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ABSTRACT 

Fiber optics, commonly referred to as optical fiber, is a medium and system for transmitting 

information as light pulses over a glass or plastic strand. When light signals are transmitted 

through fiber optic cable, they bounce off the core and cladding in a sequence of zig-zag 

bounces, a phenomenon known as total internal reflection. Recently, optical microfiber 

sensors have received considerable research efforts due to their high sensitivity, detection 

speed, high flexibility and low optical power consumption. This research will focuses on the 

optimisation performance of tapered silica microfiber as an sensing platform. The microfiber 

optics sensor were developed to detect the concentrations of different CO2. The objective of 

this project was to use microfiber optics as a sensor to detect carbon dioxide (CO2) using a 

tapering method. Furthermore, the reduced diameter of the tapered section of the optical 

microfiber can be beneficial  when measuring physical parameters. This project requires an 

understanding, development and analysis on different concentrations of CO2 sensors from 

optical loop microfibers and needs to know how to perform microfiber splicing, cutting, 

stripping and methods used. There will be five samples of different concentrations of CO2 

tested. The experimental findings will be described in terms of sensitivity, correlation, and 

graphical determination coefficients, all of which depend entirely on the CO2 concentration 

and the light source. At the end of the project, an optical microfiber different concentration 

sensor with high sensitivity readings was formed. Next, the results were analysed using the 

factorial design method. This will determine which samples of different CO2 concentrations 

that has the optimum performance in terms of concentration. 
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ABSTRAK 

Gentian optik, biasanya dirujuk sebagai gentian optik, ialah medium dan sistem untuk 

menghantar maklumat sebagai denyutan cahaya ke atas helai kaca atau plastik. Apabila 

isyarat cahaya dihantar melalui kabel gentian optik, ia melantun dari teras dan pelapisan 

dalam urutan lantunan zig-zag, fenomena yang dikenali sebagai pantulan dalaman total. 

Baru-baru ini, penderia mikrofiber optik telah menerima banyak usaha penyelidikan kerana 

kepekaan yang tinggi, kelajuan pengesanan, fleksibiliti tinggi dan penggunaan kuasa optik 

yang rendah. Penyelidikan ini akan memberi tumpuan kepada prestasi pengoptimuman 

mikrofiber silika tirus sebagai platform penderiaan. Sensor optik mikrofiber telah 

dibangunkan untuk mengesan kepekatan CO2 yang berbeza. Objektif projek ini adalah untuk 

menggunakan optik mikrofiber sebagai sensor untuk mengesan karbon dioksida (CO2) 

menggunakan kaedah tirus. Tambahan pula, diameter kecil bahagian tirus mikrofiber optik 

boleh memberi manfaat apabila mengukur parameter fizikal. Projek ini memerlukan 

pemahaman, pembangunan dan analisis tentang kepekatan berbeza penderia CO2 daripada 

mikrofiber gelung optik dan perlu mengetahui cara melakukan penyambungan, pemotongan, 

pelucutan dan kaedah yang digunakan. Akan ada lima sampel kepekatan CO2 yang berbeza 

diuji. Penemuan eksperimen akan diterangkan dari segi kepekaan, korelasi, dan pekali 

penentuan grafik, yang semuanya bergantung sepenuhnya pada kepekatan CO2 dan sumber 

cahaya. Pada akhir projek, sensor kepekatan berbeza mikrofiber optik dengan bacaan 

kepekaan tinggi telah dibentuk. Seterusnya, keputusan dianalisis menggunakan kaedah reka 

bentuk faktorial. Ini akan menentukan sampel kepekatan CO2 yang berbeza yang 

mempunyai prestasi optimum dari segi kepekatan. 

 

 
 



iii 

ACKNOWLEDGEMENTS 

All praises to Allah, The Almighty, for his mercy and blessing. First and foremost, 

I am grateful for giving me the strength and good health to work on this final year project. I 

would like to thank my research supervisor, Dr. Aminah binti Ahmad and co. supervisor, 

Dr. Md Ashadi bin Md Johari. Without their assistance and dedication involvement in every 

step throughout the process, this dissertation would have never been accomplished. I would 

like to send my gratitude for her support and understanding over the period of this process.  

 

In the process of getting through this project, it required more than academic 

support. There are so many people involved that I want to thank personally for helping, 

listening and tolerating with me along the years I spent studying. To my classmates, thank 

you for all the help and all those happiness and sadness we shared since the very first day of 

our studies. I truly appreciate the three year’s journey walking through this path together. 

