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ABSTRACT

The growing demand for flexible antennas has resulted in intensified research
on new materials for flexible antennas. The flexibility of antennas is a well-known
requirement in wireless body area networks (WBAN), vehicle navigation system and
wireless local area networks (WLAN) to improve seamless integration on devices.
Compared with conventional rigid antennas, conformal antennas provide a larger
coverage area with a broad beam radiation pattern due to the increase in the area of
transmission and reception. This research aims to develop and explore a new organic
polymer matrix composite (PMC) antenna with organic fibre to replace synthetic
polymer composite which may release harmful chemical and also non-biodegradable.
Organic PMC is not only low cost but able to promote sustainability for the
environment. Size miniaturization also needs to be achieved for a more compact size
antenna and also to enhance the bandwidth. The proposed antenna is a flexible
monopole antenna based on organic PMC material produced from natural Basalt
fibre and it proved to manage in operating at frequencies of 2.45 GHz and 5.8 GHz
for WLAN application. The characterized Basalt composite substrate has a thickness
of 0.42 mm, dielectric constant of 3.105 and tangent loss of 0.0299. The vacuum
infusion technique is used to manufacture the composite material as this technique
can increase the accuracy of fiber to resin ratio and give consistent resin usage.
Before vacuum infusion, a layer of conductive fabric named ShieldIt with adhesive
glue on its bottom layer will be ironed onto the basalt fiber fabric. Then, two layers
of basalt fiber fabric with a layer of conductive fabric on the top layer were placed on
the mold before vacuum conditions are created. Epoxy resin and hardener were then
mixed in a ratio of 10:6. Vacuum pressure was turned on and pushed the epoxy
mixture to the laminate through the tubing. The defected ground structure (DGS)
were implemented to improve bandwidth and coplanar waveguide (CPW) as antenna
feeding method. Top layer radiating element is conductive fabric and the lasercut
machine cut out the antenna pattern precisely. Measured antenna gains at 2.45 GHz
and 5.8 GHz are 3.865 and 4.8 with efficiency of 62.63% and 68.07%, respectively.
As a flexible antenna, the bending test proved that the antenna performance did not

compensate for bending at different curvature radii.
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ABSTRAK

Permintaan yang semakin meningkat untuk antena telah menghasilkan
penyelidikan yang lebih intensif mengenai bahan baharu untuk antena fleksibel.
Fleksibiliti antena ialah keperluan yang terkenal dalam rangkaian kawasan badan
wayarles (WBAN), rangkaian kawasan tempatan wayarles (WLAN) dan sistem
pandu arah kenderaan untuk meningkatkan penyepaduan lancar pada peranti.
Berbanding dengan antena tegar lazim, antena konformal menyediakan kawasan
liputan yang lebih besar dengan corak sinaran rasuk yang luas disebabkan oleh
peningkatan dalam kawasan penghantaran dan penerimaan. Penyelidikan ini
bertujuan untuk meneroka antena komposit matriks polimer (PMC) organik baharu
dengan gentian organik untuk menggantikan komposit polimer sintetik yang
mungkin membebaskan bahan kimia berbahaya dan juga tidak biodegradabel.
Antena yang dicadangkan ialah antena ekakutub fleksibel berasaskan bahan PMC
organik yang dihasilkan daripada gentian Basalt semulajadi dan mampu beroperasi
pada frekuensi 2.45 GHz dan juga 5.8 GHz untuk aplikasi WLAN. Substrat komposit
Basalt yang dicirikan mempunyai ketebalan 0.42 mm, pemalar dielektrik 3.105 dan
kehilangan tangen 0.0299. Teknik infusi vakum digunakan untuk mengeluarkan
bahan komposit kerana teknik ini boleh meningkatkan ketepatan nisbah gentian
kepada resin dan memberikan penggunaan resin yang konsisten. Sebelum infusi
vakum, lapisan fabrik konduktif bernama Shieldlt dengan gam pelekat pada lapisan
bawahnya akan diseterika pada fabrik gentian basalt. Kemudian, dua lapisan fabrik
gentian basalt dengan lapisan fabrik konduktif pada lapisan atas diletakkan pada
acuan sebelum keadaan vakum dicipta. Tekanan vakum dihidupkan dan menolak
campuran epoksi ke lamina melalui tiub. Pandu gelombang coplanar (CPW) sebagai
kaedah penyuapan antena dan struktur tanah yang rosak (DGS) dilaksanakan untuk
meningkatkan lebar jalur. Elemen penyinaran lapisan atas ialah fabrik konduktif dan
mesin potong laser memotong corak antena dengan tepat. Gandaan antena yang
diukur pada 2.45 GHz dan 5.8 GHz ialah 3.865 dan 4.8 dengan kecekapan masing-
masing adalah 62.63% dan 68.07%. Sebagai antena fleksibel, ujian lenturan
membuktikan bahawa prestasi antena tidak mengimbangi dengan membongkok pada

jejari kelengkungan yang berbeza.
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CHAPTER 1

