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ABSTRACT

In this project, a Coplanar Wave Guide (CPW) fed hybrid slot antenna, which is combi-
nation of two antennas, for wideband applications is proposed. Two different antennas that
one was taken from the literature and other one was constructed by the author were con-
structed and simulated to obtain ultra-wide bandwidth and then the results obtained
separately. Afterward, they were nested onto one plane to obtain a combined antenna that
can be used to operate over two separated ultra-wide operating bands by using microwave
switches.

As the technology is progressing very quickly, the required bandwidth is increasing as
well and hence wider bandwidth antennas are needed. Thus Ultra wideband antennas have
drown attention of the researches since it has the most promising technological advantages
for mobile systems particularly for short range systems such as PAN (Personal Area Net-
work). Even though there are a lot of antennas operating with ultra wideband, they have
some disadvantages such as unwanted big size. However, patch antennas are very popular
as they offer very good features that mentioned in the introduction. Therefore, microstrip
antennas became much demanded antennas. nonetheless, the slot antennas that are fed by
microstrip feed transmission line are difficult to align because of the etching between both
the ground plane and transmission line on the opposite sides of the substrate and microstrip
line are not suitable for monolithic fabrication and hence it is not likely to integrate them
with active solid-state and passive one and also they are inherently narrow band antenna.
As a consequence of these problems, to widen bandwidth the coplanar waveguide trans-
mission lines are introduced. The CPW-fed slot antennas give more advantages than patch
antennas such as wider bandwidth, low radiation loss and less dispersion.

A compact CPW-fed rectangular hybrid slot antenna of operating in two frequency
bands is designed. The overall dimensions of the antenna are 80x60 mm2. The antenna was
fabricated and analysed to obtain its properly working properties over the ultra-wideband
frequency range. The constructed antenna simulated and results of return loss, voltage
standing wave ratio (VSWR) and radiation patterns were obtained. It is observed that the
bandwidths stretch from 2.56 to 3.44 GHz in the lower operating frequency range and 3.9
to 4.9 GHz in the upper operating frequency range were achieved which corresponds to
29.3% and 28% fractional bandwidths, respectively. All initial constructions and simula-

tion were done by taking advantages of CST Microwave Studio software.
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INTRODUCTION

1.1 Background and Context

1.1.1 Development of CPW Transmission Lines

Even though the microstrip antennas initially were proposed in earlier 1950s, the first actual mi-
crostrip antennas came out in 1974. The first patch (microstrip) antennas were published by Artech
House in 1980. On the other hand, C.P. Wen introduced coplanar waveguide transmission line for
nonreciprocal microwave circuits as it was able to create elliptically polarised magnetic fields in
slots in 1969 [14],[36]. Despite of the fact that it demonstrated some very good features, it was not
preferred as microstrip line was already very well in use in hybrid technology. As a consequence,
the coplanar lines could not draw much attention between 1970 and 1980[36]. Nevertheless, Patch
antennas became very popular as they were light weight, small in size and so on. As the demand for
personal and mobile communication, satellite communication, global positioning applications,
RFID, interoperability for microwave access (WiMax), radar applications and for Bluetooth appli-
cations have been going up, the need for smaller and low-profile antennas has drawn much more
attention to microstrip antennas [11],[37]. Nonetheless, microstrip antennas are inherently narrow
band components, they can be made for ultra-wide band antennas by having larger size, but this is
unwanted. Since there is a big demand for wideband radiators there have been a lot of researches
done to obtain wider bandwidth antennas [39],[8]. Therefore, coplanar waveguides have been
drawn a great attention because of the fact that they offer wider bandwidth, less radiation loss and
so forth than microstrip transmission lines. These antennas are in general used in wireless local area
networks (WLAN), Wireless Fidelity (Wi-Fi) and the worldwide interoperability for microwave
access (WIMAX) technology and also used for radio frequency identification (RFID) that are used
for tracking a tags attached any objects [36].

1.1.2 Development of Ultra-wideband

Ultra wideband (UWB) pulse propagation was formed by Sommerfeld in 1901 as he wanted to
sort out the diffraction of time domain pulse via an excellently conducting wedge. As a matter of
the fact that it might be argued that UWB started in the spark gap transmission design of Hertz and
Marconi by the end of 1890s. Due to the limitations of the technology of time-being narrowband
applications were preferred to UWB. UWB was mainly used for military radar applications and
communication in its earlier systems. After the increasing progress since 1994, UWB picked up the
momentum after the federation communications commission realised the need for UWB in 1998.
After the Federal communications commission (FCC) permitted UWB communications unlicensed

operating band of 3.1 GHz to 10.6 GHz, it has been caught big attention and there have been a lot

-4-
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of investigations conducted for many applications such as WiFi, WiMax etc [45],[46].

1.2 Scope and Objectives

In the project the general review of the fundamental theory with regard to the operation of micro-
wave and antenna theory were done. For instance, the antenna patterns like radiation patterns,
directivity, gain, efficiency, return loss and voltage standing wave ratio (VSWR) were covered. Ad-
ditionally, CST microwave studio (transient solver for time domain was used for far field) was used
for constructing and doing the simulations. Two antennas that the one taken from the literature and
the other built by the author for a CPW fed slot antenna were built and simulated in order to obtain
the S11 (return loss), radiation patterns, efficiency, directivity and gain so that it can be seen
whether the results are similar to those obtained from the literature papers. After all, the two anten-
nas are collocated and then simulated again to achieve ultra wideband antenna of two different
operation bandwidths. The obtained results are evaluated to see how well the results met the re-

quirements.

The objective of this project is that as the current technologies are emerging, which brings new dif-
ficulties as well as gives some advantages. One issue is how to construct an antenna that covers two
operating bands for covering smaller size and having a good efficiency. Thus, instead of having
traditional multi band antennas which have small size and with the challenge of isolation or two
separated antennas that although have simple structure, they need more space, a new novel recon-
figurable antenna that consists of two ultra wideband operating frequencies and fine efficiency is
produced, which has small size and better isolation than traditional multiband antenna but has the
problem of complexity. The reconfigurable antenna operates in different frequency bands by incor-
porating with microwave switches and additional slots [25],[26]. To achieve the objective the

following steps were taken:
1.2.1 Methodology
a) General literature investigation of the design of the coplanar waveguide fed wideband antennas.

b) Design two different CPW-fed hybrid rectangular slot antennas operating in different ultra-wide

bandwidths for ultra wideband applications.

¢) Nest the two antennas onto the same substrate and use the microwave switches to put the anten-

nas on or off state.
d) Order the equipments required to fabricate the antennas in the lab.

e) Fabricate the antennas at the lab to do practical measurements, and validate the results, conclu-

sions.

f) Compare the simulated results with those obtained through measurement and comment on the

-5-
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any differences.

1.2.2 Equipments
The tools were used during the work on the project as follows:
a) Personal laptop
b) CST microwave studio
¢) FR4 (lossy) substrate
d) SMA connector
e) PCB comical etching machinery

f) Anechoic chamber and vector network analyser.

1.3 The Working Processes

a) The CST microwave studio was studied with the tutorial in YouTube to learn how to fabricate

patch antennas and evaluate the results.

b) A CPW-fed rectangular hybrid slot antenna, which is named first antenna, taken from the litera-
ture was constructed in CST microwave studio. The constructed (first antenna) was simulated and
the results were compared to those obtained in the literature and it was seen that the results were

quite similar, which has ultra-wide bandwidth.

¢) A Reconfigurable CPW-fed rectangular slot antenna, namely second antenna, having different
dimensions from the first antenna was fabricated by the author to obtain an ultra-wide bandwidth

antenna.

d) after all these steps were taken successfully the first antenna and the second antenna were nested
onto the same substrate in order to operate as a dual antenna by incorporating with the microwave
switches by putting the first and second antenna with On-Off cases. In the case of the first antenna
was on the nested antenna operates in higher operating ultra-wide bandwidth and in the case of on
state for second antenna the nested antenna operates in the lower operating frequency of ultra-wide
bandwidth.

1.4 Organisation of the Dissertation

The dissertation is organised as follows: in section 2 the state of the art of the topic is clarified by

dividing into sub-sections of introduction 2.1, historical CPW fed slot antenna 2.2, in the section 3

-6-
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there are some clarifications regarding antenna parameters, Coplanar transmission lines and Slot
antennas for making the reader to better understand terms that are explained in the following sec-
tions, in the section 4 the analyses of the simulated and practical results are done to see how well it
is achieved or not by comparing the results and the section 5 the conclusion of the project with giv-
ing small summery of the project, evaluation of the findings and future recommendations of the

work.