Not to forget, to my roommate Nurfarzana binti Mohammad Sofi, thank you for inspiring 

me to work harder and encouraging me to do better, and for believing in me when I could 

not believe in myself. I would not have been able to finish this research without all your 

guidance, support and patience. To whom are always by my side, the ones that have seen it 

all. Thank you very much. 

 

Most importantly, none of this could ever have happened without my family. They 

are my biggest support system. My parents, especially, have been my biggest supporters 

throughout this whole journey. The ones who are there whenever I am in need emotionally, 

physically, mentally and financially. I really cannot imagine myself going this far without 

their endless love and support. 

  

 
 
 
 
 
 
 



i 

TABLE OF CONTENTS 

PAGE 

DECLARATION 

APPROVAL 

DEDICATIONS 

ABSTRACT i 

ABSTRAK ii 

ACKNOWLEDGEMENTS iii 

TABLE OF CONTENTS i 

LIST OF TABLES iv 

LIST OF FIGURES vi 

LIST OF SYMBOLS  viii 

LIST OF ABBREVIATIONS  ix 

LIST OF APPENDICES x 

 INTRODUCTION 1 
1.1 Background 1 
1.2 Problem Statement 2 
1.3 Project Objective 3 
1.4 Scope of Project 4 

 LITERATURE REVIEW 6 
2.1 Introduction 6 
2.2 Optical Microfiber 8 

2.2.1 Single Mode Fiber 9 
2.2.2 Total Internal Reflection 10 
2.2.3 Snell’s Law Concept 11 

2.3 Types of Optical Fiber 13 
2.3.1 Plastic Optical Fiber 13 
2.3.2 Glass Optical Fiber 14 

2.4 Properties of Optical Microfiber 16 
2.5 Microfiber Fabrication Techniques 17 

2.5.1 Self-modulated taper drawing 19 
2.5.2 Flame brushing technique 19 

2.5.2.1 Adiabaticity Criteria 20 
2.5.3 Direct drawing from the bulk technique 20 

2.6 Optical Sensor using Microfiber 21 



ii 

2.6.1 Evanescent Wave 21 
2.5.2 Optical Microfiber Resonators (OMRS) 22 
2.7 Optical Microfiber Devices 24 

2.7.1 Microfiber Loop Resonator (MLR) 24 
2.7.2 Microfiber Knot Resonator (MKR) 26 
2.7.3 Microfiber Coil Resonator (MCR) 27 
2.6 Microfiber Optic’s Application 28 

2.8 Fiber Optics sensor for CO2 gas detection 29 
2.9 Summary 31 

 METHODOLOGY 33 
3.1 Introduction 33 
3.2 Methodology 33 

3.2.1 Tapering Process 36 
3.2.2 Splicing Process 40 
3.2.3 Experimental Setup Process 44 

3.2.3.1 Preparations of Tapered Microfiber Sensor 44 
3.2.3.2 Plastiscine 45 
3.2.3.3 An airtight container used to trap CO2 gas 45 
3.2.3.4 Procedure material and equipment setup 46 

3.3 Tools and materials 48 
3.4 Experimental setup of the project 52 

3.4.1 Tapered microfiber using a tapering method 52 
3.4.2 Microfiber optics sensor to detect CO2 gas 53 

3.5 Limitation of the proposed methodology 55 
3.6 Summary 55 

 RESULTS AND DISCUSSIONS 56 
4.1 Introduction 56 
4.2 Results and Analysis 56 

4.2.1 Size diameter of microfiber optics after tapering process 57 
4.2.2 Sensitivity of microfiber optics sensor on 10% CO2 gas released 57 
4.2.3 Sensitivity of microfiber optics sensor on 20% gas released 60 
4.2.4 Sensitivity of microfiber optics sensor on 30% CO2 gas released 62 
4.2.5 Sensitivity of microfiber optics sensor on 40% gas released 65 
4.2.6 Sensitivity on microfiber optics sensor on 50% gas released 67 
4.2.7 Results for sensitivity and linearity of the microfiber optics 

performance as a gas sensor in different CO2 concentrations 70 
4.2.8 Percentage of CO2 gas released in 1 minutes at different 

concentrations. 70 
4.2.9 Percentage of CO2 gas released in 2 minutes at different 

concentrations 73 
4.2.10 Percentage of CO2 gas released in 3 minutes at different 

concentrations 75 
4.2.11 Percentage og CO2 gas released in 4 minutes at different 

concentrations 77 
4.2.12 Percentage of CO2 gas released in 5 minutes at different 

concentrations 80 



iii 

4.2.13 Results  sensitivity and linearity for percentage of CO2 gas released 
in time (minutes) at different concentrations. 82 

