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Efficiency of InGaN LEDs: Beyond a total carrier density model
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Details: IEEE JQE 38 402, 2002 (for QW); IEEE JQE 41 495, 2005 (for QD); APL 97, 121105, 2010 (for InGaN LEDSs);
Optics Express 19, 21818, 2011 (for QCSE screening).
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" Description in terms of momentum-resolved carrier populations

Auger carrier loss

Localized defect loss
4nm In,,Ga, gN/6nm GaN, T, = 300K, vy, . =5x1013s1, y. . =108s1, A=A =107's"?
4nm Iny,Gay gN/6 nmGaN, T, = 300K, y,... =5x10%3s1 y. . =1083s1, C=0 0.8

Excitation-induced bandstructure changes

4nm Iny ,Gay gN/6nm GaN, T, = 300K, y. . = 5x10%s™, y. , = 10st, A=107"s1, C=0
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® Required Auger coefficient (C)
--- smaller than ABC model estimation
--- consistent with microscopic calculations

(a) _

Energy (eV)
Energy (eV)

Energy (eV)

Carrier
population

20 40 60 80 100 120
Growth direction (nm)

Plans: Comparison with experiment and extension of model

Model verification (Fy12)

Challenge: fitting experimental
temperatures.

Compare polar versus non-polar LEDS (FY13-FY14)

Challenge: Extend model to account for increased bandstructure
asymmetries with arbitrary QW/crystal orientations.

Extend model to compute optical emission spectra
(FY12 - FY13)

Theory/experiment comparison, correlating IQE data and
spontaneous emission spectra, will allow determination of carrier
distributions (carrier density and plasma temperature) In
experiments. Should significantly improve identification of physical
mechanisms affecting IQE. Challenge: incorporate many-body
Coulomb effects.

IQE versus current for range of

Application of model (FYi12-FY14)

Investigate defect, carrier transport and Auger contributions to IQE.
SRH and Auger coefficients extracted from experiments will be more
precise than ABC model, because spontaneous emission, carrier
capture and leakage are not treated using free parameters.

Investigate cavity-enhanced optical emission (FY14)

Incorporate stimulated emission and resonator effects. Extended model
will enable consistent description of device operation from LED to
cavity-enhanced LED and from cavity-enhanced LED to laser operation.
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