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The non-equilibrium Green’s function (NEGF) method is applied to carrier transport of
a semiconductor light emitting diode (LED). NEGF is one of the most rigorous quantum
transport methods where the occupation of states is calculated based on scattering self
energies [1, 2]. Microscopic scattering processes and carrier coherence can thereby be
treated in a consistent way. In optoelectronic devices, the close by arrangement of mul-
tiple hetero interfaces creates potential wells or barriers similar to the carrier phase or
momentum relaxation length. The NEGF method can serve as a rigorous tool to inves-
tigate the device principles of operation in such quantum-well, -wire or -dot structures
3, 4].

1. SIMULATION MODEL AND SETUP

The simulation model is adapted to semiconductor multi-layer structures which can
be described as one-dimensional in space with open contacts at the ends. The two-band
effective mass Hamiltonian contains the energy of the electrons, photons, phonons and
their respective coupling terms. In particular optical spontaneous emission is described
as a non-local scattering process with coupling to an empty modal light field. As device
example, a Gallium Nitride single quantum-well LED emitting at around 430nm is inves-
tigated. The thin InGaN active region (3nm) and AlGaN electron blocking layer (10nm)
possess polarization charges at their respective interfaces, which cause a strong modu-
lation of the potential. In order to calibrate the scattering parameters, single material
resistor structures have been calculated prior to the LED simulation, and their effective
mobility compared to literature data.

2. RESULTS

The NEGF calculation of the single QW LED is compared to semi-classical drift-
diffusion results. Carrier capture and escape in the QW show similar behaviour, carrier
leakage and the electron blocking layer show signatures of non-equilibrium carrier dis-
tributions and tunneling currents, which are not part of the drift-diffusion description.
Issues and challenges of the NEGF method for LED analysis will be discussed.

Acknowledgments: The authors acknowledge DFG (project Polarcon) and Osram
Opto Semiconductors for funding of this work.

REFERENCES

[1] L. V. Keldysh, “Diagram Technique for Nonequilibrium Technique,” Soviet Phys JETP, vol. 20, no. 4,
1965.

[2] S. Datta, “Electronic Transport in Mesoscopic Systems,” Cambridge Studies in Semiconductor
Physics, 1997.

[3] R. Lake, G. Klimeck, R. C. Bowen, and D. Jovanovic, “Single and multiband modelling of quantum
electron transport trough layered semiconductor devices,” Journal of Applied Physics, vol. 81, no. 12,
pp. 7845-7869, 1997.

[4] U. Aeberhard and R. Morf, “Microscopic nonequilibrium theory of quantum well solar cells,” Physical
Review B, vol. 77, p. 125343, 2008.