4.3 Summary 83 

 CONCLUSION AND RECOMMENDATIONS 84 
5.1 Conclusion 84 
5.2 Future Works 85 

REFERENCES 86 

APPENDICES 89 

 



iv 

LIST OF TABLES 

TABLE                                                   TITLE                                                          PAGE 
 
Table 1.1 Equipment used during this project 4 

Table 2.1 Comparison between plastic and glass optical fibers 15 

Table 3.1 Complete steps on tapering process 37 

Table 3.2 Complete steps for Splicing using Fujikura FSM-18R 41 

Table 3.3 Equipment and material used in the project 48 

Table 4.1 Comparison of data collected for the experiment 58 

Table 4.2 Sensitivity and Linearity of 10% CO2 gas released 58 

Table 4.3 Comparison of data collected for the experiment 60 

Table 4.4 Sensitivity and Linearity of 20% CO2 gas released 60 

Table 4.5 Comparison of data collected for the experiment 63 

Table 4.6 Sensitivity and Linearity of 30% CO2 gas released 63 

Table 4.7 Comparison of data collected for the experiment 65 

Table 4.8 Sensitivity and Linearity of 40% CO2 gas released 65 

Table 4.9 Comparison of data collected for the experiment 67 

Table 4.10 Sensitivity and Linearity of 40% CO2 gas released 68 

Table 4.11 Sensitivity and linearity of the microfiber optics in different 
concentrations 70 

Table 4.12 Data collected for the experiment time (minutes) vs power meter (dBm)
   71 

Table 4.13 Sensitivity and linearity of CO2 gas released over time 71 

Table 4.14 Data collected for the experiment time (minutes) vs power meter (dBm)
   73 

Table 4.15 Sensitivity and linearity of CO2 gas released over time 73 

Table 4.16 Data collected for the experiment time (minutes) vs power meter (dBm)
   75 



v 

Table 4.17 Sensitivity and linearity of CO2 gas released over time 75 

Table 4.18 Data collected for the experiment time (minutes) vs power meter (dBm)
   77 

Table 4.19 Sensitivity and linearity of CO2 gas released over time 78 

Table 4.20 Data collected for the experiment time (minutes) vs power meter (dBm)
   80 

Table 4.21 Sensitivity and linearity of CO2 gas released over time 80 

Table 4.22  Sensitivity and linearity for percentage of CO2 gas released in time 
(minutes) at different concentrations. 82 

 
 



vi 

LIST OF FIGURES 

FIGURE                                                   TITLE                                                        PAGE 
 
Figure 2.1 A brief summary of silica microfiber optical sensors (1997-2015) [3]. 8 

Figure 2.2 Single mode core and cladding measurement [5]. 9 

Figure 2.3 Step-index single mode [7]. 10 

Figure 2.4 Total internal reflection inside the core [9]. 11 

Figure 2.5 Snell’s law concept [7]. 12 

Figure 2.6 Plastic optical fiber [11]. 14 

Figure 2.7 Glass optical fiber [11]. 15 

Figure 2.8 Sensitive area with a large fraction of power propagating to interact with 
their surroundings [12]. 17 

Figure 2.9 Profile diameter of a tapered fiber [13] 20 

Figure 2.10 (i) Image of microscopic; (a) Adiabatic tapered fiber and (b) Non-
adiabatic tapered fiber, (ii) microfiber fabrication technique using a 
flame heated source [15]. 21 

Figure 2.11 Relationship between fraction of power (ηEF) of the silica microfiber 
and the normalised wavelength (ƛ/r) ( [17]). 22 

Figure 2.12 Loop and knot resonator resonant wavelength shift as refractometric 
sensors [18]. 23 

Figure 2.13 Image of an MLR taken with an optical microscope 25 

Figure 2.14 MLR manufacturing in two three-dimensional stages [13]. 26 

Figure 2.15 Image of an MKR taken with an optical microscope [13]. 27 

Figure 2.16 MKR optical microscope image tied on a copper wire [13]. 27 

Figure 2.17 Helical structure of an MCR and the direction of light propagation in 
the resonator [13]. 28 

Figure 2.18 A tree plot of common optical Micro or nano fibers applications [21]. 29 

Figure 3.1 Project methodology flowcharts 34 

Figure 3.2 Flowchart of the tapering process 36 



vii 

Figure 3.3 Flowchart of splicing process 40 

Figure 3.4 Tapered silica microfiber 45 

Figure 3.5 Plasticine 45 

Figure 3.6 An airtight container containing tapered microfiber in different 
concentrations of CO2 46 

