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ABSTRACT 

Metamaterial exhibiting negative permittivity and negative permeability in certain 

frequency range or known as left-handed material (LHM). It provides another 

alternative to the existing right-hand rule. This theory offers a new dimension to the 

antenna applications. This project looks into the effect of metamaterial structure to the 

conventional antenna and concentrates on improving the performance of antenna such 

as return loss, bandwidth and gain. Also, the existence of the negative permittivity and 

negative permeability using the Defected Ground Structure (DGS) method were 

constructed. Nicolson-Ross-Weir (NRW) approach has been used for verifying the 

double-negative properties of the proposed metamaterial. Then, patch antenna along 

with the proposed metamaterial structure operate at 5.56 GHz. The comparison 

parameter antenna between simulation and measurement results were presented. A 

bandwidth of 140MHz and return loss of -18.696 dB were obtained at the resonant 

frequency. 

Ill 



TABLE OF CONTENTS 

TITLE PAGE 

DECLARATION I 

ACKNOWLEDGEMENT II 

ABSTRACT III 

TABLE OF CONTENTS IV 

LIST OF FIGURES VI 

LIST OF TABLE IX 

LIST OF BBREVIATIONS X 

CHAPTER 1 INTRODUCTION 1 

1.1 Introduction 1 

1.2 Introduction of Defected Ground Structure (DGS) 2 

1.3 Objective 2 

1.4 Scope of Work 3 

1.5 Problem Statement 3 

CHAPTER 2 LITERATURE REVIEW 4 

2.1 Introduction 4 

2.2 Metamaterial 4 

2.3 Negative Index Refraction 7 

2.4 Defected Ground Structure (DGS) 8 

2.5 Antenna Parameter 9 

2.6 Metamaterial as Antenna Substrate to Enhance Bandwidth 11 

IV 



CHAPTER 3 METHODOLOGY 17 

3.1 Introduction 17 

3.2 Metamaterial Structure 19 

3.3 Calculation of the Metamaterial Design Structure 19 

3.4 Calculation of Patch Antenna 28 

CHAPTER 4 RESULTS AND DISCUSSIONS 32 

4.1 Introduction 32 

4.2 Characteristics of Designed Antennas 32 

4.3 Conventional Antenna 33 

4.4 Metamaterial Antenna 40 

4.5 Metamaterial and Conventional Antenna Comparison 47 

CHAPTER 5 CONCLUSION & RECOMMENDATIONS 56 

5.1 Conclusion 57 

5.2 Future Work 

REFERENCES 55 

Appendix A 


