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Multifunctional smart hole-transporters realizing extremely
low-power-consumption and long life OLEDs
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In this study, we have tried to prolong the stability of thermally activated
delayed fluorescence (TADF) based OLEDs. Specifically, we focused on the interface between the
emitting layer (EML) and the charge transport layer, especially the interface between the hole
transport layer (HTL) and EML, and attempted to extend the lifetime by preventing exciton quenching
and electrochemical degradation at the HTL/EML interface. Consequently, by developing a series of
electrochemically robust HTLs, we have greatly enhanced the lifetime of TADF-based OLEDs to over
LT50 = 30000 hours at 1000 cd/m2.

EL



% X C—19, F—19—1, Z2—19 (@)
mnﬁﬁéwwﬂﬂ

&A®%mm% i, é%ﬁﬁoﬁﬁﬁﬁﬁﬁxv%F%¥Tﬂ41®%ﬁﬂtET
%6027%%7¢/%X7%%7¢/% —ERE T L EE LT, ORI IZE KR LD
Db DA EL 1T, KRFASE FEET 2R ERBIAIEE L TOHIRF ST 5,

il Ema AWTICAR EL &1 OMRBEEN 72 MERE M B2 B 2 BE AL B IE 9 L O
(TADF) #4 B3 H ST 5 (C. Adachi et al., Nature 2012, 492, 234) , IT4E T, 30%HE DD
TN R0, VR RICILET HIKIEE B b HBZITWNDDS, g EFHam D
WISZOBLEDDITY  HRITES LI T RIBRSGER LI ThD,

TADF #rEHZ, 3RWE L GER & B R MR DR S D720, BRE LY &5
R VA ESCE FHEE & Ol T, XY v 7 ORNEX A T Ly 7 AEFEK L, FHF LW
NEOIKTERLS 2D D, EBE Do T ) _UB Ly N —)Ling 72 Dkt TADF
MEF 4CZIPN 137V — 7 2 VR =X A4 T L v 7 ZAEFR L., B IEFIROE
LUVME F &4 < (K 1. H. Nakanotani, Sci. Rep. 2013, 3, 2127), JZ T, 7 U —/L7 2 ikl
BOT =4 REOMEFIEDR A EL OEEMEORERFKRDO 1 23T 5D (J.Y.
Lee, Adv. Opt. Mater., 2017, 1600901),

T, HEEE DI, BTV — TR

VAAEIK ADBTHPB % Bf%E. fkfh TADF %

FT 1000 cd/m? 1, SR 2) 20% 0 N O O
VA (LTso) 1 FMEMZEBLE (F ; a < a
[X| & . H. Sasabe, Chem. Eur. J. 2018, 24,

4590), #7=7253F1%, ORWA A AR T

4CzIPN

VUL (I —5.8 eV) & SLRREEIC X B z 4DBTHPB
TxRY AT Ly 7 ADOTREOIE . @\ . 4CzIPN & 4DBTHPB D {t3#EE
“HETRLX— (Er:2.7eV) IZX B
%%{%@ﬁ'ﬂﬂ%l QXKD S FF T = xR HERT L OFMELE@1000 cd/m?

AKXV EWT =F Uittt EERT D, K UURTR R FRET
T SN o= A NI o R U ST 5 o e BE 45V - 415V
ZhER L FHa THY (H. Fukagawa, Sci. Rep. | HEBEFHE 20% 14% 21.6%
2015, 5, 8429), A~— LEgILJE 3 JE S BAHME 52 Im/W 28 Im/W 54 Im/W
DA 5 . TADF % 7 CUL % Hin >10,000 hrs 2,800 hrs ~10,000 hrs
FRERFED O &R EEFm LN
EHTXHIEARL TV,
2. tAROEMW

PN Ti'ﬁ¢@®mwﬁt@7}ﬁWKy$%WH%%%4%»%ﬁ@@ﬁ%%%#@
BNV N R BT D mE R - KF 7 TADF F1-2BA% 35, AFFEHRINIZLL Fo3-o
DI HE %1,
DT ANE « BB 8 B AR — Ll e b B oD BR 3
OIKEE - BF T A ADBHHE LB L OBRE A =X AOfiFEHH
Q=X I ATV I ARAND BB LRI E ) - B M FE OB

