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ABSTRACT 

 

 

Microstrip antenna is a preferable choice for antenna due to low profile, low 

weight, ease of fabrication, inexpensive to manufacture, and adaptable to design at 

non planar and planar surfaces. However, the drawbacks of designing antenna using 

microstrip technology are low gain, narrow bandwidth, low efficiency and low 

power. Many research works were carried out to improve the performance of 

microstrip antenna. One of the techniques that increasingly attractive nowadays is the 

integration of metamaterial to microstrip antenna. Metamaterial is a material that not 

existed in nature and designed artificially. But, due to some useful characteristics of 

the material, metamaterial is designed as to mimic the non-naturally occurring 

material to improve performance of devices such as microstrip antenna. Metamaterial 

that is used in this research is Artificial Magnetic Conductor (AMC). AMC is 

designed to mimic the unique behaviour of Perfect Magnetic Conductor (PMC). 

PMC provides phase reflection properties in a limited frequency band. AMC acts as 

a modified ground plane and in-phase superstrate when positioned at the bottom 

substrate and top substrate of the antenna respectively. A technique of Defected 

Ground Structure is implemented in the AMC unit cell, enhancing its bandwidth up 

to 94%. An array of antenna is developed as the reference antenna at 5.8 GHz 

operating frequency. The array antenna is integrated with AMC ground plane and in-

phase superstrate. An analysis was carried out on the performance improvement to 

array antenna made by the two distinguishable structures. The developed array 

antenna with AMC ground plane achieves bandwidth enhancement of 287% while 

improves efficiency up to 12%. On the other hand, the developed array antenna with 

in-phase superstrate successfully improves the bandwidth and efficiency of the 

antenna by 44% and 6%. Additionally, the integration of in-phase superstrate 

improves the directivity of the array antenna. It is discovered that the existence of air 

gap limits the gain of the array antenna with AMC ground plane. Furthermore, the air 

gap improves the gain of the array antenna with in-phase superstrate 
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ABSTRAK 

 

 

Antena mikrojalur merupakan antena yang digemari kerana berprofil rendah, 

ringan, senang dihasilkan, berkos rendah untuk dihasilkan, dan rekaan yang mudah 

diadaptasi kepada permukaan mendatar atau bukan mendatar. Walau bagaimanapun, 

kekurangan rekaan antena menggunakan teknologi mikrojalur ialah kegandaan 

rendah, lebar jalur sempit, kecekapan dan kuasa yang rendah. Banyak kerja 

penyelidikan dijalankan untuk meningkatkan prestasi antena mikrojalur. Salah satu 

teknik yang semakin mendapat perhatian ialah aplikasi metamaterial kepada antenna 

mikrojalur. Metamaterial ialah bahan yang tidak wujud secara semulajadi dan 

dihasilkan secara buatan. Oleh sebab ciri-ciri berguna pada bahan itu, metamaterial 

dihasilkan untuk meniru ciri-ciri bahan bukan semulajadi untuk meningkatkan 

prestasi antena mikrojalur. Metamaterial yang digunakan dalam kajian ini ialah 

Pengalir Magnetik Buatan (AMC). AMC direka untuk meniru tindakan unik Pengalir 

Magnetic Sempurna (PMC). PMC memberikan pantulan fasa selari di dalam jalur 

frekuensi terhad. AMC bertindak sebagai satah bumi termodifikasi dan superstrate 

fasa selari yang terletak di bawah dan atas daripada lapisan substrate antena 

mikrojalur masing-masing. Teknik Defected Ground Structure digunapakai dalam sel 

unit AMC meningkatkan lebar jalurnya sebanyak 94%. Antena susunan dibangunkan 

sebagai antena rujukan beroperasi pade frekuensi 5.8 GHz. Antena susunan 

diintegrasikan dengan satah bumi AMC dan superstrate fasa selari. Analisis terhadap 

prestasi dijalankan untuk mengenal pasti peningkatan prestasi pada antenna susunan 

oleh dua struktur tersebut. Antena susunan dengan satah bumi AMC mencapai 

peningkatan lebar jalur sebanyak 287% dan pembaharuan kecekapan sebanyak 12%. 

