Contents

1 Diamond Quantum Technological Applications

2 Quantum-Grade Diamond
2.1 Nitrogen-Vacancy Centers . . . . .. ... ........
2.2 Single Substitutional Nitrogen Centers . . . . ... ...
2.3 Other Point Defects in Synthetic Diamond . . . . . . ..
2.4 Structural Quality . . . ... ... L oL
2.5 Birefringence . . . . . ... ... . ..
2.6 Coherence Time . . .. ... ... ............
2.7 Absorption . . . . ... ...
2.8 Concluding Overview on Essential Specifications . . . . .

3 Auvailability of Quantum-Grade Diamond
3.1 Commercial Stateofthe Art . . . . . . . ... ... ...

3.2 Challenges on the Synthesis of Quantum-Grade Diamond

4 Preconditions
4.1 Substrate Choice . . . . .. ... ... ... ... ...
4.2 In situ Plasma Pretreatment . . . . . . .. .. ... ...
421 Etching Atmosphere . . . . . .. ... ... ...
422 Etching Duration. . . . . . ... ... ... ...
4.2.3 Implications on Material Properties . . . . . . ..
424 Optimized Pretreatment Process . . .. .. ...

5 Freestanding Diamond

5.1 Simulations of the Electric Field Strength . . . . . . . ..
5.1.1 Variations of the Substrate-Holder Diameter . . .
5.1.2 Variations of the Substrate-Holder Height . . . . .

5.2 Influences on Plasma Properties . . . . . ... ... ...

5.3 Assessment of Material Properties . . . . . ... ... ..
531 Crystal Quality . . . ... ... ... .......
5.3.2 Internal Stress Distribution . . .. ... ... ..

5.4 Conclusion on the Realization of Freestanding Diamond

6 In Situ Doping of NV Centers

6.1 Incorporation of NV centers . . . .. ... ........
6.2 Incorporation Efficiency of NV Centers . . . . . ... ..
6.3 Figure of Meriton NV Centers . . . . ... .......
6.4 In Situ NV Doping Model . . . . . ... ... ... ...

Bibliografische Informationen

https:

d-nb.info/1273086945

digitalisiert durch 1


https://d-nb.info/1273086945

6.5 Conclusion on In Situ Doping of NV Centers . . . . .. ... ....... 63

7 Potential of Posttreatments 65
7.1 lrradiation Including LT Treatment . . . . . .. ... ... ... ..... 65
7.2 LPHT Annealing . . . . . . . . ... 70
73 HPHT Annealing . . . . . . ... .. . . 72
7.4 Specifications on the As-grown Preliminary Quantum-Grade Diamond . . . 73

8 Optimization on the As-grown Preliminary Quantum-Grade Diamond 75
8.1 Incorporation of Single Substitutional Nitrogen Centers . . . . . . . .. .. 76
8.2 Total Nitrogen Incorporation . . . . . . .. ... ... ... ........ 81
8.3 Nitrogen Doping Models . . . . . . . ... ... .. ... ... 83

8.3.1 Phenomenological Approaches . . . . . . ... ... ... ..... 83
8.3.2 Atomic Approaches . . . . . ... L 86
8.4 Influences on Crystal Quality . . . . . . ... ... ... ... ... .... 88
8.5 Influences on Absorption . . . . . .. ... Lo o 90
8.6 Realization of As-grown Preliminary Quantum-Grade Diamond . . . . . . . 95

9 Conclusion 97

Bibliography 101

Publications of the Author 125

Abbreviations 127

List of Figures 129

List of Tables 133

Acknowledgments 135

vi



