DEVELOPMENT OF SILICON NANOWIRE LAB-
ON-CHIP MICROFLUIDICS INTEGRATED
BIOSENSOR FOR LOW CONCENTRATION BIO-
MOLECULES DETECTION

TIWJANI ADAM SHUWA
1041710565

A thesis submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy

Institute of Nano Electronic Engineering
UNIVERSITI MALAYSIA PERLIS

2015



UNIVERSITI MALAYSIA PERLIS

DECLARATION OF THESIS

Author’s full name: TIJJANI ADAM SHUWA
Date of birth: 21 JANUARY 1975

Title: DEVELOPMENT OF SILICON NANOWIRE LAB-ON-CHIP MICROFLUIDICS INTEGRATED
BIOSENSOR FOR LOW CONCENTRATION BIO-MOLECULES DETECTION

Academic Session: 2014/2015

I hereby declare that the thesis becomes the property of Universiti Malaysia Perlis (UniMAP) and to be placed at
the library of UniMAP. This thesis is classified as:

I:I CONFIDENTIAL (Contains confidential information underthe Official Secret Act 1972)*

RESTRICTED (Contains restricted information as specified by the organization where
research was done)*

- OPEN ACCESS | agree that my thesis ‘is’ to be made immediately available as hard

copy or on-line open access (full text)

I, the author, give permission to the UniMAP o, reproduce this thesis in whole or in part for the purpose of
research or academic exchange only (except during a period of years, if so requested above).

Certified by:

SIGNATURE SIGNATURE OF SUPERVISOR

A01419601 PROF. DR. UDA BIN HASHIM
(NEW IC NO./ PASSPORT NO.) NAME OF SUPERVISOR

Date: Date:




ACKNOWLEDGEMENT

First and foremost, | would like to express my most sincere thanks to my
supervisor, Prof. Uda Bin Hashim, For putting sufficient energy to my work and his zest
for initiating practical ideas and maintaining feasible road map truly a remarkable trait
in him that deserves my sincere appreciation and i was especially taken by his constant
advise and have long been impressed by encouragement given to me to be.diligence and
hardworking researcher. Truly a precious opportunity to work with hin;, he is not only a
great advisor in my Ph.D. program for my academic development, but also an excellent
mentor in my life for my personal growth. In addition te his exceptionally keen intuition
and compelling creativity, his sincerity, enthusiasm; dedication, and patience to work all
have inspired me to become a good researcher,i want to be. Especially, he guided me to
realize that life is a course of learning:,we are ultimately competing with ourselves as
we strive to be a better self. Allof-these have been extremely valuable to me, and i will

treasure it for the rest of my.life.

Prof. Go beyond and above expectations in the area of developing his student,
specifically «€xpectations in the areas of supervision and developing, he spend time
superyxising and developing his student every time. He is aware of the broadest strengths
and development needs to overcome current research challenges. He provided support
and guidance to his students any time when he sees a need. If a student excelled at
something especially research output and publications, he recognized it and encouraged
more of the same behaviour. He kept his student development goals in mind and
attempted to match them up with experiences designed and keep them in the direction of

achieving now and future goals. I felt quite privileged and opportune to have him as my



supervisor, i am proud to call myself a student of UniMAP. For a student, the school is a

first home and supervisors are like second parents.

My research work benefits from the numerous help of my incredibly talented
colleagues in the Nano Structure Biosensor Group. We have been willing to share our
ideas, and always supportive and encouraging each other. | deeply thank for everything
you showed and taught me. | want to express special thanks to Mr.Hasrul for his special

supports in INEE LAB.

| gratefully acknowledged the financial support i received from the graduate
assistant program and center of graduate study in UniMARP. Fhe program allowed me to
explore the exciting fields of Nano science and technology. Otherwise, it would not

have been possible.