Figure 3.7 Optical power level and optical power meter 47 

Figure 3.8 Tapered microfiber sensor in different concentrations of CO2. 47 

Figure 3.9 Tapered microfiber sensor using a tapering method 53 

Figure 3.10 Model of project 54 

Figure 4.1 Microscopic image of microfiber size diameter after the tapering process
 57 

Figure 4.2 Sensitivity of microfiber optics sensor on 10% gas released 59 

Figure 4.3 Sensitivity of microfiber optics sensor on 20% CO2 gas released 61 

Figure 4.4 Sensitivity of microfiber optics sensor on 30% CO2 gas released 64 

Figure 4.5 Sensitivity on microfiber optics sensor on 40% gas released 66 

Figure 4.6 Sensitivity on microfiber optics on 50% gas released 69 

Figure 4.7 Percentage of CO2 gas released in 1 minutes 72 

Figure 4.8 Percentage of CO2 gas released in 2 minutes 74 

Figure 4.9 Percentage of CO2 gas released in 3 minutes 76 

Figure 4.10 Percentage of CO2 gas released in 4 minutes 79 

Figure 4.11 Percentage of CO2 gas released in 5 minutes 81 

 
 



viii 

LIST OF SYMBOLS  

𝜃1 - The incident angle between the light beam and the 
normal 

𝜃2 - The refractive angle between the light ray and the  
normal 

𝑛1 - The refractive index of the medium the light is leaving 
𝑛2 - Refractive index of the material the light is entering 
 𝑣1 - is the speed of light at the first medium 
 𝑣2 - is the speed of light at the second medium 
𝜆 - Wavelength 

µ𝑚 - Micrometer 
𝑛𝑚 - Nanometer 
ηEF - Fraction of power 
λ/r  - Normalized wavelength 
√  - Square root       
𝑅²               - Coefficient of determination 

 
 
 
    
 
 



ix 

LIST OF ABBREVIATIONS  

𝐶𝑂2 - Carbon dioxide 
dBm - Decibels per milliwatts 
EMI - Electromagnetic interference 
SMF - Single mode fiber 
RI - Refractive index 

FBG - Fiber bragg gratings 
LPG - Long period grating 
PCF - Photonic crystal fiber 
MF      -     Microfiber 

MMF - Multimode fiber 
MCR - Microfiber coil resonator 
MLR - Microfiber loop resonator 
MKR - Microfiber knot resonator 

 
 
 
 



x 

LIST OF APPENDICES 

APPENDIX                                          TITLE                                                            PAGE 
 
Appendix A  Gantt Chart for BDP 1 89 

Appendix B  Gantt Chart for BDP 2 90 

 
 
 



1 

  
 

 

INTRODUCTION 

1.1 Background 

 Optical fiber were widely used in the field of telecommunications during the last 

century due to their special features, such as low transmission loss, high bandwidth, and 

multiplexing capability. Optical fiber applications have recently shifted to other areas such 

as sensing to take advantage of its unique properties. Despite the fact that established 

electronic sensors have lower prices, optical sensors may be able to find a target application 

by utilising their unique features. Low losses, remote sensing, immunity to electromagnetic 

interference, no electrical biassing is required to guide light, and the ability to use in an 

explosion risk environment are some of the special features. 

 Currently, optical fiber sensors are being pursued for a variety of bio-chemical 

sensing applications, including ethanol, sodium hypochlorite, formaldehyde, and human 

chorionic gonadotropin. It is driven by the rapid development of micro or nanotechnology 

and the need to reduce sensor size while maintaining the key requirements of the sensor such 

as low power consumption, faster response, better spatial resolution, and higher sensitivity.  

 Microfibers have unique features such as large optical confinement, configurability, 

flexibility, strong optical confinement and a large evanescent field, which make them ideal 

for physical sensing applications such as ultra-sensitive surface absorption spectroscopy, 

hydrogen detection, chemical and refractive index sensors. It is extremely sensitive to 

changes in the ambient refractive index because of the large evanescent wave propagating 

outward from the microfiber. The refractive index of the surrounding material rises as the 
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proportion of power transmitted in the evanescent field increases. It has good evanescent 

coupling with metal, semiconductor, and substrate waveguides. 

 The purpose of this study is to develop the optical microfiber sensor to detect 

Carbon dioxide (CO2) using a tapering method. An SMF28 optical cable or fiber optic pigtail 

under test, a laser source with a wavelength of 1550nm, an Optical Power Level and Optical 

Power Meter, and five samples of different concentrations of CO2 are required for this 

project. There will be five samples of different concentrations of CO2 tested, with the results 

being the loss (dBm) at the peak of the spectrum obtained with the Optical Power Level and 

Optical Power Meter equipment. The outcome of the experiment will be described in terms 

of sensitivity, correlation, and graph coefficient of determination, all completely dependent 

on the CO2 concentration and light source. 

