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ABSTRACT

The rising of renewable energy is booming its way to our country’s power generation
field. This is because of the ample sunshine throughout the year, which makes it very
appealing for the development of solar energy. However, reflectivity causes solar cell
to lose potential photons to be confined. Hence, the aim of this work is to enhance the
performance of solar cell by using different layer of anti-reflective coating. In this work,
Gallium Arsenide was used as the solar cell substrate as it produces a better outcome
compared to a Silicon solar cell. Materials such as SiO, SizN, and SiO, /Si;N, are
used as the layers of anti-reflective coating. By using SILVACO TCAD tool, the solar
cell structure was designed and modelled with ATHENA software. Meanwhile, ATLAS
was utilize to simulate the electrical and optical properties such as the External Quantum
Efficiency (EQE), I-V characteristic and spectral response, which were observed. The
planar GaAs solar cell with anti-reflective coating of SiO,, Si;N, and SiO, /SizN,
showed efficiency at 9.38%, 10.88% and 10.68%, respectively. For porous structure,
Si0,, SizN, and SiO, /SizN, layers exhibits 9.32%, 10.75% and 10.31%, respectively
in terms of efficiency. In conclusion, Si;N, material exhibits excellent efficiency to be
used as an anti-reflective coating on GaAs solar cell.



ACKNOWLEDGEMENT

Firstly, I wish to thank Allah for giving me the opportunity to embark on my degree and
for completing this long and challenging journey successfully. | pray to Allah hoping
my journey is in His bliss.

My appreciation and gratitude goes to my supervisor, Dr. Rosfariza binti Radzali for
her guidance and support throughout this journey. | would also like to express my
thankfulness for trusting me to finish this project. Not forgetting, 1 would like to thank
the Faculty of Electrical Engineering for providing the best facilities and resources to
conduct my project.

| also would like to extend my thankfulness to the most precious people in my life, my
parents. To my father, Tengku Abdul Rashid and my mother, Shariah Sharin Low for
giving me their endless moral support during my studies and for their never ending
prayers.

Finally, I would like to express my appreciation to my friends for their countless support
throughout my journey on finishing this project. Their constant support is deeply
appreciated. A special thank you to the others who helped directly and indirectly during
this time.



TABLE OF CONTENTS

PAGE

AUTHOR’S DECLARATION [
ABSTRACT I
ACKNOWLEDGEMENT ii
TABLE OF CONTENTS Y%
LIST OF TABLES Vi
LIST OF FIGURES vii
LIST OF APPENDICES IX
LIST OF SYMBOLS X
LIST OF ABBREVIATIONS Xi

CHAPTER 1 INTRODUCTION

11
1.2
13
14
1.5
1.6

CHAPTER 2 LITERATURE REVIEW

2.1
2.2
2.3

2.4
2.5
2.6

Research Background
Problem Statement
Obijectives

Scope of Work
Significance of Study

A W W NN

Thesis Organization

Introduction

Gallium Arsenide

Fundamentals of Solar Cell

2.3.1 Operation of Solar Cell
2.3.2 Characteristics of Solar Cell

©O© 00 N N o oo o

Porous Solar Cell
Anti-Reflective Coating (ARC) 10
Chapter Conclusion 12



CHAPTER 3 RESEARCH METHODOLOGY
3.1  Introduction
3.2 Overall Design Flow
3.3  Solar Cell Modelling
3.3.1 Construction of Solar Cell Using ATHENA Tools
3.4  Simulation of Solar Cell Using ATLAS Tools
3.4.1 Open-Circuit Voltage (Voc) and Short-Circuit Current (Isc)
3.4.2 Spectral Response, External Quantum Efficiency (EQE) and
Internal Quantum Efficiency (IQE)

3.4.3 |-V Characteristics and Power Maximum

CHAPTER 4 RESULTS AND DISCUSSION

4.1  Introduction

4.2  Solar Cell Structures

4.3  Spectral Response

4.4  Quantum Efficiency

45  Power Maximum

4.6 IV Characteristic

4.7  Comparison Between Planar and Porous Solar Cell
4.8  Comparison with Previous Studies

4.9  Optimize ARC Thickness for Planar GaAs Solar Cell

CHAPTER 5 CONCLUSION AND FUTURE WORK
51 Introduction

5.2  Conclusion

5.3  Future Work

REFERENCES
APPENDICES

13
13
13
15
17
23

26
28

31
31
31
34
37
40
42
45
46
47

50
50
50
51

52
57