TABLE OF CONTENT

DECLARATION OF THESIS
ACKNOWLEDGEMENT
TABLE OF CONTENT
LIST OF ABBREVIATIONS
LIST OF SYMBOLS
ABSTRAK
ABSTRACT
CHAPTER 1
BACKGROUND

1.1 Introduction

1.2 Nanotechnology

1.2.1 Nanoelectronics

1.2.2 Nano Materials

1.2.3 Nano Biosensors
1.3 Nano Lab-On-Chip

1.3.1 Nano-sensor
1.3.2 Micro-fluidic
1.4 Research Problem Statement

1.5 Research Objectives

151 General Objective
152 Specific Research Objectives
1.6 Research Scopes

1.7  Thesis Organization
CHAPTER 2

NANO “LAB-ON-CHIP SYSTEMS FOR BIOMEDICAL

ENVIRONMENTAL MONITORING
2.1  Abstract
2.2 Introduction
2.3 Experimental
2.4 Results and Discussion

2.4.1 Top down Fabrication of Silicon Nano-wire
2.4.2 Materials Selection for Micro-fluidic Fabrication
2.4.3 Fabrication of Micro-fluidic Devices

25  Summary and Conclusion

CHAPTER 3

AND

DEPENDENCY OF SILICON NANO-WIRETRANSPORT
PROPERTIES ON ITS CRYSTAL ORIENTATION AND DIAMETER

XV
xviii
XX

XXii

O OW VW oONOO N WN N R B -

B R e
w N o

13
13
13
14
16

16
19
28
37

39

39


file:///C:/Users/ASUS/Desktop/Final%20Thesis/Final%20Thesis%20Combine/Final%20Thesis%20combined%201.docx%23_Toc418062301

3.1  Abstract

3.2 Introduction

3.3 Experimental

3.4 Results and discussion

34.1 Nanowire conductance
3.5  Summary and conclusion

CHAPTER 4

DESIGN OF PASSIVE FLUID DRIVEN MICROCHANNEL AND
MICROMIXER FOR FAST REACTION ASSAYS IN NANO LAB-ON-
CHIP DOMAIN

4.1  Abstract

4.2 Introduction

4.3  Experimental

4.4  Results and Discussions

441 Micro channel
4.4.2 Micro mixer
45  Summary and Conclusion

CHAPTER 5

OPTIMIZATION OF SILICON OXIDATION PROCESS FOR THIN
FILM DEPOSITION AND SILICON WIRE TRIMMING USING
TAGUCHI’'S METHOD

51  Abstract

5.2 Introduction

53  Experimental

5.4  Results and/Discussion

54.1 Determination of Control factors and their levels
54.2 Determination of significant parameters
5,5 _Summary and Conclusion

CHAPTER 6

NOVEL IN-HOUSE FABRICATION OF NANO LAB-ON-CHIP
DEVICES

6.1  Abstract

6.2  Introduction

6.3  Experimental

6.4.1 Resist Patterning and Wire Trimming

6.5  Summary and Conclusions
CHAPTER 7

SILICON NANOWIRE FABRICATION: SILICON TRIMMING VIA
SHALLOW ANISOTROPIC ETCHING

39
40
42
45

49
54

56

56
56
56
59
63

63
65
68

69

69
69
69
71
72

73
75
75

77

77
77
78
79
85
92
94

94



7.1  Abstract

7.2 Introduction

7.3 Experimental

7.4 Results and discussion

7.5  Summary and Conclusion
CHAPTER 8

HIGHLY SENSITIVE SILICON NANOWIRE BIOSENSOR WITH
NOVEL LIQUID GATE CONTROL FOR DETECTION OF SPECIFIC
SINGLE-STRANDED DNA MOLECULES

8.1  Abstract

8.2  Introduction

8.3  Experimental

8.4  Results and Discussion

8.4.1 Characterization of Device Trimming

8.4.2 pH Response

8.4.3 DNA Detection by the Silicon Nanowire FET
8.5  Linear Response to DNA Concentration

8.6  Summary and Conclusion
CHAPTER 9

NOVEL IRON-OXIDE CATAILYZED CNT FORMATION ON
SEMICONDUCTOR SILICON NANOWIRE

9.1  Abstract

9.2  Introduction

9.3  Experimental

9.4  Results and'Discussions

9.5  Summary-and Conclusion
CHAPTER.10

FABRICATION OF MICROFLUIDIC ARCHITECTURES FOR
OPTIMAL FLOW RATE AND CONCENTRATION MEASUREMENT
FOR LAB ON CHIP APPLICATION

