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ABSTRACT 

 

 

 

 

In wireless communications systems, harmonics and unwanted frequency other than 

designed one becomes a dominant factor in limiting quality and capacity of transmitted 

or received signal. Rectangular microstrip patch antenna (RMPA) is designed in order to 

obtain the required parameter responses at 2 GHz. The proposed antenna is excited 

through the microstrip feed line which is connected directly to the patch antenna. RMPA 

of length 35.8462 mm and width 46.0721 is designed on the substrate dielectric material 

FR-4 having dielectric constant r=4.3 and thickness 1.6 mm. The defect ground 

structure (DGS) has gained much attention over the last few years for its ability to 

increase the performance of wireless system by effectively suppressing harmonics DGS 

shows a better result compared to the conventional antenna. It effectively suppressing 

spurious frequency and reduces the amplitude of the unwanted multiple bands since the 

antenna radiates only one resonating frequency. 
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ABSTRAK 

 

 

 

Dalam sistem komunikasi tanpa wayar, gangguan harmonik dan frekuensi yang tidak 

diingini oleh rekabentuk menjadi faktor dominan dalam menghadkan kualiti dan kapasiti 

dalam penghantaran dan penerimaan isyarat. Antena tampal mikrojalur segiempat 

(RMPA) direka untuk mendapatkan tindak balas diperlukan pada frekuensi resonan 2 

GHz. Antena yang dicadangkan berkesan melalui jalur suapan mikrojalur yang 

disambungkan terus ke antena tampal. Kepanjangan RMPA yang dicadangkan ialah 

35,8462 mm dan lebar 46,0721 mm menggunakan substrat dielektrik FR-4 dengan 

dielektrik malar r = 4.3 dan ketebalan 1.6 mm . Sejak beberapa tahun yang lalu, Defeat 

Ground Structure (DGS) telah mendapat banyak perhatian penyelidik mengkaji  

peningkatan keberkesanan keupayaan sistem tanpa wayar menyatakan bahawa gangguan 

harmonik DGS menunjukkan keputusan yang lebih baik berbanding dengan antena 

biasa. Ia berkesan membuang frequensi yang tidak diingini oleh rekabentuk dan 

mengurangkan amplitud frekuensi jalur pelbagai yang tidak diingini kerana antena yang 

direka memancarkan satu frekuensi resonan sahaja. 
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CHAPTER I 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 
 
 
 Wireless technology provides less expansive equipment’s and flexible way for 

communication purpose. Antenna has its own importance in communication systems; it 

provides radiation of electromagnetic energy uniformly in all directions. Antenna is a 

transducer, which converts one form of energy in to another. Here it is designed to 

transmit or receive electromagnetic waves from one source to destination. Microstrip 

antennas have several advantages over other conventional microwave antennas and 

therefore widely used in many practical applications. 

A large number of microstrip patches to be used in wireless applications have been 

developed. [1-3]. 

 

Patch antennas are very attractive because of their low profile, low weight and lower 

manufacturing cost is finding increasing application in the commercial sector of the 

industry.  A large number of microstrip patches to be used for wireless applications have 

been developed.  
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 A conventional microstrip antennas consist of a pair of parallel conducting layers 

separating a dielectric medium, referred as substrate. In this configuration, the upper 

conducting layer or “patch” is the source of radiation where electromagnetic energy 

fringes off the edges of the patch and into the substrate. The lower conducting layer acts 

as a perfectly reflecting ground plane, bouncing energy back through the substrate and 

into free space [4]. 

Rectangular microstrip patch antenna can be fed by using coaxial probe or microstrip 

line edge feed. In this project, the method of feeding is microstrip edge feed where the 

transmission line is being printed along with the patch antenna. 

 

The patch antenna usually has spurious frequency and to overcome this Defected 

Ground Structure (DGS) on the ground plane of the transmission is made. The DGS at 

the ground of the transmission line acts like a low pass filter which will determine the 

frequency that can be passed through the transmission line. 