2 STATE-OF-THE-ART

2.1 Introduction

Ultra wideband antenna is a non-resonant which has low Q factor and constant input impedance in
wideband operating frequency range. To be non-dispersive is one of the most important characteris-
tic of UWB antennas as it makes them avoid farther pulse compensation. Ultra wideband
propagation offers high data rates because of the transmission of non-successive and so short pulses
and also it is not easy to track the transmitting data which assures the data security. Furthermore,
the system consumes very low transmitting power as compared to the conventional narrow band
antennas. In addition, as the reflected pulses do not intervene with the original pulse it does not suf-
fer from multipath fading [24]. Since UWB has these advantages it has become one of the most
promising technology in the applications like high data rate wireless communication, high accuracy
radars, and imaging systems. There was a lot of research done for UWB technology, which was
mainly volumetric structure antennas, until 1990. The first UWB antenna was biconical antenna
proposed by Lodge and carter between 1898 and 1939. After, the following years new UWB anten-
nas had been proposed such as spheroidal antenna proposed by Schelkunoff (1941), coaxial horn
by lindenblad (1941), large current radiator by Harmuth (1985) and so on. Non-volumetric anten-
nas have been proposed since 1992 like microstrip, slot, and planar monopole antennas. UWB
antennas initially were generally designed and deployed for military related systems in 1960s ow-
ing to the fact that the USA military tried to use pulse transmission in radar, covert imaging and
stealth communications. Since the subsystem and component technology were advanced in 1990s
and the technological boost paved the way for new market for Ultra wideband technology
[23],[11]. After all, the Federal Communication Commission (FCC) in the USA permitted UWB
operating frequency range between 3.1-10.6 GHz the academia and industry have been exited.
Therefore, there have been doing a great number of researches and of course simultaneously faced
a lot of technical difficulties in practice. The difficulties are topics relating to antenna in terms of
theoretical and engineering. For example, from fundamental point of view how to design antennas
and source pulses, model the antenna systems based on frequency/time domain and from design

and applications point of view there are some challenges too such as vehicle radar systems, arrays:

-7-
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compact, beam-streaming etc [43],[44]. Also the developments have suggested that conventional
parameters of antennas, which are gain, polarisation linearity, and impedance matching and so on,
are fine for narrow band antennas, nevertheless not sufficient for ultra wideband antennas, in which
the parameters likes stability of radiation, phase linearity and so on are needed to define them for
current communication systems. In spite of the fact that the recent investigations have been concen-
trate on omnidirectional ultra-wide band antennas as main focus is to develop wireless
communication industry, generally for handsets what require omnidirectional patterns of radiation,
there are interests for obtaining directional UWB antennas as well. microstrip, slot and planar an-

tennas are being focused for current works on UWB band applications [44].

2.2 CPW Fed Slot Antennas

2.2.1 Historical overview of CPW fed slot antenna.

The first UWB patch antenna was found by Yasuto Mushika in in the 1940s that refers to so-called
self-complementary antennas created by Wilhem Runge in the 1930s.Victor Rumsey introduced the
first best known UWB in 1950s to express so-called frequency independent antennas and design
the antenna just in terms of the angles which requires very large size. As the size of the antenna
should be small researches tried to find compact antenna and the first microstrip book was written
by Drs. Bahl and Bhartia. Furthermonre, since then there have been numerous texts about mi-
crostrip written in the literature like microstrip antenna design handbook written by Ramesh Garg,
Prakash Bharattia, Inder Bahl and Apisak Ittipiboon in 2000. And since microstrip antennas are
inherently  narrow band antennas have some other drawbacks as mentioned in the introduction,
the CPW feed slot antennas have more advances than microstrip antennas. As a result, there have
been extensive investigations on CPW-fed aperture antennas. Practical results of loop antennas of
CPW-fed and electrically narrow slot antennas have been published in terms of approximate trans-
formation analyses. CPW-fed slots were used as primary radiators in a phase scanned antenna. The

antenna impedance is reduced by a folded slot configuration [11],[12].
2.2.2 Advantages and Disadvantages of CPW-fed Slot Antennas

The slot antennas offer the advantages of lightweight, low profile, easy integration with MMICs
(monolithic microwave integrated circuits) as well as radiation stability. In order to yield ultra
wideband antennas different shapes of stubs implemented and/or different shapes slot antennas per-
formed such as bow tie, rectangular, ring, E-shaped etc. When slot antenna is fed with coplanar
waveguide low radiation leakage, less dispersion and low loss take place. Also the alignment issues
that are generally come across in building two layer printed circuits antennas are solved by feeding
the slot with CPW as the all components are on the same side of the substrate. CPW fed slot anten-

na can be used with fibber optics, which is a good promising application of CPW fed antenna.
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Furthermore, CPW fed slot antennas can easily be integrated with active and passive devices as
well as realised with series and shunt circuits on the same side of the substrate meaning that no
need for vie hole integration.

On the other hand the CPW fed slot antennas struggle with parasitic modes, lower power handling
capability and difficulty of confining the field as well as requirement of connection of ground at
this continues [48],[28]. Moreover, one of the big problems of the CPW-fed slot antennas is the
requirement for suitable transition. Lots of different slot line transitions have come out for antenna
applications such as one-wavelength long offset-fed slot antenna, the half-wavelength long capaci-
tive fed slot antenna and inductively coupled slot antenna. Also they suffer from higher attenuation

and lower effective dielectric constant [49].

2.3 Ultra-wideband Theory

The traditional radio transmissions transmits the data by varying the frequency, level of power,
and/or phase of the wave, which is the most crucial distinction between the ultra-wideband and the
traditional radio transmissions. UWB transmitters transfer the data by producing electromagnetic
energy at certain time intervals and covering a big bandwidth, therefore they enable the time modu-
lation or pulse positioning. In addition, the data on ultra-wideband pulses can be modulated by
implementing orthogonal pulses, encoding pulse polarity and/or amplitude of the pulses. In order to
support positioning or time modulation UWB signals can be transmitted at relatively small signal
rates, yet can also be transmitted up to the relatively small rates of the inverse of the ultra-wideband
signals bandwidth. Pulse-ultra-wideband systems have been indicated at channel pulse rates more
than amount of 1.3 Gpulses/s implementing seamless stream of ultra-wideband signals, more than

675 Mbps encoded data rates can be achieved by supporting FEC (forward error correction).

An important part of the UWB applications is that they are capable of determining the time of
the transmission over various frequency ranges. This enables the system to deal with multipath
propagation, since some of the transmitted signals have a line of sight trajectory. By the help of the
cooperative symmetric two-way metering technique, the distances can be found with very high ac-
curacy and resolution by compensating for stochastic inaccuracy and local clock drift. Another
crucial property of the UWB technology is that the signals are so short, hence reflections of the
pulses do not overlap the original signals, and the narrowband multipath fading does not take place.
Nonetheless, multipath propagation and inter-pulse interference to fast-pulse systems takes place,

which must be reduced by coding techniques [29].

2.4 Dual Band Antennas

As the technology progresses, the need for more functional electronic devices increases,



24.1

VEDAT CAVLU, MSc dissertation

meaning that more components are required which increases the size of the devices. How-
ever, the demand for small in size equipments is very high and hence the number of
components used must be kept less and small. The antennas are the key elements of the
communication systems so to have small in size and work with as less antennas as possible
is much more in demand nowadays. To decrease the number of antennas and simultaneous-
ly have small size, one solution is to produce an antenna that operates in different operating
frequency by in cooperating with microwave switches which tunes from one operating to
another. These antennas are called reconfigurable antennas, in other words reconfigurable
antenna is the one that can vary it’s operating parameters (e.g. frequency), in the literature.
There have been a lot of conducted researches in the literature to obtain dual band anten-
nas. U.S.Pat.No.4, 571,595 to Phillips et al. defines a dual band antenna having a sawtooth-
shaped conductor element. The dual antenna can be switched between closely distanced
operating bands (e.g., operating frequency centred at 915 and 960 MHz). Japanese compa-
ny produced a helix antenna that can be switched between two resonant frequencies.
However, this antenna has very small bandwidth. Printed monopole antennas give dual
resonance with the additional parasitic strip in close proximity to the antenna. Even though
this antenna gives good bandwidth, it needs the additional parasitic strip. A coil matching
dual band whip antenna was made by Sweden Company Moteco AB and the antenna offers
relatively sufficient bandwidth and fine performances of radiation with small size. Howev-
er, as the size of the portable devices is getting smaller these antennas becomes more
useless because of their size. Presently the patch antennas catch more attention as they
have small size light weight and so forth. The planar inverted-F (PIFA) antenna is already
in use communication systems. A meandering inverted-F antenna which is 40% small in

size than traditional PIFA antenna was published more recently.

Nonetheless, since the communication devices get smaller and smaller, the antennas that
are proposed still very big in size to fit upcoming future communication devices particular-
ly handsets need more developments. Therefore, more work on developing dual-band
antennas must be carried out to obtain antennas that have larger bandwidth and relatively

small size with comparison to the traditional microstrip patch and PIFA antennas [31].

In order to yield the ultra-wideband dual-band antenna with small size, coplanar waveguide
fed slot antenna is proposed, as CPW-fed slot antenna has more advantages than traditional
microstrip antenna such as wider bandwidth, lower radiation leakage, less dispersion. It can
be designed with smaller size and better radiation performance than traditional dual-band

antennas.

Work Have Been Done with CPW-fed Slot Antennas for Dual-Band Applica-

-10 -
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tions

There have been lots of works done regarding CPW-fed slot antennas for dual-band appli-

cations two of these are provided as follows;

2.4.1.1 Compact CPW-fed Square Slot Antenna for Dual-Band Operation

The work was conducted by W. Hu, Y.-Z. Yin, S.-T. Fan, J.-Y. Deng, and M. Zhang at National La-

boratory of Antennas and Microwave Technology Xidian University, Xi’an, Shaanxi 710071, China
in 2011.

A square slot antenna of compact size fed by coplanar waveguide was proposed for dual-band
applications. The antenna consisted of a monopole transmitter and square slot resonator. The anten-
na could meet new resonance while sustaining a small size. The proposed antenna was designed to
obtain an antenna of operating over separated two frequencies ranges over which WiMax and
WLAN applications frequencies covered with compact antenna size. As seen the Figure: 1 (b) it
was well achieved to obtain two different operating bandwidth antenna which covers the frequency
ranges of stretching from 2.33 GHz and 2.73 GHz and 3.27 GHz and 4.29 GHz over which WiMax
and WLAN operate, respectively. The results indicate that the objectives were achieved as WiMax

and WLAN were covered with compact size antenna over Separated two bandwidths.

28 0

-

——measured
= = simulated

I S e AN S e
L, -
32 o
S 15k
£
Square slot =
* A 35 |215 2ol
/ 35 Ground plane 25-
50£1faedlinel—%—‘
30
'\_ 20 25 30 35 40 45 50
W 7| Unit:mm Frequency (GHz)

(a) (b)

Figure: 1. the geometric structure of the proposed antenna (a) and Return loss versus
Frequency result of the proposed antenna (b).

