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Introduction: What is Light Extraction? 
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Light is generated, light leaves. 

Light extraction efficiency (LEE) 

Light that leaves the thing 

Light generated inside the thing 



Applications for Light Extraction 
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Light Emitting Diodes 
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§  Much more efficient than 
light bulbs 

§  Can be tuned to specific 
wavelengths 

§  Can be modulated at very 
high speed 

§  Easy to manufacture in 
large quantities 



Light Extraction Problem 
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§  Most semiconductor materials are optically dense 
§  Total internal reflection traps light 
§  Trapped light just gets reabsorbed as heat 



Light Extraction Model 
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Light Extraction Model 
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Isotropic Radiator w/ Perfect ARC 
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§  LEE is just the fraction of solid angle subtended by the 
escape cone 

§  Let n = 3.5 (typical for LEDs) 
§  Critical angle θc ≈ 15 degrees 

LEE evaluates to 1.7 % !!! 



Directionality 
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§  Perfect isotropic radiation is hardly a reality 
§  Treat each recombination event as a Hertzian dipole 
§  Radiation profile exhibits directionality 



Directionality 
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§  Convert to polar coordinates and account for 
directive gain 

§  Integrate transmittance over the top hemisphere 



Perpendicular Hertzian Dipole w/ ARC 
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Parallel Hertzian Dipole w/ ARC 
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Parallel Hertzian Dipole w/ ARC 
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Multiply LEE by 2 if a 
mirror is placed at the 
back contact 
 
Typical semiconductor 
indices range between 
2.5 and 4.0 
 
Account for Fresnel 
reflection (FR) as well as 
anti-reflection (AR) 
 
LEE is generally limited 
to 5 % or less! 
 



Lambertian Scattering 
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Summary (n > 2) 
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Surface Roughening 
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§  Nature overwhelmingly tends toward diffuse scattering 
§  We can use this to extract more energy via multiple 

bounces with a back mirror 
§  How much can we extract under lossy conditions? 



Absorption Factor 
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§  What fraction of total energy is absorbed with each 
bounce? 



Extraction Factor 

17 

§  What fraction of total energy escapes with each bounce? 



Light Extraction Efficiency 
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§  Keep bouncing back and forth to produce an infinite 
series. 

§  Calculate total power that escapes 



Trapping/Extraction Parallels 

19 

Light Trapping 
 

§  Get light into the 
semiconductor 

§  ARC is better than no ARC 
§  More attenuation is better 
§  Thicker film is better 
§  Surface roughening helps 

Light Extraction 
 

§  Get light out of the 
semiconductor 

§  ARC is better than no ARC 
§  Less attenuation is better 
§  Thinner film is better 
§  Surface roughening helps 



Spherical LED with ARC 
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Antireflective 
coating 

§  Is this a good idea or a bad idea? 



QUESTIONS? 
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EDX™ 