Recently, both defected ground structure (DGS) and electromagnetic band gap (EBG) 

have received much attention because of their use in radar, satellite, microwave areas 

and mobile communication systems. Such systems often require circuits to be as small 

as possible. The DGS components are the dominant technology which can provide size 

reduction and has the capability of harmonics and spurious suppression. 

The DGS is realized by etching a certain pattern in the backside metallic plane which 

perturbs the current distribution in the ground, and hence increases the effective 

inductance and capacitance of the microstrip line. Therefore, a DGS cell is equivalent to 

an LC circuit. 

DGS is realized by etching off a simple shape in the ground plane, depending on the 

shape and dimensions of the defected the shielded current distribution in the ground 

plane is disturbed, resulting a controlled excitation and propagation of the 

electromagnetic waves through the substrate layer, the shape of the defect may be 

changed from the simple shape to the complicated shape for the better performance. The 

DGS is easy to be an equivalent L-C resonator circuit. DGS can be in different size like 

rectangular, triangular, and circular dumb shell [5-7]. 
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The square dimension of the DGS represents the inductor and the narrow lattice is the 

capacitor. The value of the inductor and the capacitor will affect the cut off frequency of 

the filter that is produce by the DGS. 

 

 

 

1.2 Problem Statement   
 
The regular microstrip patch antenna usually has spurious frequency which can make the 

signal at the operating frequency corrupt, spurious becomes a dominant factor in limiting 

quality and capacity. 

In order to suppress the spurious frequency, it can be achieved by adding either low pass 

or band pass filter that can be used to reject the spurious frequency. By using this 

method, it can increase the cost of the antenna. 

 

The Defected Ground Structure (DGS) has gained much attention over the last few years 

for its ability of effectively suppressing spurious frequency. To overcome that problem, 

it is proposed to use DGS which is being used at the transmission line for the patch 

antenna, because it is easy to design and fabricate. 

 

The simulation of the antenna will be done in CST software.  

 

 

1.3 Objectives of Study  

 

 

 To design rectangular patch antenna with DGS which operating at the resonant 

frequency at 2 GHZ. 

 To compare the influence of DGS performance and conventional patch antenna. 

 To fabricate, test and analyze microstrip patch antenna with DGS using Network 

Analyzer. 
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1.4 Scopes of Study 

The scope this project is mainly divided in two parts: 

i. Project I 

 Calculation 

 Simulation  

ii. Project II 

 Fabrication 

 Testing 

 

The scope of this project is to design and fabricate microstrip patch antenna with DGS. 

The designed antenna must suppress any spurious frequencies other than the designed 

frequency. Besides that to explore and simulate the basic parameters of rectangular patch 

antenna using CST microwave Studio software. 

Finally to compare the simulation and measurement result of the designed antenna. 
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1.5 Report outlines 
 

This thesis is organized into five chapters. The first Chapter 1, it will cover on 

introduction on the whole thesis. It also includes the objectives, problem statements, 

scope of works and main introduction of the project. 

 

Chapter 2 explains on the literature review of the project. The literature review begins 

with the introduction, followed by antenna parameters. Introduction is an explanation on 

the overview of the literature. As for the antenna topic, it is about the general description 

of an antenna. It is also cover on the basic principal of the antenna. This project is more 

focusing on Rectangular microstrip patch antenna. It is important to recognize the 

parameter of the antenna before designing the antenna itself. 

 

Chapter 3 describes project methodology where it is focusing on the method that used to 

complete the project accordingly. The methodology will be presented in the flowchart 

which clearly explained about how this project is planned and organized in completing the 

project. 

 

Chapter 4 presents the result for the system designed and discussion of overall result. The 

conclusion and recommendation of this project will be discussed in chapter 5. 

