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Hamiltonian
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Coulomb interaction between carriers

dipole interaction with optical field

carrier phonon interaction (LO phonons)



Semiconductor Bloch Equations
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* Nonlinearities: phase space filling, gap reduction, Coulomb enhancement
e Correlation contributions: scattering, dephasing, screening
e Band structure: 8-band (10-band) k.p-theory



Modal gain (cm™)

Gain Modelling in Ga,glng 4N, As,  /GaAs
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» Excellent theory-experiment agreement

» Higher threshold density in GalnNAs

» Higher carrier density required for similar peak gain in GalnNAs

Exp.: L. Shterengas, G. Belenky, J.-Y. Yeh, L.J. Mawst, N. Tansu, see Thrinhardt et al., Appl. Phys. Lett. 86, 201117 (2005).




Linewidth Enhancement Factor in Ga,¢lny 4,N,As, , /GaAs
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» Excellent theory-experiment agreement
* Decrease of LWEF by addition of nitrogen (GalnNAs vs GalnAs)

* Very slight increase of LWEF with further addition of nitrogen

Exp.: L. Shterengas, G. Belenky, J.-Y. Yeh, L.J. Mawst, N. Tansu, see Thrinhardt et al., Appl. Phys. Lett. 86, 201117 (2005).



Type I-Type lI-Transition in
Ga, -,In, ,3As/GaN,As, .-Nanostructures

Photomodulated Reflectance
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» Excellent theory-experiment agreement

* Type I-Type ll-Transition with increasing nitrogen content

» Consistent set of bandstructure parameters

* Increasing nitrogen content x leads to change of (spatially) direct -> indirect
transition, slower radiative decay, see also poster tomorrow (WP2)

Schlichenmaier et al., Appl. Phys. Lett. 86, 081903 (2005); Hantke et al., Phys. Rev. B 71, 165320 (2005).



Type |l —-Type ll
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Electron wave function

Hole wave function
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Radiative Decay Time
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 B-coefficient good approximation for densities below lasing threshold

» Density-independence of 1 in type I-sample for high densities due to
change from Boltzmann-like to degenerate Fermi distribution

» Effect compensated in type lI-sample due to Coulomb attraction between
electrons and holes



Carrier Dynamics in Semiconductor Quantum Wells
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Electron Density -
Deviation from initial distribution

Extraction of Effective Relaxation Times

020 T T T T T T T T

0.15

0.10

0.05

0.00

Ofs
—— 25fs
—50fs
75fs
— 100fs
— 250fs

100 150 200
Energy (meV)

Phonon replica

50 300

» Simple evaluation
» Exponential fits work well

» T good measure for scattering strength
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Typical Effective Electron-Hole Scattering Times
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Typical Effective Electron-Hole Scattering Times
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Carrier Scattering
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(In, ,Ga, gAs-GaAs)
« Hole scattering faster than electron scattering because of larger effective mass
« Comparable Times for hole burning (stars) and carrier excitation (circles/boxes)

» Slow scattering around chemical potential — scattering rate may decrease for
increasing density

* No clear density dependence of scattering times



Typical Effective Electron-Hole Scattering Times
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Type II GalnAs/GaNAs
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Conclusion/Outlook

» Microscopic theory shows excellent agreement with experiment (gain, LWEF,
photomodulated reflectance, time-resolved photoluminescence)

 Large deviations from dN/dt = -BN2 for lasing densities

» Optical pumping may cool carrier distribution

 Effective scattering rates may be extracted but depend on structural parameters,
temperature and carrier density and distribution

« Scattering may become slower for increasing carrier density

» Scattering times may be used for parametric studies in simplified model, see
A.Thranhardt et al., Appl.Phys.Lett. 85, 5526 (2004). => modelling of
nonequilibrium gain
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