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Basic Mechanisms in Electroluminescence
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Charge injection Charge diffusion and recombination

Exciton diffusion Exciton recombination and photon emission
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Limits of Quantum-Efficiency
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ideal conditions and n = 1.7: 
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Power efficiency: 
light power versus electrical power
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Limits of Luminous Efficiency

[ ]
Wlm

W
lmflumen

PV

/34

680)(

≤

××= ηλφ

Luminous efficiency: luminous flux versus electrical power

What is needed?
Computer display, 100 cd/m2, 14’’, U = 4V, ηP = 5%

blue:     900 mA (7 cd/A)

green:  330 mA  (19 cd/A)

red:      800 mA  (7.8 cd/A)



CDT - LED Performance Data

Colour
Deep
Blue Blue Green Orange Red

CIE-x 0.162 0.180 0.379 0.612 0.674
CIE-y 0.099 0.240 0.581 0.385 0.324
Maximum Cd/A 1.90 4.09 14.9 3.5 1.20

Lm/W 1.32 3.47 17.5 4.6 1.82
V 4.40 3.60 2.60 2.4 2.40
Cd/m2 570 156 29 105 30

Maxi
mum
Lm/W mA/cm2 30.834 3.93 0.2002 2.9882 2.1579

Lm/W 1.29 2.95 7.30 3.4 1.30
Cd/A 1.70 2.35 9.50 3.3 1.50
Cd/m2 340 860 1900 650 300

@ 20
mA/c
m2

V 4.13 4.53 4.07 3.0 3.50
Lm/W 0.77 3.41 10.6 2.8 1.30
Cd/A 0.90 2.14 11.6 3.2 1.50
Cd/m2 56 123 830 1200 300

@
3.5V

mA/cm2 6.24 3.18 7.17 38 20



Covion Green and Orange Emitters

October 2000

PLEDs are on
the way to reach
quantum limit
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Oriented polymer layer

transparent
bottom-electrode (ITO)

top-electrode 
     (Ca, Al)

glass-substrate

Light-Emitting Diodes with Polarized Emission

Commercial interest: 
LEDs with polarized light emission for LCD backlights 
(I|| / I⊥ ≈ 50 required)



Polarized Light-Emitting Diode

Substrate 

Ca/Al Electrode 

Alignment Layer
(Polyimide + HTM)

Light Emitting 
Polymer (PF26) 

ITO 
Electrode

Luminance: 700 Cd/m2, 0.3 cd/A
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Linearly-Polarized Electroluminescence

Method/Year 1995 1996 1997 1998 1999 2000 2001

Direct mechanical alignment
Stretched polymers 2.4            8
Direct rubbing      1.6  4.0                 2.6                 7   12
Langmuir-Blodgett    3-4     1.5

Use of an alignment layer

Epitaxial growth        5
Liquid crystals                         6.0              2.4      15*      22* 25*28*
Casting                                                                    10

Polarization ratio P = I / I⊥⊥

*  using liquid-crystalline polyfluorene



LEDs with Circularly-Polarized Emission

1 M. Schadt, Ann. Rev. Mater. Sci. 27 (1997) 305
2 B.L. Fieringa at al., Science 273 (1996) 1686

Commercial interest: 

LCD backlights (higher contrast, lower onset field)1

Optical data storage using chiral molecular switches2
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Dissymmetry factor: ge, -2 ≤ ge ≤ 2



Circularly-Polarized Electroluminescence
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right-handed emission
ca. 30 % stronger than
left-handed

M. Oda, D. Neher et al., 
Adv. Mater. 12 (2000) 362-365.



Photon-Recycling-Mode
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with M. Grell, D. Bradley.
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