 

The time management of all activities for this Project is shown in Gantt chart 1-2. 
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CHAPTER II 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Introduction 

 

 
This chapter reviews several related previous work. Literature review is significant part 

for understanding the specification characteristics to model microstrip patch antenna. 

Literature review is one of the processes of developing rectangular patch antenna with 

DGS which operates at the resonant frequency 2 GHZ, for this project. The literature 

review explains on the antenna and the basic antenna operation, basic antenna 

parameter, the feed technique.  

 
2.2 Antenna Theory  

 
2.2.1 Antenna definition  
 
 
The antenna is metallic device which radiates or receives electromagnetic waves, in 

other words the transitional structure between free-space and a guiding device. The main 

purpose is to convert the energy of a guided wave into the energy of a free space wave 

(or vice-versa) as efficiently as possible while at the same time the radiated power has a 
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certain desired pattern of distribution in space. Lastly it capable of receiving or 

transmitting electromagnetic energy over specified frequency range [1,10]. This  process 

is described in Figure 2.1. 

 

Figure 2.1: Transmitting and receiving antenna structure. 

 

The guiding device or transmission line may take the form of a coaxial line or 

waveguide, and it is used to transport electromagnetic (EM) energy from the 

transmitting source to the antenna or from the antenna to receiving antenna. 

 

In other words antenna is a device, which is used for sending and receiving the 

electromagnetic wave for the communication.  The antenna is device that builds in the 

air of effectively radiating electromagnetic wave for the purpose of wireless 

communication. It is also effectively maintaining the electromotive force by 

electromagnetic wave. 

 Antenna is a metallic conductor system capable of radiating and capturing 

electromagnetic energy. It is used to interface transmission lines to the atmosphere, 

followed by the atmosphere to transmission lines. In essence, a transmission line couples 

energy from a transmitter to an antenna and from an antenna to a receiver. The antenna, 

in turns, couples energy received from a transmission line to the atmosphere and energy 

received from the atmosphere to a transmission line. At the transmit end of a free space 
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system, antenna converts electrical energy which is travelling along a transmission line 

into electromagnetic waves. At the receiver end, an antenna converts electromagnetic 

waves into electrical energy on a transmission line. 

 

2.3 Basic antenna Operation 

 

 

It is apparent that the size of an antenna is inversely proportional to frequency. A 

relatively small antenna can efficiently radiate high frequency electromagnetic waves. 

As for the low frequency waves, it require relatively large antennas.  

The length of the radiating patch is made approximately λg/2, so that the patch is starts 

to radiate. The patch will be fed with the transmission line that is usually 50Ω 

impedance. The transmission line is fed at the radiating edge along the width of the 

patch, as it gives a good polarization. 
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2.4 Antenna parameters 

 
 
To describe the performance of antenna, the definitions of various parameters are 

necessary. Here the most important parameters are discussed in the following paragraph 

and explained how it relate to the antenna’s performance [1, 9]. 

 

 

2.4.1 Radiation Pattern 
 
 

A radiation pattern defines the variation of the power radiated by an antenna as a 

function of the direction a way form the antenna, it gives the power that is radiated or 

received by a transmitting antenna or by a receiving antenna, respectively. In other 

words it is a mathematical function or a graphical representation of the radiation 

properties of the antenna as function of space coordinates. The radiation pattern is 

determined in the far-field region and is represented as a function of the directional 

coordinates. 

 

 
2.4.2 Directivity 
 
 
Directivity is a fundamental antenna parameter. It is the ratio of the radiation intensity in 

a given direction from the antenna to the radiation intensity averaged over all directions. 

The average radiation intensity is equal to the total power radiated by the antenna 

divided by 4π. In other words it is the ability of the antenna to focus energy in particular 

direction. 

 

 

2.4.3 Gain 
 
 
Gain describes how much power is transmitted in the direction of peak radiation to that 

of an isotropic source.  It is describes the performance of antenna or capability to 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



10 
 

 
 

concentrate energy through a direction to give a better picture of the radiation 

performance. What we want is the maximum gain, which is the gain in the direction in 

which the antenna is radiating most of the power.  

