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Abstract

In the past decade wireless communication was an area of rapid developments. Constant demand
to increase the data rate results in an increase of both the number of operational bands in use
and the bandwidth within each band. This development requires constant improvement of the
front-ends including antennas. The generic trend is to replace single band antennas to multi-band
ones or wideband ones. The demands from the market require a new generation of antennas
with wideband operation, wide signal coverage, compact dimensions, and lower manufacturing
cost.

The focus of this thesis is to design a dielectric covered discone WLAN antenna working under
the protocols of IEEEB02.11 a/b/g/n. It has the wideband operation of discone antennas and the
compact dimensions of dielectric resonator antennas which is compatible with the latest main
protocol WLAN applications. This antenna has an ultra-wide bandwidth (2.25 GHz-6.0 GHz),
which is sufficient for the data communication protocols of IEEE802.11 a/b/g/n (2401 MHz-
2484 MHz and 5150 MHz-5825 MHz). Its directivity is 3.1 dBi at the lower frequency band and
5.3 dBi at the higher frequency band, which is enough to cover conventional indoor usages. In
order to use similar radiation patterns at both operational bands the quad slot is added to the
disk. The antenna is quite competitive compared to other commercially used antennas because of
its wideband potential: it can be is used not only in WLAN applications, but also for other ultra-

wideband applications.
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1

Introduction

1.1 Background of the Research

With the development of wireless communication, Wireless Local Area Networks (WLAN) are
supporting and replacing wire networks at home and public. As the essential part of wireless
communication systems, antennas enable high speed transmission of information and stable sig-
nal of the telecommunication. The increasing number of users in the primary unlicensed fre-
quency bands 2.4 GHz and 5.5 GHz urge the antenna engineers to develop antennas with perfor-
mance sufficient to support emerging applications. Challenging research subjects such as band-
width enhancement, omnidirectional radiation patterns and antenna miniaturisation techniques

are getting more and more popular.

1.2 Objectives

The objective of this master thesis is to design a transmitting antenna that suits the applications
of access point working under the IEEE 802.11 a/b/g/n protocol. Several antennas that are suit-
able for these protocols have been proposed in literature, nevertheless, the design and imple-
mentation of the antenna presents many challenges.

The major 802.11 Wireless Local Area Network (WLAN) standards are summarized to provide
users with a clear view of the specifications of the protocol. The latest IEEE Std 802.11 [1] shows
the WLAN Medium Access Control (MAC) and Physical Layer (PHY) specifications. In Table 1.1 a

generalization of the frequency ranges of IEEE Std 802.11a/b/g/n is presented [2][3].



Table 1.1 Summary of IEEE 802.11 a/b/g/n Standards

802.11a 802.11b 802.11g 802.11n
Date of standard release Sep 1999 Sep 1999 June 2003 Oct 2009
Bandwidths (MHz) 675 83.5 83.5 83.5,675
Frequency range (GHz) 5.15-5.825 | 2.4-2.4835 | 2.4-2.4835 | 2.4-2.4835,5.15-5.825
Max Data Rate (Mbps) 54 11 54 150
Channel width (MHz) 20 22 22 20 or 40
Range (m) 27-30 75-100 30 12-70

We find that the majority of access points in the market are using dipole antennas as transmitter

antennas. However, from the industrial design point of view, an internal antenna is more popular

than an external antenna for end users, thus, an antenna with compact dimensions is desired.

The radiating properties are one of the most important issues that need to be taken into consid-

eration when designing an antenna. For most WLAN applications, the antennas are usually set on

a table, on a ceiling, or mounted on the wall. For on-table antenna, it is required that the radiation

pattern should be omnidirectional in the horizontal plane. For ceiling-mounted antennas, it needs

to have a conical radiation pattern in the elevation plane. For wall-mount antenna, a broadside

radiation pattern is preferred. The detailed requirements of the antenna are given in Table 1.2.




Table 1.2 Requirements of antenna

Parameters

Requirements

Frequency range (GHz)

2.4-2.4835, 5.15-5.825

Percentage Bandwidth

>4.08% at lower band, 212.7% at higher band

Directivity

>+3 dBi (2.45 GHz, 5.5 GHz)

Radiation patterns

Omnidirectional (azimuth plane), Conical (elevation plane)

Efficiency 285%
Feeding SMA connector via semi-rigid cable
Dimensions axbxc, max (a, b, c) <4 cm

Distance from antenna to users

<10 m

1.3 Challenges

So far, there are plenty of published designs of WLAN antennas working under the protocol of

IEEE 802.11 with impressive performance. Nevertheless, in current state of the art, none of these

antennas can satisfy all our requirements. To let the antenna meet all requirements, remains a

daunting task for us.

. Our primary challenge is to achieve the required operational bandwidth. The percentage

bandwidth BW, is defined by the formula [4]:

BW,, 2100% x vav (1-1)

C

where f,, f, arethe maximum and minimum frequency at -10 dB, respectively,

BW is the nominal bandwidth defined by BW = f, — f,

f. is the central frequency which defined by f, =(f,+f)/2.

The percentage bandwidth of this proposed antenna should be at least 4.08% at 2.45 GHz
and 12.7% at 5.5 GHz. It is a challenge to let the antenna resonate at these two fixed fre-
quencies. If the antenna system fails to cover all channels of IEEE 802.11 a/b/g/n protocol,

it will not be able to guarantee the best communication quality.



. This project requires the antenna’s radiation pattern to be omnidirectional at resonant fre-
quencies. The most difficult challenge for us is to achieve similar antenna radiating proper-
ties for both bands. Usually, this is a daunting task because it has been found that multi-
band antennas’ radiating properties are quite variable at different frequencies. For typical
discone antenna, the radiation pattern peaks usually move towards the cone as the frequen-
cy increases [5]. Good communication quality can be achieved if the antenna patterns on
both frequencies are similar.

. Because the manufacturing technology of electronic device tends miniaturized, it is neces-
sary to reduce the size of the antenna in design. However, a reduction in antenna size often
results in a bandwidth reduction, lower gain, lower efficiency or worse impedance matching.
Thus, the miniaturization techniques proves to be another challenge. Sometimes, perfor-
mance has to be sacrificed a little in order to meet the basic demands of the system. In this
thesis, the introduction of a dielectric material is used to reduce the dimensions of the an-

tenna.

1.4 Approaches

In this project, we used several approaches to overcome the challenges and achieve the require-

ments.

. A literature study related to the state-of-the-art in dual-band WLAN antennas reveals that
the discone antenna has outstanding bandwidth performance and better radiation pattern
than other types of antennas. So this antenna type has been selected as the basis for new an-
tenna development.

e  To miniaturize the antenna the discone antenna was filled with dielectric material. This
method not only largely reduces the antenna size, but also mechanically stabilizes the an-
tenna.

. Thirdly, in order to achieve better performance of antenna radiation patterns, the effect of
different types of slot cave on the disc were studied, and the novel quad-sector slot was
suggested to cave on the disc to maintain the similar radiation patterns on 2.4 GHz and 5.5

GHz frequencies.



1.5 Novelties

. This antenna has very compact dimensions, with a volume of 20 mmx20 mmx18.5 mm,
which is much smaller than the conventional WLAN antennas.

. The frequency range of this antenna covers the bandwidth from 2.25 GHz to 6.0 GHz; it co-
vers the frequency ranges of the major 802.11WLAN standards (2.4-2.4835, 5.15-5.825).
This antenna can be used for dual band applications with only one element instead of mul-
tiple elements.

