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Photonic Crystals- Semiconductors of Light 

Semiconductors

Periodic array of atoms

Atomic length scales

Natural structures

Control electron flow

1950’s electronic revolution

Photonic Crystals

Periodic variation of dielectric 
constant  

Length scale ~ λ

Artificial structures

Control EM wave propagation

New frontier in modern optics



“ If only were possible to make materials in which electromagnetically waves cannot 
propagate at certain frequencies, all kinds of almost-magical things would happen”

Sir John Maddox, Nature (1990)



Photonic Crystals History
1987:  Prediction of photonic crystals

               S. John, Phys. Rev. Lett. 58,2486 (1987), “Strong localization of photons  
                   in certain dielectric superlattices”
                   E. Yablonovitch, Phys. Rev. Lett. 58 2059 (1987),  “Inhibited spontaneous 
                   emission in solid state physics  and electronics”

         1990: Computational demonstration of photonic crystal
                 K. M.  Ho, C. T Chan, and C. M. Soukoulis,  Phys. Rev. Lett. 65, 3152 (1990)

       1991: Experimental demonstration of microwave  photonic crystals
               E. Yablonovitch, T. J. Mitter, K. M. Leung, Phys. Rev. Lett. 67, 2295 (1991)

       1995: ”Large” scale 2D photonic crystals in Visible
               U. Gruning, V. Lehman, C.M. Englehardt, Appl. Phys. Lett. 66 (1995) 

  1998: ”Small” scale  photonic crystals in near Visible;  “Large” scale      
                 inverted  opals

       1999: First photonic crystal based optical devices (lasers, waveguides) 
 















Natural opals

Natural Photonic Crystals:   
Structural Colors through Photonic Crystals

Periodic structure  striking color effect even in the absence of pigments



Requirement: overlapping of frequency gaps along different directions 
 High ratio of dielectric indices
 Same average optical path in different media
 Dielectric networks should be connected

J. Wijnhoven & W. Vos, Science (1998)S. Lin et al., Nature 
(1998)

Woodpile structure Inverted Opals

Artificial Photonic Crystals



  Photonic Crystals 
 complex dielectric environment that controls the flow of  radiation
 designer vacuum for the emission and absorption of radiation

Photonic Crystals:  Opportunities

  Passive devices 
 dielectric mirrors for antennas
 micro-resonators and waveguides 

  Active devices 
 low-threshold nonlinear devices
 microlasers  and amplifiers 
 efficient thermal sources of light

 Integrated optics
  controlled miniaturisation
  pulse sculpturing





Science 328, 327 (2010)





Metamaterials. Negative 
refraction.

Purdue university—Nanophotonics & 
   Metamaterials ECE 695s

http://cobweb.enc.purdue.edu/~ece695s

D.R. Smith at Duke University—

http://people.ee.duke.edu/~drsmi
th/pubs_smith.htm
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