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How To Simulate in 3D?
Computational Resources 3D
on a Compaq AlphaServer ES40, 667 MHz

and at the same time

Work Efficiently?!

[0 Need a Multi-Dimensional
Implementation (OO-Software)

[0 Need a Possibility to

* Mesh Vertices: ~40’000|
2D-L I

« Mesh Vertices: ~6'000 |* RAM: ~6 GB

Handle 3D Structure 2D-X .
0 Need a Design Methodology + CPU Time: 1 week
i i y . i - * RAM: ~900 MB
Hierarchical Approach 1D Mesh Vertices: ~2'500 |
« CPU Time: ~1 day * RAM: ~3GB
+ Mesh Vertices: ~200 + RAM: ~300 MB « CPU Time: ~ 1 day
Laser-Rate-
Equations « CPU Time: ~hours * RAM: ~600 MB
oD * RAM: ~100 MB « CPU Time: ~hours

« CPU Time: ~minutes * RAM: ~200 MB

¢ CPU Time: ~10 minutes

* RAM: ~70 MB Hydrodynamic

1D 2D-X (cross section) 2D-L (Iongitﬁ‘di‘na!) * CPU Time: ~minutes Isothermal

Integrated Systems Laboratory mzmich Integrated Systems Laboratory mzmich

. . Optical Confinement Factor M h . ST FCLIE S0 LIt .
Hierarchical ApproaCh J/ (Overlap with Active Region & Mirror Losses)  Rp, R Electronics OpthS
« Hierarchy of Confinement Factors < Internal Quantum_Efficiency Ni
(Due to Current Spreading)
« Hierarchy of Approximations L Thermal Confinement Factor K Poisson Equation: Complex Wave Equation:
(Due to Lateral Heat Flux) i Y @f

i, Continuity Equations:

n,p
i Photon Rate Equations:
| s
Energy Balance
rv = Equations: Tg, Ty, T) y: Electrostatic Potential
Rate-Eqns. |<g— = n/p: Electron/Hole Density
oD - Tem: Carrier/Lattice Temperature
. A ical Wave Ampli .
1D Quantum Carrier Model: ;‘U Optllca ave Amplitude Gain Model:
np : Cavity Resonance Frequency G
! S: Photon Number
. i G: Optical Gain
ni l‘H .....
Kin RENEmERai AR f

2D-X

Integrated Systems Laboratory mZUrich Integrated Systems Laboratory mZunch




Optical Intensity
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Results: 2D Longitudinal
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Results: 3D Isothermal Simulation
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Results: 2D Cross Section Zw"i
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3D Results: Truncated Contacts
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Conclusion

« 3D Electro-Opto-Thermal Simulation is

(Very) Expensive

* Good Simulation Procedure is based on

Hierarchical Modeling

* Thermal Gradients Very Small for

Outlook
Required for Multi-Section Lasers and
Semiconductor Optical Amplifiers

Typical Fabry-Perrot Lasers
« 3D Electro-Opto-Thermal Simulation

Contact 1

3D Results: Multi-Section Laser

Contact 2
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