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ABSTRACT 

Nowadays, 5G technology has rapidly gained demand for wireless communication 
systems due to its higher data rates, zero latency and ubiquitous connection within the 
devices. The frequency above 10 GHz has been allocated by the Federal 
Communications Commission (FCC) for 5G applications. To meet the demand, Planar 
Inverted F-Antenna (PIFA) Multiple-Input-Multiple-Output (MIMO) is presented in 
this thesis. In MIMO antenna design, more than one antenna elements are placed 
normally very close to each other in a single ground plane. Thus, mutual coupling 
appears significantly and becomes one of the critical parameters in designing MIMO 
antennas. The mutual coupling will affect the antenna efficiency and gain as some of 
the radiated power is absorbed by the adjacent antenna element. Therefore, this research 
focused on improving isolation between multiple antenna elements and gain. The 
research began with designing a single element PIFA at 15 GHz that acted as a reference 
antenna for the two and three-element PIFA MIMO. Then, the normal two-element and 
three-element PIFA MIMO were developed. Methods such as additional slot structure, 
parasitic wall and integration slot with parasitic wall were introduced to the multiple 
PIFA MIMO to mitigate the mutual coupling issue and enhance antenna gain. The 
selected designs reported in this thesis were fabricated and measured, with the simulated 
and measured results agreeing well in most cases. The single-element PIFA produced 
reflection coefficient with -12.88 dB and gain of 7.464 dB with 95% efficiency. As for 
the two and three-element PIFA MIMO designs, the Design 1 (Normal) of three-
element PIFA MIMO produced slightly higher measured gain than the two-element 
PIFA MIMO from 6.64 dB to 7.16 dB with an accepted isolation range due to the 
increase in dimension of antenna size. Design 2 (Additional parasitic wall) in two and 
three-element PIFA MIMO improved gain up to  8 % compare to conventional Design 
1 (Normal). Introducing slots named as Design 3 (Slot) PIFA MIMO proved to increase 
the isolation. The highest isolation of -54.70 dB was achieved in the simulation of the 
two-element PIFA MIMO that embedded a rectangular slot structure and a 27% 
improvement of isolation was found in the three-element PIFA MIMO with a U-slot 
structure compared to the Design 1-Normal three-element PIFA MIMO. Incorporation 
of parasitic wall and slot structure named as Design 4 (Parasitic wall and slot) in both 
designs also successfully produced improved high isolation and gain results with 43.4 
dB and 8.76 dB for two-element and 35.22 dB and 8.40 dB for three-element 
respectively. Hence, these proposed designs offer potential solutions for 5G wireless 
communication systems especially for hand-held devices. 



v 

ACKNOWLEDGEMENT 

Firstly, I wish to thank Allah S.W.T for giving me the opportunity to embark on my 
Master by research and for completing this journey successfully. This research would 
not be completed without the help of many parties. I would like to take this opportunity 
to thank and express my appreciation to all of them. 

My gratitude and thanks go to my supervisor Adayiah Awang, for all the 
help during my research, guidance and constant support and encouragement throughout 
the thesis and my master journey. Next to my co-
a lot for your support along my research journey.  

My appreciation and dedication also goes to my late supervisor Professor Dr Mohd 
Tarmizi Ali who no longer with us, but continues to inspire me by his example and 
dedication to the student he served throughout his career. You are gone but your words 
and belief in me has made this journey possible. (Al-Fatihah) 

Next special appreciation to my mother Rosnaini Ab Majid and my family members 
who always give me support in mentally and financially, trust and believe in my ability 
to finish this master successfully. Thank you. 

Special thanks to my ARC colleagues and friends for helping me with this project. You 
guys are the best. I would never finish this thesis without the help from all of you. Thank 
you very much.  

Finally, this thesis is dedicated to the loving memory of my very dear late father 
Baharom Bin Hussain for the vision and determination to educate me. This piece of 
victory is dedicated to you. Alhamdulilah and Thank you Abah. (Al-Fatihah)  

 



vi 

TABLE OF CONTENTS 

 Page 

CONFIRMATION BY PANEL OF EXAMINERS ii 

 iii 

ABSTRACT iv 

ACKNOWLEDGEMENT v 

TABLE OF CONTENTS vi 

LIST OF TABLES ix 

LIST OF FIGURES xi 

LIST OF SYMBOLS xix 

LIST OF ABBREVIATIONS xx 

CHAPTER ONE INTRODUCTION 1 

1.1 Research Background 1 

1.1.1 Antenna and Wireless Communication 1 

1.1.2 Multiple-Input Multiple-Output (MIMO) System 3 

1.1.3 Fifth-Generation (5G) Technology 3 

1.2 Problem Statement 5 

1.3 Research Objectives 7 

1.4 Scope and Limitation of Work 7 

1.5 Thesis Organization 9 

CHAPTER TWO LITERATURE REVIEW 10 

2.1 Introduction 10 

2.2 Multiple-Input Multiple -Output (MIMO) 10 

2.2.1 MIMO Antenna 11 

2.3 Mutual Coupling 13 

2.4 Diversity Techniques 15 

2.4.1 Spatial Diversity 15 

2.4.2 Pattern Diversity 16 

2.4.3 Polarization Diversity 17 


