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ABSTRACT

Circular polarization technology can improve mobile connectivity and mitigate
signal losses caused by absorption, reflection and refraction by utilizing all planes in
transmitting waves. In this thesis, Circularly Polarized (CP) transparent antenna
designs are investigated for broadband applications. Two designs are introduced
namely Single Input Single Output (SISO) and Multiple Input Multiple Output
(MIMO) transparent antennas. A silver coated polyester film which is a Transparent
Conductive Oxide (TCO) in the shape of film is incorporated in both designs. The film
is cut according to design and attached to a glass substrate. SISO antenna is fed by
Coplanar Waveguide (CPW) with a circular ring patch radiating element. The
existence of tapered split gap and the inequality in CPW ground arm’s length has
contributed to a 3 dB axial ratio bandwidth from 5.4 to 6.2 GHz. Results show that the
proposed antenna has a gain of 0.92 dB and an efficiency of 14% at 5.8 GHz. It is
shown that the electron mobility, a parameter that is determined by the material
development is a primary limiting factor seen from the 14% efficiency of transparent
antenna. The proposed antenna obtained a reflection coefficient response from 2.55 to
6 GHz which covers the desired frequency band. MIMO is designed by combining two
aforesaid SISO CP antenna designs, mirrored 180° at y-axis and separated by 1 mm.
Measurement results show |S11| and |S22| bandwidth from 2.65 to 6.23 GHz with good
isolation of 27 dB at the 5.8 GHz band. Envelope Correlation Coefficient (ECC), Mean
Effective Gain (MEG) and Diversity Gain (DG) with measurement values of 0.0007,
0 dB and 10 dB accordingly were discussed in the thesis. These values were calculated
using scattering parameters data obtained from the measurement. Both designs are

meeting the objectives of this project.
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ABSTRAK

Teknologi polarisasi bulatan boleh meningkatkan perhubungan mobiliti dan
mengurangkan kehilangan isyarat yang berpunca daripada penyerapan, pantulan dan
pembiasan dengan menggunakan semua satah dalam penghantaran gelombang. Dalam
tesis ini, reka bentuk antena lut sinar Berpolar Bulatan (CP) telah disiasat untuk
aplikasi jalur lebar. Dua reka bentuk diperkenalkan iaitu antena lut sinar CP
Kemasukan Tunggal Keluaran Tunggal (SISO) dan Kemasukan Pelbagai Keluaran
Pelbagai (MIMO). Filem poliester bersalut perak yang merupakan oksida konduktif
lut sinar dalam bentuk filem digunakan pada kedua-dua reka bentuk. Filem ini
dipotong mengikut reka bentuk dan ditampalkan pada substrat kaca. Antena SISO
disuap dengan Pemandu Gelombang Sesatah (CPW) dengan elemen pemancar
berbentuk cincin. Kewujudan jurang pada elemen pemancar dan ketidaksamaan
panjang lengan CPW yang telah menyumbang kepada nisbah paksi lebar jalur 3 dB
dari 5.4 hingga 6.2 GHz. Keputusan menunjukkan antena yang dicadangkan
mempunyai gandaan sebanyak 0.92 dB dan kecekapan sebanyak 14% pada 5.8 GHz.
Ini menunjukkan bahawa pergerakan elektron, iaitu parameter yang ditentukan oleh
pembuatan bahan adalah faktor pengehad utama yang dapat dilihat dari kecekapan
14% antena lut sinar. Antena ini juga mempunyai lebar jalur dari 2.55 hingga 6 GHz
yang meliputi jalur frekuensi yang dikehendaki. Antena lut sinar MIMO direka dengan
menggabungkan reka bentuk dua antena lut sinar SISO CP yang dipantul 180° pada
paksi-y dan dipisahkan sebanyak 1 mm. Keputusan pengukuran menunjukkan lebar
jalur |S11| dan |S2.| dari 2.65 hingga 6.23 GHz dengan pengasingan yang baik sebanyak
27 dB pada jalur 5.8 GHz. Pekali Korelasi Sampul (ECC), Min Gandaan Berkesan
(MEG) dan Kepelbagaian Gandaan (DG) dengan nilai pengukuran 0.0007, 0 dB dan
10 dB sewajarnya telah dibincangkan dalam tesis ini. Nilai-nilai ini dikira
menggunakan parameter penyebaran data yang diperoleh daripada pengukuran.

Kedua-dua reka bentuk dikenal pasti telah memenuhi objektif projek ini.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

There has been a sizeable amount of research conducted in the last two decades
on optically transparent antenna design, enabling it as a result to be deployed on see
through surfaces. Such antennas could thus be discreetly installed anywhere without
much design issues. One of the several options is to use transparent conductive films,
such as Indium Tin Oxide (ITO), Fluorine-doped Tin Oxide (FTO) and silver coated
polyester films which also known as AgHT. These films act as conducting elements
by allowing electric currents to flow through while maintaining optical transparency
[1]. A simple low cost and conformal patch antenna could be designed using these
films. With a thin profile and see-through features, this type of antenna can be
incorporated on flat surfaces such as glass and mirrors of buildings and automotives

where aesthetical value is ever so important [2].

There is a trade-off that must be considered on these conductive films where
transparency has to be sacrificed for better conductivity. Lower than 70% transparency

has been recorded for AgHT to have an effective conductivity that is enough to ensure



good antenna efficiency [3]. Various antenna designs have been reported for Ultra
Wide Band (UWB) [4, 5], Wireless Fidelity (Wi-Fi) applications [6] and frequency
dependent applications [7]. However, most of them are Linearly Polarized (LP).
Compared to LP antenna, Circularly Polarized (CP) antenna is superior in terms of
signal resilience to obstructions because of it utilizes all planes in transmitting signal.
As a result, signal is not prone to losses due absorption, reflection, refraction and

orientation mismatch between transmitter and receiver.

