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1. Photonic crystals

• Optical components
• Solar cells
• Lasers
• Quantum computing
• Etc.

• Periodic refr. index + Complex structure => Manipulation of light

3. DG multiscale method 4. Convergence

Applications

[1] K. Ho, C. Chan, C. Soukoulis, R. Biswas, M. Sigalas, Solid State Commun. 89, 413 (1994)
[2] Di Pietro & Ern, Mathematical Aspects of Discontinuous Galerkin Methods, Springer (2012)
[3] Brandsmeier, Schmidt & Schwab, J. Comput. Phys. 230, 349 (2011)

References
[4] Brandsmeier, Standard and Generalized hp-Finite Element Discretizations for
Periodic Structures, PhD Thesis (2013)
[5] Yeh, Yariv & Hong, J. Opt. Soc. Am. 67, 423 (1977)

[6] Yariv & Yeh, Optical Waves in Crystals: Propagation and Control of Laser
Radiation, John Wiley & Sons (1983)
[7] S.G. Johnson and J.D. Joannopoulos, Opt. Express 8(3), 173 (2001)

2. Problem formulation in 1D

Multiscale character
• Micro-scale: Unit cell
• Macro-scale: Whole crystal

Computations
• Crucial tool for physics
• In 3D extremely demanding

Goal: Obtain a size-robust numerical algorithm.

We	solve	the	Helmholtz	equation:

• 3456 7 + 9

:

5
; 7 6 7 = 0, for all 7 ∈ Ω

• 346 Γ∓ ± iC6 Γ∓ = 346DEF Γ∓ ± iC6DEF Γ∓

• 6DEF(7) = IDJKLM4

Bloch	modes	≡ solutions	to	a	globally	periodic	problem:

• 3456WXY 7 + 9

:

5
; 7 6WXY 7 = 0, for all 7 ∈ [0, \]

• 6^_`Fa 7 = 6WXY 7 IDJ4, 6WXY 7 = 6WXY 7 + \

• Multiscale	Discontinuous	Galerkin finite	element	basis:	
Bloch	modes	in	ΩFY, piecewise polynomials in ΩXgh

• The	whole	crystal	treated	as	one	finite	element
• Our	method	is	size	robust

• ;l = 13F/m, ;5 = 3F/m, qXgh = 10, qFY = 10

• 9

r:
= 0.8, ℎvDF = 10wx

• yXgh = 2
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