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Abstract

In this project a new shape of DMS is proposed and applied for an antenna designed to
radiate at 2.5 GHz. The same shape is applied as defected ground structure. It is found
that size reduction with both techniques is possible. The proposed DMS achieves 55.4%

of size reduction whereas DGS achieves 67%.

Effects of using both techniques with the proposed shape on bandwidth and radiation

pattern are also compared.

Key words: shape of DMS, shape of DGS, size reduction, bandwidth, radiation pattern.

Résumé

Dans ce projet, une nouvelle forme de DMS est proposée et appliquée pour une antenne
patch congue pour émettre a 2,5GHz. La méme forme de défaut est appliquée sur le plan
de masse. On constate que la réduction de la taille par les deux techniques est possible.
Le DMS proposé atteint 55,4% de réduction de la taille tandis que DGS atteint 67%.
Effets de 1'utilisation des deux techniques avec la forme proposée sur la bande passante

et diagramme de rayonnement sont également comparés.

Mots clé: forme de DMS, forme de DGS, réduction de taille, bande passante,

diagramme de rayonnement.
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Introduction

The trend in technology today is toward miniaturization and circuit size reduction. It is
required that microstrip antennas respond to this criterion since they are used in some

miniaturized systems.

Recently two techniques are mainly used for that purpose: Defected Microstrip Patch
(DMS) and Defected Ground Structure (DGS) and a variety of shapes have been

proposed by researchers.

In this project a new shape of defect is proposed and used both as DMS and DGS and a

comparison is made on the obtained results.

In chapter one, the state of the art in microstrip antennas is presented, where the basics
of patch antenna and the development in this field are exposed.

Chapter two is dedicated to DMS and chapter three gives an overview on DGS.

In chapter four the obtained results for the conventional patch antenna, defected
microstrip antenna and defected ground patch antenna are exposed, discussed and a

conclusion is drawn from this work.
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1.1 Introduction

The concept of microstrip radiator was first introduced by Deschamp [1] in 1953 but
it was not until 1970 that this type of antennas has started to evolve due to the
advancement in PCB and in computer technologies. Since then, it has gradually

found many applications from satellite communications to biomedical applications.

Communication systems are unceasingly evolving, implying more and more
requirements on antenna technology such as light weight, low profile and the ability
to maintain high performance over a large frequency spectrum. In other words, size
reduction and broadband capability are two main design trends of today. In wireless
communication systems mainly, size reduction is extremely important where it is
desirable to bring down the antenna size while achieving the same performance. An
example of this is the mobile phone technology that has significantly reduced weight
and size. The antennas used for mobile hand held devices have to be small, light-
weighted, low profile, and have an omnidirectional radiation pattern on the
horizontal plane [2]. Antennas used in transceivers for personal communications are

recognized as crucial elements that can improve or limit system performance [2].

Microstip antennas, in addition to their low profile and light weight are easy to
integrate  with MMICs, what makes them an attractive choice for these
communication systems. Over the years many methods have been proposed to
enhance their performance, mainly bandwidth. With the today trend of small size,

new techniques are developing to achieve miniaturization of microstrip antennas.

Although antenna engineering has over 60 years of history [3] it remains a very
dynamic field bursting with creativity.
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1.2 communication systems requirements

Antenna design is a fundamental part in designing any wireless system. It has to cope
with the explosive growth in the demand for wireless communication and
information transfer using handsets and personal communication devices [2], which
created new needs and requirements. Antennas used for wireless systems are most of
the time close to biological tissue and to the surrounding crowded with
electromagnetic waves at the same time. Hence the system must radiate low power
and provide reliable communication [4]. So the designer must pay attention to the

following requirements during the design:
1. Antenna tuning

2. VSWR and return loss

3. Bandwidth

4. Gain and directivity

And significant new variables:

1. Size
2. Specific absorption rate [5]
Often, these needs are conflicting, so the designer has to look for a compromise

between them.

1.3 Microstrip antenna

Microstrip antennas have a variety of configurations and have been the topic of what
is currently the most active field in antenna research and development [6].

A microstrip antenna is constituted of a metallic sheet of an appropriate shape, the
radiating element, printed on a grounded dielectric substrate as shown in fig.1.1. The

substrate thickness is very small compared to wavelength. There are numerous
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substrates [7] that can be used for microstrip antennas and their dielectric constants
are usually in the range: 2.2 < g <12.

For a rectangular patch the length L of the radiating element is usually in the range
[3]: 2o/3 <L <xo/2 (where L is free space wavelength).

The feeding used in early microstrip antennas is microstrip feed line or a coaxial
probe [3]. These two techniques are very similar and offer the possibility of adjusting
the input impedance level through changing the position of the feed.

L

4 -

substrate

H
ground plane

Fig.1.1 Basic shape of a microstrip antenna

The radiation mechanism can be simply explained using the cavity model [8].
When the microstrip is provided with power, a charge distribution is set up on the
upper and lower surfaces of the patch and the bottom of the ground plane, an
illustration of that is given in fig.1.2. This charge distribution is controlled by two
mechanisms: an attractive mechanism and a repulsive mechanism. The attractive
mechanism is between the opposite charges on the bottom side of the patch and the
ground plane, which keeps the charge concentration intact at the bottom of the patch.
On the other hand, the repulsive mechanism between the like charges on the bottom
of the patch causes pushing some charges from the bottom to the top of the patch.
The charge movement creates currents flowing at the top and bottom surface of the

patch.

The cavity model assumes that the substrate height to patch width ratio is very
small allowing the attractive mechanism to dominate leading to most of the charge

concentration and the current to be below the patch surface.
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Fig.1.2 Charge distribution on a microstrip antenna

1.3.1 The transmission line model

Fig.1.3 shows the transmission line model [9] that can be used to approximate the
performance of the patch antenna. The length of the radiator is modeled as length L
of a transmission line, the radiation edges are modeled as slots with admittance

Y = G+jB where the conductance G represents the radiation from the slot whereas
the susceptance jB accounts for the capacitance between the edges of the patch and

ground plane.

A
—
v

iB—=— G Z — B<ZG

Fig.1.3 The transmission line model for a patch antenna.

1.3.2 Feeding techniques

There are different methods for transferring power to the microstrip antenna. The
most popular ones are the microstrip transmission line feeding, the coaxial probe
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feeding, aperture coupling and proximity coupling [9], as shown in fig.1.4. With the
microstrip feeding and the coaxial probe, which are direct contact feedings, it is
possible to adjust the position of the feeding allowing the designer to control the
impedance match between the feed and the antenna. Often, a trial and error approach
is used to obtain an optimum match.

Microstrip Patch
(@)
Patch
l«——— Substrate
Ground
plane P Coaxial
connector
(b)
Aperture
slot «— Substrate 1
Microstrip Substrate 2

line 4— Ground
plane
(c)
Patch Substrate 1
Substrate 2
Microstrip Ground
line

plane

(d)

Fig.1.4 Feeding techniques
(a) Microstrip feed line (b) Coaxial probe (c) Aperture coupling (d) Proximity coupling
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1.3.3 Waves in a microstrip structure

Depending on the direction toward which the waves are transmitted, waves in

microstrip structures fall in four categories [10], these are shown in fig.1.5.

