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The Next Photonic Revolution: Metamaterials
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Metamaterials = Metamaterials =
Negative Index Media Invisibility
& Superlens? & Cloaking?




Metamaterial is a manmade media with all sorts of unusual
functionalities that can be achieved by artificial structuring
smaller than the length scale of the external stimulus.

N.l. Zheludev. Nature Materials 7, 420 (2008)

Metamaterials are manmade media with
electromagnetic properties on demand



Metamaterials: electromagnetic properties on demand
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1st Metamaterial (J.Bose, 1898)

O0ln_order to imitate the rotation by liquids like sugar
solutions, | made elements of 6 mo | e c of twisteddjute € 6

60GHz

J.Bose.

spark mm-wave polarizer Proc. Royal Soc. of London (1898)

source

analyser detector

Chiral meta-Molecule Anisotropic meta -Molecule
(twisted jute) (metal sheets alternated with paper)



pact of Metamaterials on Fundamental Physics #1
Optical Magnetism & Negative Refraction
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Impact of Metamaterials on Fundamental Physics #2
Reciprocal Asymmetric Transmission
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Impact of Metamaterials on Fundamental Physics #3
Toroidal Dipole

Magnetic Electric
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Designing Resonances: EIT & Fanoesonances

Electromagnetic Induced Transparency Electromagnetic Induced Transparency
& stopped light in Atoms & stopped light in Metamaterials
&
Pump 2
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Plasmonic EIT Controlling EIT Papasi makis, Fedotov,
PRL(2007 & 2008)

Luk'yanchuk, Zheludev &
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Sharp resonances in superconducting metamaterials

Array of halls in high -T, superconductor YBCO, Q>60 Spiral meta-molecule in supercond. niobium
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Sensor Metamaterials m

Hydrogen Palladium Sensing Non-specific Protein Sensing Soecific streptavidin prot. sensor
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Tittl , € Gi es s en Xu, Xiong. Xiaojun Wua, € L
Nano Letters (2011) Nanoletters (2011) Biosensors and Bioelectronics (2013)
Srain sensors for orthopaedics Glucose sensor
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Nano. Lett.. 2010);

Wang, €& Zha
(2013)

Blood pressure monitoring with metamaterial antennas

Noh é Kim
Electr. Lett. (2014)
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~>180 papers Designing Anisotropy & birefringence

Epsilon zero metamaterials Wave guiding in Epsilon zero MMs
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Controlling polarization: chirality
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Controlling boundary conditions: Perfect absorber
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