INTRODUCTION

1.1  Research Background

In recent years, flexible antennas have drawn a great deal of attention
following the rapid development of wireless communication systems. Researchers
are growing interest in flexible antennas for its benefits of high flexibility, light
weight, low cost, easily mounted on conformal surface and ease of fabrication. The
flexible antenna are extensively studied and designed for wide range of applications
such as the biomedical applications, wireless local area networks (WLAN), satellite
communication and also vehicle navigation and communication. To catch up with
latest trends of flexible antennas, requirements of light weight, thin, small, bendable,

multiband and green material need to be fulfilled by the innovative designs. [1]-[2].

In order to achieve the flexibility of antenna, thin and flexible substrates such as
composites and polymers will replace the typical rigid substrates such as FR4,
Rogers and Taconic. The flexible substrate in this thesis is Basalt fiber composite
which is a green and environment friendly product that does not pollute the
environment. Basalt fiber is a natural material formed from melting volcanic stone at
1450 to 1500 degrees. It is called as the volcano rock silk and also an organic
continuous fiber that produced by Platinum rhodium alloy brushing. Basalt fiber
stood out from the rest as it had good tensile strength and thus can be used to
reinforce composites. In addition, it has high corrosive resistance and chemical
stability which enable it to withstand extreme acidic, alkaline or high humidity
condition. Basalt fiber also has strong electrical insulation, high thermal stability and

able to manufacture strong composite as it is well compatible with other materials [3].



The feeding technique for the designed flexible antenna is coplanar
waveguide (CPW) as it is suitable for WLAN and wearable applications. CPW gives
wider bandwidth and reduce overall thickness because it can be ungrounded so it
only need single layer of radiating element. Besides that, it is capable to grant low
dispersion, low radiation leakage and control the characteristic impedance. [4]-[5]
The proposed flexible antenna is applicable to 2.4 GHz and 5.8 GHz WLAN systems
that frequencies falls within 2.4-2.484 GHz for IEEE 802.11b/g and at 5.725-5.825
GHz for IEEE 802.11a. The aim of this design is to achieve dual band antenna by
flexible monopole antenna with trapezoidal ground plane for WLAN systems while
proving the flexibility and performance of flexible antenna in flat and bending

condition with simulated and measured results. [6]-[7]

1.2 Problem Statement

Based on the investigation on recent antenna development, there are some
challenges in antenna were discovered. The inflexible rigid antenna having limitation
to mount perfectly to regular surfaces and also make it less robust. The alternative is
the flexible antenna which contributes good flexibility while giving acceptable
reflection coefficient and gain in different curvature of bending. Most of the rigid
antenna cannot endure mechanical damages and low in mechanical strength but the
environment friendly organic flexible substrate is high in oxidation resistance,
compression strength and sheer strength. Besides wearable applications, these
properties are also attractive in applications such as wireless local area networks
(WLAN) and vehicle navigation [1-4]. Compared with the conventional rigid
antennas, conformal antennas provide larger coverage area with a broad beam
radiation pattern due to the increase in the area of transmission and reception.
However, designing flexible antennas requires more complex optimization process to
ensure satisfactory performance in both planar and conformal configurations [5-7].
Flexible antennas based on textiles, composites or polymers featuring thin, light
weight and flexible properties are suitable alternatives the rigid antennas based on
commercial substrates. While textiles are a good choice for wearable antennas due to
its easier integration with clothes, its performance can be significantly affected by

water absorption and humidity [8]. Meanwhile, chemically-produced synthetic



polymers substrates such as polyethylene terephthalate (PET),
polytetrafluoroethylene (PTFE) or polypropylene may increase health risk due to the
possible of toxic chemical release during their manufacturing processes [6], [9-11].
On the other hand, composites substrates can be made using natural fibers such as
basalt, jute or flax to promote sustainability. Basalt fiber is an environmentally-
friendly material formed by melting crushed basalt rocks at 1400°C. It is physically
and mechanically stronger compared to glass fibers, with good fire resistance, high
corrosion resistance and strong electrical insulation [3],[12]. To explore a totally
new material which is never use in any previous work is a big challenge as we need
to characterize the new material and also need to determine the total layer of fabric
that need to be use for the composite which can give satisfied flexibility but will not
be too thin for lasercut process. By referring to the polypropylene-based monopole
antenna from previous work, size miniaturization should be done to improve its
antenna bandwidth and also to achieve a more compact size to reduce its occupy area

on devices [6].