. The wideband operation of this antenna not only satisfies the requirements as a WLAN
transmitting antenna, but also has great potential for other wideband applications.

e  This antenna has an omnidirectional pattern in the horizontal plane and has a conical radia-
tion pattern in the elevation plane. Such radiation properties are quite desirable for WLAN
applications.

. The radiation patterns are similar conical patterns at both working frequencies, for most
multi-band and wideband antennas, the radiation patterns are quite variable in terms of
operating frequencies.

e  The directivity of this antenna is 3.07 dBi at 2.45 GHz and 5.3 dBi at 5.5 GHz. compare with
typical dipole antennas which directivities are always within 2.15 dBi [21], this proposed
antenna has outstanding performance for WLAN utilizations.

. A novel slot cave on the disc of the antenna was also presented, the change of the slot width
and length was used to adjust the radiation pattern direction and the input impedance of

the antenna.

1.6 Thesis Outline

This thesis is organized in 5 chapters as follows:
Chapter 2: The state of the art in WLAN antennas are demonstrated in this chapter, 6 types of
candidate antennas were analysed and compared, based on its comparative advantages with oth-

er antennas, finally the discone antenna was chosen.



Chapter 3: The discussions of numerical results are demonstrated in this chapter. The analysis of
different antenna configuration is thoroughly investigated. Simulation results of the optimum
dielectric covered discone antenna are illustrated in section 3.3.

Chapter 4: Based on the study of chapter 3, the novelties of discone antenna are shown in the
beginning of this chapter, 3 types of slots were proposed and the optimal slot architecture was
chosen to achieve better result.

Chapter 5: The conclusion of this report and furfure work suggestions and recommendations are

given in this chapter.



2 State of The Art in WLAN Antennas

2.1 Introduction

The requirements for this thesis project was discussed in the first chapter, we need to design an
omnidirectional antenna with a resonant frequency that covers the 2.4-2.4835 GHz and 5.15-
5.825 GHz bandwidths. Several types of antennas are considered for this project. In this chapter a

comparative study of these antennas is presented.

2.2 MIMO Antenna Systems

Multiple-input and multiple-output (MIMO) antenna systems are a common choice for wireless
communication systems. Beam scanning or reconfigurable antennas for WLAN applications are
designed because they can increase the capacity of the system without using extra spectrum and

show a good reliability for communication systems.

Figure 2.1 Configuration of the six-loop-antenna MIMO system [6]

In [6], a six-loop-antenna MIMO system operation in WLAN/WiMAX is reported (Figure 2.1). The
loops are located on the edge of a ground plane to achieve evenly distribute radiation patterns.
Similar MIMO antenna systems can be found in [7] and [8], in which the loop elements are re-
placed by monopoles located on the edge of the ground plane. This six-loop-antenna MIMO sys-

tem is particularly designed for router and access point applications. This proposed MIMO sys-



tem met the requirements for majority WLAN applications. By adding the ground plane, this an-
tenna has sufficient radiation gain. Furthermore, the radiation patterns are conical in the eleva-
tion plane at 2.4 GHz and 5.5 GHz. It enables better signal coverage when the antenna is mounted
at the ceiling.

An obvious disadvantage of this antenna system is its large dimensions, even though it is a low-
profile antenna, the antenna elements are located at the edge instead of at the centre of the
ground plane. This creates difficulties for system implementations. Another drawback of the

MIMO system is the complexity of differential feeding and mutual coupling between elements.

2.3 Planar Inverted F-Antennas (PIFA)

Planar Inverted F-Antennas (PIFA) are widely chosen for WLAN applications. Antennas of this
type are particularly suitable for mobile terminals since they are compact, low profile and ease of
fabrication. The PIFA typically consists of a planar element located above a ground plane, a short-

ing pin, and a feeding mechanism for the planar element [9], see Figure 2.2.

Radiation patch

Ground plate

Shorting p i
Figure 2.2 Geometries of PIFA antenna [9]

The antenna can achieve a multiband operation through the slot-loading technique on the planar
element. In [10] the PIFA achieved quad-band operation by making three U-shape slot on the
planar element. [11] studied the ground plane effects on the PIFA antenna. It is found that the
bandwidth of PIFAs usually depends on the ground plane’s dimensions. To achieve sufficient
bandwidth for wireless communication, the length of the ground plane needs to be at least0.84,
which can be up to 100 mm at 2.4 GHz. Although a modified ground plane can make the antenna

ultra-thin [12], it is difficult to reduce the dimensions of ground plane without sacrificing antenna



performance. The size of the PIFA’s ground plane does not only significantly influence the anten-
na radiation pattern, but it also introduces high cross polarization in the horizontal plane when
the dimensions of the ground plane are small.

An obvious drawback that we cannot compromise is PIFA antenna’s poor radiation pattern. In
[13], the antenna’s radiation pattern is similar to omnidirectional at lower frequency, but the
antenna pattern becomes unacceptable for higher frequency. As a receiving antenna, the antenna
pattern do not need to be perfect, however, our task is to design an omnidirectional radiation
pattern transmitting antenna. The PIFA’s antenna patterns are not sufficient for our require-

ments.

2.4 Dielectric Resonator Antennas

Dielectric resonator antennas have been used in microwave circuits as oscillators and filters for a
long time and it started to be used as radiators in recent decades. Figure 2.3 shows 3 typical die-
lectric resonator antennas (Rectangular DRA, Cylindrical DRA, and Hemi-spherical DRA) and
their feeding methods. The dielectric resonator antenna has obvious advantages over other an-
tennas: broadband operation, high efficiency, simple geometry, compact dimensions, single feed,

and moderate beam width [14 ].



Figure 2.3 Typical dielectric resonator antenna and feeding mechanisms [14]

When designing a dielectric resonator antenna, material with lower permittivity is desired be-
cause lower Q-factor is necessary to improve the impedance bandwidth. The antenna dimensions
can be reduce with high permittivity material, since [14]

1
Ao 7 (2-1)

It is a challenge to design the compact size dielectric resonator antenna for lower frequency band
applications.

DRA has the wideband operation which can be obtained through two methods: by lowering the
inherent Q-factor of the resonator or using external matching networks and combining multiple
resonators with different working frequency. However, these two methods mentioned above not
only increase the complexity of the system but also raise the manufacturing cost largely. Conse-
quently, it is more desired to integrate several modules of different frequencies into one piece. In
[15], a hybrid dielectric resonator antenna suitable for dual-band WLAN application is presented.
In this design, the combination of a monopole and a rectangular dielectric resonator reduces the
antenna dimensions effectively. In [16], a similar design is reported. The common parts in the

two designs are that the antenna dimensions are reduced largely by adding dielectric material.

10



Radiation pattern of the antenna are also what we care about. In [17] we can observe that the

radiation patterns largely depend on the antenna shape.

2.5 Dipole Antennas

Dipole antennas are the most basic configurations and they are versatile for many applications.
Dipoles are widely chosen by engineers because of their simple geometry, which can keep the
computation to the minimum when designing. Dipole antennas are considered as a candidate
antenna for our project because they can be used to achieve dual-band. Moreover, dipole anten-
nas have omnidirectional radiation patterns is the azimuth plane instead of directional radiation
patterns, which is essential for WLAN applications.