Space waves: waves transmitted upwards, with elevation angles between 0 and 7/2,
move toward free open space, thus radiated, with field amplitudes decreasing with
distance from the antenna. They are undesirable in transmission lines and circuits as
they produce spurious leakage; however they contribute directly to antenna radiation

efficiency.

Guided waves: they are trapped between the upper and lower conductors. They
provide the normal operation for transmission lines and circuits but they are

undesirable in patch antennas.

Leaky waves: they are directed more sharply downward, with 6 lying between
n-arcsin(1/4/g,) and w/2. They contribute in radiation; therefore they are useful for

patch antennas.

Surface waves: waves transmitted slightly downward, with elevation angles between
n/2 and m-arcsin(1/y/e,). They experience total reflection between the two
conductors. The fields remain mostly trapped within the dielectric, decaying
exponentially above the interface. Surface waves take up some part of the signal
energy, hence decreasing the antenna efficiency.
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(@)

(b)

nt- arcsin (1/+/€,) <0<n
(©

n/2<0<m- arcsin (1/+/¢;)
(d)

Fig.1.5 Waves in a microstrip structure

(@) Space waves (b) Guided waves (c) Leaky waves (d) Surface waves

1.3.4 Advantages and disadvantages of microstrip antenna

Progress in printed circuit technology, integration of active elements and the use of
higher frequencies on one hand and the attractive features of microstrip antenna on
the other hand, made it suitable for many applications. Nevertheless it suffers from
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some disadvantages [9, 11] as well. They should be taken into consideration before

making a choice for a particular application.

Advantages of microstrip antenna include:

-Low profile.

-Light weight.

-Possibility of integration with microwave integrated circuits.
- Conformability with non planar surfaces.

-Possibility of multiple frequency operation.

These advantages allowed the use of patch antennas in many applications [3] such as
radar, navigation and landing systems, direct broadcast TV, mobile radio, biomedical
systems and others.

Disadvantages of microstrip antenna include:

-Narrow bandwidth.

-Small efficiency.

-Poor polarization purity.

-Parasitic radiation by feeding lines and discontinuities.

-Arrays require complex feeding system.

Much of the efforts in the development work of microstrip antenna have gone into
trying to overcome these problems in order to satisfy rigorous requirements [3].
These include feeding and shape manipulation and techniques for bandwidth

enhancement.

1.3.5 Applications of microstrip antennas
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The advancements made in microstrip technology were first driven by defense and
space application where needs are for maximum performance with little constraint on
cost. Then this technology emerged the commercial sector where it has achieved an
enormous growth but often the cost is a constraint. Some of the commercial
applications are presented in the following table [2]:

Application Frequency
Global positioning satellite 1575 MHz and 1227 MHz
GSM 890-915 MHz and 935-960 MHz
Wireless Local Area Network 2.40-2.48 GHz and 5.4 GHz
Cellular Video 28 GHz
Direct Broadcast Satellite 11.7-12.5 GHz
Automatic Toll Collection 905 MHz and 5-6 GHz
Collision Avoidance Radar 60 GHz, 77 GHz, and 94 GHz
Wide Area Computer Networks 60 GHz

Tablel.1 Microstrip Antenna Applications

1.3.6 Shapes of the patch

Since the original configuration was proposed many variations of the patch shape
have been developed by researchers throughout the world. The variation in design
possible with patch antennas surpasses any other type of antennas [3]. Different
authors have been studying shapes like: dipole [12], rectangle or square [13], disc
[14], ellipse [15], triangle [16, 13] circular ring [17], and polygon [13], some of these
shapes are shown in fig.1.6. Other shapes, more or less complicated, are also
introduced due to their low size [18], and their ability to generate circular
polarization [19, 20].

10
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| A @

(a) Square (b) Rectangular (c) Dipole (d) Triangular () Circular
(f) Elliptical (9) Circular Ring () Ring Sector (i) Disc Sector

Fig.1.6 Representative shapes of patch elements

1.4 Design of a microstrip antenna

Fig.1.7 Physical and effective length of a patch

In this section some formulas of the design procedure are given [9].
For low frequencies the effective dielectric constant is essentially constant and is

given by equation 1.1.

For W/H > 1:

11
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& +1 + Ert+1

Ereff = [1 + 12:—\/]_1/2 1.1

Due to the fringing effect, electrically the patch of the microstrip antenna looks
greater than its physical dimensions. This is modeled by an extension distance AL

along the length of the patch and is given by the following approximate relation:

AL (rerr + 0.3) (f +0.264)
b= 0412 W 1.2
(Sreff - 0258)(W + 08)
And the effective length, shown in fig.1.7, is given by:
Lerr= L+ 2AL 1.3

So to design a microstrip antenna patch we first specify: the dielectric constant of the
substrate g, the resonant frequency f, and the height of the substrate H. Then we

determine the width W and the physical length L using the following relations:

we L 2 _ cC 2 14

L

— 2AL 15

1
©2fy Eeffr/HoE0

1.5 Microstrip antenna performance enhancement

Much of the conducted researches in the microstrip antenna domain are devoted to
enhance this antenna characteristics by removing as much as possible the
disadvantages it suffers from. The impedance bandwidth is generally the limiting
factor. Thick substrates with low dielectric constant are preferred to achieve large
bandwidth, but these substrates lead to surface waves’ excitation, hence lowering the

efficiency and in some cases may lead to spurious radiation and pattern degradation.

12
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In addition to this, they have the disadvantage of greater weight and higher cost. The
bandwidth is also affected by the shape of the element; studies showed [4] that wider
elements have better bandwidth because their radiation resistance is lower since the
edges are larger. There have been dozens of different designs and variations
proposed for bandwidth improvements. Another way of achieving larger bandwidth
is by impedance matching using a matching network and by using multiple
resonances mainly stacked patches or parasitic patches. Fig.1.8 shows some of these
techniques Bandwidths of 10-12% for the former and 10-20% for the latter are
reported [21].

Matching  paich

network el7'nent
M ” e

network

(@) (b)

Parasitic
Parasitic . patches
Radiating

pa% patch

Driven ”i

patch

(©) (d)

Fig.1.8 Bandwidth enhancement techniques
(a),(b) Matching network (c) Stacked patches (d) Parasitic patches

With the advancement in this field, new methods have emerged which consist mainly
of altering the substrate or the ground plane by introducing electromagnetic gaps.

13
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These are called electromagnetic band gaps (EBG) or photonic band gaps (PBG).
They are periodic structures, applied either in the substrate or on the ground plane, in
which propagation of certain frequency bands is prohibited. In [8], a lattice of square
structures is applied on the ground plane resulting in a little shift down of the
frequency and a larger bandwidth. A pattern of split square rings inserted in the
substrate [22] led to surface waves suppression. High gain and directivity and
improved return loss as well is achieved in [23] by combining an EBG substrate with
a metamaterial superstrate. A bandwidth enhancement of 35% is achieved in [24]
using square structures of PBG on the ground plane. A bandwidth of 65% is reached
along with enhanced return loss by introducing a lattice of reverse square rings
(RSR) on a square patch [25]. A dual band array with reduced mutual coupling
between the patches is realized using ring structure EBG [26]. EBG applied for a
microstrip antenna array resulted in better isolation between the array elements and

enhanced return loss, radiation efficiency and VSWR.