1.3 Research Objectives

The objectives of the research are :

(a) To characterize the flexible composite substrate that made from organic

natural material.

(b) To design, simulate and fabricate the dual band flexible antenna for wireless

local area network (WLAN) application.

(c) To test and evaluate flexibility and efficiency of the proposed flexible

composite-based antenna under different bending conditions.



1.4  Scope of Work

This research will focused on the study of flexible antenna which using
organic composite material as substrate and its flexibility enables it to adhere well on
conformal and curved surface while providing satisfied efficiency and gain of
antenna at different bending of curvature. The proposed antenna is designed for the
practical frequency at 2.4 GHz and 5.8 GHz which allow wireless local area network
(WLAN) and utilized for vehicular communication systems such as the unmanned
aerial vehicle. The flexible antenna will be using the ungrounded coplanar
waveguide (CPW) feeding technique which supposed to effectively control the
characteristic impedance, low dispersion and low radiation leakage. Due to the
absent of ground plane below the substrate, the overall thickness of antenna is
reduced for better flexibility and it also ease the fabrication. Software CST
Microwave Studio will be using throughout the design and simulation of flexible
antenna. But manufacture and characterization of composite material will be carried
on before designing and simulation of the antenna. Two layers of Basalt fibre which
is natural material and a layer of conductive fabric is integrated with resin and
hardener with the vacuum infusion process. Next, the designed antenna pattern on
the conductive fabric is cut out using the laser cutter for precise result. On the other
hand, bending abilities is examined to compare their performance in different radius
curvature. Equipment such as vector network analyzer, laser cutter and composite

material fabrication facilities is employed.

1.5 Research Contributions

The flexibility and properties of multiple elements antenna able to contribute
in unmanned aerial vehicles (UAV), aircraft and military usage. To reduce air drag
effect and make the antenna more robust, the flexible composite antenna can be used
directly on the devices' surface instead of mounted on it. Moreover, the reflection
coefficient and gain of the flexible antenna will not deteriorates when bending in
different curvature. Calculated bandwidth at flat condition is 46.24% and 10.08 % for
2.45 GHz and 5.8 GHz and it decrease to 38% and 10.53% for 2.45 GHz and 5.8



GHz when bending at curvature radius of 20mm. This means there is only 8.24%
downgrade for 2.4 GHz and 0.45% upgrade for 5.8 GHz. Based on the research, the
adaptable and reliable antenna will definitely benefits the aircraft, unmanned vehicles,
body worn applications from its bending abilities and also high efficient antenna
performance. From this research, the flexible antenna are now proved that it is
workable on an new explored eco-friendly and organic material, Basalt which is
flexible and low cost to meet the high demands for flexible antennas. This studies
also shows that the manufacturing method of this antenna which is vacuum infusion
process is actually less complex and the antenna pattern can be fabricated easily and
precisely with lasercut machine. By comparing with flexible polypropylene-based
dual band antenna which works for 2.45 GHz and 5.8 GHz, the overall antenna size
was reduce from 1645.92 mm? to 1007 mm? which equal to size reduction of 38.8%
[6]. The bandwidth of this polymer matric composite antenna from basalt is
increased after size miniaturization, the lower frequency bandwidth of the previous
polypropylene-based dual band antenna is 18.5% but the achieved lower frequency

bandwidth from this work is 46.24% [6].

1.6 Thesis Outline

This thesis is outlined in five chapters. First chapter introduces the whole
studies with the research background, problem statement, the three research
objectives, scope of work and research contributions. The next chapter is the
literature review, where the overview of flexible antennas and the antenna
applications are presented. The feeding method which is (CPW) coplanar waveguide
and the bandwidth enhancement technique which is defected ground structure are
also discussed. The structural aspects and electrical characteristics of different type
of conductive textile and composite material are reviewed too. Last but not least, the

requirements and challenges of composite antenna fabrication is given in this chapter.

Chapter three proposed the flowchart and the general phases to initiate and
complete this research work. First phase is working on the problem statements,

objectives of research and the literature review. Next phase is studying the various



composite material and proceed to material characterization to obtain the electrical
properties of the composite substrate for designation and simulation of flexible
composite antenna. Fabrication of antenna and the measurement of antenna
performance will be done in third phase while the measured and simulated results

will be discussed in last phase.

Chapter four discusses the validation of flexible PMC polymer matrix
composite antenna that designed and fabricated in chapter 3. The reflection
coefficient, gain, antenna efficiency and radiation pattern of measured and simulated
results are compared and analyzed. Besides that, the antenna performance of
previous research works are compared with this achieved antenna performance. The

last chapter including the conclusion and also recommend the possible future works.
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