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Improvement of OLED Lifetime through the Control of Energy Transfer between Host and Emitter
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Abstract

With organic light-emitting diode (OLED) displays now
in practical use, OLED lighting is seen as next generation
lighting. Among OLED displays, all-phosphorescent OLEDs,
with their higher luminous efficiency than conventional fluo-
rescent OLEDs, will provide major reductions in power
consumption.

In 2011, Konica Minolta introduced the world’s first all-
phosphorescent OLED lighting panel, the Symfos OLED-
010K™". In 2014, Konica Minolta achieved the high luminous
efficiency of a 139 Im/W white OLED, the world record for
such luminous efficiency?.

Increasing value for the customer requires cool white
lighting and low power consumption for higher color tem-
perature and higher luminous efficiency, exactly the charac-
teristics that blue phosphorescent-material OLEDs embody.
The only obstacle is a short lifetime, so that was our immedi-
ate challenge.

Last year, we reported the prospect of extending OLED
lifetime by analyzing the electron transport layer?, so we
have continuously conducted basic phenomenon and deg-
radation analysis of blue phosphorescent materials and
hosts in the emitting layer, and we have implemented the
results to improve OLED performance.

While the host is a mere matrix, its excited state is critical
to long OLED lifetime, so strict attention must be paid to the
transfer pass from the hosts to the emitter. We found that
blue phosphorescent OLED lifetime was greatly extended
through efficient electron transfer -3,

We extended OLED lifetime through efficient excited en-
ergy transfer from hosts to dopants, allowing wet-process-
able materials in the deep-blue emitter in an OLED display to
achieve cool white lighting. This technology for enhancing
the OLED materials is universal and supports the further pro-
liferation of OLEDs.
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Fig. T Quenching schemes of phosphorescent emitter after degradation
in a blue light system and in a green light system. The blue emitter
and blue hosts have higher energy than the green emitter and
green hosts, so they degrade and become quenchers more easily.
Furthermore, a long-lived excited state and higher excited energy
provide rapid quenching.
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Scheme 1
Electron transfer from host to emitter & recombination on emitter
Host~ — Emitter*
Emitter” — Emitter
hv

We previously reported improving the lifetime of an OLED based on this scheme?®.
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Scheme 2
Recombination on host & energy transfer from host to emitter
Host® — Emitter
Emitter* — Emitter
hv

‘ Degradation

Degradation hypothesis based on scheme 2
Energy loss on nonradiative center and/or energy transfer from
emitter to quencher.

Nonradiative center” -+ Emitter
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Fig. 2 Emission scheme of doped phosphorescent. Scheme 1 illustrates
direct recombination on the emitter, while Scheme 2 indicates
transfer from a recombinated host excition to the emitter. A deg-
radation hypothesis based on Scheme 2 is given below Scheme 2.
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Spectroradiometer system BW-L1
(Konica Minolta, Inc.)

HgXe light source LC-8
(Hamamatsu Photonics K.K.)
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Band pass filter A9616-05
(Hamamatsu Photonics K.K.)
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Fig. 3 Set up of photodegradation evaluation apparatus. The film is ir-
radiated with filtered light (\=365 nm).
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Fig. 4 Device lifetime curves.
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Table 1 Thermophysical properties of hosts. Host neat films were judged
visually after baking for 1 hour at 100 °C. The mCBP host, which
is a commonly used host, and Host 1 became crystalized and
opaque after baking, while Hosts 2 and 3 did not change.

Table 2 Energy transfer efficiencies of Emitter 1 and Emitter 2 before and
after baking. The mCBP host and Host 1 show a decrease in ef-
ficiency after baking.

Emitter 1 Emitter 2

Host Tg . Visual Doped Host Befgre Aftgr Befgre Aftgr
judgment emitter baking baking baking baking
mCBP Not detected Opaque Emitter 1 0or 2 mCBP 83% 70% N/A N/A
Host 1 Not detected Opaque Emitter 2 Host 1 N/A N/A 99% 83%
Host 2 130°C Transparent Emitter 1 or 2 Host 2 85% 85% 99% 99%
Host 3 148°C Transparent Emitter 1 Host 3 86% 87% N/A N/A
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Fig. 5 Fluorescence lifetime. The upper graph is with an mCBP host, and
the lower graph is with Host 2. The black, blue, and red curves
represent the lifetimes of the neat film, of the doped film with
1vol% Emitter 1 before baking, and of the doped film with 1vol%
Emitter1 after baking, respectively. The gray curves indicate the
instrument response function (IRF).
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Fig. 6 Emission lifetime (LT70%) under photodegradation. The solid and
open symbols indicate before and after baking, respectively.
Crystalline hosts (mMCBP and Host 1) shorten LT70 as energy trans-
fer efficiency decreases.
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Fig. 7 Proposed models of degradation occurring during OLED driving .
Hosts are amorphous and have high energy transfer rates in their
initial states. As the OLED is driven, crystalline hosts aggregate,
and the lifetime of excited energy on the host is extended.
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