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KJ. Features of ITI-nitride LED modeling \
+ Critical physical mechanisms
- carrier recombination in InGaN QW
- polarization doping
- current crowding in LED dice
- light conversion

+ Unsolved problems

! Future developments /




4 Multi-scale problem and
o simulation approach
E— Targets Scales Tools

Epi level =  Design and )
optimization of  ~1-100 nm [ SiLENSe }
LED structures

results
transfer
Chip level =  Design and
optimization of ~1-1000 ym | °PECLED
LED chips RATRO
results
transfer
Design and

Device level optimization of .
¥ B % Ac s ~0.01-1.0cm [ SimuLAMP }

lams, arrays,
etc.

http://www.str-soft.com/products/SimuLED



Mechanisms involved in LED operation

Interrelation of physical phenomena

Epi level

carrier ftransport
in heterostructure,

heat
transfer

\ 4

recombination and
light emission

Chip level

\4

current spreading

A

in LED die and
light extraction

\ 4

Device level

\ 4

light scattering

\ 4

and conversion in
LED lamp/arrays

Involved in LED operation

Multi-disciplinary physics

v elasticity & electro-mechanical coupling
v dislocations & interaction with carriers
v electrostatics & spontaneous polarization
v' band structure with strain effects

v' carrier transport & recombination

v' quantum mechanics

v' current flow in a complex structure
v' ray tracing and scattering by surface
textures

v heat transfer

v electrodynamics & wave scattering

v light conversion, including multi-phosphor
interaction

v spectral ray tracing

v' colorimetry
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Carrier recombination
INn InGaN QW active
region



Non-radiative recombination in llI-nitride
materials: effect of TDs
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Auger coefficient (cm  °s™)
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different trends in the

Auger coefficient variation

with the bandgap for

direct- and indirect-
bandgap materials; InGaN

obeys the latter trend

Auger recombination in llI-nitride
semiconductors

ABC-model: mp
j =qd(An+Bn’+Cn®
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ab initio
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both QW
thickness and
composition
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DOS tails in
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H IQE of InGaN SQW LED structure vs

—m current density and temperature
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Distributed polarization
doping in LED structures



13 Distributed polarization doping (DPD)
In graded-composition materials
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Using DPD for performance

— Improvement in deep-UV LEDs
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Current crowding In
LED dice



16 Current localization in LED die with
ITO spreading layer

[
— 4+ the principal origin of current crowding is nonlinear
| = 20 mA resistance of the p-n junction, depending on temperature

<+ a more pronounced current crowding results in a lower
LED series resistance:

R =p,L,/Rd,

P, and d, are the specific resistance and thickness of
the n-contact layer, L, is the current spreading length
and P, is the outer perimeter of the n-electrode
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17 Current crowding effect on light
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18 Reduction of the crowding effect on
LEE via LED chip design
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Light conversion In
LED lamps
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Modeling of light conversion in
white-LED lamps

4+ many phosphors and/or conversion
media - spectral ray-tracing

+ temperature-dependent phosphor
QE and LED characteristics —
coupled optical/thermal analysis
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Effect of white LED operation conditions

— on the white light quality
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Prediction of emission spectra and

Intensity (a.u.)
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INN mole fraction

Technological factor: effect of In surface
segregation on InGaN QW profile
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4+ to account for and utilize in practice unique properties of III-nitride
materials, a number of critical mechanisms should be considered: multi-
channel recombination in LED active region, distributed polarization
doping, 3D coupled current spreading & heat transfer in LED dice, multi-
phosphor light conversion, etc.

4+ a number of issues, like enhanced electrical conductivity in LED
structures, impact of carrier localization on the emission spectra, cavity
effects, microscopic nature of Auger recombination, etc. should be
studied experimentally and theoretically in future to generate respective
physical models

4+ strong influence of technological factors on III-nitride LED properties
requires a coupled simulations of the heterostructure epitaxial growth and
device operation
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