3. RDTE

ABFFETIE, AN - BB I N DA — Vs AR (23D B =R TREMmICE £-o T
% TADF T /AAD @203 RAFam b RE 5, MEHE Tid, OF772 @i AL m%@ﬁ$
— VBB I Z21T), AL IS LHREO M B2 MRRE, BEREFE I DRI MEIAL | i\ ER
LB E RIS ORISRt e T D, T A T, OIKHEE ) LR L
D SLA KRBT HELHIT, BREIAD =X LDOMEABATY, £, BREL T, @QFFELIZA— /L
EbEE p RUIARAMPEHIIG A LIOBIRH# B ) - R R ICHR D,

4. WHFRER
ONAFY 7 2 Z IRV E Y BEER—)LEEA R OB

HEEE DX, O F A T2 BT D827 7V —/L 7358k 4ADBTHPB % BA%EL . #k
@IME%%TI%MMﬁﬁ?ﬂﬂ%%ﬂé%ﬂk@f*ﬁﬁn(HMlﬁﬁﬁéﬁﬁU(
V% (H. Sasabe, Chem. Eur. J. 2018, 24, 4590), #7=725y 11, OFWAA AR T2 vL (IP:




-5.8 eV) LMK FIZL D =X AT Ly ADOE RO, @@\ ZHEEZ VX — (Br: 2.7
eV) (ZLARIE 7 JIEOII QRO RS FH T AL BT =4 Uit A BT 5,
ZZ TR, STEOFEMARA LR EET A2 LT LY . RIS E I O\ 52 D
EWEELZ (X 1),

¢
S

TATT 4DBTHPB 4DBFHPB

L RIS D ~F 7 == L B fR B R AR — Lk AR}

INDFHERDOEREFT, Bk LR RE TON R R A1 T o 72, F7=, TOF {ETO
BENE M, 2 A4 455 6 7Y AR — (VASE) 12 X555 FBR A Db A T o 72, BEEAR /ST A
—HEFEDT (K 2), AAALRT 2L (IP) & ZEHET X — (Br) 13, & COFHE(RTIH
CChoTo, THEDENWT XY T T2 R0V R 770 OE NI R F—F v (Eg)
Z 0.2 eV L., TOREE, BEAHIS) (EA) DS 02 eV L potz, BENEAFML/-#5 5. &
SRR 5.6 x 10° Viem B2 4DBXHPB (X = S, O)if (A1 L7 = =/L#FE R TATT |2k, 300
OB E R LS DI, VASE (2X55 FEL A ORI ZA T 7258 B Bl B (S) 1XRIFREE T
BV, BEERZETI RO o7, BEVE O R TR OJLEIZELY HOMO O#LED E/RD
N7/ EE 2 Hib,

DT, ikt TADF BB 4CZIPN & el 80 B2 V=B EL FEF%1Ek
L. FrtEZaimL 7= (4 3) %@ﬁ%% 1000 cd/m? IRf, SMEEF-2h3E 20%F2EE, 2 7T
K 4ADBFHPB % i\ /-3 LT50 24000 hr@1000 cd/m* 3L T, [FICHRE AT, K
TADF #6418 5CzBN %ﬂ%wﬁ L 500 cd/m? K AN E 2D 17%, P 7T
{&K 4DBFHPB %\ =354, LTso 1700hr@500 cd/m? AR LI,

TATT 4DBTHPB 4DBFHPB

IP -5.8eV -5.8eV -5.8eV

EA -24¢eV -2.6¢eV -2.6eV

c 34eV 3.2eV 3.2eV

E 2.7eV 2.7eV 2.7eV

T, 194°C 146°C 135°C

u,  56x10%cm?/Vs = 1.5x103cm?/Vs = 1.5x103cm?/Vs

S -0.14 -0.16 -0.13

2. A= /VEIEA RO B SR PRI OO 5 R
:\: 7% 21.1% E Al Q QOOOO p
‘o; /——Q“P'Q_"N\_\‘ E O Libpp (1 nm) 'e) a8 'a)
'§ /D"'ﬂzzi@;% ; )ij( e DPB: 20 wt% Lig (40 nm) TATT
£ 192% DBT-TRZ (10 nm) QP o
S aczPn \,- mCBP:20 wt% 4CzIPN (30 nm) d OOOOO N
§ L ] : HPB derivatives (10 nm) 4DBTHPB
N TATT ] nm
g L . 4DBTHPB ] : 8} Poly::::):lf(:r (2()) nm) O
g F e e 4DBFHPB 1 mCBP Q A OSANA)
10° 10’ 10? 10° 10° C;D