Apart from conventional geometries, many modifications have been done to make dipoles suita-
ble for WLAN applications. For the dual-band WLAN dipole antenna in [18], the width of the
printed dipole is widened to change the input impedance values at its higher frequency. It is also
found the 5 GHz operational frequency can be shifted by catting 45° chamfering at the feeding.
Studies show that multi-band antennas can be obtained through the combination of several di-
poles, authors in paper [19] presents a printed antenna which is comprised of three pairs of di-

poles placed back to back to make them operate at triple-band of 2.4 GHz, 5.2 GHz and 5.8 GHz.

N

X <— ——p— @) 1
-.-|“r":/|‘ L.‘T-“.’P-—-&\Chip

0.8 mm
Thick FR4 Sr::ﬁer L(::?ner Inductor
Substrate

Figure 2.4 Geometry and detailed dimensions of a 2.4/5.2 GHz dual-WLAN unequal-arms
dipole antenna [20]

In [20], a dual-band unequal-arms dipole antenna printed on the FR4 substrate is demonstrated
(shown in Figure 2.4). The advantage of this antenna is it has compact dimensions and light

weight. A novel technique of this antenna is a chip inductor was applied on the longer arm to

11



block the inverted current from occurring; the operational frequency of the higher band (5.2 GHz)
can be shifted by changing the position of the inductor.

Those dipole antennas mentioned above all have very compact dimensions, which are desired for

modern WLAN system. However, we are looking for an antenna which has conical radiation pat-

tern on the elevation plane, the basic dipoles only have omnidirectional radiation pattern on azi-

muth plane, which is not suitable for access points which placed on the ceiling. The bandwidth

and radiation gain of such dipole antenna is just passable for the requirements in Table 1.2.

Moreover, the antenna directivity of typical dipoles at lower frequency is always lower than 2.15

dBi [21], as a consequence, we cannot use dipole for our project.

2.6 Bow-tie Antennas

input
Figure 2.5 The bow-tie antenna

Broadband antennas have been used for WLAN applications through years. A wideband antenna
can covers the main protocols of IEEE 802.11 without introducing extra antennas into the system.
Typical wideband antennas like helical antennas, spiral antennas and bow-tie antennas have
been investigated by researchers and have made remarkable results. Bow-tie antennas are wide-

ly chosen for wideband applications due to its simple geometry and ease of fabrication, see in

12



Figure 2.5. Such antennas are planer form of dipoles, whose radiation pattern is omnidirectional.
Nevertheless, bow-tie antennas’ typical gain are higher than conventional dipoles, about 5-6 dBi.

However, the drawbacks of bow-tie antennas like limitation of the bandwidths cannot be neglect,
the variation of it resistance and reactance are quite severe as a function of frequency. Conse-
quently, over the years many methods are applied in order to increase its bandwidths. [22] and
[23] investigate bow-tie antenna in wideband wireless communication system. For both cases
the antennas cover the operational bandwidth of all the protocol of IEEE 802.11 Wireless Local
Area Network (WLAN) standard. Cavities were added to the back of antennas not only to increase
the gain but also to produce unidirectional patterns. However, such cavities largely increased the

antenna volume, and did not make radiation patterns better.

2.7 Conical Antennas

In this section we discuss two types of conical antenna: biconical antenna and discone antenna.
These two types of antennas’ architectures are based on conical architecture. Since the radiating
elements are volumes, the impedance bandwidths of such antennas are much wider than planar

antennas.

2.7.1 Biconical Antennas

Biconical antennas (see Figure 2.6) can be considered as three-dimensional form of the bow-tie
antennas. Part of the energy along the antenna surface is reflected and most of the energy is radi-
ated near the equator, consequently, cone antennas have the omnidirectional radiation patterns
on azimuth plane. Moreover, they have better bandwidths potential compare to bow-tie antennas
because the variations of their resistance and reactance are less severe as a function of frequency.

The common model of biconical antenna is shown in Figure 2.6.
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Figure 2.6 The biconical antenna

For infinites cones, the input impedance are modelled by [24]:

7. =120In(c0t(%)), (2-2)

where 6, is the half-cone angle.

From equation (2-2) we can find for the transmission line with input impedance 50 Q, the half-
cone angle could be very wide. We can find the antenna’s bandwidth increases with the cone an-
gle [25]. Although it is not very critical in antenna design, very small or very wide angles are not
so practical in designs.

The conical antennas are transformation of biconical antennas by changing the upper cone into
an infinite plane. It has been earlier analysed by Smith P.D.P in 1948 [26], Papas and King in
1949 [27]. It has a good potential for WLAN applications due to its wideband operation and om-

nidirectional radiation pattern in the horizontal direction.
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Figure 2.7 Electric and magnetic fields, and associated voltages and currents, for a biconi-
cal antenna

The voltage at the input terminals produces the electric and magnetic fields around the biconical
antenna. The current distribution on the biconical surface is showed in Figure 2.7.

The field distribution of biconical antenna is symmetrical, and the radiation pattern on the azi-
muth-plane is omnidirectional.

One obvious drawbacks of the conical antenna is the large dimensions and three-dimensional
structure, which bring difficulty for fabrication or implementation in limited space. However,
many studies have been done to reduce its dimensions and complexity of the architecture. In [28]
the dielectric material was added outside the conical structure to reduce the dimensions and sta-

bilize the conical. The antenna configuration is shown in Figure 2.8.

i Metal coating

Dielectric material

Ground plane

Figure 2.8 Dielectric covered conical antenna
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The conical and the ground plane can be regard as a piece of transmission line with characteristic

f 0 %
oe, In(cot( ) ), (2-3)

where &, =8.854x10"?F /m is the permittivity of free space,

impedance [29]:

Z,=

N |~

My =4r x107"H / m s the permeability of free space,
¢, is the relative permittivity of the dielectric material,
0, is the half-cone angle.
The cone angle 6, is directly related to¢,. In free space, when the antenna characteristic imped-
ance equal to 50 (), we can calculate the cone angle 90 :
g, =80°
The conical antenna with such wide angle will be difficult to fabric. However, when dielectric ma-

terial is covered outside the conical antenna, for instance, &, = 4.4, then we have the cone angle
0,:

g, =50°
In practice, the result can be deviated from the calculated result.

2.7.2 Discone Antennas

The discone antennas are a another form of conical antenna, such antenna is consists of a disc
and a cone, feeding by a coax in the centre of the cone, where the outer shield of coax is connect-
ing to the lower cone and the centre conduct is connect to the disc [30]. A discone antenna has
similar characteristic of a biconical antenna but only half of its volume. By optimizing the dimen-
sions of the disc and the cone we can obtain wide bandwidth.

The disc on the top is finite compare with infinite conical antenna. Similarly, such antenna has the
advantages of simple mechanical design, ease of installation and broadband operation. Moreover,

discone antennas have conical radiation patterns on the elevation plane.
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Experimental results: FXXES

Figure 2.9 Normalized pattern of discone antenna [31]

Figure 2.9 shows a normalized pattern of discone antenna at 500MHz [31], the patterns of
discone antenna are omnidirectional at azimuth plane and a conical pattern at the elevation
plane. The radiation pattern peaks usually moves towards the cone as the frequency increases [5].
As mentioned in chapter one, the antenna of this project is particularly designed for the router
and access point applications, so the conical radiation patterns in the elevation plane is particu-
larly desired for better indoor signal coverage.

Similar to conical antennas, the operational wavelength of discone antennas are proportional to
their dimensions. As a result, the discone antenna’s volume could be massive for lower opera-
tional frequency. This phenomenon makes discone difficult to integrate into applications where
space is extremely limited. Theoretically, the height of cone is 4/3 in free space [25], so the di-
mensions of discone are larger than 40 mm under 2.4 GHz frequencies. As mentioned in section
2.7.1, the miniaturization technique of the antenna can be realized by using the dielectric materi-
al.