10.1  Abstract

10.2  Introduction

10.3 Experimental

11.4 Results and Discussions

10.5 Devices Surface Modification and Integration

10.5.1  Bonding Tensile Test
10.5.2 Bonding Leakage Test
10.6  Lab on Chip Results and discussion

10.7 Summary and conclusion

Vi

94
95
96
102
107
108

108
108
109
110
114

114
116
118
124

129
130

130
130
130
132
133
138
139

139
139
140
141
154
166

170
171
173

175



CHAPTER 11

CONCLUSION AND RECOMMENDATION

11.1  Conclusion
11.2 Recommendation
REFERENCES
APPENDIX A
LIST OF PUBLICATION
APPENDIX B
PUBLICATION FIRST PAGE

vii

177
177
177
178
180
187
187
193
193



NO.

LIST OF FIGURES

2.1: The Deposition of Insulating Layers.

2.2: Deposition of Active Materials.

2.3: Resist Coating.

2.4: UV Exposure through Chrome Mask.

2.5:
2.6:
2.7:
2.8:

2.9:

2.10:
2.11:
2.12:
2.13:
2.14:

2.15:

3.1:

3.2:
3.3:
3.4:
3.5:
3.6:
3.7:
3.8:

3.9:

Resist development.

Resist Etching and Indentation.

Silicon Trimming.

Fabricated Nanowire.

The Molecular Structure of Poly (Dimethylsiloxane):
Showing PDMS Mould for Rapid Prototyping:

Polymeric Valveless Rectification Micrapump.

Showing (a) Hydrophobic and (b) Hydrophilic Phenomena.
The Structure of Repeating Units in PDMS Polymer.

The Laminar Flow of Six layers.

The Illustration of Mortexes in Turbulent Flow Mechanism.

Schematic _of » the Nanowire Arrays Showing 1, 2, 3 Wire
Scheme

Simulated Structures for 1, 2, and 3 Nanowires.

A’Typical Nanowire Structure for Single Wire Configuration.
A Typical Nanowire Structure for Two Wires Configuration.
A Typical Nanowire Structure for Three Wires Configuration.
The Change in Conductance Due to Change in Surface Charge.
The Change in Conductance with Diameter.

(a) Comparing [100] and [110] (b) [100] and [111].

Wires Permittivity Compared for Wire (100), (110), and (111)
Orientations.

viii

PAGE
17

17
17
18
18
18
19
19
22
23
25
30
31
34

35

42
46
46
47
47
48
49

50

51



3.10: Nanowire I-V Curve With Small Supplied Voltage.
3.11: Silicon Nanowire Showing Field Effect Behavior.
3.12: Electronics Injection Rate

4.1: Ilustration of Liquid Flow Phenomena  between  Two
Solid Bodies.

4.2: Sketch Showing the Boundary Conditions for The Model Simulation.
4. 3: (a) Constant Velocity (b) Pressure Drop (c) 70pm Width Micro channel
4. 4: Shows 3D View of the Micro-mixer.

4.5: Mixing Profile of Micro-mixer.

4. 6: Shows the 3D View of Velocity Field in Micro-mixer.

4.7: Showing Pressure Profile Indicating Linear Drop.

5.1: Graphical Value of Control Factors and Their Levels.

5.2: Ultra Thin Silicon Dioxide Thickness.

6.1: (a) Padding Mask (b) Wire Mask.

6.2: Fabrication Process Flow.

6.3: The Figure is Showing 2B.View of The Process (e ) to (k) Above.

6.4: Showing (a) Oxide Thickness Grown is Proportional to The Square Root
of The Oxidizing-Fime (b) Showing SPM Image on Oxide Deposition
Uniformity (¢). Point Based Measurement of The Oxide Thin Film
Uniformity.

