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Metamaterials are artificial materials
engineered to have properties that may not be
found in nature.

Metamaterials usually gain their properties
from structure rather than composition, using
small iInhomogeneities to create effective
macroscopic behavior.

\ (from Wikw
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http://en.wikipedia.org/wiki/Homogeneity_%28physics%29
http://en.wikipedia.org/wiki/Effective_medium
http://en.wikipedia.org/wiki/Effective_medium

What this talk is NOT about....
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Fig. 15.4. (a) Schematic structure of a substrate-emitting GalnAs/GaAs RCLED
consisting of a metal top reflector and a bottom distributed Bragg reflector (DBR). The
RCLED emits at 930 nm. The reflectors are an AlIAs/GaAs DBR and a Ag top reflector.
(b) Picture of the first RCLED (after Schubert ez al., 1994).

Distributed Bragg Reflector (DBR) in surface-emitting semiconductor
laser
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Itis also NOT about....

CST

M

=]

Photonic Crystal with a bend defect
(Computer Simulation Technology)
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- Increasing energy

Increasing wavelength >
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DBR, photonic crystal spacing ~ 300nm optical path length
(about 100nm in high refractive index materials, eg. Si)
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/ If feature size << optical wavelength \

(say 10-100 times smaller)............
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If feature size << optical wavelength
(say 10-100 times smaller)
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The wave sees t he

Nnave
... a true electromagnetic metamaterial
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ANnCarpet c¢cloako at opticaindeX requencile
metamaterial
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http://xlab.me.berkeley.edu/publications/pdf
s/161.NL2011_Majid.pdf
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- Increasing energy

Increasing wavelength >
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At microwave frequencies
(/a 1cm), the
metamaterial can have
features that are nearly
millimetric in size!
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Engineering the refractive index of a material has
several applications
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Engineering the refractive index of a material has
several applications

... Especially if it can be made NEGATIVE!

Schurig J.J. et al, Metamaterial electromagnetic
cloak at microwave frequencies, Science
14(5801):977-980, 2006

Pendry J, Phys Rev Lett 85(18):3566-3969,
October 2000
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Negative Refractive Index

incident ray
E Snell 6s Law
! n=sini/sinr
n=c/v

/

Speed of light in medium can
be calcul ated
Equations
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