2.4.1.2 Compact Printer Slot Antennas for Wireless Dual-Band and Multi-Band operations

The work was done by Y.-C. Lee and J.-S. Sun, at Institute of Computer and Communication

Engineering in Taiwan, in 2008.
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The proposed antenna was constructed to attain an antenna of having dual band antenna with
compact size and the structure is illustrated in the Figure: 1.1 (a). The dual band antenna was in-
tended to operate over bandwidths of covering WiMax and WLAN bands. In order to meet the
desired bands, the slot antennas with slotted structure and an inverted-L slot shape for operating

wireless communication operations were improved.

0

-
o

—
o

Return loss (dB)

L3
o

e Measured

7?5 Ground plane L eeses Simulated
S0 coaxial line

L
o
T

Il | Il |

-30 .
B 15 25 35 45 55 6.5
0.8 substrate Side view

Frequency (GHz)

(@) (b)

Figure: 1.1 the geotmetric structure of the proposed antenna (a) and the return loss of the antenna
versus frequency (b).

The obtained return results of measured and simulated as seen the figure (b) it was observed that
the antenna has two bandwidths of spaced about 800 MHz and operating over ultra-wideband. The
lower band is between 2.48 GHz and 3.02 GHz and the upper band is between 3.81 GHz and 5.65
GHz, which indicates that the antenna constructed covered the objective as it covers mobile WiMax

over the lower band and WLAN over the upper band with a compact antenna size.

3 ANTAENNA PARAMETERS, COPLANAR WAVE GUIDE
AND SLOT ANTENNAS

3.1 Brief explanation of Antenna Parameters

There are numerous types of antennas available but they have some common properties which are
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called antenna parameters. The most fundamental parameters shown below;

3.1.1 Impedance bandwidth

Impedance bandwidth is defined as the frequency range over which the antenna can properly
transmit and receive the energy. Bandwidth is measured in terms of both VSWR (voltage standing
waves ratio) and return loss. To obtain these two terms the reflection coefficient (I') that is de-

scribed as the ratio of the amplitude of the reflected voltage () normalised to the amplitude of the

incident wave (V;).

I = Ve Eq.3.1
= TJL q. .
Return loss = —20 log|T| Eq.3.12
14T
VSWER = =T Eq.3.13

The mismatch loss of 10% is acceptable, which corresponds to '=0.3162 reflection coefficient.
In this case the return loss is below -10 dB and VSWR is below 2, meaning that 90% of the
available power sent by the source is transmitted to the antenna. Also the bandwidth is mainly

described as fractional bandwidth which can be worked out as follows;

Fractional Bandwidth = gxiﬂﬂ%

c

Where % is the centre frequency that is the average of f;, and f3.

This equation is used for fractional bandwidth of less than 100%. If the fractional bandwidth is

greater than 100% the fractional bandwidth is as shown below;

Fractional Eandwidth = ‘f—“‘

7
L
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Figure: 3 return loss against frequency.

3.1.2 Radiation patterns

The radiation pattern is described as the transmitted power variation as function of direction away
from the transmitter, and mainly the antenna pattern is measured in far field region that the radia-
tion pattern remains constant in terms of their shapes. Practically there is no antenna that can
radiate equally in all directions. It is measured that the antennas radiate largely in one direction wile
nothing some other directions. The antenna radiation in any direction is calculated from the field
strength point of view at a point distanced from the radiator antenna. The strength of the field can
be deduced by working out voltages at two points on electric line of force then dividing the space
between two points. The polarisation, power flux density, field strength, directivity and radiation
intensity can be calculated in radiation pattern. It can be seen from the Figure: 3.1 there is main
lobe which shows that the biggest power is radiated in the direction of main lobe. On the other
hand, there are side lobes which are mainly unwanted as they interfere with other radiators so they
must be suppressed to minimize. Finally, the side lobe that is right opposite of the main lobe is

called as back lobe.
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Figure: 3.1 a typical polar radiation plot
3.1.3 Directivity

An isotropic antenna is an ideal antenna that radiates in all directions uniformly, which is al-
so known as omnidirectional antenna. As it is not possible practically to have an isotropic
antenna, all antennas radiate with different filed strength in different directions. When the
antennas are designed to radiate in a specific direction, it is wanted to radiate as much pow-
er as possible in desired direction from the total radiated power. This brings the term of the
directivity out; the directivity is the ratio of the maximum power density to its average val-
ue, meaning that antenna transmits with larger efficiency to a particular direction in the
surrounding environment than the other directions.

_ P{HJ Iﬁ} Max

D= Eqg.1.34
P(8,0),, d

The directivity does not have dimension.

The smallest directivity is the directivity of the isotropic antennas and assumed to radiate

uniformly to all directions with the directivity of 1.

3.1.4 Gain

The antenna gain is described as the ratio of the radiation intensity in a particular direction
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to the radiation intensity which would be yield if the power received by the antenna were
transmitted uniformly to all directions of the surrounding space. The gain is a real quantity
as it consists of the ohmic losses in the antenna. In other words, gain is combination of the

antenna’s efficiency and the directivity.

B Eq.1.35

Where
e s the efficiency of the antenna. The gain is used to measure the performances of the an-

tenna. In particular, when it is desired to obtain directional antennas, since it can be seen

how much of the total radiated power is sent to the chosen direction.

Efficiency

There are two types of efficiency that one has to focus on when evaluating antenna’s per-

formance. The first is radiation efficiency and second one is the total efficiency.

The radiation efficiency is the ratio of the power that antenna radiates as an electromagnetic

wave into the free space to the power that in fed to the antennas terminal.

As all other electronic components the antenna has power losses problems as well. The effi-
ciency is the ratio of the power radiated to the power to the input power of the antenna. It is
between 1 and zero and in the literature mainly quoted as percentages. The total efficiency
takes into account the reflections due to mismatch, the losses in conductors and dielectrics
[34].

By = EpuBa. B, Eq. 1.36

e, = total efiiciency

ez = dielectric ef ficiency

e, = condutor ef ficeincy

e, = reflection (mismatch ef ficiency)

3.1.6

Polarization

Polarisation is generally a crucial parameter for radio frequency antennas and radio com-

munications. The antenna polarization is the orientation of electromagnetic fields’ vectors at
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a given point and its variations with time. Polarisation is described as the electric field ori-
entation on the plane that is in the far-field as shown in Figure: 3.1.2. As antennas are
susceptive to polarization and mainly transmit and receive one signal with a particular po-
larization. Assume a radiated EM field has an E field that consists of two components
Exand Ey as given in Figure: 3.1. If one assumes the components E x and E are worked

out;
E_=a*cos(ot— fz)
E, =b*cos(awt - fz+ Phi)

Where @ and b are the amplitude of E and E y, respectively.

Antenna with two
orthogonal conductors

Ey E Y g‘b

Direction

<5t Travel NN N N -
NN N
AN\ -
¢ X

The sum of the E field vectors determines the sense of polarization

Figure: 3.1.2 polarisations coordinate

Ey

Figure: 3.1.3 E field components.
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Figure: 3.1.4 linearly polarised (a) circularly polarised (b) elliptically polarised (c)
The polarization might be linearly, circularly, and elliptically polarised as indicated
in Figure: 3.1.4[20].

If the transmitter and the receiver are not aligned or not have the same polarization,
there is going to be a decrease in power transfer between the transmitter and the re-
ceiver. The decrease in the power will diminish over all system efficiency and
performance. If the antennas are linearly polarised and there is a misalignment be-

tween them, there will be polarization mismatch loss.
Polarization Mismatch Loss (dB) = 20 log (cos9)

Where 8 is the angle of misalignment between the receive and transmit antennas
[47].
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3.2 CPW Transmission Line

Stlrip

v

S S

Figure: 3.2 the structure of coplanar waveguide transmission line.

The Coplanar waveguide is a sort of transmission line which is described as planar transmission
line used for carrying the microwave signals which are greater than 300 MHz. It is used as an alter-
native to microstrip transmission lines and it has been catching so much attention as it is widely
used in RF and microwave integrated circuits owing to its properties. For instance, it is not needed
to use via holes for attaching circuit components to ground as active devices can be connected on
top of it. Furthermore, the coplanar waveguides offer very high frequency response quick access to
neighbouring power plane, low radiation leakage and dispersion loss [18],[11],[40]. In addition,
they give the advantages like realizing compact balanced circuits, being integrated straightforward-
ly with solid state components as well as fabrication as compare to other conventional transmission
lines [42]. The above structure is the perspective view of the conventional Coplanar Waveguide
(CPW) transmission line. A conventional CPW is formed of substrate on which there are two
ground planes and a conductor lies between as shown in the figure. The centre conductor (with
width of W) is separated from two ground planes with the distance of S. It is normally desired to be
infinite ground planes size and the substrate thickness (h) while using zero metal thickness (t) but
adequately greater than the skin depth, as in practice the dimensions are not infinite they are just
constructed large enough [16]. There are two sort of dominant propagation modes existing in CPW
lines. The first one is the even mode (otherwise known as coplanar waveguide mode) which has the
current flow in the same direction and equal electrical potential on the ground planes and the centre
conductor current flows opposite direction of the ground planes. As can be seen from the Figure:
3.2.2 (a) in the fields distribution of even mode the electric field lines start from the centre conduc-
tor to end at the ground planes whereas the magnetic field lines surround the centre conductor. And
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the second one is the odd mode (otherwise known as slot-line mode) the current on the ground
planes flow in opposite direction as shown in Figure: 3.2.1 [15],[36]. In the odd mode the electric
filed lines begin from one ground and end at other ground not all the field lines touch the centre
conductor, meaning that the potential of the grounds are opposite signs. Also the magnetic field
lines are longitudinal direction and therefore it causes a big dispersion [17],[7]. The even mode is
the most desirable as it offers low radiation features, in other words it presents very low dispersion,
and it is very suitable for application used in circuits design and very wideband applications. The
odd mode is unwanted as it leads to power leakage from the wanted CPW mode, therefore must be
suppressed [40]. In order to avoid the odd mode the ground planes should be either symmetric or if
they are not, then air bridges can be used to keep the ground planes electrically equal potential
[11],[15],[41]. As can be seen the coplanar waveguide used in the project is symmetrical hence the

odd mode is not our concern.