 

 

2.4.4 Input Impedance 
 
 
Input impedance is the impedance presented by an antenna at its terminals or the ratio of 

the voltage to current at a pair of terminals. If the input impedance of the transmission 

line and antenna are matched, maximum power transfer will be achieved. If is not 

matched it will cause reduction on overall system efficiency. This is because reflected 

wave is generated at the antenna terminal and it will travel back towards the energy 

source.  

For this parameter, the input impedance must match the characteristics impedance of 

transmission line in order to achieve maximum energy transfer between transmission 

line and patch. If the input impedance not matches to each other, reflected wave will be 

generated at antenna terminal and travel back towards the energy source. Reflection of 

energy results in a reduction in the overall system efficiency. If the antenna is used to 

transmit or receive energy, then only this loss efficiency will be occurred. 

 

 

2.4.5 Bandwidth 
 
 
Bandwidth describes the range of frequencies over which the antenna can properly 

radiate or receive energy. Often, the desired bandwidth is one of the determining 

parameters used to decide upon an antenna. For instance, many antenna types have very 

narrow bandwidths and cannot be used for wideband operation. 
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2.4.6 Return Loss (RL) 
 
 
RL is a parameter which indicates or measure of impedance match quality. When the 

load is mismatched the whole power is not delivered to the load there is a return of the 

power and that is called loss, and this loss that is returned is called the RL. If the 

indication of the RL is lower than -10 dB it means this matching is good, for ideal 

matching between the transmitter and the antenna, Г=0 and RL=∞ which means no 

power would be reflected back, whereas a Г=1 has RL=0dB, which implies that all 

incident power is reelected 

 

 

2.4.7 Voltage Standing Wave Ratio (VSWR) 
 
 
 
VSWR measures the ratio of the amplitude of the maximum standing wave to the 

minimum standing wave. In other words it is an indication of how good the impedance 

matching quality is for an antenna, the smaller the VSWR is, and the better the antenna 

is matched to the transmission line and more power delivering to the antenna. Typically 

desired value of VSWR to obtain a good impedance match is 2.0 or less (≤2).  

 

 

2.5 Feeding Techniques 
 
A feedline is used to excite and radiate by direct or indirect contact. There are many 

different techniques of feeding and four most popular techniques are coaxial probe feed, 

microstrip line, aperture coupling and proximity coupling [10].  

 
            Mainly feed techniques can be categorized in two categories which are 

contacting and non-contacting. The aperture and proximity coupling are under non-

contacting categories where the electromagnetic field coupling will be done to transfer 

the power between the microstrip line and the radiating patch, while contacting method, 
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the RF power is fed directly to the radiating patch using connecting element such as 

microstrip line. The microstrip and coaxial probe are examples of contacting method. 

  

2.5.1 Aperture coupling 

 
 
Aperture coupled feed consist of two different substrate separated by a ground plane. On 

the bottom side of lower substrate there is a microstrip feed line whose energy is coupled 

to the patch through a slot on the ground plane separating two substrates. This 

arrangement allows independent optimization of the feed mechanism and the radiating 

element. Normally top substrate uses a thick low dielectric constant substrate while for 

the bottom substrate; it is the high dielectric substrate. The ground plane, which is in the 

middle, isolates the feed from radiation element and minimizes interference of spurious 

radiation for pattern formation and polarization purity. This is the most difficult feeding 

among all types because multi-layer fabrication is required and it possesses a narrow 

bandwidth. The antenna element is formed by two dielectric substrate layers separated in 

the middle by a group planed on. The radiating patch element is photo etched on the 

upper substrate and this is known as antenna substrate. 