Recently, new techniques have been proposed, achieved either by introducing defects
on the ground plane that is defected ground structure (DGS) or on the patch itself,
that is defected microstrip structure (DMS). These techniques came in response for

the new trend of size reduction of relatively low frequency microstrip antennas.
1.6 Size reduction

The miniaturization of antenna structure is usually limited by physical laws of nature
[2].Usually size reduction is on the expense of other antenna characteristics as
bandwidth and gain. For small size antennas, there is always a tradeoff between

radiation quality factor Q, bandwidth BW and efficiency n [27].

The rule of thumb is:

BW
T" = Constant

Where

V: antenna volume.

14
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BW.n = (ka)® = 1/Q 1.7

Where a: radius of a sphere that includes the small antenna. From this equation we
can say that the smaller the antenna the higher the Q factor.

The microstrip antenna can be considered small if its largest dimension is less than or

equal to (a) where:
a=1/k=x1/2n 1.8
A: wavelength.

The concept of size reduction means that it is desirable to bring down the size of the
antenna while achieving the same performance of the original large size antenna. But
there is a lower limit to the size of any antenna for a given resonant frequency since
other important characteristics like gain and bandwidth are drastically affected for
small size antenna. However, a balance is possible [28]. To achieve size reduction

many techniques have been used, some of these are shown in fig.1.9 and fig1.10.

0 Using dielectric substrates with high permittivity [29]. With this technique
size reduction of about 90% is reported using a square patch truncated at the
corners for GPS applications [30].

Applying resistive or reactive loading [31].

Increasing the electrical length of the antenna by optimizing its shape [32].
Utilization of strategically positioned notches on the patch antenna [33].

O O O O

Using shorting pins, walls and edges [30]. It is found that using this technique
antenna fundamental frequency can be lowered and hence the size can be
reduced. It is reported that 98% of size reduction is possible with this
technique [34]. The following figures show some of these techniques.

15
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ground plane
r
shorting wall
(a)
ground plane
i
shorting plate
(b)
ground plane

/

shorting pin

(©)

Fig.1.9 Shorting techniques for size reduction

(@) Shorting wall (b) Shorting plate (c) Shorting pin
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ground plane

l}{c.m edge lt\

- pir-substrate
thickness

()

ground plane
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= 1

folded edge

(b)

ground plane

------
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H i
it yrinaghy
e i
i' ‘i.l'
Il 2

double-folded edge

()

planer inverted L patch

microstrip feed line
substrate |

'\\ ground plane

(d)

Fig.1.10 Compact microstrip antennas
(@ An inverted U-shaped patch (b) A folded patch
(c) A double folded patch (d) Planar inverted -L
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1.7 Analysis methods and software tools

A field that is closely related to antenna development is computational
electromagnetics. Antenna complexity is raising and simple models (like
transmission line and cavity model) are not sufficient anymore; full wave solution is

necessary. The existing full wave modeling techniques are [35]:

o0 Integral equation (IE) solved by method of moments (MOM), one software
employing this technique is Zeland IE3D.

o Finite element method (FEM) used in Ansoft HFSS.

o Finite differences in time domain (FDTD) used in Empire.

o Finite integration technique (FIT) used in CST microwave studio.
A benchmarking study on software tools for planar antennas has been done [35]. It
showed that MOM-based solvers show better convergence when a dielectric
substrate is considered as infinite. Moreover, the use of two different solvers based
on different theoretical methods may provide a means to characterize the quality of
simulation results.

In this project IE3D of Zeland is used.

18
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Defected Microstrip Structure

2.1 Introduction

Defected Microstrip Structure (DMS) is an emerging technique used for major enhancements
in microstrip circuits such as bandwidth enhancement [30] and size reduction of microstrip
circuits [36]. It has the advantage of easiness of realization and shape diversity; moreover it

does not raise any circuit integration problems.

2.2 Defected microstrip structure

The defect is realized by etching a uniform or non-uniform, periodic or non-periodic pattern
on the microstrip structure. In case of microstrip antennas, it is etched on the patch (radiating
element). We distinguish two ways [30] for the realization of the defect either by slot loading

on the surface of the printed patch or by slit cutting at the boundaries of the patch.

In slot loading, the defects are etched on surface of the patch and can have various
shapes like bent slots [37], square slot [38], cross [39, 40], circular slot [41], and others as

shown in fig.2.1.

Q <> L L]
L L]
© () ) ()

Fig.2.1 Slot loading shapes of DMS

19



CHAPTER TWO

Defected Microstrip Structure

In slit loading the defects are cut on the boundaries of the radiating element as shown
in fig.2.2 where the current path is determined by the patch length and the slit depths.

IC 1Tl 25
iz A O 5

Fig.2.2 Slit loading shapes of DMS

Also a combination of slot and slit loadings can be used allowing versatility and

resulting in shapes more or less complicated as illustrated in fig 2.3.

Fig.2.3 Other shapes of DMS

20
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These defects constitute an obstruction in the current path resulting in altering the
microstrip structure performance. Important parameters that affect the performance of the
microstrip structure are the slit or slot length, the width and the position [42]. But,
unfortunately, mathematical modeling for these parameters even empirical formulas that
allow having a pre-specified operation of the microstrip structure, are not available yet [30]
due to the difficulty of analysis[42].

Some of the presented defects have been used for bandwidth enhancement purpose [30]

and some of them for microstrip antenna size reduction [36].

2.3 Surface current distribution for DMS

The introduced defect on the microstrip structure constitutes an obstruction in the current
path. Physically the defect is a gap on the metallic sheet constituting a discontinuity in the
current path, hence the current is forced to circumvent this gap and take a longer trajectory
[43] as shown in Fig.2.4 and Fig.2.5. This results in a larger electrical length for the radiating
element and thus leading to lowering the resonating frequency. It is this effect that is

exploited in reducing the size of microstrip antennas [43].

W/ =

—_— — T

it 1
TN\ ==

(a) (b)

Fig.2.4 Surface current distribution of

(@) A pair of rectangular notches (b) meandering slits
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Fig.2.5 Surface current distribution

(a) Without slots (b) With slots

2.4 DMS circuit model

As shown in fig. 2.6, the slot may be modeled by an inductor placed in series with the
transmission line model for the patch antenna. The reasoning behind this inductive model is
that the slots cause a concentration of the magnetic field interior to the slots, due to the
currents forced to flow along the edge of each slot [36]. From this lumped model, the inductor
stores magnetic energy and resists phase changes in the current flow, hence introducing a
phase delay between voltage and current, as in the physical model where current is delayed by
taking a longer path around the slot. But, since the inductance changes over the length of the
slot, the single lumped inductor model is a very coarse approximation. To improve it, many

inductances have to be used [45].
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Fig.2.6 The equivalent circuit of a pair of triangular slits DMS

2.5 Effects of the different parameters

A study has been conducted [36] as to see the effect of slot length, slot width and slot position
on the resonant frequency, the bandwidth and the gain of patch antenna loaded with four slots.