Even mode

ta)

Odd mode

(b)

Figure: 3.2.1 even and odd mode current flow representations.

-20 -



VEDAT CAVLU, MSc dissertation

BT LA magnetic field
~ : S electric field

AR

\-ﬁ—;‘/:-‘

@ ==1\
@==-
=

Figure: 3.2.2 Electric and magnetic field distribution of (a) the even mode and (b) the

odd mode on a coplanar waveguide.

Since the coplanar wave guides consist of the substrate that has three conductors on the same
side mounted in parallel it makes it easier to connect to series and shunted components. The copla-
nar waveguides have relatively small dimensions like width of the slots and centre conductor. As
the coplanar waveguides have the conductors’ width ground potential, the adjacent transmission
lines decouple more efficiently. Therefore, the smaller chip and higher packaging density is at-
tained [48].

As the Coplanar waveguides are not homogeneity of the dielectric interface between substrate
and air interface they do not have TEM propagation. When the operating frequencies are low the
loss and dispersion are not high and it is defined as quasi-TEM as a matter of the fact that it has
similar propagation properties to Tem mode. Nonetheless, when the operating frequencies are high
the surface waves interact with the even mode and therefore the loss and dispersion get utterly im-
portant problems [16],[29]. Also if the substrate is not thick enough the field lines get out of the
substrate from the bottom as seen from the Figure: 3.2.2. This is not wanted as the coplanar circuit
might be connected to on top of conductive components this can cause changes in electrical proper-

ties of the transmission line. In order not to get affected by the dielectric constant in terms of
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thickness high permittivity dielectric substrate is used [16]. It is clear that the substrate thickness
affects the dispersion properties of the transmission line. If the space from one ground plane to oth-
er one is close to one-half wavelength some problems might take place in radiation, which will
restrict the dielectric permittivity of the substrate used at the operating frequency [48].
Characteristic impedance of the coplanar can be obtained by means of conformal mapping:
__ 30w K'(k)

1o = Q Eqg.3.1
07 eerr K(K) g

Where K (k) and K’ (k) represent the complete elliptic integral of the first kind and its comple-
ment, and they associated with each other via the formula of K (k) =K (k’).

Where k’ is the complementary modulus and k’=+'1 — k2. The argument of the integrals is as-

sociated with CPW parameters. As seen from the structure of Figure: 3.2.
K=s/(s+2*w). Even though K and K’ are separately more or less tricky, the ratio of K/K’ can be

calculated effectively by means of the formula provided below:

K b1 —
P m Ifo= k = 1/4/2 Eq.3.11
1.—*\-"?!‘)

1+ k!
K In (21_4\..@ -
o . fia2=k=1 Eq.3.12

The effective dielectric constant can be derived by applying curve fitting procedure to field-

theoretical results and the equation shown below can be obtained:

£.+2 h k«w
Eop = = {tanh [1.87510g (%) + 1.75| + “*[0.04 - 0.7 »
k+0.01+(1—0.1+¢)=(0.25+ k)]}
[19],[48]. Eq.3.13

3.2.1 QUASI-STATIC ANALYSIS BY CONFORMAL MAPPINGS

Coplanar waveguide is a proper transmission line and able to produce elliptical polarised mag-
netic fields of the both modes so-called non-TEM and quasi-TEM for CPW. By the use of
conformal mappings method that is the very simple and often used quasi-static method contains
complete elliptic integral that are very hard to compute even by computers the CPW can be quasi-
statically analysed. Therefore, approximate equations are proposed so as to work out the elliptic

integral via conformal mapping which is used to modify the structure of the PCB into another con-
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formation, whose properties make the calculations easier [18],[11].

Electric field M asnetic Field

Figure: 3.2.3 Electric and magnetic fields of the even mode.

Practically the is constructed with a finite thickness of h, for going on with the analysis of the
conformation, a preliminary conformal mapping modifies the finite thickness dielectric to an infi-
nite thickness one. Just effective dielectric constant is changed and it becomes:

Er—1, K (ko) K (ky) Eq.3.14

Eett = 1+ = ey Kaen)
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Where k, = ﬁ%ﬁ Eq.3.15 [48]
4:h

3.2.2 Effect of Dispersion

The dispersion owing to interaction with surface waves parallel-plates modes in the
substrate are dependent very much on the total distance (w+2*s) between the ground
planes. To obtain the minimum dispersion and radiation losses the total distance between
the ground planes should be small as comparison with substrate thickness and dielectric
wavelength. Short distance between parallel grounds as compare to substrate thickness is
needed not to have the excitation of the micrstrip mode and to yield the least deviation of
the CPW mode form the odd mode of the ideal line. Nevertheless, if the total distance be-
tween grounds becomes too short the conductor losses will take place, hence this limits the
reduction of the total distance and the centre conductor. On the other hand, if the thickness
of the substrate is very big with respect to (w+2*s) the operation of the CPW will inevita-

bly not be less than the cut off frequency of surface wave modes. Nonetheless, if the total
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distance between ground planes is short as comparison to the dielectric wavelength, the
interaction of the CPW mode with surface wave modes is not important for integrated cir-
cuit applications. The dispersion affects the CPW similar to those in microstrip lines,
although the impact on the impedance is not somewhat similar. A closed form expression

to calculate =_..(f) from its quasi-static value:

—

—_—
‘\"Er_d\llﬁg_f_f':ﬂ:l

JE = ./E 0)+ Eq.3.16
efs (F) er7(0) 1+Gx{fj;£]h{_m] q

Where

G=e* =In (g]ﬂ? Eq.3.17
U =0.54—0.64p + 0.015p° Eq.3.18
V =043 —0.83p + 0.54p° Eq.3.19
#=n() Eq.3.2

fre is the cut-off frequency of the TE,; mode, referred as:

frg = ——— Eq.3.20

she e, -1

The accuracy of the this formulas is believed to be better than 5% for 0.15%5 5,

0.1< < <5,15< ¢, < 50 and 0= fi < 10 [17,sample, 16].
TE

3.2.3 Effect of Metallization Thickness
In spite of the fact that the thickness of the strip is very thin in most of the practical
works, the thickness cannot be totally ignored. A first order correction to take into consid-

eration the non-zero thickness of the conductor is given by:

s,=5—A Eqg.3.21
And

w, =w+A Eqg.3.22
Where
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1.25¢

=220+ (25 Eq.3.23

T

The k, and the effective dielectric permittivity are influenced when the impedance is

being calculated, thus k, have to be substituted bye an effective modulus k_ where

k, = w::i.qe M+ (1—k Do EQ.3.24

And

Eeff” = Eeff — g’i{% Eq.3.25
ik s

[48].

3.3 Slot Antenna

Slot antenna is a sort of antenna which consists of similar characteristics to the complementary
dipole antenna and comprises a radiator that is formed of a tiny slot in a big metal sheet as seen
from the figure: 3.3. The length of the slot is half wavelength and the width of the slot is a small
fraction of wavelength at the desired frequency. At low frequencies the transmission lines and at
high frequencies waveguide can be used to feed the slot antenna. The slot antennas are popular as
they are easy to but cut on metal sheet wherever on the surface they are needed to be connected as
well as giving almost omnidirectional radiation patterns ( as is seen in a wire dipole antenna)[21].
In many applications the slot antennas are very commonly used, in particular when the low-profile
or flush mountings are needed such as for high-speed aircraft [20].

3.3.1 Slot Antenna and Its Complementary Dipole

The slot antenna is mainly associated with the conventional half wavelength dipole an-
tenna. According to booker, the radiation patterns characteristics of the slot antenna is the
same as those of the complementary half wavelength dipole having an excellently conduct-
ing flat strips that has the width of w and excited as seen in the Figure:3.3. If the flat strip
dipole antenna placed into the slot of the infinite metal sheet it fits the slot in the metal sheeet,

which is called to be complementary.
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Figure: 3.3 the structure of the slot antenna and of the complementary dipole, respectively.

3.3.2 Radiation Patterns of Slot antenna

Imagine a slot antenna with A/2 length and width of small fraction of A in excellently conducting
flat sheet of large size (ideally infinite) as illustrated in Figure: 3.3.2 (a). When the slot is excited
at the centre, the radiation patterns of the slot is the same as the those that obtained from the com-
plementary horizontal dipole which has excellently conducting flat strips of the same dimensions as
slot antenna and excited at the center as illustrated in Figure: 3.3.2 (b). However, there are some
differences between the both slot and its complementary dipole. The first difference is that, if take
the horizontal slot and dipole antennas, for the slot antenna the magnetic and electric fields are in-
terchanged as shown in the Figure: 3.3.1 (a) and the magnetic field lines radiate horizontally while
electric fields having vertical radiation lines, for the dipole, nonetheless, the electric field lines are
horizontal whereas the magnetic field lines make loops through the vertical plane as indicated in
Figure: 3.3.1 (b). In the slot antenna the electric field lines are constructed around the tiny dimen-
sions of the slot. Therefore, a horizontal slot radiates vertically on the contrast vertical slot antenna
radiates horizontally. The second difference is the electric field’s components that are perpendicular

to the metal sheet are discontinuous from one surface of the metal sheet to another one, similarly
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the tangential component of the magnetic field is discontinues inevitably, meaning that the magnet-
ic and electric fields have sudden reverse direction on the opposite side of the metal sheet.
Nevertheless, dipole antenna creates electric field lines which have the same direction and magnet-
ic field lines of continuous closed loops [22],[20]. When the slot is excited the currents going
through the conductive metal sheet are not only restricted to the edge of the slot but they flow all
over the sheet surface and thus, both side of the slot radiate as seen in Figure: 3.3.2 (a). On the
other hand, the currents flow over the complementary dipole antenna is more restricted to the edge
of the stubs as shown in Figure: 3.3.2 (b), hence much bigger amount of currents are required to
generate a desired power output using the dipole, which means that slot antenna is very much more

efficient than its complementary dipole [20].

