
viii 

 

CONTENTS 

List of Figures             xii-xv 

List of Tables                   xvi 

List of Abbreviations                  xvii-xviii 

List of Symbols                                                                                                            xix-xxi 

Preface                      xxii-xxiv 

Chapter 1                                                                                                        Page No. 

Introduction and Literature Review      01-52 

1.1 Introduction              01      

1.2 Basic Fabrication Approaches to Nanotechnology            07 

 1.2.1  Top-Down Approach  07 

 1.2.2  Bottom-Up Approach  08 

1.3 Thin Films/ Nanomaterials Deposition Techniques: EBE and SG 

Methods 

08 

 1.3.1  Electron Beam Evaporation (EBE) 10 

 1.3.2  Sol-gel (SG) 11 

1.4 Thin Films/ Nanomaterials Characterization Techniques 13 

 1.4.1  Surface Characterization Techniques 13 

 1.4.2  Optical Characterization Techniques 16 

 1.4.3  Electrical Measurement Techniques 17 

1.5 Introduction and Classification of Heterojunctions 18 

1.6 Energy Band Diagram of p-Si/n-TiO2 Heterojunction 22 

1.7 Temperature Effects in Semiconductor Heterojunctions 23 

1.8 General Properties of Titanium Dioxide (TiO2) and Si Materials 25 

 1.8.1  Deposition Techniques of TiO2 Nanostructures 27 

 1.8.2  Some Common Applications of TiO2 Thin Film Based Devices 28 

1.9 Silicon Nanostructures 29 

1.10 Literature Review 32 

 1.10.1  Synthesis and Characterizations of TiO2 Thin Films 32 

 1.10.2  TiO2 Thin Film Based Ultraviolet Photodetectors 34 

 1.10.3  Review of Temperature-Dependent Si/TiO2 Heterojunctions 39 

 1.10.4  Review of Silicon Nanowires (SiNWs) 41 

 1.10.5  Review of SiNWs/TiO2 Thin Film Based Heterojunctions 44 



ix 

 

1.11 Motivation behind the Present Thesis: Major Findings of the Literature 

Survey 

47 

1.12 Scopes of the Thesis 50 

 

Chapter 2 

Fabrication and Characterization of p-Si/n-TiO2 Heterojunction Diodes Grown by 

Sol-Gel and E-Beam Evaporation Methods for Optical Application        53-99 

2.1 Introduction 53 

2.2 Experimental Details 54 

 2.2.1  Substrate Cleaning 55 

 2.2.2  TiO2 Thin Film Deposition by EBE Method 56 

 2.2.3  TiO2 Thin Film Deposition by SG Method 57 

 2.2.3.1     Synthesis of Sol-gel Solution 57 

 2.2.3.2     TiO2 Thin Film Preparation by Spin Coating Method 59 

 2.2.4  Annealing of TiO2 Thin Films 59 

 2.2.5  Formation of Ohmic Contacts 60 

 2.2.6  Post Fabrication Annealing 61 

2.3 Characterization Methods of p-Si/n-TiO2 Heterojunctions 62 

2.4 Results and Discussion 63 

 2.4.1  Characterization of As-Prepared Sol-gel Solution 63 

 2.4.1.1     Surface Morphology and Crystallographic 

Characterization    

63 

 2.4.2  Characterization of TiO2 Thin Films 66 

 2.4.2.1     Surface Morphology Characterization 66 

 2.4.2.2     Optical Characterizations 73 

 2.4.3  Electronic Properties 80 

 2.4.4  Electrical Characterization of p-Si/n-TiO2 Heterojunction 

Diodes 

82 

 (a)   Characterization of Ti/Al Ohmic Contacts on n-TiO2 TF 

and p-Si Substrate 

82 

 (b)     Capacitance-Voltage  Characteristics 84 

 (c) Current-Voltage Characteristics of p-Si/n-TiO2 TF 

Heterojunction Diodes Under Dark Condition 

87 

 (d) Current-Voltage Characteristics of p-Si/n-TiO2 TF 

Heterojunction UV Photodiodes 

91 

 2.4.5  Time Response Characteristics 95 

 2.4.6  Energy Band Diagram 96 

2.5 Summary and Conclusion 98 

 

 



x 

 

Chapter 3 

Temperature-Dependent Electrical Properties of p-Si/n-TiO2 Thin Film 

Heterojunction Diodes Grown by Sol-Gel and E-Beam Evaporation Methods 

           100-118 

3.1 Introduction 100 

3.2 Device Fabrication and Experimental Details 102 

3.3 Results and Discussion 103 

 3.3.1  Temperature Dependent Current-Voltage (I-V-T) Characteristics 

of Si/TiO2 TF Heterojunction Diodes 

103 

 3.3.2  Effect of Barrier Inhomogeneity on Temperature-Dependent 

Electrical Characteristics 

110 

 3.3.3  Effect of BHI on the Richardson Constant 110 

 3.3.4  Determination of Mean Barrier Height and Modified 

Richardson Constant by Considering BHI Phenomenon 

112 

3.4 Summary and Conclusion 117 

 

Chapter 4 

Fabrication and Characterization of p-Silicon Nanowire/n-TiO2 Heterojunction 

Diodes Grown by Sol-Gel and E-Beam Evaporation Methods for Optoelectronic 

Applications                       119-166 

4.1 Introduction 119 

4.2 Experimental Details 120 

 4.2.1 Substrates Cleaning 121 

 4.2.2 Synthesis of p-SiNW arrays 121 

 4.2.3 Growth Mechanism of Silicon Nanowires (SiNWs) 124 

 4.2.4 Fabrication of p-SiNW/n-TiO2 Heterojunction Diodes 126 

 4.2.4.1     TiO2 Film Deposition by EBE Method 127 

 4.2.4.2     TiO2 Film Deposition by SG Method 128 

 4.2.5 Annealing of TiO2 Thin Films 128 

 4.2.6 Formation of Ohmic Contacts 129 

 4.2.7 Post Fabrication Annealing 129 

4.3 Result and Discussion 131 

 4.3.1  Characterization of SiNWs 131 

 4.3.1.1     Surface Morphology and Crystallographic Structure 131 

 4.3.1.2     Optical Characterization of SiNWs 134 

 4.3.2  Characterization of SiNWs/TiO2 Heterojunctions 136 

 4.3.2.1     Surface Morphology Characterization 137 

 4.3.2.2     Optical Characterizations of SiNW/TiO2 

Heterojunctions 

147 



xi 

 

 4.3.2.3 Electrical Characterization of p-SiNWs/n-TiO2 

Heterojunction Diodes 

150 

 (a)     Capacitance-Voltage  Characteristics 150 

 (b) Current-Voltage Characteristics of p-SiNW/n-TiO2 

Heterojunction Diodes Under Dark Condition 

152 

 (c) Current-Voltage Characteristics of p-SiNW/n-TiO2 

Heterojunction UV Photodiodes 

155 

 4.3.2.4     Time Response Characteristics 161 

 4.3.2.5  Energy Band Diagram of n-TiO2 Thin Film/p-Si 

Nanowires (NWs) Heterojunction Diode Under UV Illumination 

163 

4.4 Summary and Conclusion 165 

 

Chapter 5 

Conclusion and Future Scope                 167-175 

5.1 Introduction 167 

5.2 Chapter-Wise Summary of Major Contributions 168 

5.3 Future Scopes of Research in the Related Area 174 

 

References                                                                                                                 176-191 

Author’s Relevant Publications                                                                                       192 

 

 


