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ABSTRACT

Surface-enhanced Raman scattering (SERS) is a powerful tool for detecting low 
concentrations of analytes, but the high cost and instability of traditional metallic 
substrates limit its applications. To overcome these challenges, this study focuses on 
the fabrication of p-type porous silicon (PSi) as a cost-effective and reliable SERS 
substrate. A photo-electrochemical etching process was employed to create PSi, with 
etching times varied to optimize pore structures. Silver nanoparticles (AgNp’s) of 5nm 
and 75nm sizes were deposited on the PSi surface to enhance Raman signal 
amplification through plasmonic effects. Structural characterization using Field 
Emission Scanning Electron Microscopy (FESEM) revealed that a 25 minutes etching 
time produced uniform and deep pores, maximizing surface area and hotspot 
distribution. Electrical properties were assessed using current-voltage (I-V) 
measurements, confirming improved conductivity with AgNp integration. Raman 
efficiency was evaluated using Rhodamine 6G (R6G) as a model analyte, where the 
75nm AgNp’s provided stronger signal enhancement compared to the 5nm particles. 
The optimized substrates demonstrated high sensitivity and reliability in detecting low 
concentrations of R6G. By combining precise fabrication methods with thorough 
structural, electrical, and optical characterization, this study presents a robust, 
affordable approach to advancing SERS technology. The findings highlight the 
potential of p-type PSi substrates for a wide range o f applications, including non­
invasive diagnostics, environmental monitoring, and chemical sensing, offering 
significant improvements in sensitivity, stability, and reproducibility over traditional 
methods.

ii



ACKNOWLEDGEMENT

I would like to express my heartfelt gratitude to Dr. Afaf Rozan Binti Mohd Radzol, my 
Final Year Project (FYP) supervisor, for her invaluable guidance, encouragement, and 
unwavering support throughout the entirety of this research study. Her expertise and 
dedication have been instrumental in shaping my understanding and approach, and her 
feedback has been crucial in enhancing the quality o f my research. My gratitude and 
thanks alongside to my panels PM. Ir. Ts. Dr. Mohd Hanapiah Bin Abdullah, and also 
PM. Ir. Dr. Alhan Farhanah Binti Abd Rahim.

I am also deeply thankful to UiTM College of Engineering for providing me with an 
outstanding academic environment and the necessary resources to pursue my research. 
The support and facilities offered by the faculty have greatly facilitated the progress of 
my research. My sincere appreciation goes to the School of Electrical Engineering for 
their continuous support and the opportunities they have provided for academic and 
professional growth. Their commitment to excellent in education has been a significant 
driving force in my bachelor journey. I also extend my gratitude to the Centre of 
Electrical Engineering Studies for their assistance and resources that have been essential 
for the successful completion of this research. Their support has been invaluable in 
ensuring that I had access to the necessary equipment and knowledge.

To my husband and kids, I am profoundly grateful for your unwavering support, 
patience, and understanding throughout my bachelor journey. Your encouragement has 
been my greatest source of strength, and I could not have achieved this milestone 
without your love and fully support.

Lastly, I would like to acknowledge everyone mentioned and those unnamed who have 
contributed in various ways to the successful completion of this research. Your 
kindness, assistance, and encouragement have made a significant impact, and I am 
deeply appreciating of all your efforts.

iii



TABLE OF CONTENTS

PAGE

AUTHOR’S DECLARATION i
ABSTRACT ii
ACKNOWLEDGEMENT iii

TABLE OF CONTENTS iv
LIST OF TABLES vi
LIST OF FIGURES vii

LIST OF ABBREVIATIONS ix

( IIAIM lR 1 INTRODUCTION 1
1.1 Research Background 1

1.2 Problem Statement 2

1.3 Research Objectives 3

1.4 Scope of Study and Limitations 3

1.5 Significance of Study 4

('llAFTER 2 LITERATURE REVIEW 6
2.1 Introduction 6

2.2 Overview of Surface-Enhanced Raman Scattering (SERS) 6

2.3 Porous Silicon (PSi) as a SERS Substrate 8

2.4 Fabrication Methods for Porous Silicon (PSi) Substrate 10

2.5 Silver Nanoparticles (AgNp) Integration with Porous Silicon 13

2.6 Applications o f PSi-based SERS Substrate 14

( II AFTER 3 RESEARCH METHODOLOGY 16
3.1 Introduction 16

3.2 Preparation of Silicon Wafers for Fabrication 19

3.2.1 Selection Criteria for Silicon Wafers 19

3.2.2 Cleaning Procedure for Wafer Preparation 20

iv