Slot in sheet in
x-z plane

@) (b)

Figure: 3.3.1. Radiation patterns of the slot in an infinite Sheet (a) and of complementary di-

pole antenna (b).

Assume that z axis is vertical and x-y is horizontal in an infinite sheet, then the horizontal
slot radiates vertically in x-y plane as illustrated in Figure: 3.3.1 (a). On the contrary, when the slot
is coincident with the z axis then the vertical slot radiates horizontally all over the x-y plane and

hence, there is only E4component as depicted in Figure: 3.3.3 (a). If the width if the slot is very

small (w<<X) and the length is equal to 1/2, E 4 varies as a function of 6 as follows;

cos [(m/2)cosh]

sinf

Eg (6) =
Eq. 3.26
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However if the sheet is a very good conductor and infinitely large, then the magnitude of Ej

stays constant as a function of ¢ for any value of &. Therefore,

E4(¢) = constant
Eq.3.27

If one considers a slot in a finite sheet, the E, (8) is not so different from the infinite sheet,
whereas there is a noticeable change in the E, (¢) pattern as the sheet radiates equally in magni-

tude on both sides but out of phase in x direction so they cancel out each other and as a result null
occurs in all directions in the sheet plane as illustrated in Figure: 3.3.3 (a) and (b) with the solid

curves and dashed curves represent the E, (¢) of infinite sheet.

Metal sheet A4 stubs
» ] st
/an?enna "—%—*I"-—-% +
I—)—7 - -} w
it >

(@) (b)

Figure: 3.3.2 good efficient slot antenna (a) poor efficient stubs (b).
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Slot in sheet
x-z plane

(b) (©)

Figure: 3.3.3 radiation pattern of vertical slot (a) solid curves indicate patterns in x-y plane in (a)

slot is open on both side in (b) and closed on left side in (c). The dashed lines indicate pattern for
infinite sheet [20].
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4 ANALYSIS

4.1 Antennas Descriptions

a) The Figure: 4.2.1 indicates the geometry of the first proposed antenna that is fed by a CPW
transmission line and has two rectangular-shaped slots. The antenna is printed onto an FR4 sub-
strate thickness of 1.58 mm and relative permittivity of 4.3.The CPW transmission line, which is 50
ohms in the resonant frequency, is printed as centre line and separated from the symmetric ground
planes with the small gap of 0.25 mm. The substrate has the rectangular shape of 80x60 mm~2
(LhxWh), so does the ground plane. In the table: 4.2.1 the dimensions of the antenna are given.
The return loss, total efficiency radiation patterns of each slot antenna fed by CPW is simulated and
computed by use of CST microwave studio software.

b) The second antenna which is shown in figure: 4.2.4 has the same substrate and ground plane
characteristics as the first antenna but it has got different dimensions as shown in the table: 4.2.2.

¢) The upper and lower operating band antennas are illustrated in figure: 4.3.1 and 4.3.5, re-
spectively, as well as the total dimensions in the table: 4.2.1 and 4.2.2. As seen the two structures
that there are additional slots and gaps available as the two antennas nested onto the same substrate.

In the following sections 4.2 the first antenna and the second antenna were discussed and in the

section 4.3 the upper and lower operating antennas were evaluated.
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4.2 The First and Second Antennas Evaluations

4.2.1 CPW:-fed rectangular hybrid slot antenna (first antenna)

A
— L1 —_—
Y
=
— Gl [\
o
o e
=
Y Y
»
=
A
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»SS<
»GS<
Y

Figure: 4.2.1 the geometric structure of the CPW-fed rectangular hybrid slot antenna (first anten-

na).

As it can be seen from the Figure: 4.2.2 and 4.2.3 which represent the return loss of construct-
ed antenna and antenna taken from the literature, respectively, the antenna constructed in the CST
microwave has similar return loss to the antenna taken from the literature, which was desired to get
the similar results to those obtained in the original antenna. The first antenna has the bandwidth of
1.66 GHz (between the cut-off frequencies of 3.64 and 5.3 GHz) which represents the fraction-
al bandwidth 38% that is an ultra-wideband as the fractional bandwidth greater than 20% is
called ultra-wideband. It also gives 86% radiation efficiency and 78% total efficiency,
which is good antenna efficiency, since good antenna radiation efficiency is mainly as-

sumed to be greater than 50%.
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£,=4.3 h=1.58 mm
S1=11 mm Ss=1.26 mm
G1=0.5 mm Gs=0.25 mm
L1=21.8 mm Ls=40.3 mm
W1=6.7 mm Ws=4.3 mm
D1=16.5 mm

Wh=60 mm Lh=80 mm

Table: 4.2.1 the dimensions of the first antenna.

SParameter [Magnitude in dB]
0
: : 1 1 1 1 3 —s1,1

-30 t t t t t t t
3 35 4 45 5 5.5 3 65 7
Frequency / GHz

Figure: 4.2.2 the first antenna (constructed in CST microwave) taken from the literature return

loss against frequency.
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Figure: 4.2.3 first antenna return loss, taken from the literature, against the frequency.
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4.2.2 CPW-fed Ractangular Hybrid Slot Sntenna (second antenna)
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Figure: 4.2.4 the geometric structure of the CPW-fed rectangular hybrid slot antenna (second an-

tenna).

S2=22 Ss=1.26
G2=0.6 Gs=0.25
L2=40.3 Ls2=67

W2=6 Ws=4.3

D2=34

Table: 4.2.2 the dimensions of the second antenna.

The second antenna was taken from the literature but only Ls2, L2, and S2 dimensions were
known. Also the S11 (return loss) result of the antenna was given. The purpose was to find the oth-
er dimensions to obtain similar S11 (return loss) results to that of the paper by reconfiguring the
antennas’ unknown dimensions. The different dimensions were tried and simulated and hence very
similar results were yielded. After, it was attempted to achieve better bandwidth then that of the
given by trying to change the values of the found dimensions such as D2, Ws2, and W2. As a con-
sequence, a better antenna bandwidth, which extends from 2.285 to 3.314 GHz (1.0284 GHz) as
shown in figure: 4.2.5 with comparison to Figure: 4.2.6, was achieved and be used for nested an-

tenna. Also it was observed that the antenna has radiation efficiency of 68.74 % which is good. In
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spite of the fact that a good bandwidth and radiation efficiency were achieved, it was monitored
that the total efficiency of 33% was obtained, which should be utilised as it means that 33 % of the

total power applied to the antenna reaches to the antenna terminal so the rest of the total power is

reflected due to mismatch and being absorbed by the conductors and dielectric material, which

might lead to heat up so much the antenna and therefore burn it down depending upon the amount

of power being supplied. Furthermore, the antenna has the gain of 6.26 dBi and directivity of 7.604

dB.

0061929

S-Parameter [Magrinude in dB]

—si1

0 1 2 3 4 5 b 7 73153
Frequency [ GHz

Figure: 4.2.5 the CPW-fed rectangular slot antenna (second antenna) return loss against fre-

guency.
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Figure: 4.2.6 the return loss of the second antenna from the literature against frequency.
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4.3 The Nested Dual Antenna

4.3.1 Upper Operating Band Antenna
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Figure: 4.3.1 the geometric structure of the upper band antenna fed by CPW.

After managing to meet all the desired results of the first and second antennas they were com-
bined together on the same substrate which has the same size as those used for the first and second
antennas as shown in Figure: 4.3.1 and 4.1.9 namely upper operating band and lower operating
band antennas, respectively. If it is had a look at the figure: 4.3.1, it can be seen that the slot which
has the dimensions of second antenna is cancelled by means of the switches used in the gaps G2
and the slot that has Ls2 and Ws2 dimensions. As these switches were used, there is no potential
difference around Gs2 and slot of Ls2xWs2, since they have the same potential as the ground
planes and hence it cannot act like antenna to radiate electromagnetic energy into the space or vice
versa . Nonetheless, the first antenna is active and the return loss results are given below in Figure:
4.3.2 (a) and (b). As can be monitored that the return loss of the measured in the lab (a) is very sim-
ilar to that of obtained with the software in terms of the bandwidth (b). The antenna measured has
the bandwidth stretches from 3.85 GHz (lower cut- off) to 5.1 GHz (upper cut-off) (1.3 GHz) and
the simulated bandwidth stretches from 3.87 GHz to 4.91 GHz (1.04 GHz). As can be noticed that

there is a slight shift down on the higher frequency limit as much as 20 MHz, which means the
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measurement result has 20 MHz wider than simulated one. The shift might be because of the cable
that connected to the antenna; the materials close to the antenna while was under test or not have
good calibration settings and also might be due to the FR4 substrate as it is very cheap and not very
good quality material it might not have the same dielectric constant as given properties in the form
or might have changed in value so much while under test. But in any case the results are mainly in
a good agreement. The fractional bandwidth of the antenna is almost equivalent to 28% which is
greater than 20% meaning that the antenna is an ultra-wideband antenna. In the result of measured
the S11 becomes zero after below 1 GHz which is very much desired as it means the antenna will
not radiate or receive strongly at these frequencies and therefore will not get interfered with other
antennas that operate in these frequencies but the simulated results are not as good as in these fre-
guencies. The higher frequencies above upper cut-off frequency they are similar to each other with
slight differences. Also it is clear that in the lower or higher frequencies the simulated results are
smoother than measured results because the measured S11 line oscillates so much, ideally it is de-
sired to have smooth S11 parameters since there would not be big difference between adjacent
frequencies results, meaning that the gain at adjacent frequencies would not be so different. In spite
of the fact that the measured results over the operating band frequencies (below 10 dB) oscillates
more than the simulated result it is relatively flatter than simulated result. Additionally, the meas-
ured antenna resonates around 4.5 GHz while simulated antenna resonance frequency is around 4.8
GHz.
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S-Parameter [Magnitude in dB]

