
Contents

1 Enhancement of the Faraday and Other Magneto-Optical Effects
in Magnetophotonic Crystals . . . . . . . . . . . . . . . . . . . . . . 1
A.P. Vinogradov, A.V. Dorofeenko, A.M. Merzlikin, Y.M. Strelniker,
A.A. Lisyansky, A.B. Granovsky, and D.J. Bergman
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
1.2 Voigt Configuration . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.3 Longitudinal Configuration: Enhancement of Magneto-Optical

Effects in Gyrotropic Photonic Metamaterials . . . . . . . . . . . 6
1.4 Employing Magnetophotonic Crystals to Enhance

the Faraday Effect . . . . . . . . . . . . . . . . . . . . . . . . . . 10
1.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Appendix A Relationship Between the Transmission Coefficient and

the Faraday Rotation Angle . . . . . . . . . . . . . . . . . . . . . 14
Appendix B Rate of the Phase Change at the Resonance Frequency . . 15
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

2 Multifaceted Tunability of One-Dimensional Helicoidal
Magnetophotonic Crystals . . . . . . . . . . . . . . . . . . . . . . . . 19
Fei Wang and Akhlesh Lakhtakia
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
2.2 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

2.2.1 Constitutive Description of a 1D HMPC . . . . . . . . . . 20
2.2.2 Axial Wave Propagation . . . . . . . . . . . . . . . . . . . 22

2.3 Numerical Results and Discussions . . . . . . . . . . . . . . . . . 25
2.3.1 1D BMPC . . . . . . . . . . . . . . . . . . . . . . . . . . 25
2.3.2 1D HMPC . . . . . . . . . . . . . . . . . . . . . . . . . . 27
2.3.3 Multifaceted Tunability of PBGs . . . . . . . . . . . . . . 31

2.4 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . . 32
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

vii



viii Contents

3 Electromagnetic Unidirectionality in Magnetic Photonic Crystals . . 35
Alex Figotin and Ilya Vitebskiy
3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
3.2 Bloch Waves in Periodic Structures with Broken Reciprocity . . . 36
3.3 Symmetry of Maxwell Equations in Magneto-Photonic Structures . 39

3.3.1 Material Tensors of Magnetically Polarized Materials . . . 41
3.4 Electromagnetic Unidirectionality and the Frozen Mode Regime . 42

3.4.1 Periodic Layered Structures . . . . . . . . . . . . . . . . . 42
3.4.2 Electromagnetic Unidirectionality . . . . . . . . . . . . . . 45
3.4.3 Scattering Problem for Bounded Unidirectional Media.

The Frozen Mode Regime . . . . . . . . . . . . . . . . . . 46
3.4.4 Nonreciprocal Waveguides . . . . . . . . . . . . . . . . . 49

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

4 Magneto-Optics of Plasmonic Crystals . . . . . . . . . . . . . . . . . 51
V.I. Belotelov, A.N. Kalish, and A.K. Zvezdin
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

4.1.1 Magneto-Optics and Plasmonics . . . . . . . . . . . . . . 52
4.1.2 Surface Plasmon Polaritons in Smooth and Perforated

Metal–Dielectric Structures . . . . . . . . . . . . . . . . . 54
4.1.3 Magneto-Optical Effects in Bulk Media . . . . . . . . . . . 58

4.2 The Transverse Magneto-Optical Kerr Effect in Plasmonic
Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
4.2.1 State of the Art . . . . . . . . . . . . . . . . . . . . . . . . 62
4.2.2 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64
4.2.3 Experimental . . . . . . . . . . . . . . . . . . . . . . . . . 76

4.3 Even Magneto-Optical Intensity Effect in Plasmonic Structures . . 80
4.3.1 Plasmonic Crystal Based on a Magnetic Waveguide . . . . 80
4.3.2 Empty Lattice Approximation . . . . . . . . . . . . . . . . 81
4.3.3 Physical Origin of the Effect . . . . . . . . . . . . . . . . 83
4.3.4 RCWA Analysis . . . . . . . . . . . . . . . . . . . . . . . 83
4.3.5 The Giant Orientational Effect. Rayleigh–Wood Anomalies 85

4.4 Polarization Rotation Magneto-Optical Effects in Plasmonic
Structures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
4.4.1 State of the Art . . . . . . . . . . . . . . . . . . . . . . . . 87
4.4.2 Plasmonic and Waveguide Mechanisms of Faraday

Rotation Enhancement . . . . . . . . . . . . . . . . . . . . 89
4.4.3 RCWA Analysis . . . . . . . . . . . . . . . . . . . . . . . 91

4.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

5 Magnetorefractive Effect in Magnetoresistive Materials . . . . . . . 107
Alexander Granovsky, Yurii Sukhorukov, Elena Gan’shina, and
Andrey Telegin
5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
5.2 MRE in All-Metal Multilayers and Granular Alloys

with Giant MR . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110



Contents ix

5.2.1 Introductory Remarks . . . . . . . . . . . . . . . . . . . . 110
5.2.2 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
5.2.3 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . 113

5.3 MRE in Nanostructures Exhibiting Tunnel MR . . . . . . . . . . . 114
5.3.1 Theory . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
5.3.2 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . 116