First, the slot length is varied while keeping the other parameters fixed, this showed that
the resonant frequency decreases approximately linearly with increasing slot length. This is
accompanied by a decrease in bandwidth and gain.

Second, the width of the slot is varied while keeping the other parameters fixed, this also
decreases the resonant but in a nonlinear manner. It has the same effect as the slot length on

bandwidth and gain of the patch antenna.

Third, the slots are moved along the length of the patch to observe the effect of slot
placement. This study showed that placing the slots at the center of the patch where larger
currents are, has the most impact on performance. As the slots are moved away from the
center of the patch in either direction the resonant frequency rises in the same manner

independently of which direction the slots are moved. This can be explained from circuit
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theory point of view, where the inductance has the most effect when there is high current
involved.

Also, it is observed that for substrate thickness less than the slot width, the frequency is
decreased further by the capacitance developed between the ground and the patch. Moreover,
no slot shape performs better than another with respect to the bandwidth.

Finally, the slot loading can be used to allow the use of low permittivity substrates
while obtaining the same frequency tuning of much higher permittivity materials. This allows
avoiding high losses.

2.6 Applications of DMS

2.6.1 A tuning technique

It is known that microstrip antennas have high quality factor (Q), therefore, any slight
difference in the design procedure can lead to an abrupt change in the resonant frequency.
However, it is required that the antenna operates at some specified frequency, which means
the antenna needs to be tuned [42]. Several techniques to tune the resonant frequency of
square patch antenna can be found in literature. Some of these techniques include the use of
stubs, shorting posts and adjusting an air gap to modify the permittivity of the substrate. Such
techniques increase the resonant frequency of the patch antenna meaning that the tuning goes
form a lower to a higher resonant frequency [46]. But some of these techniques are difficult to
achieve. DMS can be employed easily to achieve tuning. In this method the slots, the slots are
placed along the non-radiating edges of the patch, increasing the electrical length, hence
resulting in lowering the operating frequency. This method does not alter the performance of

the antenna with respect to radiation pattern or gain [46].

2.6.2 Filtering

In some electronic systems, it is desired to achieve electromagnetic compatibility (EMC) to
avoid electromagnetic interferences [46] which may damage the system in some cases. In
many recent applications Defected Ground Structures (DGS) are involved in the suppression
of the undesired harmonics. These applications include antennas and filters. It is shown that
DMS is also a very good option for the harmonics suppression without introducing a large

attenuation in the fundamental frequency or in the passband [43].
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2.6.3 Dual-band operation

Sometimes it is desirable to have an antenna operating at more than one frequency such as in
GPS [36]. The dual-band antenna is realized by cutting slots of different shapes like U-slot,
V-slot, pair of rectangular slots, etc. This means that DMS can also provide dual-band
operation [30].

2.6.4 Size reduction

Size reduction is the new trend in communication technology. Patch antennas, inherently,
have a low profile but still large at relatively small frequencies compared to today’s
miniaturized systems. In order to be able to integrate microstrip antennas with these systems,
they must be reduced in size. Moreover with smaller area we can reduce the cost in designing
microstrip antennas and we can even pack more than one antenna in a system if needed. DMS
is a way of achieving patch size reduction, total area reduction of 22% [46, 47], 37% [48] and
47% [49] were reported and more is to be done in the coming future.

2.7 Formulation of size reduction using defects

Simple and accurate mathematical formula is derived [50] to predict the reduced dimension of
the microstrip circuit when a defect is introduced; it is based on the change in the input
impedance and can be generalized for all microstrip circuits. Defects lead to increased slow
wave factor (SWF) in microstrip lines in which they are introduced and this phenomenon can
be used to reduce the size of passive planar circuits. The SWF is raised whenever
discontinuity is introduced in the path of EM waves increasing the impedance of the line. For

a lossless microstrip line it is given by:
Ao B
SWF= — =./¢ =— 2.1
}\g eff kO

Where Eeff is given by equation 1.1.

Ao : free space wavelength.

Ag : guided wavelength
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[: propagation constant
ko: free space wave number

Every circuit based on transmission line model presents an electrical length, for microstrip

lines it is given by:

9:B|:1/8effko| 2.2

We know the input impedance of the line:

Z|+j_Z0 tan(Bq lp)

Zin= 2Ly

After inserting the defect the input impedance becomes:

Z|+j_Z0 tan(By lp)

Zind= Ly

But after inserting the defect, the resonating frequency changes and the input impedance also

changes:

Z\+j Zy tan( d lo)

Z,ind = Z -

2.5

Now the change in the electrical length can be compensated by changing the length of the

line:

Z\+j Z, tan(BOIrn lam)

Zinam = £ Zo+j Zp tan(Byy lgm) #0

After this if we achieve the same resonant frequency and the same electrical length again as it

initially was then the performance of the circuit is almost the same, so that we can say:
Zino = Zindm 2.7
From this we can deduce that:

Bamlam = Polo 2.8
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And the electrical lengths are equal:

Hence we can deduce:
1
lam _ Bo_ 210
l0 Bdm
We know:
— _2mfy
0p= Bolo— c \ Eeff lo 2.11
After inserting the defect into the transmission line:
27 f
04=Bdlo= TO \ Eeffd lo 2.12

But since the resonant frequency changes the electrical length becomes:

» 2
04= C d v/ €effd lo 2.13

After miniaturization the length of the transmission line is Iym and the electrical length

is:

21 f
de = C 2 \/ €effd Idm 2.14

The electrical lengths before and after miniaturization should be the same:

e’d = O4m 2.15

2’y _2mf,
— V Eetfd lo = = /€efra lm 2.16

lam _ f'a

2.17
lo fo

Therefore
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3.1 Introduction

In recent years, many efforts have been made in order to enhance the performance of
microwave circuits and many concepts were proposed [51]. One such technique is
modifying the ground of the microstrip circuit. The photonic band gaps that were
proposed by Yablonovitch and John [52, 53] can be used to modify the ground plane.
They are periodic structures known to provide rejection of certain frequency bands.
However, it is difficult to use them for the design of microwave components due to the
modeling complexity caused by the various parameters that affect the band gap
property. Park et al [54] proposed a defected ground structure which is designed by
connecting two square PBG cells with a thin slot. DGS adds an extra degree of freedom

to microwave circuit design and is already used in several applications.

