
Photonic Crystals



Light in vacuum

Dispersion relation Density of states



Light in a crystal

Light moving in a periodic structure will be diffracted 
when the diffraction condition is satisfied.
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Any periodic function can be 
represented as a Fourier series
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G = reciprocal lattice vector (depends on the Bravais lattice)

Every Bravais lattice has a reciprocal lattice. 



Reciprocal space
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K-space is a space of plane waves.

Plane wave:

A k-vector points in the direction that the wave is moving.
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Diffraction condition

a wave will be diffracted if the wave vector ends on one of the planes 

For every G there is a -G so the 
diffraction condition can also 
be written ask
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Brillouin zones

1st Brillouin zone consists of the k-states around the origin that can be reached 
without crossing a plane.
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Bloch Theorem
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Eigen function solutions of the translation operator have Bloch form. 

Bloch form 
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These k's label the symmetries 
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periodic function

Any wave function that satisfies 
periodic boundary conditions 



Inverse opal photonic crystal

http://ab-initio.mit.edu/book



Empty lattice approximation
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Empty lattice approximation



Plane wave method
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Central equations:

       G k k Gκ κ+ = ⇒ = −
  

 

collect like terms:



Plane wave method
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Central equations:

Choose a k value inside the 1st Brillouin zone. The coefficient Ak is coupled 
by the central equations to coefficients Ak outside the 1st Brillouin zone. 
Write these coupled equations in matrix form. 
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There is a matrix like this for every k value in the 1st Brillouin zone. 



Close packed circles in 2-D

Solved by a student with the plane wave method
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Uniform speed of light



2-D array of air columns

http://ab-initio.mit.edu/book/
Student project



http://ab-initio.mit.edu/book/

Use the plane wave method to 
calculate photon dispersion 
relations and densities of states.



2-D array of air columns



http://lampx.tugraz.at/~hadley/ss1/dbr/dos2cv.html
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