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Motivation Factors affecting LED performance
<+ multi-functional ITO materials are used (i) as tunn el contacts
to p-GaN, reducing contact resistance, (i) to prov  ide a better 1=20mA, diro =50 nm opview 10 aer botiom view
current density uniformity in the LED active region , and (iii) to

avoid optical losses caused by emitted light refle ction from low-
reflective metallic electrodes (ohmic contacts)

<+ each of the functions utilizes different ITO proper ties, making
non-trivial optimization of the materials parameter s and overall
chip design
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this simulation study is aimed at finding correlati ons

between the ITO properties and main LED characteris  tics . ' total emission — 23%
mean active region
simulations carried out with SImuLED package: overheating is greater than total light extraction efficiency (LEE) is ~1.5-2.0
. : . temperature variation across times higher than LEE of similar LED with
http://www.str-soft.com/products/SimuLED/ the active region metallic electrodes
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Current spreading in LED die at1=20 mA

Conclusions

<+ optimization of light extraction and current spread ing

in LED die requires contradictory approaches: LEE g rows

but current crowding becomes stronger with the ITO

thickness (or its electrical conductivity)

<+ increasing of ITO thickness improves the LED series

dro= 20 nm ~ d o= 100 nm re_SISItan.ce t.JUt does_ not provide a uniform current d ensity

distribution in the die

+ control of intrinsic ITO properties, like electrica |
conductivity and electron concentration that determ ine

« a uniform distribution of the current density canno t be obtained by variation of the light ab tion in the ITO film. i t

the ITO layer thickness; moreover, the higher the |  TO thickness (sheet electrical € lignt absorption in the lim, 1S necessary 0

conductivity), the stronger is the current crowding optimize the light extraction from LED die

« current crowding occurs at the edge of p-electrode at a small ITO thickness,
while the current concentrates at the edge of n-ele  ctrode at a large thickness