Several novel DGSs have been proposed and had become one of the most interesting

areas of research.
3.2 Defected ground structure

DGS is an etched periodic or non periodic pattern on the ground plane. The name of this
technique simply means that a defect is placed on the ground plane which is generally
considered to be an approximation of an infinite perfectly conducting current sink, but
this does not render the ground plane defective. Depending on the shape and dimensions
of the defect, the shielded current distribution in the ground plane is disturbed [55]. This
disturbance changes the characteristics of the microstrip circuit such as capacitance and
inductance. Any defect introduced in the ground plane of a microstrip circuit leads to
increasing the effective capacitance and inductance. This shows the resonance property
of the DGS which makes it find applications in a number of microwave circuits [55]
such as filters, antennas and amplifiers. Furthermore DGS shows slow wave effect that
allows considerable size reduction that is required for system miniaturization. The shape

may be changed from simple to complicated shape for better performance.
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3.2.1 DGS element

Since the dumbbell shape was first proposed, many variations of the shape of the DGS
elements have been proposed. They range from a simple rectangular slot to more
complicated configurations. We can find in literature, in addition to the dumbbell[56] ,
square[57], circular[58], spiral[59], concentric ring[60], L-shaped[61], U-shaped[62],
V-shaped[63], hexagonal [64], cross-shaped[65] and combination of these shapes [66].
Some of these shapes are shown in fig.3.1, fig.3.2, fig.3.3 and fig.3.4.

@) () © (d)
) ) (9) (h)
0 (k) {)

Fig.3.1 Letter-like shaped DGS
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@ (b) ) (d)

(€) (f) @) (h)

i

(i)

Fig.3.2 Slot with heads shapes for DGS

(@) (b) (©) (d)

Fig.3.3 Simple slot shapes for DGS
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Fig.3.4 Meander lines DGS

3.2.2 The current distribution for DGS

In conventional microstrip lines, the fields are mostly confined under the line. The
return current on the ground plane is the negative image of the current distribution on
the microstrip line [51]. When DGS is introduced, the current is fully disturbed and
confined to the periphery of the defect and returns back to underneath the microstrip
line when the defect is over. Fig.3.5 shows the current distribution when a dumbbell
DGS is used. Based on this observation of the concentration of surface current on the

ground plane the gap is represented as a capacitance and the side arms as an inductance.

s
l
i
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Fig.3.5 Ground current distribution when using a dumbbell DGS
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3.2.3 The equivalent circuit

The equivalent circuit of DGS can be represented by an L-C resonator in parallel with
the transmission line to which it is coupled [68] as shown in fig.3.6. The equivalent
values of L and ¢ are determined by the dimensions of the DGS structure and its
position relative to the transmission line. For a given DGS shape, the part that lengthens
the current path and increases the effective inductance of the transmission line is
modeled by an inductor and the part that accumulates charge increasing the effective
capacitance is modeled by a capacitor. So a resonance occurs at certain frequency

because of the parallel L-C circuit.

On the other hand, the simulated [51] S-parameters for dumbbell DGS shows a band-
rejection property as shown in fig.3.6. This band-rejection property depends on the type
of the used DGS. L

B S

Fig.3.6 The equivalent circuit of DGS

Rcrun} Lloss (dB)

-2l

36 39 42 45 48 515457 6 63 66 69 72
Frequency (GHz)

Fig.3.7 Return loss of a unit DGS 32
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3.3 Characteristics of DGS

DGS finds many applications in passive and active circuits due to its effects. Since each
DGS structure has its distinctive characteristics, the user should select the appropriate
one for a given application, for example For example, suppressing unwanted harmonics
can be accomplished by placing the corresponding DGS pattern that achieves this

desired circuit functionality. The main effects of DGS are the following [51]:
-Stop band effects.

-Slow wave effect.

-High surface impedance effect.

3.3.1 Stop band effects

It is found that DGS can provide rejection of certain frequency bands along with
enhancing the rejection band characteristics and this is known as the band gap effects.
This is due primarily to the fact that the slots increase the inductance making the total
structure to behave as a band reject filter. The stopband is useful in filtering the
undesirable surface waves, spurious and leakage signals. Using DGS improves the
filtering operation through: making the transition band sharper and achieving broader
stopband response in addition to improving the characteristics of the passband.

3.3.2 High characteristics impedance

It is accepted that in conventional microstrip structure the impedance is generally
around 100-130 Q. By etching DGS on the ground it is possible for the designer to raise
the impedance of the microstrip line to a level more than 200 Q [51]. The high
characteristic impedance of DGS is used for Wilinkson power divider [51] as it can also

find applications in digital systems.
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3.3.3 Slow wave effect

This is the effect that plays a major role in size reduction. The discontinuity introduced
in the path of current increases the impedance of the line resulting in slowing the
electromagnetic wave [48]. The transmission lines with DGS have much higher
impedance and increased slow-wave factor than conventional lines. Hence, with these
properties circuit size can be reduced [48] such as microwave amplifiers and couplers
[57].

3.4 Applications of DGS
We can find in literature various applications for DGS:
3.4.1 Patch antenna size reduction

Size reduction becomes necessary when the designed antenna for a certain frequency
using the transmission line model is large and hence not compatible with the intended
application. As mentioned before several techniques have been used to reach this
objective such as shorting pins or walls and using substrates with high dielectric
constant but each of these techniques has its drawback regarding the fabrication.
Etching DGS is relatively simpler and it has proven that it achieves the objective of size
reduction in many works. A size reduction for two different shapes of DGS of 50% and
45% has been reported [68].

3.4.2 Harmonic reduction

Feed line losses can be reduced by integrating an active device very close to the
radiating patch. But these antennas suffer from the harmonic radiation giving rise to
nonlinearities. This harmonic radiation is a drawback of active integrated microstrip
antennas. It is desired to have the radiation of both active and passive devices at
harmonic frequencies at a very low level. It is suggested to reduce this harmonic

radiation by using DGS. In DGS antennas the harmonic resonance is strongly
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eliminated [51]. Different DGS units have been used for this purpose such as H-shaped,
spiral-shaped and dumbbell shaped.

3.4.3 Cross polarization reduction

Since the defected ground structure is simple and easy to etch on a commercial
microstrip antenna substrate it is also used to reduce the cross polarized radiation level
for these antennas that is generally unwanted phenomenon. It only reduces the cross
polarization field without affecting the input impedance or the co-polarized radiation
pattern of the conventional antenna at its resonant frequency. This new concept is
verified experimentally for a particular DGS pattern etched on a patch radiator of
circular shape [70].

3.4.4 Mutual coupling reduction

In microstrip arrays which are formed by using a set of identical patch radiators, the
field radiated by one element induces voltages across the terminals of other elements
resulting in a parasitic radiation in the far field. This is called mutual coupling. The
mutual coupling does not only affect the radiation pattern but also the input impedance,
the gain, the effective receiving area and other parameters of the array antenna. a
defected ground structure (dumbbell) is successfully used to reduce the mutual coupling
of a two element array antenna [71]. It has been shown that in comparison with other

methods used for mutual coupling reduction, DGS is an efficient technique.
3.4.5 Circular polarization

DGS is used under the feed line including the feed line structures which are edge
coupled to the microstrip antenna using a single layer substrate to achieve circular
polarization [72]. The design can be easily extended to other bands satellite and
terrestrial systems that require circularly polarized antennas. This type of antennas can
also be integrated for RFID reader systems and also other communication systems

involving circular polarization.
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3.4.6 Elimination of scan blindness

A dumbbell DGS is used to remove the blindness angle of a microstrip antenna array.
The frequency band gap of the DGS forbids the propagation of surface waves that cause
the blindness at the antenna design frequency and hence eliminates the scan blindness.
This approach is much easier to implement than EBG methods [73].

