Contents

Abstract v
Table of Contents vii
List of Figures ix
List of Tables x1
List of Symbols and Constants xiii
1 An Introduction 1

2 Fundamentals 5
2.1 GaN, AIN and their Ternaries — A Materials Science View . . . . . . . 5
2.2 Characterization Techniques . . . . . . . . . ... ... .. .. ... .. 8

2.2.1 Luminescence . . . . . . . . .. ... e 8

2.2.2 FElectrical Measurements . . . . . . . . . . ... ... .. ..., 14

2.2.3  X-ray Diffraction . . . . .. ..o oo 15

2.3 Molecular Beam Epitaxy . . . . .. ... .00 16
2.3.1 Gallium Nitride Growth . . . . .. .. .. ... ... ...... 18

2.3.2 Gallium Nitride Nucleation . . .. . ... ... ... ...... 19

3 Carbon Doping of GaN 25
3.1 General Considerations . . . . . . . . . . . ... 26
3.2 Carbon Doping Source . . . . . . ... ... o 28
3.3 Measurements and Results . . . . . . . .. .. ... .. . L. 34
3.3.1 Structural Properties . . . . . . . ... o0 34

3.3.2 Photoluminescence . . . . . . . .. ... e 37

3.3.3 Electrical Properties . . . . . . .. ... 43

3.4 Discussion . . . . . .. e e 49

4 AIN and AlGalN based Structures 53
4.1 Cubic AIN . . . e 53
4.1.1 Growthof ¢—AIN . . . . . . . . . 53

4.1.2  Structural Propertiesof c—AIN . . . . . . . .. .00 54

4.1.3 Further Characterization . . . . . . . . . . ... .. .. ..... 54

vii



4.2 GaN/AlGaN Quantum Structures . . . . . . .. .. ... ... . ... 55

4.2.1  Modelling Quantum Structures . . . . . .. ... ... ... .. 57

4.2.2  Structural Properties . . . . . . .. oo 60

4.2.3 Luminescence . . . . . . .. ..o 66

4.3 Discussion . . . . . .. e 72

5 Conclusions 75
Bibliography 79

viil