5.4 MRE in Manganites Exhibiting Colossal Magnetoresistance . . . . 117
5.4.1 Introductory Remarks . . . . . . . . . . . . . . . . . . . . 117
5.4.2 Magnetotransmission in the IR Range of Spectrum . . . . . 119
5.4.3 Magnetoreflection and Magnetotransmission of

Manganites La0.7Ca0.3MnO3 in the IR and Visible
Spectral Range . . . . . . . . . . . . . . . . . . . . . . . . 122

5.5 Possible Applications of the MRE . . . . . . . . . . . . . . . . . . 128
5.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130

6 Magneto-Photonic Bragg Waveguides, Waveguide Arrays and
Non-reciprocal Bloch Oscillations . . . . . . . . . . . . . . . . . . . . 135
Miguel Levy, Ashim Chakravarty, Pradeep Kumar, and Xiaoyue Huang
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
6.2 Fabrication and Characterization of Ridge Waveguides and

Distributed Bragg Reflectors in Magneto-Optic Films . . . . . . . 137
6.2.1 Photolithography and Plasma Etching . . . . . . . . . . . . 137
6.2.2 Electron Beam Lithography . . . . . . . . . . . . . . . . . 138
6.2.3 Focused Ion Beam Milling . . . . . . . . . . . . . . . . . 139
6.2.4 Optical Measurements . . . . . . . . . . . . . . . . . . . . 141
6.2.5 Beam Preparation . . . . . . . . . . . . . . . . . . . . . . 143

6.3 Stop-Bands in Magneto-Photonic Bragg Reflectors
and Bragg Filters . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
6.3.1 Mode Indices . . . . . . . . . . . . . . . . . . . . . . . . 144
6.3.2 Stop Bands in Transversely Magnetized Bragg Filters . . . 145
6.3.3 Stop Bands in Longitudinally Magnetized Bragg Filters . . 146

6.4 Stop-Bands and Back-Reflection Processes in Magneto-Optic
Elliptically Birefringent Media: Layered-Stack Model . . . . . . . 151

6.5 Non-reciprocal and Unidirectional Optical Bloch Oscillations in
Asymmetric Magneto-Optic Waveguide Arrays . . . . . . . . . . . 154

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 160

7 Magnetophotonic Crystals: Experimental Realization and
Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
M. Inoue, A.V. Baryshev, T. Goto, S.M. Baek, S. Mito, H. Takagi, and
P.B. Lim
7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
7.2 Optical Borrmann Effect in 1D Magnetophotonic Crystals . . . . . 168
7.3 Light Localization or Defect Modes in Fabri–Pérot 1D MPCs . . . 169
7.4 Light Localization in Dual-Cavity 1D MPCs . . . . . . . . . . . . 170



x Contents

7.5 Optical Tamm States in 1D MPCs . . . . . . . . . . . . . . . . . . 171
7.6 Interplay of Surface Resonances in 1D Plasmonic MPC Slab . . . 174
7.7 Multiple Bragg Diffraction in Quasi Two-Dimensional MPCs . . . 176
7.8 Three-Dimensional Magnetophotonic Crystals . . . . . . . . . . . 179
7.9 Applications of Magnetophotonic Crystals . . . . . . . . . . . . . 182
7.10 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 187

8 Nonlinear Magneto-Optics in Magnetophotonic Crystals . . . . . . . 191
Oleg A. Aktsipetrov, Andrey A. Fedyanin, Mitsuteru Inoue,
Miguel Levy, and Tatyana V. Murzina
8.1 Introduction: Nonlinear Optics and Magneto-Optics in Photonic

Band-Gap Materials . . . . . . . . . . . . . . . . . . . . . . . . . 191
8.2 Nonlinear Magneto-Optics: Background . . . . . . . . . . . . . . 193
8.3 Samples and Set-Ups . . . . . . . . . . . . . . . . . . . . . . . . 197
8.4 Optical and Magneto-Optical Spectra of Magnetophotonic

Crystals and Microcavities . . . . . . . . . . . . . . . . . . . . . . 199
8.4.1 Faraday Effect Enhancement Induced by Multiple

Interference . . . . . . . . . . . . . . . . . . . . . . . . . 199
8.4.2 Nonlinear Verdet Law in Magnetophotonic Crystals . . . . 203

8.5 MSHG and MTHG in Magnetophotonic Microcavities and
Magnetophotonic Crystals . . . . . . . . . . . . . . . . . . . . . . 207
8.5.1 Transversal NOMOKE in MSHG: Intensity and Phase

Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . 208
8.5.2 Longitudinal and Polar NOMOKE in MSHG: Polarization

Effects . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
8.5.3 MTHG in Magnetophotonic Microcavities . . . . . . . . . 213
8.5.4 Phase-Matched MSHG in Magnetophotonic Crystals . . . . 215
8.5.5 Nonlinear Magneto-Optical Kerr Effect in Three-

Dimensional Magnetophotonic Crystals . . . . . . . . . . . 216
8.6 Conclusions and Prospectives . . . . . . . . . . . . . . . . . . . . 221
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222

Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 225



http://www.springer.com/978-3-642-35508-0


