
Contents

Theory and Principles of Operation
of Nanophotonic Functional Devices
S. Sangu, K. Kobayashi, A. Shojiguchi, T. Kawazoe, M. Ohtsu . . . . . . . . 1
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

1.1 Nanophotonics for Functional Devices . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Inherent Features to Nanophotonics . . . . . . . . . . . . . . . . . . . . . . . . 2

2 Optical Near-Field Coupling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.1 Theoretical Descriptions of an Optical Near Field . . . . . . . . . . . . 7
2.2 Excitation and Transition in a Quantum Dot . . . . . . . . . . . . . . . . 8
2.3 Optical Near-Field Coupling Between Quantum Dots . . . . . . . . . 11
2.4 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

3 Nanophotonic Switch Based on Dissipation Control . . . . . . . . . . . . . . . 15
3.1 Dynamics in a Two-Quantum-Dot System with Dissipation . . . 17
3.2 Nanophotonic Switch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
3.3 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 28

4 Nanophotonic Functional Devices Using
Coherently Coupled States . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
4.1 Dynamics in a Coherently Coupled Quantum-Dot System . . . . . 33
4.2 Nanophotonic Logic Gates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
4.3 Nanophotonic Controlled Logic Gates . . . . . . . . . . . . . . . . . . . . . . 49
4.4 Nanophotonic Buffer Memory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
4.5 Nanophotonic Signal Splitter for Quantum Entanglement . . . . . 55
4.6 Summary . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

Integration and Evaluation of Nanophotonic Device
Using Optical Near Field
T. Yatsui, G.-C. Yi, M. Ohtsu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63



X Contents

2 Fabrication of Nanostructure Using Optical Near Field . . . . . . . . . . . . 64
2.1 Near-Field Optical Chemical Vapor Deposition . . . . . . . . . . . . . . 64
2.2 Regulating the Size and Position of Deposited Zn

Nanoparticles by Optical Near-Field Desorption Using
Size-Dependent Resonance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

2.3 Observation of Size-Dependent Resonance
of Near-Field Coupling Between Deposited Zn Dot
and Probe Apex During NFO-CVD . . . . . . . . . . . . . . . . . . . . . . . . 72

2.4 Size-, Position-, and Separation-Controlled One-Dimensiona
Alignment of Nanoparticles Using an Optical Near Field . . . . . . 77

3 Near-Field Evaluation of Isolated ZnO Nanorod
Single-Quantum-Well Structure for Nanophotonic Device . . . . . . . . . . 83

4 An Optical Far/Near-Field Conversion Device . . . . . . . . . . . . . . . . . . . . 90
4.1 A Plasmon Waveguide with Metallic-Core Waveguide . . . . . . . . 91
4.2 A Nanodot Coupler with a Surface Plasmon Polariton

Condenser for Optical Far/Near-Field Conversion . . . . . . . . . . . . 96
5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Unique Properties of Optical Near Field
and their Applications to Nanophotonics
T. Kawazoe, K. Kobayashi, S. Sangu, M. Ohtsu, A. Neogi . . . . . . . . . . . . . 109
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 109

1.1 Excitation Energy Transfer via Optical Near Field . . . . . . . . . . . 109
1.2 Nanophotonic Switch Using Energy Transfer among QDs . . . . . 110
1.3 Optical Nanofountain: Biomimetic Device . . . . . . . . . . . . . . . . . . . 111
1.4 Laterally Coupled GaN/AlN Quantum Dots . . . . . . . . . . . . . . . . . 111
1.5 Nonadiabatic Nanofabrication . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113
1.6 Control of an Optical Near Field Using a Fiber Probe . . . . . . . . 114

2 Excitation Energy Transfer via Optical Near Field . . . . . . . . . . . . . . . . 116
2.1 Optically Forbidden Energy Transfer between CuCl QDs. . . . . . 116
2.2 Experimental Results and Discussions . . . . . . . . . . . . . . . . . . . . . . 118
2.3 Anti-Parallel Dipole Coupling of Quantum Dots . . . . . . . . . . . . . 122

3 Demonstration of Nanophotonic Switch . . . . . . . . . . . . . . . . . . . . . . . . . 126
3.1 Operation Principle of Nanophotonic Switch . . . . . . . . . . . . . . . . 126
3.2 Experimental Results and Discussions . . . . . . . . . . . . . . . . . . . . . . 128

4 Optical Nanofountain to Concentrate Optical Energy . . . . . . . . . . . . . 132
4.1 Operation of Optical Nanofountain . . . . . . . . . . . . . . . . . . . . . . . . . 132
4.2 Experimental Results and Discussions . . . . . . . . . . . . . . . . . . . . . . 133

5 Laterally Coupled GaN/AlN Quantum Dots . . . . . . . . . . . . . . . . . . . . . 135
6 Nonadiabatic Nanofabrication Using Optical Near Field . . . . . . . . . . . 140

6.1 Nonadiabatic Near-Field Optical CVD. . . . . . . . . . . . . . . . . . . . . . 140
6.2 Exciton–Phonon Polariton Model . . . . . . . . . . . . . . . . . . . . . . . . . . 144
6.3 Nonadiabatic Near-Field Photolithography . . . . . . . . . . . . . . . . . . 147



Contents XI

7 A Control of an Optical Near Field Using a Fiber Probe. . . . . . . . . . . 153
7.1 Second Harmonic Generation in an Al-Coated Probe . . . . . . . . . 153
7.2 Gigantic Optical Mangeto-Effect in an Optical Near-Field

Probe Coated with Fe . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 156
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 159

Architectural Approach to Nanophotonics
for Information and Communication Systems
M. Naruse, T. Kawazoe, T. Yatsui, S. Sangu, K. Kobayashi, M. Ohtsu . 163
1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
2 Nanophotonic Computing Architecture Based on High-Density

Table Lookup . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 164
3 Data Summation Using Near-Field Interactions . . . . . . . . . . . . . . . . . . 166

3.1 Data-Gathering Mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
3.2 Digital-to-Analog Conversion Using Near-Field Interactions . . . 171

4 Broadcast Interconnects . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 172
5 Hierarchical Nanophotonic Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176

5.1 Hierarchy and Nanophotonics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 176
5.2 Physical and Logical Hierarchy Using Nanophotonics . . . . . . . . . 177

6 Summary and Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 181

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 183



http://www.springer.com/978-3-540-28665-3


