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Motivation: the connected world
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Motivation: bandwidth, bandwidth, and banwidth

More bandwidth and lower power 
consumption needed at all scales:

• Board-to-Board
• Chip-to-Chip

• Rack-to-Rack
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Bringing light to the chip: a More-than-Moore solution
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Light on chip: Laser is the Holy Grail
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Integrated laser is the only missing piece: a Ge Laser?
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Ge-Laser
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TOWARDS A LASER MONOLITHICALLY INTEGRATED IN THE SILICON PHOTONICS: 
how to turn a group IV semiconductor in a direct band gap material
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Ge-Laser
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Modeling strategy
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FROM MATERIAL PROPERTIES TO FULL 2D OPTOLELECTRONIC SIMULATIONS: UPSCALING 

QUANTUM MODELING OF THE ELECTRONIC 
PROPERTIES (TB). EXPERIMENTAL VERIFICATION

•Multi-valley effective mass and deformation potential theory
•Direct and indirect recombination from Fermi golden rule
•Spatially resolved excess carrier distribution (Surface, Auger, and SRH 
recombination, doping and carrier diffusion)
•Strain effect on the dipole matrix elements

•Spatially resolved self-absorption effects to relate Rint() to external PL

INPUT IN WIAS TeSCA:
• Device 2D geometry including doping. FB cavity with or w/o aperture
• Spatially-resolved spectral gain as a function of carrier density, strain, and polarization

Calculation includes
• the van Roosbroeck system
• the Helmholtz equations for the transverse optical field
• the balance equations for the corresponding photon numbers

MATERIAL FABRICATION AND FEM OF THE ELASTIC 
PROPERTIES. EXPERIMENTAL VERIFICATION

FULL 2D OPTOELECTRONIC SIMULATIONS

STRAIN FIELD

OPTICAL PROPERTIES
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Results and Outlook
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Results and Outlook
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