3.4.7 Radiation properties enhancements

Surface waves are an undesired phenomenon in patch antenna. When a patch radiates
part of the signal available power is trapped along the surface of the substrate due to
these surface waves. Hence, surface waves can reduce the antenna efficiency, gain and
bandwidth, therefore degrading its performance. Particularly for arrays surface waves
have a significant impact on the mutual coupling between the elements. A solution to
eliminate surface waves is using a technique with band gap properties such as PBG or
DGS [64] and may be used for gain improvement too [74]

3.4.8 Dual band operation

With the advancement of communication systems stress is put on antennas to satisfy the
different requirements such as dual band operation. It reported that using DGS dual
band operation is possible. In [75] a pentagonal DGS is used for a patch antenna to
operate at 2.5 GHz and 5 GHz. A skew F-shaped DGS is used on stacked patch antenna
for dual band operation at 3.15 GHz and 4.47 GHz [76]. Using a rectangular slot DGS
along with a metallic strip resulted in three bands with the center frequencies being 10.3
GHz, 8 GHz and 4.98 GHz [77]. A microstrip antenna with a new DGS operating at five

different frequencies was designed and realized in [68].
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3.4.9 Bandwidth enhancement

Narrow bandwidth is still the most dominant drawback of microstrip antennas. Despite
the several techniques used to improve this bandwidth, researchers did not miss to apply
the defected ground structure for this purpose. A bandwidth improvement of 112.4%
using a trapezoid microstrip antenna with a double u-shaped defected ground structure
was reported in [78]. Also, a bandwidth enhancement of 3.36% has been reported [79]

for a hexagonal patch antenna employing a triangular slot DGS.
3.4.10 Microwave filter enhancement

A compact E-shaped DGS has been proposed for a tunable bandstop resonator [80]. It
presents both the advantages of small circuit area and a sharper transition knee. In order
to improve the response of a microwave low pass filter which suffers from a low

attenuation in the stop band, DGS is used to increase the attenuation [43].
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4. 1Introduction

| n this chapter the different steps of the work are presented. First, a conventional
rectangular patch antenna is designed. Then, a defect is introduced on the patch (DMS)
and the effects are observed. After that the same defect is applied on the ground plane
(DGS) and again the effects are observed. From the observed effect on the resonance
frequency, an attempt to reduce the size of the patch antenna is made with both DMS
and DGS. Finally, the results of this size reduction with the two techniques are

compared.
4.2 Design of conventional patch antenna
4.2.1 Structure of the patch

The conventional rectangular patch antenna shown in fig. 4.1 is designed to radiate at
2.5 GHz. The probe feeding is used to energize the structure. The design is achieved
following the design steps described in chapter one. Table.4.1 summarizes the different

patch antenna parameters.

3

A
v

v

Fig.4.1 Conventional rectangular patch antenna

Substrate Substrate Patch length L | Patch width W Feed position
permittivity e thickness
4.4 1.5 mm 27.67 mm 34.32 mm x,y)=(7,0)

Table.4.1 The different patch antenna parameters
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4.2.2 The return loss of the conventional antenna

To verify the resonant behavior of the structure, the return loss is drawn in fig. 4.2. This
figure shows clearly that the resonant frequency of the designed rectangular patch
antenna is at 2.5 GHz as required. The level of the magnitude of the return loss | Sy | is

approximately at -35 dB; meaning that the selected feed position ensures good
matching.

-20

24

Return Loss in dB

-30

-3

148 1.74 2 225 e 275 3 325 348

Frequency in GHz

Fig .4.2 The return loss of the designed antenna

4.2.3 Current distribution of the conventional antenna

The vector current distribution of the considered patch antenna is presented in fig. 4.3. It

shows a straight current path along the x-direction as expected since the patch surface is
continuous.

<

HINEEENA
 ANEPERZE
L
Fig.4.3 The current distribution on the patch surface

»
»
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4.2.4 Input VSWR of the conventional antenna

The standing wave ratio (VSWR) for the conventional rectangular patch antenna is
shown in fig. 4.4. From the VSWR pattern, the calculated bandwidth (VSWR < 2) is
found to be 2.36 % which is very small. As stated before the bandwidth is considered to
be the main disadvantage of microstrip antennas and the designed conventional

rectangular patch antenna is of no exception.

.

=

VSWR

23 135 24 2.45 25 255 16 265 27

Frequency in GHz

Fig.4.4 The standing wave ratio of the antenna

4.2.5 Radiation pattern of the conventional antenna

The radiation pattern at the resonant frequency for the conventional rectangular patch
antenna in both E-plane and H-plane are presented in fig. 4.5 and fig. 4.6 respectively.
These planes are perpendicular to the patch antenna. As can be seen from fig. 4.5 the
pattern is symmetrical and the level of the cross-polar component is at -90 dB which is
very low meaning good polarization purity. The beam-width is large and it is equal to
158°. Also in the H-plane, as shown in fig.4.6, the pattern is almost symmetrical and the
cross-polarization component is at about -30 dB which is considered to be low. The co-
polar component beam-width in the H-plane is about 82.1°. The three dimensional

pattern is shown in fig. 4.7.
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Fig.4.5 E-plane radiation pattern of the antenna
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Fig.4.6 H-plane radiation pattern of the antenna
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Fig.4.7 The 3D total field pattern for the antenna in dB

4.3 Introducing the defect on the patch (DMS)

Now, we introduce a defect at the center of the radiating patch and observe its effect on
the frequency, the bandwidth and the radiation pattern. The form of the chosen defect is
original has never been utilized in the literature and it is inspired from the letter H. As
seen in fig. 4.8, the proposed shape has opening slots along both longitudinal directions.

The numerical values of the dimensions of the proposed defect are given in table 4.2.

S1

Sy A

Sz L4

Fig.4.8 The proposed defect shape

Sy S S3 S4
13 mm 13 mm 16 mm 2 mm
Table.4.2 The defect dimensions
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4.3.1 Return loss of the antenna with DMS

As illustrated in fig. 4.9, after introducing the defect on the patch surface, the resonant
frequency shifts down from 2.5 GHz to 1.8 GHz. This is mainly attributed to the
inserted defect which lengthens the current path making the patch radiator to appear
larger hence radiating at a lower frequency than before.

Return loss in dB

-a0

18 1.65 17 1.74 148 1.85 14 1.45 z

Frequency in GHz

Fig.4.9 The return loss of the antenna with DMS
4.3.2 Current distribution of the antenna with DMS

The vector current distribution of the defected patch is shown in fig. 4.10. From this
figure, it is clear that the current changes its direction when it encounters the defect.
Therefore the current takes a longer trajectory and makes the patch radiate at a lower
frequency as seen before. Furthermore, the existence of the opening slots in both
longitudinal directions has led to longer path than using simple slot.

