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Motivation

= Challenge: Optical Simulation of large (1000s xA)
optoelectronic devices (LEDs, BA Lasers)

= Usually two different approaches
FEM/FDTD

- Accurate
- Considers wave nature l<— 1.0 mm —>

- Computationally expensive

Ray Tracing

AlGalnP ac-
7 }\live region
p-type GaP

Krames et al., 1999

- Fast

- Not necessarily robust

- Loss of wave nature

September 2, 2008 Martin Loeser, Bernd Witzigmann 2



Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Ultra-Weak Variational Formulation*

= Discontinuous Galerkin FE-Method for inhomogeneous
Helmholtz equation

Au+w?u = —fin
ou 0Q2

— +iwu = 0 on IN2
on

= UWVF Solves problem on the boundaries of the domain

= Base functions n satisfy homogeneous Helmholtz equation
on each patch but may be discontinuous across boundaries

= Linear equation system to be solved with GMRES

*: Huttunen et al. J Comp Phys 223, 2007
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Variational Formulation

J J
Z/ zk( Uk +zw?7k)ds Z/IJ( il +Ew??k)dﬁ 2zw2/f?;kd0 vne H

k aa,, ey

e =1la.. A +w?y =0 on Q e —du

= Special choice of base functions
— only boundary integrals on LHS
— here: plane waves, #angles user choice

= Solution in source regions requires additional
“traditional” FEM calculations

= Known numerical issue: ill-conditioning
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Benchmark Example

= Problem dimension: 1°000A x1’000A

= Source region in center of domain

= UWVF (ca. 50x\) JHR
1.4 million DoF | S
543 million non-zero matrix entries \\\.
= FEM (M/25) B
625 million DoF .
5625 million non-zero matrix entries * -1
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Solution (1000A)2

35.6 Gbyte memory
25min. (8 processors)
Relative Error < 1.5%

Standard FEM not
applicable
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= Standard FEM for active
region (spont. Emission
sources) \m

= Typically small for OE
devices

= Relative Error < 1.5%

O 495

049

0. 49 0 495 0 5 0 505 0. 51
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= PETSc Solver®:
computation time
~1/nupto8
Processors.

Computation Time [s]

0 2 4 6 8 10 12 14 16
Number of Processors

*: www.mcs.anl.gov/petsc
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Performance 2: Information Reduction

= Accuracy of solution:

Discretization 33
#Angles for base function .
= In many cases: only one @
dominant direction of §<§
propagation o%
= Memory reduction from -
36GB to 17GB with same : 8
rel. error for (1000A.)? _ I B
example. 8 | | |
= A priori or a posteriori A L A
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With increasing accuracy the matrix condition also increases.
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Strategy to Control Matrix Condition
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Dynamically adjust the number of base functions on each patch.
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Simulation Example: ‘LED’ Simulation ()

Semiconductor active region
(n=3) (n=3)

I
< 500 A >
Air (n=1)

LED-like structure with large active region emitting into free space.

September 2, 2008 Martin Loeser, Bernd Witzigmann



Eidgendssische Technische Hochschule Zirich

T g = ¢ G 7 LTI
Swiss Federal Institute of Technology Zurich 2 3 o e VI e

Extended Features: LED Simulation (ll)

LED full structure _ Zoom
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= |nside semiconductor: standing wave pattern, waveguide
effects.
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Extended Features: LED Simulation (lil)

2 5e.08 — — — theoretical
computed

180
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Computed and predicted radiation pattern match very well.
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Conclusion and Outlook

= The UWVF as efficient strategy for solving the
iInhomogeneous Helmholtz equation on ‘optically
large’ domains

= Two independent ways to reduce computation time
Parallelization
Information reduction

= Formalism applicable to LED-like structures

= Qutlook: transition to 3-D domains, vectorial
electromagnetics
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