 

Figure 2.2: Aperture coupled feed patch antenna  
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2.5.2Proximity coupling 

 
 
Proximity coupling or electromagnetic coupling can be achieved by two methods. The 

first method is by creating a small gap between the patch and the feed line on the same 

substrate layer. The second method is by placing the patch and the feed line at different 

layers. Proximity coupling has the largest bandwidth, and low spurious radiation. 

However fabrication is difficult. Length of feeding stub and width-to-length ratio of 

patch is used to control the match. Its coupling mechanism is capacitive in nature. 

The major disadvantage of this feeding technique is that it is difficult layer that need 

proper alignment, also increase in overall thickness of the antenna. 

Figure 2.3: Proximity coupled feed patch antenna  
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2.5.3 Microstrip transmission line 

 
 
Microstrip line is easy to fabricate, simple to model and match by controlling the inset 

cut position in the patch.  For this project line feed was used as feeding technique 

because it allows the user to control the impedance match between feed and antenna. 

 

 

Figure 2.4: Microstrip line feed patch antenna  

 

 
2.5.4 The coaxial probe feed  

 
 
This method is widely used because of its simplicity in fabrication and matching and it 

has low radiation. The inner conductor of the coaxial is attached to the radiation patch 

while the outer conductor is connected to the ground plane. 

Advantages of coaxial feeding is easy of fabrication, easy to match, low spurious 

radiation and its disadvantages is narrow bandwidth. Difficult to model specially for 

thick substrate. 
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Figure 2.5: Coaxial probe feed patch antenna  

 
 
2.6 Types of Antenna 

 
 
For the past few decades there are several antennas which were developed. These are: 

Horn antennas, aperture antennas, reflector antennas, travelling wave and broadband 

antennas and microstrip antennas [1].  

 

However, in this project, microstrip patch antennas will be discussed. Figure-2.3 shows 

a rectangular microstrip patch antenna, consists of four major parts: conductive patch, 

ground plane, substrate and feeding line. Conductive patch and ground plane are usually 

made from same material (such as copper of high conductivity). Material of the substrate 

and its thickness are also important.  Type of the substrate has its significant role in 

determination of antenna dimensions. Substrate of high permittivity results in larger 

dimension of patch antenna. In this project FR-4 is selected for substrate, it has relative 

permittivity equals to 4.3.  

  

Radiating patch is on top of the dielectric substrate, this may be of any shape but 

generally rectangular and circular geometry is preferred. For radiating patch and ground 

plane, generally we select copper material for simulation. Selection of material for 

dielectric substrate depends on its relative permittivity (it is taken greater than or equal 

to 2.2 and less than or equal to 12). 
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Substrate is above the ground and conductive patch is on top of the substrate (as shown 

in figure-2.6). Excitation of patch is accomplished via feed line. When the patch is 

excited by feed, bottom of the patch at a certain point in time will have positive charge 

distribution and ground plane will have negative charge distribution. 

 

 

Attractive forces between these two charges will hold most of them on bottom surface of 

the patch and top surface of ground. On the patch surface repulsive charges within the 

same polarity, tend to push some of charges towards edge. These charges create fringing 

effects and cause radiation. 

 

 The patch is generally made of conducting material such as copper or gold and can take 

any possible shape. 

 

            However the main focus will be on studying the general properties of patch 

antennas by using rectangular patch antenna. 

Figure 2.6: Basic configuration rectangular patch with feed line [11] 
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Figure 2.7: Radiating patch 

 

A microstrip patch antenna is simply a radiating patch on one side of a 

dielectric substrate and a ground plane on the other side. The load attaches to a 

microstrip which connects the antenna's radiating patch to its ground plane. 

Microstrip patch antennas radiate due to the fringing fields created between 

the patch and the ground plane and resonate according to the dimensions of the 

radiating patch as shown in Figure 2.7.            