There are also triangular-sheet and wire-simulation cone surface, such structures can reduce the
weight and have less wind resistance. However, these structures have very narrow bandwidth
compare with solid discone. Since this project is indoor application and have strict requirements

for bandwidth, we should use solid discone in this project.
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2.8 Conclusion

In this chapter we discussed six typical antennas which suitable for WLAN applications. These
antennas are designed with compact dimensions and usually applied on the mobile terminal.
Each antenna has its outstanding performance on one aspect or another. However, they also have
a few drawbacks make them not sufficient for the requirements of our project. The six-loop
MIMO antenna system has good bandwidth and sufficient realized gain, but the dimensions and
the feeding complexity make it less attractive for the application, moreover, the radiation pat-
terns of it is not precisely omnidirectional. PIFA antennas are outstanding in compact dimensions,
low cost and simple geometry, but the radiation patterns are unacceptable as a transmitting an-
tenna. Dielectric resonator antennas are good candidate antennas as a wideband antenna, but its
massive volume and manufacture cost makes it not preferred candidate antenna. Dipole antenna
has advantages of compact size, simple geometry and low cost, however its radiation patterns do
not have a conical radiation pattern in the elevation plane, which makes it not good enough for
WLAN transmitter antenna. Bow-tie antennas have good potential because of its simple geometry
and easy for manufacture, however its limitation on bandwidth and less satisfying radiation pat-
terns are the drawbacks we cannot neglect. Finally we discussed conical antennas and found

discone antennas have best performance over other antennas for our project.

Table 2.1 provides a clear overview of the different antennas characteristics we discussed above.

Table 2.1 Summary of the different antennas characteristics

MIMO
Dipole Bow-tie Conical
EM characteristics antenna DRAs PIFAs
antennas | antennas | antennas
systems
Impedance BW - + - - + +++
Gain + ++ - + ++ +++
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Dimensions/Weight | - - -- + +++ + -

Radiation patterns | + -- --- - ++ it

Manufacture cost -- -- ++ + 4+ o+ +

Architecture Sim-
--- + + +++ +++ +

plicity

« ”

“+++” represents performance very desirable, “---” represents performance very undesirable.

Others are different degree in between.
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3

Numerical Analysis of the Dielectric

Filled Discone Antenna

3.1 Introduction

In Chapter 2 several types of WLAN antennas was discussed, and the discone antenna was con-
sidered to have advantages over other antenna configurations. In this chapter, we proposed a
novel discone antenna which has wideband operation and omnidirectional radiation pattern. The
inspiration for this antenna comes from [28]. In order to reduce the antenna dimensions, dielec-
tric material was used to fill in between the discone antenna and the ground plane. The numeri-

cal analysis and optimization of antenna are also demonstrated in this chapter.

3.2 Overview of the Design

The antenna’s architecture and side view are shown in Figure 3.1, the discone antenna was
placed on a metallic ground plane, and the dielectric material was filled in between discone an-
tenna and the ground plane which form a cavity. The antenna is fed through a 50 Q coax cable at
the bottom. The detail explanation of parameters and optimization start value can be found in

Table 3.1.
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Figure 3.1 Discone antenna filled with dielectric material
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Table 3.1 Parameters of proposed antenna

Parameters Descriptions Optimization start value
Ry Radius of dielectric material 20 mm (fixed)

h, Discone overall height 17.5 mm

t, Thickness of disc 0.035 mm (fixed)
R, Radius of disc 15 mm

Dup Upper cone diameter 3.47 mm (fixed)
R, Radius of cone 20 mm

h, Height of cone 15 mm

R, Radius of ground plane 50 mm

t Thickness of ground plane 1 mm (fixed)

D, Diameter of feeding coax line 2.97 mm (fixed)
d Diameter of feeding coax pin 0.91 mm (fixed)

3.3 Optimization Procedure

The optimization procedure of proposed antenna was carried out in the following sections. The

optimization parameters can be found in Table 3.1, parameters such as Ry, t,, D, d; are al-

ready fixed in the design and will not change in the optimization procedure, we will optimize the
rest six parameters step by step to obtain the best performance in terms of the bandwidths and

radiation patterns.
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3.3.1 Analysis of Waveguide Cavity

Figure 3.2 Proposed cavity models

Before we design the antenna, two types of cavity were considered for this project, the rectangu-
lar waveguide cavity resonators and circular waveguide cavity resonators. The configurations of
two cavity models can be found in Figure 3.2. Although both cavity models can be applied for our
project, we choose circular waveguide cavity resonators for our project. The detail analysis is

demonstrated in the following part.

Rectangular Waveguide Cavity Resonators

y

“y

Figure 3.3 Rectangular Waveguide Cavity resonators
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Cavity is formed through the short circuited at both ends of the microwave resonators, so as to
reduce the magnificent radiation loss at the open end of the resonators. Figure 3.3 shows a rec-
tangular cavity resonator. The electric and magnetic energy is stored inside the cavity and power

is dissipated on the wall of cavity and the dielectric material filled in.

The resonator frequency of TE  or TM . mode in rectangular cavity is [32]:

cnm 2 \/_ (_) ( ) (3'1)

Certain modes can be excited at a given frequency for a given cavity size. The cavity must be an

integer multiple of a half-guide wavelength long at the resonant frequency.

——————— TE,,
A ........................... TE;‘C
—— e TECI
~ \l
\.
\.
\
b ]
7~ = ’/ S
R, / E‘fleld N\
¥~ 2% 3
~.' >
— A /2=40mm—¥

a

Figure 3.4 Cut plane of the square waveguide

Equation (3-1) shows the cutoff frequency of the cavity is inverse proportional to the dimensions,
the dielectric resonator antennas’ dimensions are in the order of 4,/ \f¢, , so the size of antenna
could be very compact by using high permittivity material at high frequencies. The dual-band
operation can be obtained through excitation of two resonant modes simultaneously.

Figure 3.4 shows the cut plane of the cavity, in this program, the maximum dimensions of cavity
should be within 40mmx40mm, to let the desired mode exist and propagated through the cavity,
the edge length of the cavity must be larger than a half of the guided wavelengths at the corre-

sponding mode.
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When a=b=40mm, we could calculate the cutoff frequencies of lower mode for air-filled square

cavity, the result is shown in Table 3.2.

Table 3.2 Cutoff frequencies for the first few values of m and n [32]

Mode m n f. (GHz)
TE,, 1 0 3.75

TE,, 2 0 7.5

TE,, 0 1 3.75
TE,, ™™, 1 1 5.3

We can find for the 40mmx=40mm air-filled square cavity the lowest cutoff frequency is 3.75 GHz,
which is much higher than first resonant frequency 2.4 GHz. Nevertheless there are two methods
to decrease the cutoff frequency: one way is to increase the cavity dimensions. According to
equation (3-1), if the cavity dimensions is 63mmx63mm works in TEo; mode, the cutoff frequen-
cy will be reduced to lower than 2.4 GHz. However, such large cavity dimensions fails to meet the
requirements of our project, so it is not wise to use this method. Another method is to change the
fill-in material of cavity, from equation (3-1), if we fill the square cavity with dielectric material

instead of air, the cutoff frequency will decrease as the permittivity &, increases. By choosing the

dielectric permittivity carefully, it is possible to reach the proposed cutoff frequency without in-
crease the cavity dimensions. We should guarantee the cavity working bandwidth covers the re-
quired bandwidth (2.4 -2.484 GHz, 5.15-5.825 GHz).

