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Development of Highly Efficient and Long-Lived Light-Blue Light-Emitting Phosphorescent Materials for OLEDs
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Abstract

To reduce power consumption, organic light-emitting di-
ode (OLED) lighting is expected to shift from partially-phos-
phorescent to the high luminous efficiency of all-phospho-
rescent OLEDs. In 2011, Konica Minolta marketed the world’s
first all-phosphorescent OLED lighting panel, the Symfos
OLED-010K". But customers’ expectations must be further
satisfied by higher efficiency, higher color temperature, and
longer lifetime. The short lifetime of devices using a blue
light-emitting phosphorescent material must be overcome.

Light-emitting phosphorescent materials yield 100%
quantum efficiency in principle, so high light-emitting effi-
ciency may be expected, but this depends on the materials’
molecular stability. Generally, organic molecules secure mo-
lecular stability by extending their conjugations. But, since
the band gap of a blue light-emitting phosphorescent mate-
rial must be wide, it is impossible to extend conjugations.
Improving the stability of blue light-emitting phosphores-
cent materials is essential to extending OLED lifetimes.

In a device using a light-blue light-emitting phosphores-
cent material before and after driving, we found that the
degradation of the material itself did not necessarily cause
the device to degrade. We also found that light emission life-
time highly depends on the combination of the light-blue
light-emitting phosphorescent material and host material
chosen??3, With a proper combination of light-blue light-
emitting phosphorescent material and host material, high
efficiency and long lifetime are achieved simultaneously.

We studied light-blue light-emitting phosphorescent ma-
terials suitable for light bulb or warm white color lighting,
but the principles found with these materials also apply
to deep-blue light-emitting phosphorescent materials for
use in displays and cool-white lighting, as well as to coating
materials, apt to be low cost in the future. Our study indi-
cates great potential for the future development of OLED
materials.
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Fig. 1 Quantum efficiency of a phosphorescent emission molecule is
100% in principal, but the molecule is brittle.
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Fig. 2 Breakdown of the lifetime degradation mechanism.
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Fig. 3 Degradation analysis of materials in EML by reversed phase HPLC.
The data shows that the emission material itself is neither degrad-
ed nor decomposed after operation of a device.
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Fig. 4 Relative lifetimes of various combinations of hosts (A, B, C, and D)
and blue emitters (BE-1, -2, and -3). Life time of the combination
of BE-1 and Host-A is normalized to 100.
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Fig.5 Performance of OLEDs with various combinations of hosts and
light-blue emitters. Emission lifetime (LT50%) has a good correla-
tion with EQE (external quantum efficiency).
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Fig. 6 EQE has a good correlation with parameter X, which relates to
electron transfer probability and supports our hypothesis, illus-
trated in the upper left corner.
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Fig. 7 Performance of OLEDs with various combinations of hosts and
light-blue emitters.
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Fig. 8 Degradation analysis of an OLED by impedance spectroscopy.The
inset shows a schematic of the OLED.
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Fig. 10 Progress of Konica Minolta light-blue OLED lifetime.
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