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Program Objective

• To demonstrate high efficiency OLED devices with 
integrated microcavity structure and down conversion 
phosphors. 

• The main focus of this work will be on three areas:
– demonstration of high efficiency blue OLEDs
– demonstration of OLED devices incorporated 

microcavity structure
– demonstration of efficient down-conversion (from 

blue to white) using phosphors.



Technical Approach

Starting blue OLED
14 lm/W

N- and P-dopant
2X power efficiency

Microcavity
2X efficiency

Final device
8X efficiency

100 lm/W

Down conversion phosphors
2X efficiency



Charge Balance in OLEDs?



Charge transport in organic materials

• Electronic states are highly localized
• Charge transport by hopping 
• Very low carrier mobility (10-6 – 10-3 cm2/Vs)
• Insensitive to impurities and defects



Why is Charge Balance important in OLEDs?

• Imbalance in carrier transport
– Charge accumulation at interface leads to exciton quenching
– Carrier transport materials with low triplet energies lead to 

exciton quenching.
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Charge imbalance
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• Hole mobility of HTL: 
10-3 cm2/V-s

• Electron mobility of 
ETL: 10-5 – 10-6 cm2/V-s



Single carrier devices
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Effect of recombination zone
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Device with improved electron transport
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Further tuning the charge 
balance
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3TPYMB (ETL)
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Microcavity OLEDs
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Microcavity blue PHOLEDs
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Blue OLED with downBlue OLED with down--conversion phosphorsconversion phosphors
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The last steps……

Starting blue device
22 cd/A, 14 lm/W

Efficiency enhancement
3X efficiency

Microcavity
1.4-2 X efficiency

Final device
8X efficiency

Down conversion phosphors
2X efficiency

50 lm/W
Peak efficiency

14 lm/W
blue

>100 lm/W
White 
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