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i) Molecular design for high efficiency TADF and their application for OLEDs

ii) A new route for triplet harvesting using TADF molecules as assistant dopant
and fluorescence molecules as emitter (Hyperfluorescence)

iii) Triplet exciton management for reduced roll-off and device stability




Principle of Conventional Emitting Process

High Efficiency
Low Cost
Unlimited Design
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Fluorescence &
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Conventional fluorescence and phosphorescence processes




First-order mixing
coefficient between singlet
and triplet states (A)
H.,: Spin-orbit coupling

Larger A provides larger
probability for transition
between S, and T, states.

Principle of TADF

High efficiency thermally activated delayed fluorescence (TADF)
via reverse intersystem crossing (RISC)



Molecular design for efficient TADF
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M Very high efficiency TADF based OLED (Internal QE~100%)

EQE~20%
(Internal QE: approaching to 100%) T. Uoyama et al., Nature, 492, 234 (2012)
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Internal QE nearly 100% Blue OLED

EQE20%
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M High efficiency blue TADF: Optimization of donor and acceptor units
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" s adumatde S,-T, transition is an optically
L o - - , hidden process!
Highly Efficient Organic Light-Emitting Diode Based on a P
Hidden Thermally Activated Delayed Fluorescence Channel ]
in a Heptazine Derivative Adv. Mat., 25, 3319 (2013)
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Molecular Design for TADF
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b=l A new route to harvest triplets in OLEDs with fluorescence emitters

TADF based OLEDs

< High efficiency up to 100%

< Unlimited molecular design

<- Broad spectra due to CT emission
(not appropriate for display applications)

——2CzPN
4CzIPN
—— 4CzPN
—— 4CZTPN
~—— 4CzTPN-Me
—— 4CzTPN-Ph

Normalized PL intensity

Interamolecular: T. Uoyama et al., Nature, 492, 234 (2012)
Intermolecular: K. Goushi et al., Nature Photo. 6, 253 (2012)
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Fluorescence based OLEDs

High color purity (narrow spectrum)
Long lifetimes of operational stability
Unlimited molecular design
Theoretical limitation of n,

25% - 62.5% (even TTA process)
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<> Long lifetimes of operational stability

<> High color purity
<> Flexibility of material design
<~ Theoretical limitation of n,- 100 %

TADF:

Exciton-
generation

Fusion of
two
Functions

H. Nakanotani, et al., Nature Comm. 5, 4016 (2014)

Fluo:
Light-
emission

11



KYUSHU

::::::::::::

TADF as assistant dopant and Fluorescence as emitter in host layer

<> Minimizing concentration quenching of TADF molecules
<> Efficient FRET but no Dexter transfer

e E m g

Exciton formation :1p#) (@)

Exciton
formation

TADF (10-20%) Fluorescence emitter (~1%)

H. Nakanotani, et al, Nat. Commun., 5, 4016, 2014
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Large chance of FRET and small chance for Dexter between TADF and Fluo.

” .. <. '. O ...
.° ‘. . g i ’ .
. O Q' *0 *0.0.
P« { ) .» 0 O <. .
‘ Qald O\ O
FRET .HO . @ O» <.~Q & .
Radius <\' 0 0= @™ . .> O
Q B 9» @ .

{7 Q» <. L) .
.HH C .» & &> O» 4.
‘o o, “ $9:0,0,25

IO { & .

0 "0:01. @ ¢ @‘”O

‘@, CDH @, @ . °
. . HO . -
o . .> «. AL ..

= “ . . . . {1 .
. . 000; . 0 .> O

0g9eS 0502940,

* .
. . 6 D ‘ .\" ‘.‘ .
....... . . . )

() host @) TADF (20%) () Fluo. (1%) > FRET @b Dexter



KYUSHU

nnnnnnnnnnnn

Improved OLED architecture with double doped emitter layer
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Improved OLED architecture with various emission colors
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W-OLED: Spatially separation of D-A layer
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16



Spatially separation of D-A layer
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Promising operational stability of
high-efficiency organic light-emitting
diodes based on thermally activated
delayed fluorescence

Hajime Nakanotani'2*, Kensuke Masui'-**, Junichi Nishide', Takumi Shibata'# & Chihaya Adachi' 24