6.5: (a) SPM-mage of Showing The Thin Film Thickness and Uniformity of
Poly-Silicon Deposition (b) Point Based Measurement of The Poly-Si
Thin Film Uniformity.

6.6: Showing The Distribution of Wire Sizes on Wafer.

6.7: Showing The Results Spin Coater of Speed Against The Resist Size
Obtained After Resist Development (a) For 1um Chrome (b) For 2um
Chrome (c) For 3um Chrome And (d) Combined Curve.

6.8: Showing (a) Resist Pattern for 1.1um (b) 2.1um (c) Wire 0.72 um (d)
Wire 0.6 um (e) Wire 0.14 um (f) 20nm Wire Obtained.

6.9: Complete Device with Gold Padding.

6.10: (a) Dielectric Analyzer (b) Four Point Probe Station.

52
52

53

61
63
64
65
66
67
67
74
74
80
80
81

84

85
86

88

88
89
89



6.11: (a) 600nm Wire (b) 140nm Wire (c) 20nm Wire (d) 720nm, 600nm,
140nm, and 20nm Wires.

6.12: Test Setup for the Fabricated Device After Integrated With PDMS Micro
Chamber.

6.13: Preliminary Results on Surface Modification and Detection.
7.1: Showing the Wafer Cleaning Process.

7.2: The P-type Silicon Wafer with Oxide Layers.

7.3: Silicon Deposition.

7.4: The AZ-2000 Resist Coating on the Sio, Layer and Soft Bake of AZ-2000
Resist Coated Sample.

7.5: The Exposed Sample Using Mask Aligner.
7.6: The Etching Process of Sio,.

7.7: Dry Etched By Reactive lon Etch to Get the Pattern Of Exposed Silicon
With Size of (a) 4um Before Etching (b) 1um-After Etching.

7.8: Silicon Wire Trimming Steps.

7.9: Showing Oxidation Parameters Durifig 850°C For (a) 15min (b) 30min (c)
45min And (d) 60min.

7.10: AFM Images Shows the Etched Profile.
7.11: (a) Fabricated Silicon Nanowire (b) Current Response.
7.12: Showing the NW' Current Variation as a Function of pH Value.

8.1: Major Steps of Silicon Nanowire-based FET Device Fabrication. (a) SOI
Wafer (b) Resist coating. (c) Silicon Pattern Formation by Lithography.
(d)\Resist Development and Washing. (e) Deposition of Metal Contacts
For Source And Drain.

8.2: Fabricated Silicon Nanowire Device After Trimming.
8.3: Electrical response of silicon-nanowire-based detector to pH from 2 to 14.

8.4: 1-V Curves for Silicon Nanowire Sensors. The Surface is Very Sensitive
to Changes in The Probe and Targeted DNA Concentrations, and
Conductivity Increases Consistently from 0.1nM to 25nM Targeted DNA
Concentrations.

8.5: Current Measured with Only Probe DNA and With Different
Concentrations ofThe Targeted DNA. The Error Calculated Standard
Deviations for Repeated Current Measurements at Each Concentration.

89

90
91
98
99

99

100
101

101

103

103

104
105
105

106

112
117

118

120

121



8.6: Current Response of the Sensor to 0.1nM Target ssDNA Concentration
Measured over 10 Weeks At an Interval of 7Days.

8.7: Show Nanowire (a) Before Trimming (b) After Trimming.

8.8: Immobilization and Hybridization Graph Showing Different Response for
Probe and Target ssDNA.

8.9: The Immobilization and Hybridization Graph Showing Different
Response for Probe and Target sSDNA.

8.10: The Concentration Response of SINWs Showing Different Conductance
Level with Concentration

8.11: The Linear Fitting Curve for the (a) (0.1-0.5) Concentration (b) .(0-40)
Concentration.

9.1: (a) The AFM Images of The 5nm Si Nanowires Before Ceating Process
while (b) The AFM Images 7nm Si-CNT After Coating Process.