— 51,1

Frequency / GHz

(b)
Figure: 4.3.2 the return loss (S11) of the upper band antenna measured result (a) and simulated
result (b).
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120

Theta [ Degree vs, dBi

(b)
Figure: 4.3.3 the radiation patterns of the upper band antenna measured in the lab 3GHZ (yel-
low), 2.7 GHz (green), 4.5 GHz (turquoise), and 5 GHz (pink) (a) and the simulated at the
frequency of GHz (b)

In the Figure: 4.3.3 the radiation patterns of the antenna measured and simulated results are il-
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lustrated, respectively. It is observed that the result from the simulated pattern at the frequency 4.5
GHz and at the same frequency in the measurement, which is represented in turquoise colour, have
some discrepancies. First of all, it can be noticed that the simulated antenna has a very smooth bidi-
rectional E-field radiation patterns of having bore sights of towards 0° and 180°. However, even
though the measured result at the same frequency has almost smooth E-field radiation pattern and
bidirectional as well, the measured radiation pattern has slightly shifted towards 10° and 170°
which might be because of the factors that given below;

1) Misalignment between the receiver and transmitter which is most likely.

2) As the anechoic chamber is not 100% ideal, propagation loss might take place.

3) The transmit antenna might have been tilted, while the turn table was turning. As a
result polarisation miss match loss might have taken place.

4) As the software mainly does not have connector to feed the antenna, it does not
have any effect on the radiation pattern but in the measurement the connector af-
fects the patterns particularly when the antenna is small in size.

Other difference is that there is a side very small side lobe, which is undesired, in the measured pat-
terns whereas the simulated pattern does not have any side lobes. Furthermore, the simulated

antenna looks more directive than the measured one as the measured patterns look like circles.

On the other hand in order to see the stability of the E-field at different frequencies of at 3 GH,
2.7 GHz, and 5 GHz were measured and the measured results at these frequencies are shown in the
Figure: 4.3.3 (a) with different colours. When it is taken a very close look at the results, it can be
realized that the antenna has mainly different radiation patterns for different frequencies which in-
dicates that the antenna has unstable radiation patterns in general. As the 4.5 GHz and 5 GH within
the operating band frequency range, they are much more important to be paid attention. As it is
seen the pattern results are utterly different which means the antenna radiates unstably, meaning
that radiation patterns vary with frequency variation. On the other hand, there is an error observed
at 3 GHz (yellow), which seems very directive like sward shaped pattern, because of the analyzer
software error.

It can be observed from the figure: 4.3.4 that the total radiation efficiency increases starting
from lower cut-off frequency from the lower and reaches the pick point somewhere between 4.5
GHz and 4.7 GHz and then goes down till reaches the upper cut-off frequency. It is also monitored
that the radiation efficiency is much higher than the total efficiency and the total efficiency is much
sensitive to frequency variations than radiation efficiency as it change faster than radiation efficien-
cy against the frequency alterations. The antenna has its lowest efficiencies at 5 GHz. if the

efficiencies is calculated will be observed that the antenna has total efficiency of greater than 0.80
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(80%) , radiation efficiency of greater than 0.87 (87%),which means more than 80% of the total
power propagated to the antenna by the source reaches to antenna terminal and more than 87% of
the total power reached the terminal is radiated by the antenna at the peak point.

1D Resuits'\Efficiencies [Magnitude in dB)
-04

,06 4
,0‘8 4

-1 1
,1‘2 4
14
,1‘6 4
18

2
2o
244
=26

—&— Rad. Efficiency [1]
—&— Tot, Efficiency [1]

3 4 S
Frequency / GHz

Figure: 4.3.4 the total and radiation efficiency of the upper operating band against frequency.

4.3.2 Lower Operating Band Antenna

When the combined antenna works in the upper band antenna for a while then it starts to work in
lower band antenna by means of the switches that is used to turn upper band antenna off or vice
versa in the same principle as explained in the upper operating band antenna text. As it is seen in
the Figure: 4.3.6 the return losses (S11) of the measured (a) and simulated (b) have similar curves

with some slight differences.
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Figure: 4.3.5 the geometric structure of the lower band antenna fed by CPW.

If it is closely looked at the return losses, it will be spotted that the simulated antenna demon-
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strates better performance than measured one since it has all its component of over the desired
frequency range below -10 dB. The simulation result and measured antenna have different result
even if they have the same properties and it might be because of the fabrication problems, or the
connected cable calibration mistakes and/or other materials that close to the antenna while it was
under test. As the CST microwave studio gave very good result in terms of other antennas’ return
losses, it is very small possibility to be a mistake due to the software. For the lower frequencies the
measured results approach zero with the line of oscillations and once reaches zero remains almost
zero for afterward, which is wanted as the antenna would not radiate or receive very strongly over

these frequencies but it is better to approach zero with non-oscillated line as the simulated result.
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(a)

SParameter [Magnitude in dB]

—s11
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Frequency [ GHz

(b)

Figure: 4.3.6 the return losses (s11) of the lower band antenna measured at the lab (a) and simu-

lated (b).

However, even though in the simulated S11 line for lower frequencies (lower than 2.56 GHz) it
approaches zero too, it returns towards minus dB values again. For the frequencies higher than 3.44
GHz the results of the two are almost the same some small differences.

If it is assumed that the antenna operates as the simulated result then antenna has the bandwidth

of stretching from 2.56 GHz to 3.44 GHz (0.88 GHz), which equals to fractional bandwidth

of 29.3%, meaning that the antenna is an ultra-wideband since the fractional bandwidth is

greater than 20 %.
In the Figure: 4.3.7, if we a glance at the E-field radiation patterns at 3 GHz for the

measured (yellow colour (a)) and simulated (b), then we can spot that the patterns are not

matched as good as the upper band antennas’ pattern results from similarity point of view.

-43-



VEDAT CAVLU, MSc dissertation

120

Theta f Degree vs, dBY
(b)

Figure: 4.3.7 the radiation patterns of the lower band antenna measured at the lab 2.7 GHz
(green), 3GHZ (yellow), 4.5 GHz (turquoise), and 5 GHz (pink) (a) and the simulated at the fre-
quency of 3 GHz (b).
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The simulated antenna has two maximum gain of towards opposite directions of 0° and
180° with almost good smooth shape whereas the measured antennas’ radiation patterns of
towards 60°’s and 180° as can be observed from the provided figures (a) and (b). The
simulated patterns are more directive than measured one. The measured and simulated re-
sult react similarly in terms of having different shapes in the directions of 0° and 180°’s but
the measured result has more of its power radiated in the region between 0° and 90°s. One
more difference can be monitored is that towards 0° the measured pattern are almost flat
but simulated one is very directive. The reason of having these discrepancies might be the
same reasons mentioned in the upper band antenna part. Finally as seen in the figure (a)
there is a similar error to in the upper band simulation at 3 GHz observed due to analyser
software errors.

To observe the stability of the antenna from E-field radiation patterns point of view in
the lower operating band, the antenna E-field was measured at different frequencies of 2.7
GHz, 4.5 GHz, and 5 GHz too. The E-field radiation patterns at these different frequencies
are completely different from one another whether in the operating band or out of the band.
It demonstrates that the antenna is unstable in the lower operating frequencies as well,
meaning that the E-field radiation patterns vary as the frequency varies.

Finally as seen from the figure: 4.3.8 the total efficiency of the antenna has its peak
value at 2.5 GHz and decreases linearly to its lowest value at 3.5 GHz over the operating
frequency, meaning that the undesired losses between antenna’s terminal and the feeding
source get worse as the frequency increases. On the contrast, even though the radiation ef-
ficiency has its lowest at 2.5 GHz, as the frequency increases the radiation efficiency goes
up and reaches its peak value at 3.5 GHz, which means the antenna gets better with higher
frequency in term of radiation efficiency. Also the total efficiency is more sensitive to fre-
quency variations than radiation efficiency since it changes more in value than radiation
efficiency over the same frequency variations. The antenna has the total efficiency of
0.44.7 (44.7%) , radiation efficiency of 0.8 (80%) at 3.5 GHz, while the total efficiency
has its peak value of 66%radiato and the radiation efficiency has its lowest value of 70%. It
is clear that the lower operating band antenna works relatively better over lower frequen-
cies, meaning that the applications work in the lower frequencies of the lower band

antenna will work better than the applications used over the upper frequency ranges.
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Figure: 4.3.8 the total efficiency and radiation efficiency of lower operating band against fre-
quency.

5 CONCLUSION

51 Summary

The very rapid developments of the communication systems increase the need for high data rate
and speed. Moreover, besides the need for high data rate and speed, smaller size components are
more in demand as the new communication devices are getting smaller and smaller in size. The
antennas are essential elements of communication systems as they transmit and receive the signals
of the communications systems. In order for increasing the demanded data rate and speed of the
system ultra-wideband antennas are required, since the wider the bandwidth the higher data rate
and faster speed can be yielded. Also ultra-wideband antennas are safer than the traditional anten-
nas and they are used for precise positioning in radar applications and identifying and tracking
applications (RFID).

