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Conventional fluorescence and phosphorescence processes

1) Importance of short triplet lifetime in OLED emitters
2) Blue hyperfluorescence OLEDs with advanced materials combination




Progress of molecular emitters in OLEDs
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Acceleration of RISC
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ﬁtc A is related with spin orbital coupling (Hsoc) L : orbital angular momentum
¢ . spin-orbit coupling constant (Heavy atom effect) S : spin angular momentum
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Chemical Reviews 66 (2): 199-241.
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Quantum Chemical Cal.: Excited-state engineering for efficient TADF
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Critical role of intermediate electronic states for
spin-flip processes in charge-transfer-type organic
molecules with multiple donors and acceptors

f . . Hiroki Noda, Xian-Kai Chen, Hajime Nakanotani &, Takuya Hosokai, Momoka Miyajima, Naoto Notsuka,
PrO . Xla n kal Chen \ - ) X Yuuki Kashima, Jean-Luc Brédas &1 & Chihaya Adachi &
(now, City U of H K) e Nature Materials 18, 1084-1090(2019) | Cite this article

9110 Accesses | 35 Citations | 16 Altmetric | Metrics

SOC: 0.06 cm™ S4-T; (“R*HLCT-3HLCT)
> 12 cm? [ : \

0.125meV

S1 geometry T4 geometry To geometry

9 9

Hole

6'CZ ) 4 Cz ,?*J L5t 4“ ! J“:
5'CZ 4CZIPN ’ J) )‘4 >*
I =195 % | 99% | 90% |
{17 = S1-T2 a2 P ] ) s 9
9 s 23 b e o
0.20 “,,’Q 9 ‘-‘“" 3% b
' ~ P 05 @
| ‘, o9 ‘ @ ‘ ‘
Electron ;i o ;j‘
0.15 o 2 o gam P ‘M
S ST B8N Nas, B bSO A S
< 010 AEST prape &0 e eiR, e, Pty TR
= © ] TNy Re
o) - ~ ;x\""'*—»,,‘xr 9
I 005- CRAHLCT CR3{LCT SHLCT
-~ ‘ ’
0.00 o o e Y
. SOC: 0.51 cm™

&0 10 120 140 160 Sl'TZ (CR']'H LCT-3H LCT)

¢, (degree)



Spin selection rule
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M. A. El-Sayed, et al., J. Chem. Phys., 36, 573 (1962). B. T. Lim, et al., Chem. Phys. Lett., 79, 22 (1981).
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OLED device lifetime -Degradation via triplet states-

T >5eV % Long-live triplet exciton
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High triplet energy
T,~3 eV (for blue)
T,,>5 eV (for blue)

Chemical bond dissociation
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potential
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Chem. Lett. (2021)
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Nat. Commun. 2017, 8, 15566. 6




Excited-state engineering for efficient TADF
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Recent advanced TADF emitters

TMCz-BO

JU Kim et al., Nature Comm. 11, 1765 (2020)
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Advanced Blue Hyperfluorescence OLED

Fluorescence I Hyperfluorescence
Low efficiency: Fluorescence |

IQEMAX=250/0

Hyperfluorescence™ Hi P . — 0
igh efficiency: IQEuax=100%

- > || gh efficiency: IQEwax=100%

I\a/:\asf

I .

o A Emission h Generation

Emission |' ux Fluorescence TADF

Fluorescence |

Ifuture of OLEDs

Energy Lebel
Energy Lebel

;

Hyperfluorescence

TADF: Excitons Generation

v

FRET: Inter molecular
excitons transfer
0

Fluorescence: Emission

Fluorescence
Fluorescence

TADF-AD (20-30%) Terminal Emitter (0.5%)




Hyperfluorescenceg:3ThelOpti

Nat. Commun., 5, 5016, 2014

H. Nakanotani et al.
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M. Baldo et al., Nature 403, 750 (2000) Phos. sensitizing fluo.

L. Duan et al., Adv. Mat., 26, 5050 (2014) TADF sensitizing fluo.
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Advanced Performance of Hyperfluorescence Blue OLED
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Nat. Photonics, 2021

DOI: https://doi.org/10.1038/s
41566-020-00745-z

€ Bulky terphenyl substituent prevents molecular
aggregation, while maintains a fast kgigc and a high PLQY
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T. Hatakeyama and coworkers,
Nat. Photonics 2019, 13, 678.

€ Sky-blue emission of HDT-1 ensures singlet-excited
state energy transfer to the terminal dopant, hence

improving color purity.
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Hyperfluorescence Blue OLED: Tandem for brighter luminance
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Hyperfluorescence Blue OLED: Lifetime enhancement by
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Hyperfluorescence Blue OLED: Lifetime enhancement with mixed host
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® Top-emitting green Hyperfluorescence™ (HF) device has achieved better chromaticity, higher
current efficiency, and longer lifetime than phosphorescence.

® The current target specs in efficiency, lifetime and driving voltage have been achieved.

® Chromaticity of the HF reaches 95% of the ultimate target. The target shall be achieved by using
optimized green fluorescence dopants designed by Kyulux before soon.

® HF is able to satisfy the major requirements of the next-generation display. (BT.2020)
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