1.2 Problem Statement 

 The purpose of this study is to analyse the performance of microfiber optics as a 

gas sensor in detecting CO2 of three different concentrations using a tapering method.  

Human activities such as deforestation, coal and tree combustion have increased the 

concentration of CO2 in the atmosphere. CO2 concentrations are rising because of the fossil 

fuels that people use for energy. According to studies, human activities contribute up to 

110.5 million tons of CO2 to the atmosphere every day [1]. The carbon dioxide at a normal 

level will not show more impact on the environment. However, when it increases due to 

some human activities, it will show more impact on global warming. Too much carbon 

dioxide can also be harmful to one's health. This includes dizziness, headaches, restlessness, 

difficulty breathing, tiredness, and increased heart rate. For each different concentration of 

CO2 gas released has its own results of the concentration, thus it will determine the reading 

value due to the different concentrations of CO2 at the highest sensitivity. 
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 Next, there are numerous sensors available for measuring of different 

concentration, particularly when employing electronic devices. Despite the fact that 

electronic sensors perform well in practise, they are not user-friendly due to their 

flammability due to electromagnetic interference (EMI). This difficulty can be remedied by 

utilising a microfiber optic sensor composed of silica glass, which is EMI resistant. During 

the monitoring procedure, it solely employs light pulses to send the signal. As a result, no 

EMI from the environment will impair its performance. 

 Besides, to monitor the different concentration, the electronic sensor requires a 

large amount of power. The cost of employing a microfiber optic sensor, on the other hand, 

can be decreased because it only requires a tiny amount of electricity to provide the optical 

power source for detection. Therefore, the idea development of microfiber optic sensor is to 

determine which measurements require a low or high sensitivity. As a result, an optical 

microfiber sensor will be used in this investigation to analyse and check the performance of 

five different samples of concentrations using a tapering method. 

1.3 Project Objective 

 The objectives are stated as below: 

 To study microfiber optics as a gas sensor to detect Carbon dioxide (CO2). 

 To develop the microfiber optics as a gas sensor to detect Carbon dioxide 

(CO2) using atapering method. 

 To analyse the performance of microfiber optics as a gas sensor in detecting 

Carbon dioxide (CO2). 
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1.4 Scope of Project 

 Scope of this project mainly focused on develop the microfiber optics as a gas 

sensor to detect carbon dioxide (CO2) using a tapering method. The performance of the 

developed sensors will also be evaluated. A coating length of several cm is removed from 

the Single Mode Fiber (SMF) to fabricate tapered fiber. Then, microfiber optic sensor is 

spliced using a commercial splicer Fujikura FSM-18R. The fibers are cleaned with alcohol 

to remove dust and cleaved with a Fujikura CT-30 Fiber Cleaver to obtain a smooth cleavage 

surface and clean end-uncoated fiber before the sensors are spliced. The 1550nm input 

wavelength was collected from an Optical Power Level source during the testing process, 

and the output signal was measured in (dBm) units using an Optical Power Meter. 

 Next, the splicer connects the two fiber optics by splicing the sensors together. 

Then, for each microfiber optic sensor, an Optical Power Level supply and an Optical Power 

Meter are connected to detect and analyse different concentrations of CO2. Furthermore, 

three samples of different concentrations of CO2 are ready to be placed into airtight 

container. As a result, there are four processes in this project for testing the different 

concentration of CO2. The tapered silica microfiber is tested using the sensors created as 

part of this project. By utilising an Optical Power Meter, the findings are converted to watts 

(dBm). This project gurantees that the project is moving in the right path to achieve its 

objectives. 

Table 1.1 Equipment used during this project 

Equipment Experiment Details 

Airtight plastic container Used to trap the CO2 through the experiment 

Microfiber optic Single mode fiber (1550nm) 

Gas Carbon dioxide (CO2) 
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Impra board To lay the tapered silica fiber 

Straw The medium used to released the CO2 gas through 

respiration into the airtight plastic container that 

containing tapered silica microfiber 

Plasticine The medium used to tightly compress the airtight 

container so that no air can get in or out 

Hardware Optical Power Meter 

Optical Power Level/Source (1550nm) 

Commercial Splicer Fujikura FSM-18R 

Fujikura CT-30 Fiber Cleaver 

 

 

 