Since higher mode will cause worse cross-polarization, if we only let TE¢1, TE1p mode pass
through the waveguide, the proposed cutoff frequency should be 2.4 GHz, take this value into

equation (3-2) [32]:

2 3 2
g == | = % ~0.766 (3-2)
fa) | 2.4x10°x0.04

We can derive the permittivity of the dielectric material &, =9.766 .

Circular Waveguide Cavity Resonators
A cylindrical cavity resonator can be constructed from a section of circular waveguide shorted at

both ends, see Figure 3.5.
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Figure 3.5 A cylindrical resonant cavity

The dominant cylindrical cavity mode is the TE;; mode and TM;; mode.

The cutoff frequency for the TE,, mode is [32]:

p lnm C
= 3-3
" 27aue, (3-3)
The cutoff frequency for the TM,, mode is [32]:
PonC
=—— 3-4
" 2raue, (3-4)

P’ isthe m throots of J,, where J, is the Bessel functions of first kind.

Table 3.3 Values of P’um for TE modes of a circular waveguide [32]

First order of the

P In1 P In2 P 'n3
Bessel function n
0 3.832 7.016 10.174
1 1.841 5.331 8.536
2 3.054 6.706 9.970
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Table 3.4 Values of P for TE modes of a circular waveguide [32]

First order of the

Pnl PnZ l:)n3
Bessel function n
0 2.405 5.52 8.65
1 3.83 7.06 10.17
2 5.13 8.41 11.62

The values of P’hm and Pnm for TE modes of a circular waveguide are shown in Table 3.3 and Table
3.4, respectively. In this program, the low modes are preferred, because higher order mode will

have worse cross-polarization of the antenna. However, we need to make the cutoff frequency to

be as low as possible, so we take the Eigen value of TE;; mode, suggest P';; =1.841, we can cal-

culate the permittivity of the dielectric material [32]:

1 2 8 2
gr=[°'an] 2[ 3x10°x1.841 J e (3-5)

2raf, 27 x0.02 % 2.4x10°

The calculated permittivity of the dielectric material is 3.35.

According to the analysis above, we can find when the cutoff frequencies and dimensions of the
cavities are fixed, the filled in dielectric material of rectangular cavity always have higher permit-
tivity. Since lower dielectric permittivity is desired in antenna design, we should choose circular

cavity model for this project.

3.3.2 Choice of Dielectric Material

In previous section, we choose circular cavity model because the filled in material would have
lower permittivity. Theoretically, if we do not need to take design volume in to account, it would
be a good choice to use air as substrate material, in this condition, highest efficiency and maxi-
mum gain of the antenna will be obtained, and the impedance bandwidth will also be maximized
and surface wave losses will be minimized. Yet the limitation of design space left for antennas

force engineers to find a balance between performance and dimensions of the antenna.
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In our project, the space left for antenna is limited, so the discone antenna without dielectric ma-
terial can be so massive and not suitable for some applications. In practical applications, the loss
of the material always exists. Moreover, it increases with frequency. We would discuss the effect
dielectric material bring for antenna design in the following part.

For dielectric resonator antennas, the bandwidth is in the order of Q-factor [25],

BW = % -100% (3-6)
Where,
S is the desired VSWR at the input port of the DRA.
By decreasing the dielectric constant we can obtain lower Q factor, yet in this case, the size of the
antenna will also increase.
In section 3.3.1 we can find when the dimensions and cutoff frequency of circular cavity is fixed,

the dielectric permittivity & =3.35, in practical design, we should let the dielectric permittivity

higher than this value so that the cutoff frequency of circular cavity will be lower than 2.4 GHz.

We find a low loss dielectric material Preperm® L440 which is suitable for our project. The die-
lectric permittivity of this material & =4.4, and the loss tan5=0.0005 (Details of this material

can be found in Appendix A).
3.3.3 Choice of Feeding method

Feeding Mechanism
As shown in Figure 3.1, the discone antenna is feeding through a coaxial probe. The inner conduc-
tor of the coax is connected to the disc, and the outer conductor is connected to the cone. The

configuration of coax cable is shown in Figure 3.6.
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Figure 3.6 The coaxial cable

The coaxial feeding has many advantages over other feeding method. It is easy to fabric and has
low spurious radiation. The coaxial line can supported transverse electric (TE) modes; transverse
magnetic (TM) modes in addition to transverse electromagnetic (TEM) mode. The cutoff fre-
quency of the coaxial cable is inverse proportional to its dimensions. Undesirable effects can oc-
cur if more than two modes propagating at the same time. So the propagation of higher order

modes should be avoided.

Table 3.5 Field lines for the TEM and TE11 modes of a coaxial line

TEM mode TE11 mode

In coaxial cable, the dominant mode is the TEM mode, and the cutoff frequency of the coaxial ca-

ble for TEM mode:
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The cutoff frequency of the coaxial cable for TE11 mode [32]:

C
f == -
© (a+b)zye, (3-7)

Where a is the inner conductor radius of the coax cable.
b is the dielectric radius of coax cable,
c is the speed of light in free space,

¢, is the relative permittivity of the dielectric material.

The cutoff frequency of TE;; mode could be much higher than our required operational frequen-

cy, so we should only let TEM mode through the coaxial line.
The characteristic impedance of a coaxial cable is primarily determined by the ratio of inner and

outer diameters [33]:

Z —ﬂ"‘]g
0 \/; a (3-8)

In this thesis project, the proposed antenna is fed by a circular coaxial line which has Z, =50 Q

impedance, which is the most common value in antenna design applications. According to the
calculation, the dimensions of the coaxial cable should satisfied value of b/a=3.34. There are sev-
eral coaxial cables could meet the demand, we choose the semi-rigid cable RG402/U for this pro-

ject.

Figure 3.7 Semi-rigid cables

Semi-rigid cables are inexpensive to purchase when compared to many other coaxial cable alter-

natives. See (Figure 3.7). Such cable comes as close as possible to the ideal coaxial cable so we
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used it in this proposed antenna, the outer shield of the cable is solid copper. This type of coax is
outstanding in shielding compared to cables with a braided outer conductor, especially at higher
frequencies. The major drawback of such cable is lack of flexibility, yet this characteristic is suit-

able for some certain cases which flexibility is not desired.

RG402/U —

Jacket

center
conductor

Figure 3.8 Geometry of the RG402 /U coaxial cable

The coaxial feeding we used in this program is RG402 /U [34], see Figure 3.8. The typical proper-

ties like physical and electrical specifications of RG402/U are showed in Appendix B. The dielec-
tric material we use in the coaxial cable is Teflon, with the dielectric permittivity, &, =1.99. The

electric loss tano =0.0004.
3.3.4 Optimization of Cone

Optimization of Cone Height
As mentioned in section 2.7.2, the initial dimensions of the parameters are showed in Table 3.1.

Our aim is to achieve the sufficient bandwidth which can cover the 2.4-2.4835 GHz, 5.15-5.825

GHz bandwidth. In free space, the height of cone is kept as h, :% [35]. Since we filled the

discone antenna with dielectric material, the theoretical cone height:
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h=;L
C4\/;

Hence, the optimization values for the cone height hC we choose are:

=14.9mm (3-9)

h, €{15,16,17} mm

Figure 3.9 shows the variation of s11 parameters in responds to different cone heights. We can

find when cone height is 16 mm the reflection coefficient is the deepest.