 

2.7 Substrate  

 
 
Substrate provides isolation; it is between the patch and the ground plane (GP) which is 

an electrically conductive surface, before you design antenna it is suitable to choose an 

appropriate substrate. In some applications we need small size antenna, substrate with 

high dielectric constant is a better choice for this case. High dielectric constants have 

greater losses so they are less efficient and have relatively small bandwidth. 
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2.8 Defected Ground Structure (DGS) 
 

 
There has been growing interest of research in the area of DGS, Defected Ground 

Structure in last few years and they have shown increasing potential for implementation 

in several applications. Applications of DGS in filtering circuits have several advantages 

such as circuit size reduction and suppression of spurious response. In order to achieve 

the requirement of high performance and compact filtering, various types of DGS 

resonators have been used earlier. DGS have been used for the implementation of the 

spurious response of the microstrip low pass filter and coupled band-pass filter. DGS 

can also be used as a building block of the filter; they are rather viewed to improve the 

response of filters, couplers and oscillators [10].  

This disturbance will change characteristics of a transmission line such as line 

capacitance and inductance. In a word, any defect etched in the ground plane of the 

microstrip can give rise to increasing effective capacitance and inductance.  

 

The isometric view of a conventional Defected Ground Structure is shown in Figure 

2.8.The surface current distribution on the ground plane resembles Figure 2.9. Taking 

this as the reference the ground plane of the DGS can be truncated as shown in Figure 

2.10.  

 

Figure 2.8: Isometric view of dumbbell shaped DGS 
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Figure 2.9: Distribution of surface current on the Ground Plane of a unit cell DGS  

 

 

Figure 2.10: Truncated Structure according to distribution of current on surface of 
ground plane  
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Figure 2.11 shows several resonant structures that may be used [9]. The basic element of 

DGS is a resonant gap or slot in the ground surface (Figure 2.11a), placed directly under 

the transmission line and aligned for efficient coupling to the line. The dumbbell-shaped 

DGS (Figure 2.11b) includes two wide defected areas connected by a narrow slot. The 

conventional dumbbell-shaped DGS has been modified into an I-shaped DGS, as shown 

in Figure 2.11c. The frequency control of the I-shaped DGS is accomplished by 

adjusting the length of the transverse slot and the dimensions a and b. The stop-band 

characteristic of the DGS in Figure 2.11c depends on l, which is the distance between 

two rectangular lattices. In the U-shaped structure of Figure 2.11e, the loaded Q-factor 

increases as distance s decreases. Elliptic DGS cells are also obtained by etching a slot 

that connects two elliptic DGS shapes in a microstrip ground plane (Figure 2.11f). 

Figure 2.11g represents the DGS unit composed of two U-shaped slots connected by a 

transverse slot. This DGS section can provide cutoff frequency and attenuation pole 

without any periodicity, unlike other DGS [10].  

 

 

Figure 2.11: Some resonant structures used for DGS applications. 
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2.9 Application of DGS 

 

There are widely applications in active and passive devices useful for compact design. 

Since each DGS provides its own distinctive characteristics depending on the 

geometries, such circuit functionalities as filtering unwanted signals and tuning high-

order harmonics can easily be accomplished by placing required DGS pattern, which 

correspond to the desired circuit operations without increasing circuit complexity [10]. 

 

 

2.9.1 Delay lines 

 

Placements of DGS along a transmission line introduce changes in the propagation of 

the wave along the line. The DGS elements do not affect the odd mode transmission, but 

slows the even mode, which must propagate around the edges of the DGS “slot” [11].  

 

 

 

 

2.9.2 Antennas 

 

The filtering characteristics of DGS can be applied to antennas, reducing mutual 

coupling between antenna array elements, and reducing unwanted responses (similar to 

filters). This is the most common application of DGS for antennas, as it can reduce side 

lobes in phased array, improve the performance of couplers and power dividers, and 

reduce the response to out of band signals for both transmit and receive. An interesting 

application combines the slot antenna and phase shift behaviors of DGS. An array of 

DGS elements can be arranged on a flat surface and illuminated by a feed antenna, much 

like a parabolic reflector antenna. Each element re-radiates the exciting signal, but a 

phase shift can be built into the structure to correct for the distance of each element from 

the feed. The re-radiating elements introduce additional loss, but the convenience of a 
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flat form factor is extremely attractive for transportable equipment or applications where 

a low-profile is essential.  

