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Material Description Waves

Crystalline solid Crystalline atomic lattice Electron Waves

𝛹 Ԧ𝑟

Photonic crystal Periodic dielectric structures Photonic Waves

𝐻 Ԧ𝑟 , 𝐸 Ԧ𝑟



4

𝑛 Ԧ𝑟 + 𝑅 = 𝑛 Ԧ𝑟 ∀𝑅𝜖 direct lattice

𝑛 = 𝜀𝑟𝜇𝑟 Optical regime 𝜇𝑟(ω)~1

Classical photonics: electromagnetic waves 
that propagate according to Maxwell equations 

Periodic permittivity 𝜺(𝒓)

1D 2D 3D

Wavelength of light    λ~a

a

Periodicity leads to constructive and destructive interference
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𝐷 Ԧ𝑟 = 𝜀 Ԧ𝑟 𝐸 Ԧ𝑟

𝐵 Ԧ𝑟 = 𝐻 Ԧ𝑟

𝐸 Ԧ𝑟, 𝑡 = 𝐸 Ԧ𝑟 ⅇ−ⅈ𝜔𝑡

𝐻 Ԧ𝑟, 𝑡 = 𝐻 Ԧ𝑟 ⅇ−ⅈ𝜔𝑡

Monochromatic fields

𝛻 ⋅ 𝐵 = 0

𝛻 ⋅ 𝐷 = 0

𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡

𝛻 × 𝐻 =
𝜕𝐷

𝜕𝑡

𝛻2𝐻 Ԧ𝑟 +
𝜔

𝑐

2

𝜀 Ԧ𝑟 𝐻 Ԧ𝑟 = 0

Helmholtz Equation

Transversality conditions
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Schroedinger Equation

𝛻2𝐻 Ԧ𝑟 +
𝜔

𝑐

2

𝜀 Ԧ𝑟 𝐻 Ԧ𝑟 = 0
−ℏ2

2𝑚
𝛻2𝛹 Ԧ𝑟 + (𝑉 Ԧ𝑟 − 𝐸)𝛹 Ԧ𝑟 = 0

Helmholtz Equation
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𝛻 ×
1

𝜀 Ԧ𝑟
𝛻 × 𝐻 𝑟 =

𝜔

𝑐

2

𝐻 Ԧ𝑟

Introducing the Maxwell operator 𝜃 =𝛻 ×
1

𝜀 Ԧ𝑟
𝛻 ×

𝜃 𝐻 Ԧ𝑟 =
𝜔

𝑐

2

𝐻 Ԧ𝑟

Master Equation
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Eigenfunctions Bloch Functions

𝐻(Ԧ𝑟) = ⅇⅈ𝑘 Ԧ𝑟𝑢(Ԧ𝑟)

Solutions can be represented in the reciprocal lattice

ε Ԧr is invariant under translation

𝑢 Ԧ𝑟 + 𝑅 = 𝑢 Ԧ𝑟 ∀𝑅𝜖 direct lattice

Nonreduntant values for the wavevector k First Brillouin zone
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Uniform 𝜀
ω = ck

Photon dispersion relation

Air Band: lower refractive index

Dielectric band: higher refractive index

Strong analogy to the semiconductor band structure

Photonic bandgap: forbidden frequencies

∆𝜀
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𝜀 = 13 ∆𝜀 = 1 ∆𝜀 = 12

Photonic bandgap: frequencies that cannot propagate into the material

Band structure can be calculated with numerical techniques
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Gap for TM Gap for TE

Bloch states characterized by a polarization index
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Inserting extra dielectric material
(DONOR ATOMS)

Removing some dielectric material
from the unit cell

(ACCEPTOR ATOMS)
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Many wavelength away from the defect, 
the modes should look similar to the modes
of a perfect crystal

Defects permit localized modes to exist, 
with frequencies inside the photonic band gap

Possibility to guide and trap light with great efficiency
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• Control of spontaneous emission

• Waveguides

• Mirrors

• Microcavities

• Light emitters

• Photonic circuits
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