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Periodic Structures for Photonics
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From Gratings é
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é to Photonic Crystals and Metamaterials

Photonic Crystals: l~ a Metamaterials:l >> a

Review: Phys. Rep. 444, 101 (2007)
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Periodic Dielectric (Nano-)Structures

Periodicity ~ Wavelength of Light: Bragg Scattering

Individual Scatterer: Mie Resonances

Photonic Crystals
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Periodicity
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Dispersion Relation: Photonic Bandstructure
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In 2D: E- and H-Polarization
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Example: Hexagonal Lattice, Air Pores in Silicon

²si = 12; r=a = 0:3

E-Polarization H-Polarization
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Example: Square Lattice, Air Pores in Silicon

²si = 12; r=a = 0:45

E-Polarization H-Polarization
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Further Physical Quantities

Group Velocity

Density of States (DOS)

Local Density of States (LDOS)
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Example: Square Lattice, Air Pores in Silicon

²si = 12; r=a = 0:475
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Example: Square Lattice, Air Pores in Silicon

²si = 12; r=a = 0:475
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Example: Square Lattice, Air Pores in Silicon

²si = 12; r=a = 0:475



Institut für Theoretische Festkörperphysik ïPhotonics Group

Photonic Crystals Membranes
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Photonic Crystals Membranes: Photonic Band Structure

²si = 12; r=a = 0:44; d=a = 0:67

H-polarized-like: 

E-polarized-like: 
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3D Photonic Crystals: Silicon Inverse Opals
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Silicon Inverse Opals: Dielectric Band (Bloch Mode)

Movie

../ToDos/Transfer/QTmovies/500x500_abs_E_W_8.mov
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Silicon Inverse Opals: Air Band (Bloch Mode)

Movie

../ToDos/Transfer/QTmovies/500x500_abs_E_W_9.mov
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Silicon Inverse Opals: DOS
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Photonic Band Structure

Long Wavelength Limit: Potentially Strong Birefringence

Stop Bands (For a Given Direction in k-Space)

Photonic Band Gaps in 2D and 3D

Photonic Crystal Membranes: Light Cone

Slow Light (Low Values of the Group Velocities)

Density of States / Local Density of States

Transmittance and Reflectance

Uncoupled Modes

Photonic Crystals: Basics
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Photonic Crystals: Macroporous Silicon
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Photonic Crystals: Macroporous Silicon
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S. Matthias et al., 

Adv. Mat. 16, 2166 (2004)

Embedded 

defect layerĄ

Photonic Crystals: Macroporous Silicon
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Photonic Crystals: Opals
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Photonic Crystals: Silicon Inverse Opals
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Photonic Crystals: Laser Holography
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Phys. Rev. B 70, 165104 (2004)

Photonic Crystals: Laser Holography

Appl. Phys. Lett. 82, 1284 (2003)
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Advanced Materials 18, 2964 (2006)

Photonic Crystals: Laser Holography
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Photonic Crystals: Direct Laser Writing
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10 µm

Nature Materials 3, 444 (2004)

Photonic Crystals: Direct Laser Writing
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Wax
Bronze

Ceramic

Macroscopic Templating
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10 µm

Photoresist Silicon

SiO2

Advanced Materials 18, 457 (2006)

Photonic Crystals: Nano-Templating
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DLW + Nano-Templating: State-of-the-Art

Opt. Lett. 35, 1094 (2010)
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DLW + Nano-Templating: PBG at 1.55 mm

Opt. Lett. 35, 1094 (2010)
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DLW + Nano-Templating: Functional Elements

Review: 

Adv. Func. Mater. 20, 1038 (2010)
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In thermal equilibrium: 

Each energy eigenstate is occupied 

by n photons

Energy eigenstates are given by the 

photonic band structure

Bose-Einstein Statistics
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Photonic Crystal in Thermal Equilibrium 
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Example of an Excited Mode 
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Direction of Thermal Emission: 

Provided by Group Velocity vg

Thermal Flux: 

Energy Velocity ~ vg

Energy Density ~ 1/vg

Area of Iso-Frequency Surface 

Low Curvature Ą Large Directional Flux

Determining the Thermal Emission 

Phys. Rev. B 75, 201101(R) (2007)
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Thermal Emission in Infinite Photonic Crystals 

Phys. Rev. B 75, 201101(R) (2007)
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ÅE- and H-field components parallel 
to an interface are continuous

Boundary Conditions

ÅPropagating and evanescent 
plane-wave states

Transmitted Wave

Excited Mode

ÅPropagating and evanescent 
PhC-eigenmodes

Reflected Wave

Incorporation of an Interface
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Thermal Emission (Silicon Posts, E-Polarization)

Appl. Phys. Lett. B 95, 241103 (2009)
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Emissivity in a Finite/Infinite Photonic Crystal

Appl. Phys. Lett. B 95, 241103 (2009)
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KirchhoffósLaw is a Consequence

ÅEmissivity = Absorptivity

KirchhoffósLaw

Appl. Phys. Lett. B 95, 241103 (2009)
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Thermal Emission (Air Pores in Silicon, H-Polarization)
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r/a=0.475

Photonic Crystal Functional Elements
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Photonic Crystal Functional Elements: Design

Opt. Lett. 24, 2856 (2004)

IEEE Phot. Tech. Lett. 17, 1875 (2005)
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Photonic Crystal Functional Elements: Circuit Theory

J. Opt. Soc. Am. B 25, 202 (2008)
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Selected Pore Infiltration: Experiment

Courtesy of Peter Nolte

Advanced Materials, in press