In this thesis, two designs are presented which are Single Input Single Output
(SISO) CP transparent antenna and Multiple Input Multiple Output (MIMO)
transparent antenna design for 5.8 GHz applications. A detail description on the

construction of these two designs are carried out and discussed in this thesis.

1.2 Problem Statement and Motivations

In an age where the world is moving towards modernization, most of buildings,
automobiles, communication devices and gadgets are, in addition to the high end
functions, relying on aesthetical value for marketing purposes. Figure 1.1, 1.2 and 1.3
shows reflective surfaces and glass are being used in the design of hand phones,
buildings and automobiles. The usage of glass and transparent polymer has been
extensively incorporated in every design aspect of the aforementioned objects. Sleek
and elegant design using glass is definitely a feast to the eyes of people who are looking
for futuristic, sophisticated and cutting-edge design in their properties. Antennas,
which is to be deployed on these properties for telecommunications purposes had to
be visually appealing as well, by hindering it to be an obstruction to the view. This is
where transparent antenna comes into the picture. By using glass as a substrate and
Transparent Conductive Oxide (TCO) films named AgHT-4, the antenna has a see-

through features and could be installed anywhere without worries.



Figure 1.2: Sime Darby Plantation Tower located at Ara Damansara, Malaysia [9].



Figure 1.3: Automobiles glass windows [10].

In these modern age as well, with the construction of many high rise buildings
will definitely lead to a phenomenon of signal being reflected, refracted and scattered
resulting in error and loss of data. Orientation mismatch between transmitter and
receiver could also cause these problems of data defect. Nevertheless, a Single Input
Single Output (SISO) Circularly Polarized (CP) transparent antenna and Multiple
Input Multiple Output (MIMO) transparent antenna will be able to solve these
problems. Compared to Linearly Polarized (LP) systems, CP systems are less likely to
be influenced by antenna misalignment complications and propagation effects [11].
Apart from it being visually aesthetic, these antennas are also equipped with a CP
qualities which can be achieved in CP transparent antenna design and improved
capacity benefits by MIMO transparent antenna design that complies with IEEE
802.11n standards [12].

Two techniques have been investigated on CP patch antennas; single [13, 14]
and dual feed [15, 16]. Axial Ratio (AR) bandwidth is narrower on a single feed,

despite the simplicity in the feeding design. Dual feed can produce a larger AR



bandwidth, but the structure is more complex [17]. Transparent CP antenna is scarce,
not many research has been done further into this line of work in the past; hence
becoming the novelty of this work. MIMO is developed considering that material with
less conductivity can reduce coupling effects, even if both ports are placed literally
next to each other. Circular polarization to the electric field of each element is also

increases the isolation between the two adjacent ports.

1.3 Thesis Objectives

The prime objective of this research is to design SISO CP transparent antenna
and MIMO transparent antenna that operable for 5.8 GHz applications. Some of the
design requirement for this transparent antenna is suitable radiation pattern, stable gain
and it must be circularly polarized. This project involves antenna design and
construction, measurements and antenna testing in order to investigate the
performance of transparent antenna. The objectives of this project can be summarized

as follows:

1. To design SISO CP transparent antenna and MIMO transparent antenna
using AgHT-4.

2. Toinvestigate the scattering parameters, bandwidth, radiation pattern, gain,
efficiency, Axial Ratio (AR), AR bandwidth, Envelope Correlation
Coefficient (ECC), Mean Effective Gain (MEG) and Diversity Gain (DG)
of SISO CP and MIMO transparent antenna.



1.4 Scope of Research

Scopes describe the areas covered in a research. In this research, SISO CP
transparent antenna and MIMO transparent antenna are designed using CST
Microwave Studio 2014 (CST MWS 2014) software. Several techniques have been
investigated to achieve CP and how to tackle the sensitive behavior of AQHT-4.

A research on MIMO took place by combining two of the SISO transparent
antenna with CP features. These two antennas are fabricated using the same method,
as both of them are sharing the same source of material. Measurement is done to prove
the legitimacy of the simulations and to validate that both of them can operate properly
at 5.8 GHz.

1.5 List of Contributions

There are two main contributions that were highlighted in this thesis which are

simplified as follows:

e The successful incorporation of circular polarization technique into
transparent antenna technology.
e An improved MIMO transparent design performance by combining

two CP antennas in order to achieve polarization diversity.



1.6 Layout of the Thesis

There are a total of five chapters in this thesis. Chapter 2 is focusing on the
overviews of transparent antenna and techniques that are required to improve the
performance of transparent conductive material are discussed. Some papers on CP
antennas was reviewed; focusing on the simplest way to achieve CP and how to
incorporate them in transparent antenna design. Several MIMO antennas from

different publications are discussed in order to clarify the gaps of this research.

Methods of antenna simulation, fabrication and measurement are described
thoroughly in Chapter 3. Flowchart, design specifications, software, fabrication and
measurement tools are stated in this chapter. Chapter 4 is discussing on various
parametrical studies done in order to achieve optimum design for single element
antenna. Comparison between simulations and measurement results are shown in

graphs for the ease of analysis. CP is achieved with good AR purity (<3 dB).

MIMO Transparent Antenna for 5.8 GHz Applications are also presented in
Chapter 4. Investigations are done to make sure which configuration is producing
better isolations and the minimum distance between the two elements without
sacrificing its performance. Some of the presented results are S-parameters, gain,
radiation pattern, Envelope Correlation Coefficient (ECC), Diversity Gain (DG),
Mean Effective Gain (MEG) and total efficiency. Chapter 5 is a summarization of the

whole work and conclusions along with future research recommendations.
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