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Quantum-dot absorption/gain spectra

Experiment Calculation
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Peak Gain (103cm?)
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Relevance to laser operation
InGaAs QD, 300K, N, =5x10%cm2

Gain saturation Carrier-induced refractive index
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Quantum well
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Underlyinlg physics
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Many-body effects
(Quantum statistics + Coulomb interaction)
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Strong influence from wells
Schneider, Chow, Koch, PRB 64, 115315, 2001



Many-body effects

Hartree-Fock (mean field) Correlations
Bandgap renormalization Relaxation, dephasing
Exciton/Coulomb Enhancement and screening
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Hamiltonian
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Material peak gain (103cm-1)
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Quantum-dot cavity-quantum-electrodynamics (QD-CQED)

Single electron in quantum dot interacting with microcavity field
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Control of spontaneous emission




Quantum-dot cavity-quantum-electrodynamics (QD-CQED)

Single electron in quantum dot interacting with microcavity field + phonon bath
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Modification of photon statistics

2nd_order correlation function
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Experiments
First step is demonstration of strong light-matter interaction

Optically pump

Plasmon mediated
Early demonstrations
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Experiments
Mid-IR emitter using inter-conduction-state transition in InAs quantum dots

(Sandia/U. Mass./Princeton)
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Observation of strong light-matter interaction in electrically-excited
InAs quantum dots (Sandia/U. Mass./Princeton)
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Physics underlying QD laser behaviors

Lasers

Intrinsic laser properties determined by Coulomb correlations
Quantum optics

Control of photon statistics
Experiment

Strong light-matter interaction possible at high temperature
and with current injection
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