 

Amplifier design also can benefit from DGS due to a number of attractive features that 

DGS have that can help to improve the amplifier performance. First, the DGS structure 

is very simple and it is easily simulated or fabricated and this is suitable for periodic 

structure design. Second, its stop band characteristic could be used to suppress certain 

harmonics. 

 

There are various DGS studies in the literature not only for the analysis of the effect of 

the defects, but also for the implementation of the defects in various structures in 

microwave devices. It would be wise to have a look at the previous DGS studies first, 

and then present the contribution of this study. 

 

Defected Ground Structure (DGS) is the first application that comes to mind when the 

line is preferably not disturbed. A defect on the ground can change the propagation 

properties of a transmission line with changing the current distribution on the ground 

side, and the alignment of the fields between the ground and the line. 

2.12: Defected Ground Structure for Microstrip Line. 
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The DGS studies conducted up to now have basically focused on the dumb-bell-shaped 

DGS which is basically proper for high frequency filtering applications [12-26]. The 

dumb-bell shaped defect is placed under the microstrip line as shown in Figure 2.13 

Studies on the analysis of the structure have generally used the current density 

approaches to model the structure. The current density distribution is determined not 

only by the line path, but also by the discontinuities on the ground; and the resulting 

current distribution is interpreted as a physical model [27].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.13: Dumb-bell Shaped DGS. 

Figure 2.14: DGS unit cell (a) Dumbbell DGS unit cell, (b) L-C equivalent of DGS 
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The studies in the literature covered up to now are all of filter type or resonant type 

structures. However, non-resonant type applications of the DGS also exist. Rectangular-

shaped defected ground structure (RS-DGS) resembles transmission line due to its 

physical structure. In this aspect, it can be claimed that a RS-DGS can be modeled as a 

transmission line of characteristic impedance Zch not equal to the characteristic 

impedance of the line with the same line width. This might be helpful if we need to 

increase the impedance to the levels where line widths cannot be realized easily. 

Impedance matching at shorter distances is also realized by the use of the slow-wave 

characteristics of the DGS in the case of the space saving applications like amplifier 

input-output matching circuitries, hybrid couplers The usage of DGS at the input or the 

output of the amplifiers has also confirmed harmonic-rejection, and efficiency 

improvement properties [28-29].   

 

 

2.9.4 Review of Previous Works 

 
 Hemant Kumar Gupta, P.K.Singhal, “Patch antennas designs with Defect Ground 

Structure in Efficient Rectenna Design for Wireless Power Transmission”. Rectenna is a 

rectified antenna means they are used for harvesting of microwave power, or convert 

Alternating Current (AC) power to Direct Current (DC) power. It is more efficient when 

antenna is design with more precision and accuracy like having lesser return loss and 

greater gain and directivity. To implement an efficient rectenna, design of microstrip 

patch antenna with DGS is used. The work of the DGS structure is also proved that 

harmonics are approximately removed by DGS Structure [30]. 

 

H.Takhedmit, B.Merabet, L.Cirio, B.Allard, F.Costa, C.Vollaire, O.Picon, “A 2.45-GHz 

Low Cost and Efficient Rectenna”. To improve the output DC power and decrease the 

required  power densities, an antenna array must be developed and associated with the 

presented rectifier [31]. 

 

A. K. Arya, A. Patnaik, and M. V. Kartikeyan, “Microstrip Patch Antenna with Skew-F 

Shaped DGS for Dual Band Operation”. There have been an increasing interest in the 
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