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Outline

• Introduction to photonic bandgap structures

• The plane-wave-expansion method (MIT method)

• 2D photonic crystal waveguides

• Planar slab photonic crystal waveguides

• Large-bandwidth planar photonic crystal waveguides

• Photonic crystal micro-cavities







The plane-wave-expansion method

)()(
)(

1
2

2

rHrH
r c






We choose to work with the wave equation for the magnetic field 

because it is a simple eigenvalue equation, and it is Hermitian for 

dielectric materials without absorption.

Eigenvector: H(r),  

Eigenvalue: 2/c2

Field expansion for structures with discrete translational symmetry:
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When the following functional is at a minimum, H is an eigenvector and E(H)

is the corresponding eigenvalue. The expansion coefficients are adjusted using

an iterative proceduce until the minimum is reached.
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Interpretation of the slope of dispersion curves (2D)

· The smooth curves in Fig. 2 correspond to the slope of the dispersion curves in Fig. 1.
· The discrete points in Fig. 2 is the energy propagation velocity calculated from the Poynting vector
and the energy stored in the fields.
· Note that the curves approach the light line in Fig. 1 as W is increased.

Fig. 1 Fig. 2
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Reference: Phys. Rev. B 61, 15688 (2000).

2D PCW with silicon rods surrounded by air. Energy propagation velocity



Considerations regarding orientation and period of planar 

photonic crystal waveguides
· A slab of a 2D PCW will usually be surrounded by a homogeneous dielectric material above and 
below the slab such as air or glass: 

Example with air above 
and below the slab

Example with glass above 
and below the slab

· If a combination of Bloch wave number and frequency is allowed in the media surrounding the 2D 
PCW slab a mode with these characteristics will leak energy into the surrounding media

· The surrounding medium should have low refractive index
· The period of the waveguide should be small - ”First orientation” is preferable

Reference: Appl. Phys. Lett. 77, 785 (2000).



Example of a silicon-on-insulator (SOI) PCW (2D)

Dispersion relations (2D)

Reference: J. Lightwave Technol. 20, 1619 (2002).



Amplitude of magnetic field squared for bandgap guided modes 

in a two-dimensional photonic crystal waveguide



Dispersion relations (3D) Amplitude of magnetic field squared for the 
bandgap guided modes

Reference: J. Lightwave Technol. 20, 1619 (2002).

Example of a silicon-on-insulator (SOI) PCW (3D)



Three-dimensional analysis of finite-height photonic

crystal waveguides

Amplitude of electric field squared for the three 
bandgap guides modes (k/2p=0.46) for a plane 
defined by the waveguide axis and the z-axis

Note the long tails of the 
electric field for mode (3)



Comparison with experiment

The measurement has been made by J. Arentoft.



Finite-height 2D photonic crystal 
waveguide suspended in air
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• The discrete bands cover only narrow frequency intervals =>               
the waveguides are narrow-bandwidth waveguides

• The bands are flat =>                                                                   
high group-index / low energy propagation velocity

Reference: Optics Communications 203, 263-70 (2002).

Design principle for achieving a large bandwidth



Idea: The dispersion curves of guided modes will approach the dispersion curves of 
a slab of the material in the line-defect when the line-defect width becomes large

Design principle for achieving a large bandwidth

Reference: Optics Communications 203, 263-70 (2002).



2D / 3D density of states
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