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ABSTRACT

This study presents a new dielectric material utilized for thin film organic capacitors. It
consists of a combination of organic and inorganic ferroelectric materials, namely lead
titanate (PbTiO3) and polyvinylidene fluoride trifluoroethylene (PVDF-TrFE). In most
ceramic-polymer dielectric films, the combination of PbTi03 and PVDF-TrFE as a form
of bilayer configuration has never been explored. The study highlights that with a
presence of PVDF-TrFE as a second layer, the dielectric and ferroelectric property of
PbTiO3 thin film improved. In this study, the dielectric thin films were prepared using
a simple and cost-effective method of sol-gel spin coating. The deposition parameters
for the synthesized PbTiOs thin film was optimized at 0.4 M solution concentration, 10
wt% of excess Pb content, and annealed at 550°C. Subsequently, the optimized PbTiO;
thin film was utilized as a novel bilayer structure of PbTiO3/PVDF-TrFE film. The film
demonstrated high dielectric permittivity value (&-= 217)<and low tangent loss (tan ()
= 0.0017). In addition, the film has showed tremendous enhancement of remnant
polarisation (P, = 18.66 nC/cm?), which is three times higher than a single PbTiOj3 thin
film. The new approach of parallel capacitor design is the highlight of this study and
managed to produce high capacitance value (C = 13.4 nF/cm?). To date, this is a notable
achievement of the dielectric and ferroelectric properties for bilayer dielectric film as
none of this finding has been declared, so far. Hence, a novel bilayer structure of
PbTi0O3/PVDF-TrFE film can be a promising candidate for high capacitance thin film
capacitors.

v



ACKNOWLEDGEMENT

First and foremost, I wish to thank God for giving me the opportunity to embark on my
PhD and for completing this long and challenging journey successfully. My gratitude
and thanks go to my supervisor Prof. Engr. Dr. Mohamad Rusop bin Mahmood, and co-
supervisor, Assoc. Prof. Dr Rozana binti Mohd Dahan. Thank you for the support,
patience and ideas in assisting me with this project. I also would like to express my
gratitude to the staff NANO-ElecTronic Centre (NET) and NANO-SciTech Centre
(NST), Universiti Teknologi MARA, and Low Dimensional Material Research Centre
(LDMRC), Universiti Malaya especially Mr. Salifairus, Mrs. Nurul Wahida, Mr. Azlan,
Mr. Suhaimi, Mr. Azwan, Mr. Danial, and Mr. Asrul for providing facilities,
knowledge, and assistance.

My appreciation goes to the Universiti Teknologi Malaysia (UTM) and the Ministry of
Education (MOE) for the scholarship and financial support. Special thanks to my
colleagues and friends for helping me with this project.

Finally, the thesis is dedicated to my beloved husband, Mohd Hazami, my child, Nur
Iman Khalisah for their unconditional love, my dear parents, Hj. Zainal and Hjh. Ainon,
and my sister, Nur Azura, for their encouragement, understanding, and support during
the duration of my research. This thesis is dedicated to all of you.



TABLE OF CONTENTS

Page
CONFIRMATION BY PANEL EXAMINERS i
AUTHOR’S DECLARATION iii
ABSTRACT iv
ACKNOWLEDGEMENT v
TABLE OF CONTENTS : vi
LIST OF TABLES ix
LIST OF FIGURES xi
LIST OF SYMBOLS XV

LIST OF ABBREVIATIONS xvi
CHAPTER ONE: INTRODUCTION 1
1.1 Research Background 1
1.2 Problem Statement 3
1.3 Research Objectives 4
1.4 Research Scope 4
1.5 Research Significance 5
1.6 Thesis Organization 5
CHAPTER TWO: LITERATURE REVIEW 7
2.1 Introduction 7
2.2 Capacitor Device and Storage Element 7
2.2.1 Overview Dielectric Principle 9

2.2.2 Linear Dielectric Material 13

2.2.3 Non-linear Dielectric Material 14

2.3 Lead Titanate as a Functional Material 17
2.4 Lead Titanate Dielectric Thin Films 19
2.5 Composited Dielectric Thin Films 23

2.6 Summary 27

vi