A

L
Fig.4.10 The current distribution of the antenna with DMS
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4.3.3 Input VSWR of the antenna with DMS

The standing wave ratio of the defected patch antenna is illustrated in fig. 4.11, the
bandwidth is calculated for VSWR = 2 and it is found to be equal to 1.89%. This means
that after introducing the defect the bandwidth is reduced by 0.47%. So the DMS
reduces further the bandwidth which is already small. This effect may be attributed to
the fact that when part of the metal is removed, the resistive losses are decreased hence
leading to a higher Q factor. Moreover, the DMS can be modeled as an inductor which

in its turn increases the Q factor too.

VSWR

16 1.65 1.7 175 1.8 1.85 19 1.95 2

Frequency in GHz
Fig.4.11 The standing wave ratio

4.3.4 Radiation pattern of the antenna with DMS

The far field radiation pattern for the defected patch antenna in both E- and H- planes at
the resonant frequency is shown in fig. 4.12 and fig. 4.13. From these graphs, a change
in polarization is observed. This change is due to the fact the current component along
y-axis (previously ignored) becomes more significant than that along x-axis. The slots
along x-axis are responsible for the creation of the component along y-axis. Moreover,
the level of the field component due to x-current has decreased to about -10 dB. In fact,
the existence of this kind of the defect result in radiated wave which is linearly
polarized along an oblique direction. The directivity is about 6.19 dBi. Fig. 4.14 shows

the three dimensional radiation pattern of this antenna.
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—@— Field component due to current
in x-direction

—f— Field component due to current
in y-direction
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Fig.4.12 The E-plane radiation pattern of the antenna with DMS

—@— Field component due to current
in y-direction
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Fig.4.13 The H-plane radiation pattern of the antenna with DMS
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Fig.4.14 The 3D total field pattern for the defected patch antenna in dB

4.4 Introducing the defect on the ground plane (DGS)

The same defect that is applied on the radiating patch is introduced on the ground plane
of the patch antenna. The observed effects are presented in the following sections.

4.4.1 Return loss of the antenna with DGS

The return loss of the defected ground patch antenna is given in fig. 4.15. As might be
noticed there is a frequency shift down to about 1.8 GHz. This is also attributed to the

effect of the defect introduced on the ground plane which disturbs the shield current
return path.

Return loss in dB

0.6 04 12 15 18 21 24 7

Frequency in GHz

Fia.4.15 The return loss of the antenna with DGS
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4.4.2 Current distribution of the antenna with DGS

The vector current distribution of the defected ground patch is shown in the following
figures. Fig. 4.16 shows the current distribution on the back side of the antenna,
meaning on the ground plane that is defected whereas fig. 4.17 shows this current on the
radiating patch. For both sides, the current path is disturbed. The current goes around
the defect following a longer path. Also it is apparent that the current component along

y-direction should not be ignored.

Fig.4.16 Current distribution on the ground plane

Fig .4.17 Current distribution on the patch
4.4.3 Input VSWR of the antenna with DGS

The standing wave ratio of the ground plane defected patch antenna is given in fig. 4.18.
The calculated bandwidth for VSWR = 2 is 2.23% which is close to the original one.
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| v

VSWR

12 1.3 1.4 1.5 16 17 18 1.9 2 241 22

Frequency in GHz
Fig.4.18 The input VSWR of the antenna with DGS

4.4.4 Radiation pattern of the antenna with DGS

The far field radiation pattern of the defected ground patch in E-plane and H-plane are
given in fig.4.19 and fig.4.20 respectively. For this case there is a noticeable change in
the radiation pattern. As can be depicted from the figures there is the appearance of the
back lobes with considerable level of approximately -4 dB. This may be attributed to
slot on the ground plane acting as an aperture antenna. Hence part of the signal leaks
through this defect on ground as a back radiation. As in the case of DMS, the
polarization of the radiated wave from this structure is linearly oblique. The directivity
is found to be equal to 4.58 dBi. The three-dimensional radiation pattern is shown in fig.
4.21

0 —@— Field component due to current
in x-direction

—f— Field component due to current
in y-direction

-10

Normalized field in dB

-12

14 \ ﬁ
B & b

180 -135 -90 45 0 45 90 135 180
Angle from broad side in deg

Fig.4.19 The E-plane radiation pattern of the antenna with DGS
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—o— Field component due to current
in y-direction

—f— Field component due to current
in x-direction
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Fig.4.20 The H-plane radiation pattern of the antenna with DGS

Fig.4.21 The 3D total field pattern for the antenna with DGS in dB

Remark: It is seen that for both the DMS and DGS techniques the resonant frequency
of the patch antenna shifts down to around 1.8 GHz. This implies that it is possible to
reduce the size of the patch antenna with both techniques to reproduce the original
frequency (2.5GHz).
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4.5 Retuning back to the original frequency using DMS

At this stage of the work, to make the defected patch antenna radiate at the original
frequency of 2.5 GHz, the dimensions of the patch must be reduced. This means that
compensating for the current path already lengthened. The obtained reduced length is
18.22 mm and the reduced width is 23.16 mm. This reduction in patch dimensions leads
to about 55.4% in patch area reduction. We notice that this length is close to the length
predicted by equation 2.17.

4.5.1 Return loss of the reduced antenna with DMS

The return loss of the reduced size defected patch antenna is given in fig. 4.22. The
resonant frequency is again 2.5 GHz. The level of the return loss is higher, about -14 dB
but still acceptable.

Return loss in dB

1.5 1.75 1 215 25 275 3 315 35

Frequency in GHz
Fig.4.22 The return loss of the reduced antenna with DMS

4.5.2 Current distribution of the reduced antenna with DMS

The current distribution of the reduced size defected patch antenna is given in fig.4.23.
As might be seen from this figure there is no change in the current distribution after

reducing the patch dimensions.
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Lq
Fig.4.23 The current distribution of the reduced antenna with DMS

4.5.3 Input VSWR of the reduced antenna with DMS

The standing wave ratio of the reduced size defected patch is given in fig.4.24. The
bandwidth found at VSWR = 2 is 0.96% which is very small. It means that the

bandwidth of the antenna, after being defected and reduced in size, has decreased by
1.4%.

Return loss in dB

]

23 235 24 245 245 2485 16 265 27
Frequency in GHz
Fig.4.24 The standing wave ratio of the reduced antenna with DMS

4.5.4 Radiation pattern of the reduced antenna with DMS

The far field radiation pattern for both E-plane and H-plane are shown in fig. 4.25 and

fig. 4.26, the three-dimensional version of the radiation pattern is shown in fig. 4.27. As
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the case of antenna with DMS studied previously, the polarization is linearly oblique.

The difference that may be seen is that the level of the x-component is reduced to -15

dB. This is due to the important reduction of the length as with the slots along x

dimensions are kept unchanged. The directivity is about 6.22 dBi.
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Fig.4.25 The E-plane radiation pattern of the reduced antenna with DMS
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Fig.4.26 The H-plane radiation pattern of the reduced antenna with DMS
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Fig.4.27 The 3D total field pattern for the reduced antenna with DMS in dB
4.6 Returning back to the original frequency using DGS

Now keeping the defect on the ground plane, the patch dimensions are reduced to
achieve radiation at the original frequency of the conventional antenna. The new
dimensions of the ground defected patch are: the length is 13.52 mm and the width is
23.16 mm. This means that a size reduction in the patch surface of about 67% may be
achieved.