S-parameter / dB

— cone_height=15
| = cone_height=16
.| — cone_height=17

S11

0 1 2 3 4 5 6 7
Frequency [/ GHz

Figure 3.9 Optimization of the cone height

Optimization of Cone Radius
In section 2.7.1 we discuss the relation between half-cone angle and the dielectric permittivity.
According to formula (2-3), we calculated the theoretical cone-half angle is 50°. Due to the limita-

tion of the dimensions, the radius of cone is not more than 20mm.
The optimization values for the cone radius I, we choose are:
r, €{15,16.5,18} mm
Through the optimization in Figure 3.10, we found the antenna has best S11 performance when
cone radius I, =15 mm. The upper radius of the cone is fixed value, we keep it as 3.47 mm, and

the platform outside the coax cable is 0.25 mm wide.
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— cone_radius=16.5
— cone_radius=18
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0 1 2 3 4 5 6 7
Frequency / GHz

Figure 3.10 Optimization of the cone radius

3.3.5 Optimization of Disc

Optimization of Discone Height

Since the dimensions of the discone overall height is in terms of the wavelength,

The optimization values for the discone height N, we choose are:
hy €{17.5,18.5,19.5} mm

From Figure 3.11, we found when the overall height equals to 18.5 mm, the antenna has the best

S11 performance.
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— disc_height=18.5
— disc_height=19.5

S11

0 1 2 3 4 5 6 7
Frequency / GHz

Figure 3.11 Optimization of discone overall height

Optimization of Disc Radius
The requirements of project limited the disc radius should be not more than 20 mm.
The optimization values for the disc radius I, we choose are:

r, e {17,18,20} mm

From Figure 3.12 we can find when the disc radius equals to 20 mm, antenna has the best imped-

ance performance.

S-parameter /dB

— disc_radius=17
— disc_radius=18
— disc_radius=20

Frequency / GHz

Figure 3.12 Optimization of disc radius
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3.3.6 Optimization of Ground Plane Radius

The antenna gain and radiation patterns also depend on the size of ground plane. When the radi-

us of ground plane is bigger, the antenna front-to-back ratio increases. The thickness of the

ground plane does not influence the result much, so we keep tg =1mm, as it will not be too thick.
The optimization values for the discone height R, we choose are:
R, €{50,60,70} mm

Figure 3.13 shows the variation of reflection coefficient in terms of the ground plane radius, the
antenna bandwidths do not various lots with different ground plane radius values, yet we can

found that when ground plane radius R, = 60mm, the reflection coefficient is deeper than the sit-
uation R = 70mm. Figure 3.14 shows the variation of polar radiation patterns in terms of the

different ground plane radius, we can observe that the ground plane radius largely influence the
antenna’s radiation patterns, besides, the antenna’s directivity is lower than 3 dBi when

R, =50mm. It is essential to obtain best S11 parameters and radiation patterns at the same time.

As a result, we chose Rg =60mm.

S-parameter / dB

— gp_radius=50
— gp_radius=60
— gp_radius=70

Si1

Frequency / GHz

Figure 3.13 Optimization of ground plane radius

35



Farfield Directivity Abs (Phi=0)

0 farfield (f=2.45) 50mm

30 -30 farfield (f=2.45) 60mm

60

90

120

150 -150
180

Theta / Degree vs. dBi

Farfield Directivity Abs (Phi=0)
0 farfield (f=5.5) 50mm
-30 farfield (f=5.5) 60mm
T farfield (f=5.5) 70mm
N -60

90

o AL\ 20

180

Theta / Degree vs. dBi

Figure 3.14 Variation of polar radiation patterns in terms of the different ground plane
radius

3.4 Discussion of Antenna Performance

In the previous section we study the effect of parameter variation of antenna. The optimization

value can be found in Table 3.6.

Table 3.6 Optimized parameters

Parameters Descriptions Optimization start value
R, Radius of dielectric material 20 mm (fixed)

hy Discone overall height 18.5 mm

t, Thickness of disc 0.035 mm (fixed)
R, Radius of disc 20 mm

D, Upper cone diameter 3.47 mm (fixed)
R, Radius of cone 15 mm

h, Height of cone 16 mm

R, Radius of ground plane 60 mm

t Thickness of ground plane 1 mm (fixed)

D, Diameter of feeding coax line 2.97 mm (fixed)
d, Diameter of feeding coax pin 0.91 mm (fixed)
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Figure 3.15 S11 parameters of the proposed antenna

Farfield Directivity (theta) Farfield Directivity (theta)

0 farfield (f=2.45) 0 farfield (f=5.5)
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Frequency = 2.45
Main lobe magnitude = 3.2 dBi Main lobe magnitude = 5.8 dBi
180 Main lobe direction = -45.0 deg. Main lobe direction = -35.0 deg.
Angular width (3 dB) = 57.0 deg. Angular width (3 dB) = 42.1 deg.
Theta / Degree vs. dBi Side lobe level = -4.1 dB Theta / Degree vs. dBi Side lobe level = -9.4 dB

Frequency = 5.5

Figure 3.16 Polar radiation patterns of proposed antenna at 2.45 GHz and 5.5 GHz

The proposed antenna configuration is a combination of discone, cavity, dielectric material,
ground plane. The operational bandwidth of antenna is 2.05-5.56 GHz (see Figure 3.15), it is suf-
ficient to covers the lower resonant frequency (2.4-2.4835 GHz), but it does not fully cover the
higher resonant frequency (5.15-5.825 GHz), we need to make improvement for its architecture
in order to increase its bandwidth for higher frequency. The antenna directivity at both frequen-
cies showed in Figure 3.16 are large enough to meet the +3dBi requirement of our project. What
is less satisfactory is the main lobe width of 35° at 5.5 GHz which is much less compared with the
2.45 GHz radiation pattern. It is preferred to let the antenna achieve similar conical patterns at

both frequencies.
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It can be inferred from the result that this antenna did not provide the required bandwidth and
radiation patterns, in order to make improvement on its performance; we proposed a novel slot
cave on the antenna disc to achieve better impedance bandwidth and radiation patterns. This will

be demonstrated in the next chapter.
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4

Dielectric Filled Discone Antenna

with Quad Slot

4.1 Introduction

It is known that the slots on the patch have the ability to obtain large bandwidths without adding
parasitic elements. A variety studies have shown that cutting slots of different shapes on the
patch could improve the impedance matching of the patch antenna. This is because slots change
the current paths on the radiators, separate the radiator into more than one resonant region for
multi-band operation. The impedance matching is related to the size, location and shape of slots.
The study in [36] illustrated the effects of the slots’ shape, the large inductance caused by large
space of slot can be compensated by increasing the slot length, and the capacitance of the anten-
na is influenced by width of the slot. Wider the slot, the larger capacitance will be.

In previous chapter, we have shown that the performance of dielectric filled discone antenna is
not sufficient to meet the performance of our project. In order to achieve wider bandwidths and
better radiation patterns, in this chapter we proposed 3 types of slots architecture: circular ring
slot, dual slot, and quad slot. Finally, the quad slot discone antenna was considered to have ad-
vantages than any other types of antenna. This study shows the slot on the disc has an influence
on the antenna performance, and by adjusting the shapes and position of the slot we could con-

trol the reflect coefficients and the radiation patterns of the antenna.
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I(r)

V(r)

Figure 4.1 Electric and magnetic fields, and associated voltages and currents, for a discone
antenna

From Figure 4.1 we can observe the current distribution of the discone antenna. The current dis-
tribution on antenna is a very important property, through the complete description of its ampli-
tude and phase we can calculate the radiation pattern [39].

