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Important applications: visible and ultraviolet lasers and LEDs

Significant excitation
dependences in
Strong many-body interaction transition energies

and matrix elements

Interesting physics: Strong quantum-confined Stark effect
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LED efficiency

Internal Quantum ' # photons created
Efficiency # electrons injected
Wall plug l

: — IQE Noutcouplin
efficiency eV QE Tlouteoupling

Y
1 External quantum efficiency (EQE)

{ Heh + | R «— Series resistance

Chemical potential € (=0 for ‘Manley-Rowe’ limit)
separation



ABC model for LED efficiency

Carrier density rate equation

Injection efficiency
(carrier overshoot and escape)
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ABC model for LED efficiency

Carrier density rate equation

Carrier losses

Injection efficiency
(carrier overshoot and escape)

dN:?gij_AN_BNZ_CN?’ \'/ \I/ i/{;/
A

dt €d 1 1 4/\/\,. ‘ "f"
Defects Auger /o\ /o\
Spontaneous .
emission Radiative Defect Auger
Steady-state
dN i
—ommp MY _ AN 4 BN?+ CN3 T,
dt ed h
2

Internal quantum efficiency

O BN? Ninj BN?
QE = J AN+ BN2 4+ (CNS3

ed Current density

IQE
7




Motivations for a more detailed model

Variation in Auger coefficient from
IQE curve fitting with ABC model
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Motivations for a more detailed model

Variation in Auger coefficient from
IQE curve fitting with ABC model
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Approach

Hamiltonian

Single-particle energies Light-matter interaction
A A
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Model
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Similar for holes

IEEE JQE 38 402, 2002 (for QW); IEEE JQE 41 495, 2005 (for QD); APL 97, 121105, 2010 (for InGaN LEDS)
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Energy (eV)

4nm Iny ,GaygN/6nmGaN, T, = 300K, v, = 5x10%3s?, vy, ;= 10131, A=107s1, C=0
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Energy (eV)

4nm Iny ,GaygN/6nmGaN, T, = 300K, v, = 5x10%3s?, vy, ;= 10131, A=107s1, C=0
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Energy (eV)

4nm Iny ,GaygN/6nmGaN, T, = 300K, v, = 5x10%3s?, vy, ;= 10131, A=107s1, C=0
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Energy (eV)

4nm Iny ,GaygN/6nmGaN, T, = 300K, v, = 5x1083s?, vy, ;= 1011, A=107s1, C=0
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4nm Iny ,GaygN/6nmGaN, T, = 300K, v, = 5x1083s?, vy, ;= 1011, A=107s1, C=0
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4nm In,,Ga, gN/6nmGaN,

Internal quantum efficiency

T, = 300K, y.. = 5x10%3s1 vy, . =1013s1, A=A, =10"s"!
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--- smaller than ABC model estimation

--- consistent with microscopic calculations



Can fit experiment with :

BN?

Summary

IQE = AN + BN2 4+ ON3

N\

Extrinsic ?

Localization
Current leakage

Defect loss

IQE

Intrinsic ?
Auger

Screening of
piezoelectric field

~5A/cm?2

'

Current density

Talk --- describes k-resolve carrier population model

--- systematic description of above effects at microscopic level

--- droop can arise from --- screening of QCSE

--- localization of SRH losses

--- Auger loss (with small necessary C)
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Excitation dependent band-structure effects

Envelope functions and
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Carrier population relaxation
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Internal quantum efficiency
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4nm In, ,Ga, gN/6nmGaN, T, = 300K, y. . = 5x10%3s1 y. . = 1013s1, A=107s1, C=0
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4nm In, ,Ga, gN/6nmGaN, T, = 300K, y. . = 5x10%3s1 y. . = 1013s1, A=107s1, C=0
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4nm In, ,Ga, gN/6nmGaN, T, = 300K, y. . = 5x10%3s1 y. . = 1013s1, A=107s1, C=0
WWC, Optics Express 19, 21818, 2011
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k-resolved LED model

Injection
current

Carrier capture
and escape
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Efficiency droop is observed under a wide range of experimental conditions —
involving different LED emitting wavelengths, polar versus non polar
substrates, with or without electron blocking layers, etc

It is possible that the differences in observed droop behavior (involving
different LED emitting wavelengths, polar versus non polar substrates, with or
without electron blocking layers, etc.) arise from differences in the relative
importance of various mechanismes.