9.2: (a) Raman Spectrum of Single-Wall Carbon Nanatubes Present on the
Surface of the Silicon Nanowire(b) Showing the Raman Spectra Three
Strong Peaks in the Spectrum of Silicon, CNT and Oxide.

9.3: The FESEM Monograph Image (a) CNT Coated Device Prior Etchingand
(b)After Ar and O, Plasmas Etching.

9.4: The Raman Shift of the Three(Elements Phase Present Oxide Phase,
Silicon Phase and Silica-CNTS Phase.

9.5: (a Current-Voltage (1<V) (b) Network of 4 Wireswith Gold Electrode
10.1: The Dimensions of The Device Alignment Mark.
10.2: The Arrangement of Device Alignment Marks on 4 Inch Wafer.

10.3: The'Design Structure and Specification Dimensions of the Microfluidic
Device.

10.4: The Design Layout of Microfluidic Devices.
10.5: The Shaded Mask Layout of Microfluidic Devices Design.

10.6: Image Shows The Chemical Bonding of The Siloxane Base Vinyl groups,
and Image and Second Image Shows The Bonding Of Siloxane Cross-
Linkers of The Catalyst. Molecule R Is Usually a Methyl Group (CH3).

10.7: The Chemical Polymer Crosslinking Process. Image Shows The Vinyl
roups Of The Siloxane Base, Image, Shows The Siloxane Cross-Linkers
Of The Curing Agent also Shows The Cross-Linked Product of The
hemical Reaction Between The Siloxane Base And The Cross-Linkers
Catalyst.Reaction of PDMS

Xi

123

126

127

127

128

129

134

134

135

136
137
142

143

143
144

145

150

150



10.8: The Fluid Samples Feeding Method into The Microfluidic Channels.

10.9: The Developed SU-8 Master Mold Observed Using Stereoscopic
Imaging.

10.10: The Images of Developed SU-8 Master Mold Viewed Under
Metallographic Microscope (Olympus BX-51) of 5x Magnification.

10.11: The Normal Developed Master Mold With Incomplete Development In
The Area Between Two Adjacent Channels In Figure 19(a), Meanwhile
Figure 19(b) Shows The Normal Developed Mold With Significant etter
Development at The Area of Two Adjacent Channels Separation.

10.12: The Images of Replicated PDMS Microfluidic Devices ViewedsUnder
Metallographic Microscope (Olympus BX-51) of 5x Magnification.

10.13: (a) 3-Dimensional Graphical Analysis Of The Developed-Master Mold
Channel And (b)The Measured Mold’s Thickness Of35.042 Microns
Using PEMTRON’s Hawk 3D Surface Profiler.

10.14: (a) 3-Dimensional Graphical Analysis of TheDeveloped Master Mold
Channel And(b) The Measured Mold’s Thickness of 45.422 Microns
Using PEMTRON’s Hawk 3D Surface Profiler.

10.15: The SU-8 Coating Thickness as a-Function Of Volume of The Resist
Dispensed.

10.16: The Locations Of Thickness{Measurement of The SU-8 Master Mold
On The Substrate.

10.17: The Thickness of The SU-8 Mold On Respective Locations of
Measurement.

10.18: The Comparison between The SU-8 Mold Development at (a) The Edge
of The Substrate and (b) At The Central Region.

10.19: The Urine Samples Preparation For Sample Flow Tests. Image (a) s The
Urine Taken In Night, Image (b) Shows Evening Urine Sample, And
tmage (c) Shows Morning Urine Sample.

10.20: The Characterization Setup For The Microfluidic Device Urine Flow
Testing.

10.21: Shows The Final Urine Flow Inside The Micro Channels.

10.22: The Morning Urine Fluid Deliverable Inside The Microfluidic Channels.
10.23: The Evening Urine Fluid Deliverable Inside The Microfluidic Channels.
10.24: The Night Urine Sample Deliverable inside The Microfluidic Channels.

10.25: Mixing Profile of The Urine Sample Tested at Various Time.

xii

153

155

156

157

158

159

160

161

161

162

163

164

164
164
165
165
165

166



10.26: Microfluidic Surface Preparations.