Coplanar fed slot antennas are used to obtain ultra-wideband as they have very attractive proper-
ties such as low profile, low cost, low radiation leakage, less dispersion and so forth. Also they
perform very high bandwidth with small antenna size which is very much needed. For further hav-
ing smaller antennas size instead of having two separated antennas of operating in different
frequencies ranges in order to serve different applications, the antennas can be collocated to operate
with the same frequency ranges, which they do when separated, by incorporating with the micro-
wave switches by which one antenna can be turned on while other one is off or vice versa, which

might decrease the total space the antennas were required almost by 50%.
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5.2 Evaluation

The initial purpose was to learn how to use the CST microwave studio and to perform some tutorial
fabrications achievements. The work was done and the software successfully learned. After, one
antenna taken from the literature, which is a CPW fed hybrid slot antenna, was built, simulated and
the scattering parameters compared with the scattering parameters result of the paper and it was
observed that results were very well agreed. The next step, a different CPW fed slot antenna taken
with mostly unknown dimensions for trying to work out to obtain similar results to the original re-
sults. The antenna was built with different dimensions and similar results to S11 in Figure: 4.1.5
obtained. As the antenna was not an ultra-wideband, the next step was to attempt to utilize the an-
tenna for yielding ultra-wideband antenna and it was achieved as shown in Figure: 4.1.4. After all,
it was intended to collocate onto the same substrate and by in cooperating with microwave switches
antenna will operate in two different operation bandwidths. The antenna was built and simulated in
the software and then it was observed the antennas operate with ultra-wideband as provided in Fig-
ures: 4.1.7 (b) and 4.2 (b). Afterward, the antennas were fabricated in the lab and the scattering
parameters and E-filed radiation patterns were measured. It was achieved to meet the following
objectives;

a) Two antennas of operating in two different bandwidths.
b) The antennas were nested onto the same substrate, hence smaller size was achieved.

c) As there is the lower band antenna upper frequency and the upper band antenna lower fre-
guency is 3.44 GHz and 3.85 GHz, there is 410 MHz difference between the two antennas,

which means antennas are well isolated from each other.

d) Good antenna efficiency was achieved in the upper operating band antenna. Unfortunately,

in the lower band antenna it was not managed to obtain an antenna of good efficiency.

5.3 Future Work

Explain any limitations in the results and how things might be improved. Discuss how this work

might be developed further.

-47 -



-48 -

VEDAT CAVLU, MSc dissertation



VEDAT CAVLU, MSc dissertation

REFERENCE

[1 source 4] Yahia, N.M. Shaalan & N.H. Gad, "CPW-Fed Square-Spiral Slot Antenna
Design for Wideband Applications,” 29thnational Radio Science Conf. (nrsc 2012), vol. 6, pp. 105—
110, Apr. 2012

[2 source 5] M. Suresh Kumar, M.D. Mujumdar & D.Sriram Kumar, "cPW- Fed Antenna
with Two Rectangle Slots for Wideband application,” I, 2 Mtech Student, 3 Professor, Department
Electron. Communication Eng. National Institute Technology, Tiruchirappalli, Tamilnadu, India. E-
mail: 208108005@nitt.edu, 208108011 @nitt.edu, Srk@nitt.edu, vol. 4, pp. 1-4, Apr. 2012.

[3 source 6] T. Shanmuganantham, K. Balamanikandan & S.Raghavan, "CPW-Fed Slot Antenna
forWideband Applications," Department Electron. Communication Eng., National Institute Tech-
nology, Trichy 620 015, Tamil Nadu, India Correspondence Should Be Addressed to K.
Balamanikandan, Kbmanick@gmail.com, vol. 5, no. 379247, pp. 1-5, Feb.2008.

[4 source 7] F. Lu, Q. Feng & S.Li, "A Novel CPW-fed Bow-tie Slot Antenna for 5.8GHz RFID
Tags," Progress Electromagnetics Research Symp., Cambridge, Usa, July 2{6, 2008, vol. 4, pp.
327-330, Jul.2008.

[5 source 8] Y. Zehforoosh, C. Ghobadi & J.Nourinia, "Antenna Design for Ultra Wideband Ap-
plication Using a New Multilayer Structure," Department Elect. Eng., Urmia University, Iran, vol.
2, no. 6, pp. 544-549, 2006.

[6 source 1] J. William, R. Nakkeeran &, "A Novel Compact CPW-Fed Wideband Slot Anten-
na," Department Electron. Communication Eng., Pondicherry Engineering College, Puducherry-
14, India Wilsus@rediffmail.com, Rnakkeeran@rediffmail.com, vol. 4, pp. 1471-1474, Mar.2009.

[7-5] I. Wolff, Coplanar Microwave Integrated Circuits, Edition of Books, New Jursey: Johne
Wiley & Sons, 2006, p. 13-20.

[8- 8] D. Pozard, D. Schaubert, 1st Initial. , Microstrip Antennas: The and Design
of Microstrip Antennas and Arrays, Edition of , New Jursey: Johne Wiley & Sons,
May.1995, p. 72-73.

[9-source9]

S. Naushad ather, P. Singhal, 1st Initial. , "Wideband CPW-fed Monopole Antenna with Half
U Cut in Rectangular Patch,” 1Department of Electronics & Communication Engineering,
IET, Bundelkhand University, Jhansi, India 2Department of Electronics, Madhav Institute of Tech-
nology & Science, Gwalior, India Email: nsiddiqui2k@yahoo.com, Vol. 4, no. , 18-21, 2013.

[10-9] A. Patil, B. Suryakant, 1st Initial. , " COMPARATIVE ANALYSES OF ENHANCING
BANDWIDTH OF MICRO STRIP PATCH ANTENNAS: A AND AN IDEA" IJRET:
International Journal of Research in Engineering and Technology, Vol. 03, no. , 119-122,
May.2014.

=49 -


http://www.makecitation.com/ieee_books_style.php?action=test2
http://www.makecitation.com/ieee_books_style.php?action=test2
http://www.makecitation.com/ieee_books_style.php?action=test2
http://www.makecitation.com/ieee_books_style.php?action=test2
http://www.makecitation.com/ieee_books_style.php?action=test2
http://www.makecitation.com/ieee_books_style.php?action=test2
http://i.txtsrving.info/click?v=R0I6NTU4ODM6MTA5NjpzbG90czplMWUwYmZmMWQ4MjliOGEwOGNiMDMyZmFmYTgwMjNkNTp6LTEzOTktMjg3NjA5Ond3dy5tYWtlY2l0YXRpb24uY29tOjEwOTQ4NzphZGVjNWRkODY5ZDczZGUxNzAwYWM3MDNiYWM5Y2E0NDo4MjA1ZjEzNGM5MTY0MzhkYmNjZGVkZjM4MzBhY2FiMTox&subid=g-287609-503bc9441e2c4c18b424b59c9e3dde2f-&data_itn_test=20140717_t1&data_tagname=FONT
http://i.txtsrving.info/click?v=R0I6NTU4ODM6MTA5NjpzbG90czplMWUwYmZmMWQ4MjliOGEwOGNiMDMyZmFmYTgwMjNkNTp6LTEzOTktMjg3NjA5Ond3dy5tYWtlY2l0YXRpb24uY29tOjEwOTQ4NzphZGVjNWRkODY5ZDczZGUxNzAwYWM3MDNiYWM5Y2E0NDo4MjA1ZjEzNGM5MTY0MzhkYmNjZGVkZjM4MzBhY2FiMTox&subid=g-287609-503bc9441e2c4c18b424b59c9e3dde2f-&data_itn_test=20140717_t1&data_tagname=FONT
http://i.txtsrving.info/click?v=R0I6NTU4ODM6MTA5NjpzbG90czplMWUwYmZmMWQ4MjliOGEwOGNiMDMyZmFmYTgwMjNkNTp6LTEzOTktMjg3NjA5Ond3dy5tYWtlY2l0YXRpb24uY29tOjEwOTQ4NzphZGVjNWRkODY5ZDczZGUxNzAwYWM3MDNiYWM5Y2E0NDo4MjA1ZjEzNGM5MTY0MzhkYmNjZGVkZjM4MzBhY2FiMTox&subid=g-287609-503bc9441e2c4c18b424b59c9e3dde2f-&data_itn_test=20140717_t1&data_tagname=FONT
http://www.makecitation.com/ieee_journal_articles.php?action=test2
http://www.makecitation.com/ieee_journal_articles.php?action=test2
http://www.makecitation.com/ieee_journal_articles.php?action=test2

VEDAT CAVLU, MSc dissertation

[11-1] N.I. Dib & L.P. B. Katehi, "Theoretical Characterization of Coplanar Waveguide Trans-
mission Lines and Discontinuous," Coplanar Waveguide Work, vol. 209, no. RL-886, pp. 30-34,
Nov. 1992.

[12-2] R.l. Masood & S.A. Mohsin, "Characterization of a Coplanar Waveguide Open Stub-
Based Discontinuity for MMICs and Filter Applications,” Int. J. Antennas Propagation, vol. 9, no.
423706, pp. 1-9, 2012.

[13-3] C.P. Wen, "Coplanar Waveguide: Asurface Strip Transmission Line Suitbale for Nonre-
ciprocal Gyromagnetic Device Applications,” Int. J. Antennas Propagation, vol. 4, pp. 1087-1090,
Dec. 1969

[14-10] R.N. Simsons, Coplanar Waveguide Circuits, Components and Systems., New York:
John Wiley & Sons, 2001, pp. 3-20.

