
   

ix 
 

 

Contents 
 

Acknowledgments …………………………………………………………………………vii 

Contents……………………………………………………………………………………..ix 

List of figures ……………………………………………………………………………...xiv 

List of tables ……………………………………………………………………………….xix 

Abbreviations ……………………………………………………………………………...xxi 

PREFACE ………………………………………………………………………………..xxv 

Chapter 1: Introduction and Literature Review..……………………………………………...1 

1.1 Key component of TFT …………………………………………………………….....1 

1.2 Different device configuration of TFT ………………………………………………..2 

1.3 Operation principle of TFT …………………………………………………………...3 

1.4 Device parameters of a TFT…………………………………………………………...4 

1.4.1 Carrier mobility (μ) of a TFT ………………………………………………….6 

1.4.2 On/Off ratio of a TFT ………………………………………………………….6 

1.4.3 Sub-threshold swing (SS) of a TFT …………………………………………....7 

1.4.4 Interface trap density (Nss
max) ………………………………………………………...7 

1.4.5 Threshold Voltage (VT) of a TFT …………………………………………………...8 

1.5 High-k dielectrics ……………………………………………………………………………...8 

1.6 Dielectric charge polarization mechanism and dielectric polarization between two 

electrodes ……………………………………………………………………………………….9 

1.7 Criteria to choose high-k dielectric …………………………………………..............11 

1.8 Dielectric for low operating voltage TFT ……………………………………………13 

1.9 Metal oxide semiconductor …………………………………………………………..15 

1.10 Graphene: A zero band gap semiconductor …………………………………20 

1.10.1 Mechanical property and carrier mobility of Graphene ………………………21 

1.10.2 Monolayer structural study of Graphene ……………………………………...22 

1.11 A brief description of the development of solution-processed low operating voltage 

oxide TFT ……………………………………………………………………………23 

1.11.1 Sol-gel synthesis method (Spin Coating) ………………………………..........24 

1.11.2 Spray pyrolysis method ……………………………………………………….26 



   

x 
 

1.11.3 Screen Printing method ………………………………………………………27 

1.12 Scope and objective of present work ………………………………………………. ...28 

Chapter 2: Experimental Section: Materials Synthesis & Characterization, Device 

Fabrication, and Characterization …………………………………………………………..33 

     2.1 Material Synthesis …………………………………………………………………...33 

           2.1.1 Dielectric material: Li2ZnO2 …………………………………………………...33 

           2.1.2 Dielectric material: LiInO2 and LiGaO2 ……………………………………….34 

           2.1.3 Dielectric material: Li5AlO4 ……………………………………………………35 

     2.2 Semiconductor material: SnO2 ……………………………………………………….35 

     2.3 Device fabrication ……………………………………………………………………36 

           2.3.1 SnO2 TFT fabrication by using Li2ZnO2 dielectric ……………………….........37 

           2.3.2 SnO2 TFT fabrication by using LiInO2 or LiGaO2 gate dielectric ……………..38 

           2.3.3 Graphene field-effect transistor (GFET) fabrication by using Li5AlO4 gate 

dielectric ……………………………………………………………………………………..39 

      2.4 Material characterization ……………………………………………………………40 

           2.4.1 Thermal analysis ……………………………………………………………….40 

           2.4.2 X-ray diffraction ……………………………………………………………….40 

           2.4.3 UV-visible spectroscopy ……………………………………………………….41 

           2.4.4 Atomic force microscope ……………………………………………………....41 

           2.4.5 X-ray photoelectron spectroscopy ……………………………………………..42 

           2.4.6 Leakage current density measurement ………………………………………....42 

           2.4.7 Capacitance-frequency (C-f) measurements …………………………………...42 

           2.4.8 Thin film transistor characterizations ………………………………………….43 

Chapter 3: Solution-processed low band gap ion-conducting gate dielectric for low voltage 

metal oxide transistor ……………………………………………………………………….45 

       3.1 Introduction ………………………………………………………………………...45 

       3.2 Result and discussion ………………………………………………………………48 

            3.2.1 Thermal Analysis ……………………………………………………………..48 

            3.2.2 Structural Properties of the thin film and powder of Li2ZnO2 ………………..49 

            3.2.3 Optical Properties of Li2ZnO2 Thin Films ……………………………………51 



   

xi 
 

          3.2.4 X-Ray Photoelectron Spectroscopy …………………………………………….52 

          3.2.5 Surface Morphology ……………………………………………………………53 

          3.2.6 Dielectric and Electrical Measurement …………………………………………55 

    3.3 Device Fabrication ……………………………………………………………………57 

    3.4 Transistor Characterization …………………………………………………………...58 

    3.5 Conclusions …………………………………………………………………………...61 

Chapter 4: Dielectric/semiconductor interfacial p-doping: a new technique to fabricate 

solution processed high performance 1 V ambipolar oxide-transistor ……………………...63 

    4.1 Introduction …………………………………………………………………………...63 

    4.2 Result and discussion …………………………………………………………………66 

         4.2.1 Thermal Analysis ………………………………………………………………..66 

         4.2.2 Structural Properties ……………………………………………………………..67 

         4.2.3 Surface Morphology .……………………………………………………………68 

         4.2.4 Optical Properties of LilnO2 and LiGaO2 Thin Films …………………………...70 

         4.2.5 Dielectric and Electrical characterizations ……………………………………....71 

    4.3 Device Fabrication ……………………………………………………………………73 

    4.4 Transistor Characterization……………………………………………………………75 

    4.5 Conclusions …………………………………………………………………………...84 

Chapter 5: Lithography-free fabrication of low operating voltage and large channel length 

graphene transistor with current saturation by utilizing Li+ of an ion-conducting-oxide gate 

dielectric…………………………………………………………….………………………..87 

     5.1 Introduction ……………………………………………………….………………….87 

     5.2 Experimental …………………………………………………………………………89 

          5.2.1 Synthesis of graphene …………………………………………………………..89 

          5.2.2 Transfer of graphene ……………………………………………………………90 

          5.2.3 Material synthesis for dielectric thin film ………………………………………90 

          5.2.4 Graphene field-effect transistor fabrication …………………………………….91 

     5.3 Results and Discussions ……………………………………………………………...92 

          5.3.1 Surface Morphology of graphene film ………………….………………………92 



   

xii 
 

          5.3.2 GFET Characterizations ………………………………………………………..94 

     5.4 Contact resistance of GFETs ………………………………………………………...99 

     5.5 Transconductance …………………………………………………………………..101 

     5.6 Conclusion…………………………………………………………………………..103 

Chapter 6: A Lithography Free Fabrication of Low Operating Voltage Driven, Very Large 

Channel Length Graphene Field Effect Transistor with NH3 Sensing Application …….  ..105     

      6.1 Introduction …………………………………………………………………….…..105 

      6.2 Experimental ……………………………………………………………………….107 

            6.2.1 Method and Materials ………………………………………………………..107 

            6.2.2 Characterizations ……………………………………………………………..107 

            6.2.3 Device Fabrication …………………………………………………………...108 

            6.2.4 Measurement Setup …………………………………………………………..109 

       6.3 Results and Discussion ……………………………………………………………110 

       6.4 Conclusions ………………………………………………………………………..115 

Chapter 7: Conclusion and Scope for Future Work…………………………………….…..117 

       7.1 Conclusions …………………………………………………………………….….117 

       7.2 Scope for future work ……………………………………………………………..120 

References …………………………………………………………………………………121 

List of Publications ………………………………………………………………………..149 

 

 

 

 

 

 

 

 

 

 

 