The disc of discone antenna has circular shape, it offers better radiating properties compare to

other shapes.

4.2 Study of Circular Ring Slot Architecture

The inspiration of circular ring slot architecture comes from [37], in which a circular ring slot
antenna were proposed. Such slot antenna has simple geometry and symmetrical structure, when
applied on the discone antenna, it could create symmetrical radiation patterns. The proposed slot

architecture is shown in Figure 4.2.
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Figure 4.2 The circular ring slot architecture

For circular ring slot patch antenna we have [37]

f e C y 1+e,
2 (R +R)) 2¢,

fa is the resonant frequency of the circular ring slot patch antenna.

(4-1)

&, is the relative permittivity of the dielectric material.
7(R,+R,) is the mean circumferences of the circular ring slot antenna.
To let the antenna resonate at frequency f, =5.5GHz, ¢, =4.4 then we have
(R +R,) =42.73mm
The slot radius is within the dimensions of disc, so the size of this proposed slot architecture is

tolerable for the project.

The optimization values for the slot inner radius R, we choose are:

R, €{4,6,8,10,12} mm
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Figure 4.3 Variation of reflection coefficients with slot radius R1
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Figure 4.4 Variation of radiation patterns with slot radius at 2.45 GHz and 5.5 GHz

43



According to Figure 4.3, we can find the slot radius has a great influence on the reflection coeffi-
cients. For the radius smaller than 8 mm, the result is intolerable. Figure 4.4 shows the slot radius

does not have much influence on the antenna radiation patterns. In order to have better view, we
fix the result R, =12 mm, and investigate the effect of slot width.

The optimization value for the slot inner radius W we choose are:

W e{1,2,3 4,5} mm

S-Parameters /dB

S11

Frequency / GHz

Figure 4.5 Variation of reflection coefficients with slot width
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Figure 4.6 Variation of radiation patterns with slot width at 2.45 GHz and 5.5 GHz
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By observing the reflection coefficients of different slot width from Figure 4.5, we can find when
the width is larger than 3mm, the results are unacceptable. Besides, according to Figure 4.6, we
can find the variation of the slot width did not have much influence on the antenna radiation pat-
terns at both frequencies.

As a consequence, we find out this type of slot only suitable for the single band applications, it
does not have satisfied performance for dual band applications, so we need to investigate for

other slot architectures.

4.3 Study of Dual Slot Architecture

P

Figure 4.7 Slot-loaded rectangular patch

There are plenty of methods to achieve dual band operation, [38] introduced a type of slot archi-
tecture: two slots are located symmetrically at the edge of rectangular patch to achieve dual band
operation, see Figure 4.7. These types of slots can change the current paths on the radiators; sep-
arate the radiator into more than one resonant region for multi-band operation. The length of the
slot has an effect on the current flow along the slot. As the length increases, the resonant fre-
quency increases.

In this project, since the disc is circular shape, two arc slots were cave on the disc instead of

straight slot. The design of proposed antenna slot is shown in in Figure 4.8.
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Figure 4.8 The dual slot architecture

In this section we need to optimise the slot length and width to obtain best antenna performance.

The optimization values for the slot inner radius R, we choose are:

R €{5,7,9,11,13} mm

S-Parameters / dB
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— R1=7
— R1=9

S11

Frequency / GHz

Figure 4.9 Variation of reflection coefficients with slot radius R
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Figure 4.10 Variation of radiation patterns with slot radius R; at
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5.5 GHz

Figure 4.9 and Figure 4.10 shows the slot length has great influence on the antenna reflect coeffi-

cients and radiation patterns, we can find when Ry =11 mm, the antenna reflection coefficient has

the best performance. Fixing the slot radius R; =11 mm, we then optimize the slot arc angle a.

The slot arc angle a is also the parameter which will influence the slot length.
The optimization values for the slot arc angle we choose are:

a €{60,70,80,90,100} deg

S-Parameter / dB

S11

Frequency / GHz

— arc_angle=100
— arc_angle=60
— arc_angle=70
— arc_angle=80
— arc_angle=90

Figure 4.11 Variation of reflection coefficients with slot arc angle o
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Figure 4.12 Variation of radiation patterns with slot arc angle a at 5.5 GHz

Figure 4.11 and Figure 4.12 shows the variation of the slot angle has the similar effect as the var-
iation of slot radius, it has a great influence on the antenna reflection coefficients and radiation
patterns. We can find when arc angle a =100°, antenna reflection coefficient has the best perfor-
mance.

Fixing the slot radius R1 =11 mm, a=100°, the mean slot length we calculated is 21.80 mm. The
next step is to optimize the slot width w.

The optimization values for the slot inner radius W we choose are:

W €{1,2,3,4,5} mm
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Figure 4.14 Variation of radiation patterns with slot width at 5.5 GHz

Figure 4.13 and Figure 4.14 shows the influence on antenna reflection coefficients and radiation
patterns as slot width changes. It is found that the slot length has a great influence on the antenna
radiation patterns, yet the slot width does not have much influence on the patterns. According to
the observations, we can find the antenna has best performance when slot width w=3 mm. In

Figure 4.15 shows the final optimum result.
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Figure 4.16 Surface current of disc

Figure 4.16 shows the surface current of the disc, since the disc is feeding from the back; the cur-
rent is max at the feeding point. We can also observe the current flow around slot edge, from
which the antenna radiates. The maximum current of 5.5 GHz is higher than 2.45 GHz, which re-

sult in higher gain [39].
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Figure 4.17 3D radiation patterns of the dual slot discone antenna

Although the reflection coefficient of this proposed dual slot discone antenna meet the require-
ment of our project, the maximum gain at both frequencies are much higher than other proposed
structure, we can easily observe from Figure 4.17 that the radiation pattern is not omnidirection-
al at higher frequency. To obtain sufficient performance, we investigate third types of antenna:

the quad slot discone antenna.
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4.4 Study of Quad Slot Architecture

The performance of previous two slot architecture failed to meet the project requirements. In
section 4.2 we can find if the slot architecture is not centrosymmetric geometry, the radiation
pattern of antenna cannot be omnidirectional. As a result, in this section we proposed a quad slot
discone antenna with centrosymmetric structure. Through the result, this antenna not only satis-
fied the project the requirements, it also has simple geometry which is ease of analysis and fabri-

cation, the design of proposed antenna slot architecture is shown in Figure 4.18.

Figure 4.18 The quad slot architecture

The optimization steps are similar to the previous section; firstly we optimize the slot radius R;.

