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WhiteWhite--light light LEDsLEDs

LECTURE 14

• Reminder of need for heterojunction structure

• Radiative recombination efficiency

• Extraction efficiency

• Various efficiencies

• White-light LEDs

• Prospects for general-purpose lighting
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Example of Example of PP++pNpN++ heterostructureheterostructure LEDLEDSec. 8.2
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Schubert, Ref. 8.2
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Next step in the design of Next step in the design of LEDsLEDs

We have chosen the bandgap (to get the desired colour),

and we have chosen the structure (heterojunction diode) to 
get the confinement of the recombination.

Now we have to make sure that the recombination is 
radiative, and not non-radiative.
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Recombination mechanismsRecombination mechanismsSec. 
3.2.2, 
3.2.3

RadiativeRG-centre  (SRH)

for p-type material
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Minority carrier lifetimesMinority carrier lifetimesSec. 
3.2.4

Note the underlined terms

• What is the expression for τe,R-G ?

• What is the expression for τe ?
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RadiativeRadiative recombination efficiencyrecombination efficiencySec. 8.3
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Extracting the lightExtracting the lightSec. 8.4

How much power gets out for GaAs?

Adapted from Schubert, loc. cit.
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Design to improve extraction efficiencyDesign to improve extraction efficiencySec. 8.4

What are the features of this LED from Philips Lumileds that give it a high extraction 
efficiency?

From Shchekin, Lumileds, loc. cit.
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Various efficienciesVarious efficienciesSecs. 
8.4, 8.5

Present record is 56%Wall-plug efficiency

Wall-plug efficiency is a radiometric measurement.

Light perception is personal, so photometric measurements are usually used in specifying LEDS., 
and are based on a standard eye-sensitivity function.
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Perception of lightPerception of lightSec. 8.7
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Eye sensitivity functionEye sensitivity functionSec. 8.7
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Adapted from Schubert, loc. cit.
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Photometric unitsPhotometric units

≡ 1/683 W @ 555nm

LI = 1cd
Integrate over sphere →
LF = 4π lm

50W halogen = 900 lm

LF = luminous flux

LI = luminous intensity

LE = luminous efficiency (lm/Welectrical)
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Additive Additive LEDsLEDsSec. 8.7

From Schubert, loc. cit.
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Blue/yellow phosphor Blue/yellow phosphor LEDsLEDsSec. 8.7

Adapted from Schubert, loc. cit.
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HighHigh--brightness with phosphor domebrightness with phosphor domeSec. 8.7

From Shchekin, Lumileds, loc. cit.
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Light bulb comparisonLight bulb comparison

W lumens khours CRI $US

Incandescent 
(long life)

75 (1200) 10 (95) 1.75

W-halogen 
(PAR38)

75 940 5 (95) 5.95

Fluorescent
(T10 tube)

40 3550 20 84 6.95

Fluorescent
(compact)

20 1295 12 82 4.95

LED
(PAR20, warm)

9 400 40 77 58.95

Data: 12 April, 2010: BuyLighting.com
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LEDsLEDs: white : white 

M.G. Craford, Lumileds Lighting
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