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ABSTRACT

Spiral antennas gained a lot of popularity due to their circularly polarized
radiation with a relatively constant input impedance and radiation pattern over wide
frequency range.The conventional spiral antenna is fed from the center with the need
for a balun and an impedance matching network. However, this way of feeding
increases the size of the antenna and put more constraints and difficulties in the
designing process. In this project a coplanar waveguide fed two-arm Archimedean
spiral slot antenna loaded with a chip resistor with improved circular polarization
bandwidth and reduced size is presented and investigated.The antenna is studied
through simulation and fabricating a prototype to verify the simulated results.The
geometry of the antenna is similar to the conventional Archimedean spiral antenna.
However, the antenna is situated in one plane and fed without the need for an external
balun or an impedance matching network which allows compact and completely
planar structure. Moreover, the proposed antenna, possesses the advantage of wide
band impedance bandwidth and circularly polarized radiation pattern, less than 3dB
axial ratio, with good radiation efficiency, larger than 60%, over 1.6:1 bandwidth.
Furthermore, two techniques to improve the axial ratio bandwidth, have been studied
and investigated. Finally, the characteristic impedance of the antenna and the lower

operating frequency can be designed to match the requirements for many systems.
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ABSTRAK

Antena Spiral memperoleh banyak populariti kerana mereka sirkuler
terpolarisasi radiasi dengan impedansi masukkan yang relatif konstan dan pola radiasi
lebih luas rentang frekuensi. Antena uli konvensional diberi dilengkapi dari pusat
dengan keperluan untuk balun dan rangkaian pencocokan impedansi. Namun, cara
makan memperbesar saiz antena dan menempatkan lebih banyak kendala dan kesulitan
dalam merancang proses. A coplanar waveguide dilengkapi dengan dua lengan slot
antena uli Archimdean dilengkapi dengan sebuah perintang cip dengan bandwidth
yang lebih baik ditunjukkan dan diteliti dalam tesis ini. Geometri antena adalah serupa
dengan antena uli konvensional Archimedean. Namun, antena terletak di salah satu
satah dan dilengkapi dengan tanpa perlu untuk balun luaran atau rangkaian yang sesuai
yang membolehkan reka bentuk yang padat dan planar lengkap. Selain itu, antena,
mempunyai kelebihan dari lebar jalur galangan band ultra lebar dan polarasi membulat
pola radiasi dengan kecekapan radiasi yang baik atas 1.6:1 lebar jalur. Selanjutnya,
dua teknik untuk meminimumkan nisbah paksi antena, telah dipelajari dan diselidiki.
Akhirnya, ciri-ciri galangan antena dan frekuensi operasi yang lebih rendah boleh

direka agar sesuai dengan keperluan untuk banyak sistem.
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CHAPTER 1

INTRODUCTION

1.1 Project Background

With the rapid progress in wireless technology the demand for compact,
planar and wideband antennas that covers many communication services is becoming
more attractive. Furthermore, many radio services, such as broadband satellite
communication services, mobile systems, ground based and airborne direction finding
systems, advanced electronic surveillance systems, etc. require antennas that are

compact, wideband, and circularly polarized.

Spiral antennas, fall under the category of frequency independent antennas.
This class of antenna is made up of antennas for which pattern, impedance and
polarization remain virtually unchanged over large bandwidth [1,2]. Spiral antennas
gained a lot of popularity due to their circularly polarized radiation with a relatively
constant input impedance and radiation pattern over wide frequency range [3].
Furthermore, spiral antennas have been used in many applications such as on
board satellite services, radars and ultra wideband (UWB) communication. The
Archimedean spiral and equiangular spiral antennas are two classical types of spiral
antennas. However, most of the practical spirals are Archimedean type due to their

better circular polarization (CP) properties [3].

Because of the balanced structure of the two-arm spiral antenna and the
unbalanced structure of the coaxial cable, and the difference between the input
impedance of the spiral antenna and the line impedance of the coaxial cable, a
balanced to unbalanced (balun) circuit and an impedance transformer are added to the

feeding structure of the spiral antenna [4].



Recently, coplanar waveguide (CPW)-fed slot antenna has received
considerable attention owing to its preferable characteristics, easy fabrication
and integration with monolithic microwave integrated circuits (MMIC), a simplified
configuration with a single metallic layer [5] low radiation loss and the less dispersion

in comparison to a microstrip feed.

1.2 Problem Statement

In spite of its promising performance, “’the conventional Archimedean spiral
antenna feeding structure is situated in the center of the spiral and extends into the
third dimension” [6] , this way of feeding bans the spiral antenna from possessing
the advantage of planar structures. In addition of that, the center feeding method is
incompatible with the modern compact communication devices. Also, the existence
of the balun and the impedance transformer in the feeding structure increase the size
and the cost of the antenna. Furthermore, they put more constraints and difficulties in

designing process of the antenna.

A lot of effort was done to make the conventional Archimedean spiral antenna
structure completely planar and to eliminate the need for the balun and the impedance
transformer network.Feeding the spiral antenna from the outer arms was proposed [6]
to get a completely planar structure.This technique gives limited circular polarization
bandwidth, while the balun and the impedance transformer are still needed.However,
this technique helps to develop new forms of Archimedean spiral antennas one of
these forms is the CPW fed Archimedean spiral slot antenna [4,7,8]. The CPW fed
Archimedean spiral slot antenna eliminates the need for the balun and the impedance
transformer while the axial ratio bandwidth still limited or is not investigated by the

authors.



1.3 Objective

The objective of this project are to design, simulate and fabricate a CPW-
fed Archimedean spiral slot antenna without the need for an impedance transformer
circuit, which allows a completely planar structure. Also, to optimize the performance
of the antenna, by minimizing the axial ratio and improving the radiation efficiency.
Furthermore, to reduce the size of the antenna. The desired specifications of the
antenna are, UWB impedance bandwidth with return loss better than 10 dB (decibel),
wide band circularly polarized radiation pattern with an axial ratio less than 3 dB over
a 1.5:1 bandwidth.

1.4  Project Scope

The project scopes are as follows: First of all, literature review of related
antenna parameters, Archimedean spiral antenna, and CPW- fed spiral slot antennas.
Then, Design CPW-fed two arms Archimedean spiral slot antenna. After that, studying
and optimizing the designed antenna through simulation by using CST2010 microwave
studio. Afterwards, a prototype is going to be fabricated to verify the simulation

results. Later, analyze the performance of the designed antenna

1.5 Dissertation outlines

This dissertation is organized as follows.

Chapter 1 presents the project background, problem statement objective and
scope of the work.

Chapter 2 covers the literature review of the project including related antenna

parameters, brief introduction to the frequency independent antennas, theory of spiral



antennas and a review on planar Archimedean spiral antennas.

Chapter 3 presents project methodology, the proposed CPW spiral slot antenna
structure and a brief introduction to CST MWS and simulation and measurements

procedures.

The simulation and measurement results are presented compared and discussed
in Chapter 4.

Chapter 5 highlights the overall conclusion of the project with future work

suggestions for improving the antenna performance.
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