Antena susunan dengan superstrate fasa selari pula mencapai lebar jalur dan 

kecekapan sebanyak 44% dan 6%. Tambahan pula, superstrate fasa selari 

meningkatkan kearahan antena mikrojalur. Didapati bahawa kewujudan ruang udara 

menghadkan kegandaan bagi antena susunan dengan satah bumi AMC. Disamping 

itu, ruang udara meningkatkan kegandaan bagi kes antena susunan dengan 

superstrate fasa selari. 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

 

1.1 Introduction  

 

 Microstrip technology is preferable and attractive technique to fabricate 

antenna and microwave devices such as coupler, phase shifter, power divider and 

filter. Antenna fabricated using microstrip technology possess several advantages 

such as low profile, ease of fabrication, low weight, and simplicity in integration to 

other millimeter-wave integrated circuits and microwave devices. However 

microstrip antenna imposes various shortcomings such are narrow bandwidth, low 

gain, and low efficiency. Various researches were done in the past until recently to 

solve the shortcoming of the microstrip antenna. One of the techniques is by 

integrating the antenna with metamaterials.  

  

 Metamaterials mimics the characteristics or properties of material that not 

exist in nature. Metamaterial is design to utilize unique properties of that material. 

Artificial Magnetic Conductor (AMC) is a one type of metamaterial. AMC mimics 

the behavior of Perfect Magnetic Conductor (PMC). Microstrip antennas typically 

use Perfect Electric Conductor (PEC) as the ground plane. The uses of PEC have 

produce shortcomings of reducing antenna efficiency. PEC introduces the image 

current that is 180
o
 out of phase from the current source which is the original current. 

This image current cancel out the original current or cause destructive interference 

with the original current, this will reduce the antenna radiation efficiency.  
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 PMC in contrast with PEC due to its unique properties when use as a ground 

plane will introduce image current same like PEC does, but is in phase with the 

original current. The image currents will undergo constructive interference with the 

source current thus improving radiation efficiency. However, PMC is not exist in 

nature, thus Artificial Magnetic Conductor (AMC) is designed. In limited frequency 

band, AMC behaves like PMC while in the remaining band it acts just like a typical 

PEC.  

 

 In this research, AMC can be integrated to microstrip antenna to potentially 

solve the aforementioned shortcoming such as narrow bandwidth, low radiation 

efficiency and low gain. The bandwidth widening effect of AMC ground plane and 

in-phase superstrate can improve the versatility of antenna to support several services 

in one single antenna. The increase in radiation efficiency improves the utilization of 

input power to the antenna.  

 

 

 

1.2 Problem Statement 

  

Microstrip antenna is a popular trend of antenna design in recent years due to 

various such advantages such as low profile, light weight, easily conformable to 

surface. However, the inherent general disadvantage of microstrip antenna is the 

narrow bandwidth of typically 5% percentage bandwidth. There is abundance of 

antenna that is design to operate at single narrowband operating frequency. However, 

wideband antenna is in increasing demand due to its capability in operate at multiple 

frequencies in order to accommodate more wireless communication services.  

 

AMC integrated into microstrip antenna can improve the shortcoming of 

using microstrip technology such as narrow bandwidth, low radiation efficiency and 

low gain. AMC can be included to the microstrip antenna as AMC ground plane or 

in-phase superstrate. There is no study conducted on similar design AMC ground 

plane and in-phase superstrate to the microstrip antenna. Apart from that, integrating 

AMC structure into array antenna can be challenging compare to single radiating 

patch antenna, which consist of several antenna elements and feeding network. The 
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antenna elements and feeding network can affect the performance of the integrated 

structure of the antenna.  However, the low gain of typical microstrip antenna can be 

improves with array configuration.  

 

 

 

1.3 Objectives 

 

The main objective of the research is to design an Artificial Magnetic 

Conductor (AMC) for IEEE 802.11a band suitable for wireless communication 

services such as Wireless Local Area Network (WLAN) and Worldwide 

Interoperability for Microwave Access (WiMAX). 