!Center for Organic Photonics and Electronics Research (OPERA), Kyushu University, 744 Motooka, Nishi, Fukuoka 819-0395,
Japan, ZInnovative Organic Device Laboratory, Institute of Systems, Information Technologies and Nanotechnologies (ISIT), 744
Motooka, Nishi, Fukuoka 819-0395, Japan, *Advanced Research Laboratories, Fujifilm Co., 577 Ushijima, Kaisei, Ashigarakami,
Kanagawa 258- 8577, Japan, “OLED R&D Department, Research and Development Division, Japan Display Inc., Landic 2nd Bdg.,
3-7-1, Nishi-Shinbashi, Minato, Tokyo 105-0003, Japan, ®International Institute for Carbon Neutral Energy Research
(WPH2CNER), Kyushu University, 744 Motooka, Nishi, Fukuoka 819-0395, Japan.

Organic light-emitting diodes (OLEDs) are attractive for next-generation displays and lighting applications
because of their potential for high electroluminescence (EL) efficiency, flexibility and low-cost manufacture.
Although phosphorescent emitters containing rare metals such as iridium or platinum produce devices with
high EL efficiency, these metals are expensive and their blue emission remains unreliable for practical
applications. Recently, a new route to high EL efficiency using materials that emit through thermally
activated delayed fluorescence (TADF) was demonstrated. However, it is unclear whether devices that emit
through TADF, which originates from the contributions of triplet excitons, are reliable. Here we
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\\// Improved OLED reliability with 4CzIPN derivatives
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Degradation mechanism: J-V in HOD and EOD with different 4CzIPN conc.

Electron only devices
Significant improvement of J-V with
increase of 4CzIPN conc.

Hole only devices
No change in J-V characteristics
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- Degradation mechanism: charge accumulation at T2T/EML interface

::::::::::::

v’ Low dopant concentration inhibits electron injection from T2T into EML

v’ Higher dopant concentration facilitates electron injection, resulted in
expansion of carrier recombination region into EML
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Solution: Assisted Hyperfluorescence with TADF

UNIVERSITY

Superior, high-purity emission color

(Using the features of fluorescent materials) Decreasing TADF Degradation
Comparison of Light Spectrum

= Flourescence TADF
(Schematic diagram)
Fluorescence Hyperfluorescence
Molecule Molecule
F TBRD PXZ-TRZ
@ [ﬂgperﬂuorescence D
g - Narrower Spectrum 3 '
- - High Intensity & / ‘ T,
r 2 S. 2.30eV
o) | -
- TADF . 5 18eV 2.23eV
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- Wider Spectrum e SO
- Medium High Intensity ‘;ﬁ T
2 : Prevent
| 1.14eV Degradation
Fluorescence through
- Narrower Spectrum emission.
- Low Intensity S0 ‘ S¢
Wavelength Emitting Exciton Generation

Features
-Exciton generation via TADF (assistant dopant with fluorescent material performing the light-emitting function)
- Achieves high efficiency light-emission with fluorescent material
Fluorescent materials provide a high-purity light emission color.
- TADF is prevented from rapid deterioration due to the emission process by performing only exciton generation

Effect

High efficiency, high quality emission & long life can be achieved through combination of the properties of TADF
and fluorescent materials.



Ways to Rapid Commercialization by Achieving Long Life Time
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Collaborations with materials & panel manufacturers
to optimize devices are the key to rapid commercialization

Cathode (Metals) @ &

Electron Injection Layer (EIL) ‘

Electron Transport Layer (ETL)@

Emitting Layer (EML) Combination of

Ariine S Materials
« TADF: Assistant Dopan Thick f
ickness o
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Each Layer

Hole Transport Layer (HTL) @

Hole Injection Layer (HIL) t

A startup company has
@ g been established for

TADF commercialization

Anode (ITO)

Glass Substrate




Summary . x

< Small AE; realized 100% upconversion from T,toS,, resulted
in 100% delayed fluorescence.

<> Assistant dopant system realized 100% IQE from fluorescence
molecules.

<> Deuvice lifetime is significantly enhanced by optimizing
peripheral materials.

- 3 oy

o

< Rapid upconversion shorter t; 7-55,J€ less than 1us will be expected
for further development off' gll,performance TADF and lasers.
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