[15-12] F. Gustrau, RF and Microwave Engineering Fundamentals of Wireless Communica-
tions., West Sussex: Carl Hanser Verlag GMBH & Co. KG., 2011, pp. 129-131.

[16-13] S. Alexandrou, "The Bent Coplanar Waveguide at Sub-Terahertz Frequencies,” vol. 155,
pp. 27-35, 1994.

[17-15] 1. Wolff, Coplanar Wavuguide Integrated Circuits., New Jersey: John Wiley & Sons,
2006, pp. 1-20.

[18-16] E.R. Saxena,M.S. Hussain, M. Kumar & Prof. A.K. Jaiswal, "Dispersion and Character-
ization of Coplanar Waveguide Based On Conformal Mapping Technique,” Int. J. Eng. Research
Applications (ijera), vol. 3, no. 4, pp. 1121-1125, Aug. 2013. [Online]. Available:
http://www.ijera.com/papers/\Vol3_issue4/GC3411211125.pdf. no. ISSN: 2248-9622, [Accessed
Aug. 11, 2014].

[19-17] Coplanar Waveguide,Source forg, ”[online] 2007,
http://qucs.sourceforge.net/tech/node87.html, ( Accessed: 11Aughost 2014).

[20-18] J.D. Kraus & R.H. M, Antennas for All Applications. 3rd ed., New York: McGraw-Hill
Education, 2003, pp. 304-311.

[21-19] Slot Antennas,Antenna-theory, ’[online] 2010, http://www.antenna-

theory.com/antennas/aperture/slot.php, (Accessed: 11 Aughost 2014).
[22-20] Basic Slot Antenna and Its Complementary Dipole, “[online] 2012,
http://electriciantraining.tpub.com/14183/css/14183 163.htm, (Accessed: 11 Aughost 2014).
[23-21] B. Allen, T. Brown & K.Schwieger, E. Zimmermann, W. Malik, D. Edwards ,L. Ouvry

and I. Oppermann, "Ultra wideband: Applications,Technology and Future Perspectives," Int. Work

Shop  Convergent Technologies, wvol. 5, pp. 1-5, 2005. [Online]. Available:
http://www.researchgate.net/publication/250264389 Ultra_Wideband_Applications_Technology a
nd_Future_perspectives. [Accessed Aug. 11, 2014].

[24-22] E.G. Lim, Z. Wang & C.Lei, "Ultra Wideband Antennas — Past and Present,"laeng Int.

-50 -


http://qucs.sourceforge.net/tech/node87.html
http://www.antenna-theory.com/antennas/aperture/slot.php
http://www.antenna-theory.com/antennas/aperture/slot.php
http://electriciantraining.tpub.com/14183/css/14183_163.htm

VEDAT CAVLU, MSc dissertation

J. Comput. Science, 37:3, ljcs_37_3 12, vol. 11, 19-aughost-2010. [Online]. Available:
http://www.iaeng.org/l1JCS/issues_v37/issue_3/1IJCS_37_3_12.pdf. [Accessed Aug. 11, 2014].

[25-23] S. Maci & G.B. Gentili, "Dual-Frequency Patch Antennas," leee Antennas Propagation
Mag., vol. 39, no. 6, pp. 13-20, Dec. 1997.

[26-24] G. Mansour,P. S.Hall, P. Garden and M. K. A. Rahim, "Slot-fed Switched Patch Antenna
for Multiple Frequency Operation," Progress in Electromagnetics Research C, vol. 36, no. 5, pp.
91-105, 2013.

[27-25] R. Garg, P. Bhartia & 1. Bahl, Microstrip Antenna Design Handbook., Norwood: Artech
House, INC., 2001, pp. 463-464.

[28-26] R. Chair, A.A. Kishk & K.F. Lee,C. E. Smith and D. Kajfez, "Microstrip Line and CPW
Fed Ultra Wideband Slot Antennas with U-Shaped Tuning Stub and Reflector," Progress in Elec-
tromagnetics Research, vol. 19, pp. 163-182, 2006.

[29-27] Ultra-wideband, Wikipedia,”[online] 2012, http://en.wikipedia.org/wiki/Ultra-
wideband, (Accessed: 11 Aughost 2014).

[30-thesis-28] C. Fung, ¢’Basic Antenna Theory and Application,” BCH Thesis, Degree of

Bachelor of Science, Worcecter Polytechnic Institute,
Worcester, 2011.

[31-30] Z.Ying. (29. Oct.2002), Printed Multi-band Patch Antenna. Available:
http://www.google.com/patents/US6343208.

[32-31] R. Vounckx & J. Stiens, Towards an Adaptable Millimeter Wave Reflector: Development
of an Antenna Coupled Opto-electronic Modulator Array,, Brussels : Gert Poesen, 2008, pp. 51-60.

[33-32] J. Liflander & P.F. Oy, "Radiated Efficiency: A True Measure of Antenna Perfor-
mance," Pulse Electron., vol. 5, pp. 1-5, 2010.

[34-5i] J. William and R. Nakkeeran. Department of Electronics and Communication Engineer-
ing Pondicherry Engineering college, Puducherry-605 014,india .A CPW-Fed Wideband Slot
Antenna with Triangular Patch. In India, 2008.

[35-4i] T. Shanmuganantham, K. Balamanikandan, and S. Raghavan, CPE- Fed Slot Antenna for
Wideband Aplications, Tamil Nadu, India, 28 February 2008.

[36-11] N.I. Dib & L.P. B. Katehi, "Theoretical Characterization of Coplanar Waveguide
Transmission Lines and Discontinuous,” Coplanar Waveguide Work, vol. 209, no. RL-886, pp.2-5,
Nov. 1992.

[37-source 10] T. Narang & S. Jain, "Microstrip Patch Antenna- A Historical Perspective of the
Development,” Conf. Advances Communication Control Syst., vol. 5, pp. 445-449, 2013.

[38-source 11] M.R. Azadi, M.N. Moghadasi, A. Danideh & R.Sadeghifakhr, "CPW-fed ultra
wideband slot antenna with arc-shaped stub,” Published in let Microwaves, Antennas & Propaga-
tion, vol. 3, pp. 681-686, 20009.

-51-


http://en.wikipedia.org/wiki/Ultra-wideband
http://en.wikipedia.org/wiki/Ultra-wideband
http://www.google.com/patents/US6343208

VEDAT CAVLU, MSc dissertation

[39-source 12] M. Koohestani, M. Golpour &, "Very ultra-wideband printed CPW-fed slot an-
tenna," Electron. Lett., vol. 45, no. 21, 2009.

[40- source 13] M. Sova & |. Bogdan, "Coplanar Waveguide Resonator Design for Array An-
tenna Applications,” Mikrotlasna Revija, vol. 3, pp. 16-18, 2003.

[41-source 14] G.E. Ponchak, J. Papapolymerou & M.M. Tentzeris, "Excitation of Coupled
Slotline Mode in Finite-Ground CPW With Unequal Ground-Plane Widths,"leee Trans. Microwave
Theory Techniques,, vol. 53, no. 2, pp. 713-717, 2005.

[42-source 15] R. Hall, A.U. Bhobe, C.L. Holloway & M.Piket-may, "Wide-Band Slot Antennas
With CPW Feed Lines: Hybrid and Log-Periodic Designs," leee Trans. Antennas Propagation, vol.
52, no. 10, pp. 2545-2553, 2004.

[43- source 16] Z.N. Chen, &, "UWB Antennas: Design and Application," Rf & Optical De-
partment Institute for Infocomm Research Singapore of Organization, 2007.

[44- source 17] M.A. Peyrot-solis, G.M. Galvan-tejada & H.Jardon-aguilar, "State of the Art in
Ultra-Wideband Antennas," 2nd Int. Conf. Elect. Electron. Eng. (iceee) Xi Conference Electrical
Engineering, vol. 5, pp. 101-105, 2005.

[45] X. Shen, M. Guizani & R.C. Qiu, "Introduction,” in Ultra-Wideband Wireless Communi-
ations and Networks,, X. Shen, Eds. West Sussex: John Wiley and Sons, pp. 2—3, 2006.

[46] R. Aiello, A. Batra &, "Introduction,” in Ultra-Wideband Systems Wireless Communiations
and Networks Technologies and Applications,, R. Aiello, Eds. Oxford: Elsevier Inc., pp. 1-5, 2006.

[47] C.G. Christodoulou & P.F. Wahid, "Chapter 2," in Fundamentals of Antennas: Concepts
and Applications,, C.G. Christodoulou, Ed. Washington : Society of Photo-Optical Instrumentation
Engineer, pp. 13-19, 2001.

[48] P. Jirasakulporn,” A Coplanar Waveguide-Fed Inverted Slot Antenna,” M.S thesis, Depart-
ment of Communication Engineering, Sinirdhorn International Thai-German Graduate School of
Engineering, North Bangkok, Taiwan, 2007.

[49] M. M. B. Abdullah,” Analysis and Design of Coplanar Waveguide for High-Speed Pulse
Propagation on Printed Circuit Broad,” M.S thesis, School of Electrical and Electronic Engineer-

ing, University Sains, Malaysia, 2007.

-52-



Task
Taskl
Task2
Task3
Task4
Task5
Task6
Task7
Task8

Sep

Taskl
Task?2
Task3
Task4
Taskb
Task6
Task7

Task8
Task9

VEDAT CAVLU, MSc dissertation

APPENDIX 1- Work plan

February March April May June July  August

Literature Review ,Get Familiar with CST software

Try building the first antenna and compare results.

Try understanding and evaluating the initial findings.

Try constructing second antenna and obtain ultra-wideband.

Exam brake.

Try doing nested antenna and finishing the introduction part.

Doing the fabrication and obtaining the measurement results in the lab.

Finishing state of the art, technical part and resit exam brake.
Finalising report.
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