  

The project involves antenna designing, fabrication process, and 

performances measurement in order to develop the optimum type of antenna that can 

achieve bandwidth enhancement with the use of AMC ground plane and in-phase 

superstrate. The   objectives of the research project are:  

 

(i) To design and simulate Artificial Magnetic Conductor (AMC) that 

operates at 5.8 GHz. 

 

(ii) To design, simulate, fabricate and develop the array antenna that 

operates at 5.8 GHz. 

 

(iii) To integrate AMC with array antenna and investigate the performance 

of the Antenna with and without integration of AMC. 

 

(iv) To analyze the effect of AMC ground plane and in-phase superstrate 

to the array antenna. 
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1.4 Scope  

 

 The scope of study is specified to provide border to which extent the study 

will be covered. The AMC unit cell is designed and developed for IEEE 802.11a 

operation. This frequency is useable for WLAN and WiMAX operations. There are 

various scopes in completing the research which are designing Artificial Magnetic 

Conductor (AMC) unit cell, to design an array of antenna and to integrate the array 

antenna with AMC. Array antenna consists of 4 radiating elements that are able to 

work in dual band. All the design will be fabricated using inexpensive FR-4 

Substrate with thickness 1.6mm and dielectric permittivity of 4.5. The software that 

is used to design the devices is Computer Simulation Technology (CST). Instrument 

used to determine the degree of agreement between the measurements with the 

simulated results were Agilent E5071C network analyzer and anechoic chamber. 

Measurement result and simulation result will be compared and analyzed. 

 

 

 

1.5 Significance of research 

 

There are two significance of the research.  Firstly, the artificial magnetic 

conductor (AMC) unit cell is design at 5.8 GHz. AMC operate at 5.8 GHz band has 

been designed by previous researcher. However, a technique will be implemented to 

widen the typically narrow bandwidth of AMC.  

 

Secondly, the significance of this research is the use of AMC as a modified 

ground plane, namely AMC ground plane for the microstrip array antenna. The 

conventional ground plane for the antenna is Perfect Electric Conductor (PEC). 

Apart from that, another significance of the study is the implementation of in-phase 

superstrate to the microstrip antenna. Performance improvement in terms of 

bandwidth, gain, and efficiency of the microstrip antenna will be observed by the two 

structures. 
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1.6 Organization of Thesis 

 

The thesis is divided into five chapters. The organization is as follows: 

 

 Chapter 1 introduces on advantage and disadvantage of microstrip antenna. 

Artificial Magnetic Conductor (AMC) is used to solve the shortcoming in microstrip 

antenna in term of narrow bandwidth. Additionally, chapter 1 also covers the 

problem statement research objective and scopes, and lastly the significance of the 

research. 

 

 Chapter 2 provides the theoretical and principle of operation related to 

Artificial Magnetic Conductor (AMC). Brief introduction and parameters of 

performance also describe on microstrip antenna. Subsequently, literature review is 

done on design of AMC and microstrip antenna. This is carried out to seek the 

possible contributions of the research project with respect to the previous research.   

 

 Chapter 3 discusses about the methodology of research used to carry out the 

research. Flow chart is used to explain the step by step procedure in achieving the 

objective of the research. After that, detail explanation design specification, 

simulation procedures, fabrication and measurement is provided. Firstly, the AMC 

design is discussed, followed by the design of array antenna design. Finally the 

design of array antenna with AMC ground plane and array antenna with in-phase 

superstrate is explained.  

 

 Chapter 4 presents the result and discussion of the research project. The 

performance of each of the devices in the research project is explained. The related 

parametric studies are included in each of the sections. The first part discuss the 

results of AMC design, the second part discusses the related result on the array 

antenna while the final part discusses on the result concerning array antenna with 

AMC ground plane and array antenna with in-phase superstrate. The initial design of 

AMC up to the finalized design is discussed. Parametric studies, simulation result 

and measurement results are analyzed. For AMC design, the reflection phase, size 

reduction, and related result are analyzed and discussed. Brief study also is 

conducted on the array antenna. Finally, analysis is made on antenna integrated with 
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AMC. The simulated results are compared with the measured results to verify the 

reliability of the simulation data.  

  

Eventually, the research is concluded in Chapter 5. The research outputs are 

presented. Suggestion for future work is provided to further improve the projects.  
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