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Absorption of belowAbsorption of below--bandgap light in semiconductorsbandgap light in semiconductors
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•• Semiconductors do absorb belowSemiconductors do absorb below--bandgap light, although with abandgap light, although with a
much lower absorption coefficient. much lower absorption coefficient. 

UrbachUrbach tailtail : caused by phonon: caused by phonon--assisted transition, potential fluctuation such as random assisted transition, potential fluctuation such as random 
dopantdopant distribution, or chemical composition of a ternary or quaternardistribution, or chemical composition of a ternary or quaternary alloy semiconductor.y alloy semiconductor.

•• For energies sufficiently lower than the For energies sufficiently lower than the EEgg, , freefree--carrier absorptioncarrier absorption
becomes the dominant absorption mechanism. becomes the dominant absorption mechanism. Transparent substrate.Transparent substrate.

Absorption of 
Real semiconductor Experimentally (1953),Experimentally (1953),

EEUbachUbach = = kTkT



2

445.664 (Intro. LED) / Euijoon Yoon 3

Double heterostructuresDouble heterostructures

•• Double heterostructures (DHs) are optically transparent.Double heterostructures (DHs) are optically transparent.
-- The active region is, under normal injection conditions, injectThe active region is, under normal injection conditions, injected with highed with high
current densities so that the electron and hole quasicurrent densities so that the electron and hole quasi--Fermi levels rise intoFermi levels rise into
the bands.the bands.

•• All efficient LED designs use DH structures.All efficient LED designs use DH structures.
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Shaping of LED diesShaping of LED dies

•• Light rattles around and cannot escape.Light rattles around and cannot escape.

•• Die shaping promises advantages.Die shaping promises advantages.

•• However, die shaping can be expensive.However, die shaping can be expensive.
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Shaping of LED diesShaping of LED dies

•• The optimum LED would be spherical in shape with a pointThe optimum LED would be spherical in shape with a point--likelike
lightlight--emitting region. Total internal reflection does not occur.emitting region. Total internal reflection does not occur.
However, the light is still subject to However, the light is still subject to FresnelFresnel reflection at the interface   reflection at the interface   

unless the sphere is coated with an antiunless the sphere is coated with an anti--reflection coating.reflection coating.

•• Are these structures practical ??  High cost!Are these structures practical ??  High cost!
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The most common LED structureThe most common LED structure

•• Cylindrical shape advantageous over parallelepipedal shapeCylindrical shape advantageous over parallelepipedal shape
-- An escape ringAn escape ring replaces the four inreplaces the four in--plane escape cones of the rectangularplane escape cones of the rectangular
LED, which results in a substantial improvement of the extraLED, which results in a substantial improvement of the extraction efficiency.ction efficiency.

•• Additional cost of cylindrical shape Additional cost of cylindrical shape 
-- due to one more processing step (etching step)due to one more processing step (etching step)
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Truncated inverted pyramid (TIP) LEDTruncated inverted pyramid (TIP) LED

•• The TIP geometry reduces the mean photon pathThe TIP geometry reduces the mean photon path--length within thelength within the
crystal, and thus reduces the effect of internal loss mechanismcrystal, and thus reduces the effect of internal loss mechanisms. s. 

•• Additional cost of die shapingAdditional cost of die shaping

445.664 (Intro. LED) / Euijoon Yoon 8

Truncated inverted pyramid (TIP) LEDTruncated inverted pyramid (TIP) LED

•• One of the efficient LED designsOne of the efficient LED designs
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Textured semiconductor surfacesTextured semiconductor surfaces

•• Increase of the light extraction efficiency using roughened or Increase of the light extraction efficiency using roughened or 
textured semiconductor surfacestextured semiconductor surfaces

The interference fringes, The interference fringes, 
observed for the observed for the GaNGaN
device having the smooth device having the smooth 
surface, surface, completely vanishcompletely vanish
for the surfacefor the surface--textured filmtextured film
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CrossCross--shaped contacts and other contact geometriesshaped contacts and other contact geometries

•• Circular top contact suited for small Circular top contact suited for small LEDs.LEDs.

•• LargeLarge--die die LEDsLEDs require different contact geometry for uniformrequire different contact geometry for uniform
current distribution. current distribution. 
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Transparent substrate (TS) technologyTransparent substrate (TS) technology

•• Regular Regular AlGaInPAlGaInP LEDsLEDs (    ~ 560(    ~ 560--660 nm) are grown on GaAs substrates.660 nm) are grown on GaAs substrates.

•• GaAs (     = 870 nm) is absorbing (absorbing substrate = AS)GaAs (     = 870 nm) is absorbing (absorbing substrate = AS)
Transparent substrate (TS) technologyTransparent substrate (TS) technology
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Small forwardSmall forward--voltage penalty for TS technologyvoltage penalty for TS technology

•• WaferWafer--bonded heterobonded hetero--interface produces additional voltage drops.interface produces additional voltage drops.

•• Doping needs to be kept low to reduce free carrier absorption. Doping needs to be kept low to reduce free carrier absorption. 
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AS versus TS technologyAS versus TS technology

•• TS TS AlGaInP/GaPAlGaInP/GaP LEDsLEDs have a factor of 1.5~ 3.0 higher externalhave a factor of 1.5~ 3.0 higher external
efficiency compared with AS efficiency compared with AS AlGaInPAlGaInP/GaAs /GaAs LEDsLEDs..
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AntiAnti--reflection (AR) optical coatingsreflection (AR) optical coatings
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Table:Table:
Refractive index and transparencyRefractive index and transparency

range of common dielectrics range of common dielectrics 
suitable as AR coatingssuitable as AR coatings