10.27: Surface Activated Silicon Nanowires and Microfluidic Devices.
10. 28: Microfluidic Alignments On Sensor Array.

10. 29: Integrated Device.

10. 30: Integrated Device Leakage Test.

10. 31: Biosensor Final Electrical Tests.

10.32: Device Response for DNA Molecules Before and After Hybridization.

10.33: Device Response To Various DNA Molecular Concentrations.

10.34: Current Measured with Different Concentrations Of The Targeted
DNA. The Error Calculated Standard Deviations For Repgated Current
Measurements At Each Concentration.

xiii

168
169
170
172
173
173
175

176

176



LIST OF TABLES
NO. PAGE

2.1: The Properties, Characteristics by PDMS Polymer.
3.1: Device Simulation Parameters for Nanowire.

4.1: Parameters and Their Corresponding Values.

5.1: Experimental Parameters.

5.2: The S/N Ratio for Each Sample.

6.1: Showing O, Deposition Results.

6.2: Showing Poly-Si Deposition Results

6. 3: Photo Resists Coating Results.

8.1: Shows two Different Types of ssSDNA (Probe and-Target).
10.1: Categorization of Urine Sample Collection

10.2: Timing Categorization of Urine Sample Collection

10.3: The Evaluation Results with Various Parameters.

Xiv

32

48

63

72

73

83

85

87

123

154

154

171



AFM
2-ME
Ag/AgCI
APCVD
APTE
BioFET
BOE
CHIT
CNTs
CO

CO;
C-v
CvD
DC
DIW
DNA
DNAFET
DPV
dsDNA
EDX
EtOH
FESEM
FET
FTIR

IPA

LIST OF ABBREVIATIONS

Atomic force microscope
2-methoxyethanol

Silver/silver chloride

Atmospheric pressure chemical vapor deposition
(3-Aminopropyl)triethoxysilane
Biomolecular field effect transistor
Buffer oxides etch

Chitosan

Carbon nanotubes

Carbon monoxide

Carbon dioxide

Cyclic voltammetry

Chemical vapor deposition

Direct current

Deionized water

Deoxyribonucleic acid

DNA field effect transistor

Differential pulse voltammetry
Double-strain DNA

Energy-dispersive X-ray

Ethanol

Field emission scanning electron microscope
Field effect transistor

Fourier transform infrared spectroscopy

Isopropyl alcohol

XV



ISFET
ITO
IUPAC

LOC

LPCVD
MEA
MEMS
MeOH
MOCVD
MOSFET
MWNTs
NaOH
NWs

O,

PBS
PDMS
PECVD
PL

PVD
PMMA
RT
SizNy
Sil,
SiO;
SPR

ssDNA

lon-sensitive field-effect transistor

Indium tin oxide

International Union of Pure and Applied Chemistry
Lab-on-a-chip

Low-pressure chemical vapor deposition
Monoethanolamine
Micro-electro-mechanical system

Methanol

Metal-organic chemical vapor deposition
Metal-oxide—semiconductor field-effect transistor
Multi-walled carbon nanotubes

Sodium hydroxide

Nanowires

Oxygen gas

Phosphate buffer saline
Roly(dimethysiloxane)
Plasma-Enhanced chemical vapor deposition
Photoluminescence
Physical vapor deposition

Poly(methyl methacrylate)

Room temperature

Silicon nitride

Silicon diiodide

Silicon dioxide

Surface plasmon resonance

Single-strain DNA

XVi



TiO;

uv
UV-Vis-NIR
VLS

\

XRD

Titanium oxide

Ultraviolet
Ultraviolet-visible-near infrared
Vapor-liquid-solid

Vapour

X-ray diffraction

XVii



Al
Ar

AU

Cu

Hz

Mg

mg

mm

nm

nm

Zn

LIST OF SYMBOLS

Aluminium

Argon

Aurum

Carbon

Copper

Energy band gap
Optical dielectric constant
Farad

Iron

Channel’s height
Hertz

length

Magnesium
milligrams

milimeter

Refractive index
nanometer

Oxide

Density of solution (g/cm®)
Revolution per minute
resistance

Zinc

Absorption coefficient

Absorption band edge

XViii



gm
Si

Micrometer
Silicon
@
N
O
Q)
S
S
XS
QO
N
&O
AN
N\
N
6"\&
"

