring are discussed here
with different design configurations based on their ability of frequency tunability and
dynamic phase range. Commercially available computer models of CST Microwave
Studio and Ansoft HFSS have been used to investigate the phase agility
characteristics of reflectarray resonant elements printed above various non-
homogeneous materials (0.17< Ag <0.45). The analytical approach has been used to
develop equations for progressive phase distribution and frequency tunability of
individual reflectarray element which is validated by CST simulations. The results
obtained from theoretical investigations have been further validated by experimental
implementations. An optimized configuration of non-homogeneous Liquid Crystal
(LC) material with 0.5 mm thickness below the resonant element has been designed
and tested by waveguide scattering parameter measurements. An external bias
voltage of OV to 20V has been applied across the LC substrate of individual resonant
elements in order to obtain the electronic tunability. The three resonant elements
namely rectangular, dipole and ring offer a measured dynamic phase range of 95°,
153° and 197° respectively at 10 GHz using the proposed design configuration.
Moreover, the ring element attains a 107% higher dynamic tunability with a 56%

reduction in the reflective area as compared to rectangular element.
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CHAPTER 1

INTRODUCTION

Throughout the time, one thing that has distinguished humans from other creatures is
their ability to exchange ideas and other information. That is, humans can
communicate and share the information between each other. In ancient times, fire
was first used as a communication tool by Chinese. Ancient Egyptians and Romans
were able to use some sound making instruments to convey their messages at a
distance. It is this capability that has played a big part in the development of human
civilization. In fact, as our civilization continues to grow, the advancement in our
communication capacity is required. The one of the first application of the new field
of electricity was to extend our communication range. This was accomplished
through the use of wires and telegraphy. Messages were sent by turning electrical
currents on and off in accordance with a telegraph code. This system gradually
evolved into the telephone system where the electrical currents are varied at audio
rate. Thus the spoken word can be conveyed between two distant points. However,
the telephone system still required wires, which limited its capabilities. Thus, the
next development was to move towards “wireless” communications in the form of
radio waves. This greatly extended the communication range, which was useful to
communicate with ships at sea and remote areas of the world. Wireless or radio
communications represented a significant advancement. The signals were brought to
send into the free space without using any wired media with the help of a device
called “Antenna”.

Antenna is a device which converts electrical signals into the radio waves and
make them capable to propagate into the free space (Balanis 2005). The idea of an
antenna was first introduced by Heinrich Hertz in 1886, during his work to prove the
existence of electromagnetic field which was first predicted by James Clerk Maxwell

in 1873 (Pozar 2005). But it was Guglielmo Marconi who was able to send
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