The optimization values for the slot inner radius R, we choose are:

R, €{4.5,55,6.5,7.58.5} mm

52



S11

S-Parameters / dB

0 1 2 3
Frequency / GHz

4

— R1=4.5
— R1=5.5
— R1=6.5
— R1=8.5

Figure 4.19 Variation of reflection coefficients with slot radius R

Directivity,Phi=0 at 2.45 GHz
a0 — R1=4.5
— R1=5.5

4 N\ 30 — R1=6.5

60

120

Directivity,Phi=0 at 5.5 GHz

120

20
60

")\ 30 — R1=6.5

— R1=45
— R1=55

Figure 4.20 Variation of radiation patterns with slot radius R; at 2.45 GHz and 5.5 GHz

From Figure 4.19 and Figure 4.20, we can find the slot length has great influence on the antenna

reflection coefficients and radiation patterns, when R1=8.5 mm, the radiation pattern is the most

desirable one, however, its reflection coefficient is unacceptable. To achieve better performance,

we fixing the R1=6.5 mm, the next step is to optimize the arc angle a. The slot arc angle a is also

the parameter which will influence the slot length.
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The optimization values for the slot arc angle we choose are:

S11
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Figure 4.21 Variation of reflection coefficients with slot arc angle «
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Figure 4.22 Variation of radiation patterns with slot arc angle a at 2.45 GHz and 5.5 GHz

From Figure 4.21 and Figure 4.22, we can find the variation of arc angle a has the same effect as

the variation of slot radius Ri. Fixing the arc angle a=75 deg, the next step is to optimize the slot

width W.
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The optimization values for the slot width W we choose are:

W €{1,2,3,4,5} mm
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Figure 4.23 Variation of reflection coefficients with slot width W
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Figure 4.24 Variation of radiation patterns with slot width W at 2.45 GHz and 5.5 GHz

From Figure 4.23 and Figure 4.24 we can observe the slot width did not have much influence on

the antenna radiation patterns, yet when W=1, the reflection coefficient has the best performance.
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Figure 4.26 Radiation patterns of final design at 2.45GHz and 5.5 GHz

The final S11 result and radiation patterns at two working frequencies are shown in Figure 4.25,
Figure 4.26, respectively. We can see from the figure that the impedance bandwidth of the anten-
na is from 2.25 GHz to 6 GHz, which is sufficient to cover the required bandwidth of project. The
directivity of antenna is 3.1 dBi at 2.45 GHz and 5.3 dBi at 5.5 GHz. The radiation patterns are
similar conical patterns at both working frequencies. The main lobe width of 40 deg at 5.5 GHz

also increases compared with the discone antenna without slot.
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Figure 4.27 Total efficiency of the antenna

The total efficiency of this antenna is above 96%, which is much higher than the require 85%

efficiency.
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Figure 4.28 Surface current of disc

Figure 4.28 shows the surface current of the disc, since the disc is feeding from the back; the cur-
rent is max at the feeding point. We can also observe the current flow around slot edge, from
which the antenna radiates. The maximum current of 5.5 GHz is higher than 2.45 GHz, which re-

sults in higher gain [39].
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Figure 4.29 3D radiation patterns of the quad slot discone antenna

Figure 4.30 Final configuration of quad slot discone antenna

The 3D radiation patterns are shown in Figure 4.29, we can find that the radiation patterns of
two working frequencies are two similar conical patterns. The final configuration of this discone

antenna is shown in Figure 4.30. The antenna dimensions are 20 mm x20 mmx18.5 mm which
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located on a metallic ground plane with 1 mm thickness and 60 mm radius. This antenna dimen-

sions is very compact within the project requirements. The parameters of final design are shown

in Table 4.1.

Table 4.1 Parameters of final design
Parameters Descriptions Optimization start value
R Slot radius 6.5 mm
w Slot width 1 mm
a Slot angle 75°
R, Radius of dielectric material 20 mm (fixed)
hy Discone overall height 17 mm
t, Thickness of disc 0.035 mm (fixed)
R, Radius of disc 20 mm
D, Upper cone diameter 3.47 mm (fixed)
R. Radius of cone 15 mm
h, Height of cone 14 mm
R, Radius of ground plane 60 mm
t Thickness of ground plane 1 mm (fixed)
D, Diameter of feeding coax line 2.97 mm (fixed)
d f

Diameter of feeding coax pin

0.91 mm (fixed)
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5

Conclusions and Recommendations

Conclusions

In this thesis a transmitter antenna for WLAN applications to operate in both WLAN bands has
been designed.

In order to achieve the desired performance, six different type of antennas suit for WLAN appli-
cations were carefully investigated. This study helps with providing the overview of advantages
and disadvantages of different WLAN antennas. We found that the discone antenna has better
performance over other antennas in terms of the impedance bandwidth, gain, and radiation pat-
terns. In order to decrease dimensions and improve mechanical stability the discone antenna has
been filled with dielectric.

This novel dielectric filled discone antenna overcomes the disadvantages of traditional discone,
such as large dimensions, heavy weight. However, the performance of dielectric filled discone
antenna without slot loading technique is not sufficient for the thesis requirements. As a result, in
chapter 4 we proposed 3 types of slot architectures to make improvements on antenna’s imped-
ance bandwidth, radiation patterns, and gain. Through the study of three slot architectures, it is
found that quad- slot architecture has advantages over other architectures. It satisfies the re-
quirements of the project in terms of the dimensions, operational bandwidth, gain, and radiation
patterns. This antenna has 3.75 GHz operational bandwidth (2.25-6.0 GHz) which covers all the
main protocols of IEEE 802.11 a/g/b/n.

The proposed discone antenna achieves the omnidirectional radiation pattern at the azimuth
plane and conical radiation pattern at the elevation plane. The radiation patterns are two similar
conical patterns at 2.45 GHz and 5.5 GHz. Besides, the directivities at both working frequencies
are 3.1 dBi at 2.45 GHz and 5.3 dBi at 5.5 GHz, which is much higher than the conventional WLAN

dipole antennas.
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The drawback of this antenna is the cost of fabrication which is relatively higher than other con-
ventional printed narrowband antennas. However, the outstanding performance of this antenna
like radiating properties, broadband operation cannot be replaced by other conventional anten-

nas. This is the trade-off we have to make between manufacture cost and antenna performance.

Recommendations for the future

The specifications of this thesis are quite ambitious, through the performance of this discone an-
tenna has already met the requirements of the project, it has not reached its limit yet, the imped-

ance bandwidth and gain still has room for the future improvement.

Due to its discone architecture, this antenna has great potential for broadband applications. In
chapter 4, we investigate the slot effect on antennas impedance bandwidths, radiation patterns,
antenna gain at 2.4 GHz and 5.5 GHz. However, by making novel slot architecture on the disc of

the antenna, it is possible to make it suitable for triple or even quad-bandwidths applications.
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Appendix A

The filled in dielectric material we used in this project is Preperm® L440 [40], it can be pro-

cessing in the following processing conditions:

Table. A Processing conditions of Preperm® L440

Injection moulding

Material temperature 290-310°C
Mould temperature 80-140°C
Injection pressure 600-800 bar
Injection speed moderate

62



The characteristic of Preperm® L440 is present in the table below.

Table. B Characteristics of Preperm® L440

Typical Properties of Preperm® L440

Physical Properties

Specific gravity (g/cm?3) 1.54
Tensile strength (MPa) 46
Yield strength (MPa) 52
Elongation at break 30 %
Elongation at yield 8%
Mould shrinkage 0.8 %
Melt Flow Index

300°C/2.16 kg 20
300°C/5.0 kg 60
Electrical Properties

Dissipation factor (1 GHz) 0.0005
Dielectric constant (1 GHz) 4.4
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Appendix B

Table. C Characteristics of RG402 /U

Typical Properties of RG402/U

Physical specifications

Operating temperature -55to +125 degree
Inner conductor

Material Copper Clad Steel
Plating Silver

Diameter (mm) 0.91

Dielectric

Material Polytetrafluoroethylene (PTFE)
Diameter (mm) 2.97

Shield

Material Copper

Diameter (mm) 3.58

Jacket

one time minimum bend diameter (mm) 3.81

Electric specifications

Impedance (Ohms) 50

Maximum operational frequency (GHz) 36

Capacitance (pF/ft) 29.9

Dielectric material permittivity (F/m) 1.99

Dielectric material tand 0.0004
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