Ohm

Degree Celsius

XiX



Pembangunan Silikon Nanowayar Makmal-atas-Cip Microfluidics Bersepadu
Biosensor untuk Kepekatan Rendah Pengesanan Bio-molekul

ABSTRAK

Makmal-atas cip direka dengan nanowayar satu dimensi menawarkan sifat elektrik yang
sangat baik di mana analisis bio molekul pada kepekatan yang sangat rendah menjadi
semakin relevan bagi masyarakat perubatan dan penyelidikan. Jumlah baik teknik dan
kejayaan awal telah ditubuhkan untuk mengesan kepekatan kecil; Walau bagaimanapun,
untuk ukuran tinggi pemprosesan dan pengesanan label bebas. masih kawasan
penyiasatan segar. Banyak kumpulan penyelidikan telah melaporkan tahap tinggi
pengiktirafan bio dengan menggunakan semikonduktor nanowire.” The biosensor
semikonduktor silikon nanowire menggunakan wayar Nano )antara dua bahan
menjalankan. Nanowire ini mempunyai atom yang tertumpu-di-permukaannya. Oleh itu,
sebarang perubahan kecil pada caj hadir pada nanowire ‘yang akan menyebabkan
perubahan dalam aliran semasa. Dalam tesis ini, kajian. Simulasi ditambah pula dengan
pendekatan eksperimen untuk menerangkan perubahan dalam tingkah laku wayar
permukaan sebagai fungsi caj permukaan. Kelakuan linear kekonduksian untuk
meningkatkan sensitiviti yang nanowire biosensor semikonduktur ditentukan. Wayar
silikon hendaklah antara 5 hingga 20nm untuk membolehkan jarak purata antara atom,
oksida harus setipis mungkin untuk integriti permukaan optimum, dan lapisan fungsi
harus menjadi kurus dan mempunyai’pemalar dielektrik yang tinggi. Kepekatan ion
elektrolit hendaklah direndahkan untuk mempunyai panjang pemeriksaan Debye yang
besar. Untuk mengesahkan keputusan ini teori, nanowire Silicon 15nm = telah
dipalsukan menggunakan fotolitografi konvensional ditambah pula dengan proses
punaran kering. Untuk menentukan keupayaan peranti, ia tertakluk kepada pelbagai
nilai pH dan untuk mencapainya, peranti itu dikendalikan berdasarkan prinsip Field
Kesan Transistor (FET). Permukaan peranti ini adalah lubang dikuasai (p-jenis bahan).
Oleh itu, adalah agak mudah untuk tindak balas kepada nilai pH bagi mengukuhkan ia
tindak balas Kita.dirawat lagi permukaan silikon nanowire oleh proses yang dipanggil
protonation.~Pembawa cas pH adalah disebabkan untuk berinteraksi antara tuduhan
nanowire_di permukaan luar nanowire dan pembawa mudah alih pada permukaan
dalaman) nanowire itu. Dengan pendekatan yang sama, permukaan silikon nanowire
telah deprotonated dalam pH cecair yang lebih rendah dan pembawa mudah alih habis
di permukaan dalaman silikon nanowire. Apabila peranti diuji dengan pH antara 2
hingga 14 dan p-jenis peranti Si nanowire diubahsuai dengan cara ini menunjukkan
peningkatan langkah demi langkah dalam kealiran sebagai pH penyelesaian dan bagi
mengesahkan peranti ini supaya keupayaan penderiaan, ia telah diubah suai dengan
menggunakan ( 3-aminopropyl) triethoxysilane (APTES) dan tiub nano karbon (CNT)
untuk mewujudkan kimia yang mengikat antara sensor dan sSDNA. Silanization tesis ini
bertujuan untuk membentuk ikatan di antara muka antara komponen sensor Si-O-Si-
dan komponen organik (-OCH2CH3) menggunakan Organofunctionalalkoxysilanes (3-
aminopropyl) triethoxysilane (APTES) dan CNT. Penerima ss-DNA berinteraksi
dengan platform sensor, menyebabkan peningkatan dalam bidang kerana makhluk
semasa diukur diwujudkan di seluruh nanowire silikon dengan caj separa, sensor ini
membolehkan pengesanan ss-DNA biomolekul tunggal terkandas. Peranti telah