4.6.1 Return loss of the reduced antenna with DGS

The return loss for this reduced patch that is given in fig. 4.28 shows that the patch
radiates at 2.5 GHz. the return loss level is about -16 dB.

Return loss in dB

15 1.75 2 225 25 275 3 325 38

Frequency in GHz
Fig.4.28 The return loss of the reduced antenna with DGS

53



CHAPTER FOUR

Results and Discussion
4.6.2 Current distribution of the reduced antenna with DGS

The current distribution for both the patch and the ground plane of the microstrip
antenna after size reduction is shown in fig. 4.29 and fig. 4.30 respectively. There is no
major change for the current path after size reduction.

Fig.4.30 Current distribution on the patch

4.6.3 Input VSWR of the reduced antenna with DGS

The standing wave ratio of the defected ground patch after size reduction is shown in
fig. 4.31 the bandwidth calculated for VSWR = 2 is about 2.6%. This means that there
is a bandwidth enhancement of 0.24%.
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VSWR

2 2125 225 2375 25 2625 275 2874 3
Freguency in GHz
Fig.4.31 The standing wave ratio of the reduced antenna with DGS

4.6.4 Radiation pattern of the reduced antenna with DGS

The far field pattern at the resonant frequency in both E-plane and H-plane are shown in
fig. 4.32 and fig. 4.33. As for the defected ground patch antenna there is the appearance
of the back lobes caused mainly by the slot on the ground plane. Similar to the previous
case (Antenna with DGS) the polarization is linearly oblique and the directivity is found
to be about 4.34 dBi. A three-dimensional radiation pattern is shown in fig. 4.34.

—o— Field component due to current
in x-direction

»  —f— Field component due to current
in y-direction

-10

Normalized field in dB

-12

14 el A
-180 -135  -90 -45 ] 15 =10 134 180

Angle from the broad side in deg

Fig.4.32 E-plane radiation pattern of the reduced antenna with DGS
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Fig.4.33 H-plane radiation pattern of the reduced antenna with DGS

Fig.4.34 The 3D total field pattern of the reduced antenna with DGS in dB
4.7 Comparison between reduced antennas with DMS and DGS

In this section, an attempt is done to compare the performance of the antenna which
reduced in their size using the DMS and the DGS techniques. The comparison will be

done on both the near zone and the far zone characteristics.

1. The size reduction achieved by DGS (67%) is greater than the one achieved by
DMS (55.4%).
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2. The bandwidth of the antenna with DGS is greater than the one of the antenna with
DMS.

3. The radiation pattern of the antenna with DGS presents back lobes whereas the
antenna with DMS does not have.

4. Both antennas with the proposed shape of the defect have linearly oblique
polarization. In case of the antenna with DMS, the x-component may be ignored
leading to linear polarization along y-direction.

5. The reduced antenna with DGS is less directive than the reduced antenna with DMS.

4.8 Conclusion

The goals of this project are to design an antenna that can operate at 2.5 GHz frequency
and reduce its size using both defected microstrip and defected ground techniques.

A rectangular patch antenna on a dielectric material whose permittivity constant
4.4, is designed and analyzed. This antenna has linear polarization along x-axis. It has
been found that the resonant frequency shift down after introducing a defect either on
the patch or on the ground plane. Furthermore, the radiated field polarization has
switched from x-direction to oblique direction because of the chosen shape of the
defect.

To compensate for the frequency diminution, the antenna sizes are reduced. The
obtained antennas with both DMS and DGS are radiating almost linearly oblique waves

with domination of the y-component.

It has also been remarked that the performance of the reduced size antenna with
DGS is better than that of the reduced size antenna with DMS.

As further work; it is suggested to perform the following tasks:

Implementation the proposed structures to verify their performances;

Parametric study on the proposed defect to optimize the antenna characteristics;
Introducing structure modification to enhance the performance;

Modeling of the proposed defect to obtain mathematical relationships to help in future
design.
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Appendix A

A.1 Input impedance bandwidth

In general the bandwidth of an antenna is defined as the range of frequencies within
which the performance of the antenna, with respect to some characteristic conforms to a
specified standard. The input impedance bandwidth is the range of frequencies in which
the real part of the input impedance is greater or equal to 0.707 times its maximum
value. Most of the times, it is taken to be the range of frequencies for which VSWR=2
and is given by the following relation:

_ fo—fy
BW (%) = 200 {27!

A.2 Co-polar and cross-polar components

The Ludwig definition of the co-polar and cross-polar components of an antenna polarized
along the Oy axis is given by:

[ Eco ]:[ :s:)r;?) tg?ns(f] gj,]

ECT'OSS
If the antenna is polarized along Ox axis then these components are given by:
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Appendix B

Zeland IE3D Simulator

1. Features

Zealand Inc’s IE3D is a full-wave electromagnetic simulator based on the method of
moments. It analyzes 3D and multilayer structures of general shapes. It has been widely used
in the design of MICs, RFICs, patch antennas, wire antennas, and other RF/wireless antennas.
It can be used to calculate and plot the S-parameters, VSWR, current distributions as well as

the radiation patterns. Some of IE3D’s features are:

e High efficiency, high accuracy, low cost electromagnetic simulation tool on PCs with

windows based graphic interface and efficient matrix solvers
e Automatic generation of non-uniform mesh with rectangular and triangular cells
e Can model structures with finite ground planes and differential feed structures
e Accurate modeling of true 3D metallic structures and metal thickness

e 3D and 2D display of current distribution, radiation patterns and near field.

2. Modeling by Means of the IE3D Simulator

In the IE3D simulator, the shape of the antenna and conductor consist of the combination of
polygons. There are two methods to model the antenna and human model in the IE3D
simulator. One is to input the coordinates of the vertices of polygons in the text file and the
other is to draw the polygons in the CAD (computer aided design) file. The IE3D simulator
requires sub-dividing an antenna into small cells. The cell, which is a fundamental unit, is
not a wire but a face. For example, monopole antenna consists of a thin strip conductor with
the same width as a wire diameter. Rectangular cells are used in the regular region for the
best efficiency and triangular cells are utilized to fit the irregular boundary. It is well known

that current is concentrating on the edges of metallic strips. Precise modeling of the high



current concentration along the edge is critical to accurate simulation. Cell on the edges of
metallic strips, which is called the edge cell, can be installed in the simulation.

The IE3D simulator has several types of feed and the antenna model needs a suitable feed
type. Feed types used in the simulation can be vertical or horizontal. Vertical port for feed
and horizontal port for feed are called “Vertical localized port” and ‘Extension for MMIC
(Monolithic Microwave Integrated Circuit),” respectively, it is also possible to use ‘probe
feed to patch’. The antenna and conductor are divided into small cells automatically by the
IE3D simulator when the parameters such as the number of cell per a wavelength and the
highest frequency in the analysis are determined.

These two pictures illustrate the graphical interface of the Integrated Electromagnetic
Simulator (IE3D)
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COCAFIL FILO30 (FIL0O31) is a mode matching based coupled s
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