XX



disahkan menggunakan pencairan siri DNA dan sambutan biosensor yang telah berjaya
dipantau menunjukkan tindak balas linear untuk pencairan siri kepekatan DNA. Oleh
itu, dengan sambutan elektrik yang sangat baik, ia mempunyai potensi untuk fabrikasi
komersial besar-besaran. Oleh itu, ia memudahkan digunakan untuk penyakit diagnostik

dalam aplikasi perubatan.
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Development of Silicon Nanowire Lab-on-chip Microfluidics Integrated Biosensor
for Low Concentration Bio-molecules Detection

ABSTRACT

Lab-on-chip fabricated with one-dimensional nanowires offer excellent electrical
properties where bio molecular analysis at very low concentrations is becoming
increasingly relevant for medical and research communities. Good number of
techniques and promising results has been established for . detecting small
concentrations; however, for high-throughput measurements and label-free detection are
still area of fresh investigation. Many research groups have reported high level of bio
recognition by using semiconductor nanowire. The semiconductors silicon nanowire
biosensor utilizes a Nano wire between two conducting materials. The nanowire has its
atoms concentrated on its surface. Thus, any small changes in‘the charges present on the
nanowire will cause a change in the flow of current. Anthis thesis, a simulation study
coupled with experimental approach to explain the-change in wire surface behavior as
function of the surface charge. The linear behavior of the conductivity to increase the
sensitivity of a semiconducting nanowire biosensor is ascertained. The silicon wire
should be between 5 to 20nm to allow mean-distance between atoms, the oxide should
be as thin as possible for optimum surface integrity, and the functional layer should be
thin and have a high dielectric constant. The ionic concentration of the electrolyte
should be kept low in order to have a large Debye screening length. To confirm these
theoretical results, Silicon nanowire of = 15nm was fabricated using conventional
photolithography coupled with.dry etching process. To determine the capability of the
device, it subjected to various pH values and to achieve this, the device is being
operated based on the-principle of Field Effect Transistor (FET). The surface of the
device is hole dominated (p-type material). Therefore, it is quite convenient to response
to the pH valuescintorder to strengthen it response we further treated the surface of
silicon nanowire.by process called protonation. The pH charge carriers are caused to
interact between the charge of nanowire at outer surface of the nanowire and the mobile
carriers.at inner surface of the nanowire. By the same approach, the surface of silicon
nanowire was deprotonated in lower pH liquid and the mobile carriers are depleted at
the inner surface of silicon nanowire. When the device is tested with pH between 2 to
14 and p-type Si nanowire devices modified in this way exhibit stepwise increases in
conductance as the pH of the solution and in order to validate the device for the sensing
capability, it was modified using (3-aminopropyl) triethoxysilane (APTES) and carbon
nanotube (CNT) for creating binding chemistry between the sensor and ssDNA. A
silanization is conducted to form bonds across the interface between sensor components
Si-O-Si- and organic components (-OCH2CH3) using Organo functional alkoxy silanes
(3-aminopropyl) triethoxysilane (APTES) and CNT. The receptor ss-DNA interact with
the sensor platform, resulting in increase in the current being measured due field created
across the silicon nanowire by partial charge, this sensor allows the detection ss-DNA
single stranded biomolecule. The device was validated using serial dilution of DNA and
the biosensor response was successfully monitored showing a linear response to the
serial dilution of DNA concentration. Hence, with its excellent electric response, it has
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potential for mass commercial fabrication. Thus, facilitating it use for disease diagnostic
in medical application.
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