Luminance (cd m™) \_  4DBFHPB~ )
3. FREFEFORIEE W BRI B O LA E () | AN R 23— R OF)



@T b IRV 7 VR—ILEEMEDORLBIEDIE
TITIRL IO REIIC, KEIZ 4 oDV RYTSUEB L FIONIH VT T = VB
H4AHR—NVEEM AL, TOFBE EL B2 il 7- (4 4),

(o) (o] O N o) (o] 0,
S 00 2
(3 e

oY DO
TDBFP TDBFBP TDBFTP
4:F NGRS T TR R — VSR EHE TDBFX (X =P, BP, TP)

FTORMEER 1 ITELD Tz, I BHT 4CzIPN % W 7=fk 2 TADF % Tl
1000cd/m? Kf, X=BP Db @3N T, IRWT X=TP BEFE Th-oTz, — . X=P | :tﬂi&a?
T T CELURS R Cholo, MR EFIRIT I, LHERGHST, X P 1%, D5y FI
T L 3SR — Vit 38 e S COF vV 7T BRI I =X AT Lo 7 2B LIE
NEZXTWDHEEZBND, BRENFEEMIL X=TP 2 b &<, MHEHERER L > TR L= I3k
F£ 1000 cd m? BFD LTso 1 2 HEEBE CTH -7, T2, I EHT Ir(ppy)s & HV 2k
VHFE AT 4CZIPN & W R T OMHAIAFOIL,. X=P Db RWIERE 527, %)t
MELD Ir(ppy)s 1% I, 75 4CzIPN JDE 0.7 eV W, 2D DAJERTIX, R— b
Ir(ppy)s ~EFER—/EADBTONZEEZOLND, BREIF T X=P Db R IE R
\ZE- TEHL-WIEEEE 1000 cd m? FFD LTso 1% 3 HHEEIHE TH-T-,

K 1. ThIU_Y T T BRI — VSR B O FE TR

Emitter HTL 1 cq m 100 cd m 1000 gd m™ 10mAcm? 1000 cd m?
Vul(V)  V/EQEV/%) V/EQE(V/%)  LTsi (h) LTse¢ (h)

TDBFP 2.35 3.24/18.6 4.00/19.4 934 20645

4CzIPN TDBFBP 2.40 3.30/21.9 4.02/23.0 625 17366
TDBFTP 2.42 3.23/222 4.06/22.7 821 22413
TDBFP 2.77 3.20/22.7 3.59/20.9 1330 31504

Ir(ppy)s TDBFBP 3.06 3.64/20.2 425/16.9 1131 18322
TDBFTP 3.03 3.67/17.5 436/14.0 1181 11829

 Turn-on voltage at 1 cd m?. ® Voltage and external quantum efficiency at 100 cd m?. ¢ Voltage and external
quantum efficiency at 1000 cd m™. ¢ Operation lifetime at 50% (LTso) of the initial luminance of 10 mA cm™. ¢
LTso0 of 1000 cd m? estimated by the luminance acceleration test.
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Compound T /Tw /T (°C) IO /EY /ES /ED (eV) C-N BDEqion (€V)® Hole-mobility"
T1DBFBP 149/290/465 5.9/3.2/2.6/2.8 1.43 6.9x10°3
T2DBFBP 144/303/511 5.6/2.9/2.7/2.7 1.75 1.8x107
T3DBFBP 145/330/532 5.5/3.0/2.5/2.6 1.63 2.6x107
T4DBFBP 138/286/493 5.7/3.4/2.3/2.7 1.61 3.9x10*

a) Measured by a DSC. b) Measured by a TGA. c) Obtained from a photoelectron yield spectroscopy (PYS). d) Taken
as the point of intersection of the normalized absorption spectra. ) Calculated using 7, and E,. f) Estimated from the
onset of the phosphorescent spectra at 7 K. g) Calculated by Gaussian 09 at the URB3LYP/ 6-31G(d) level of theory to
evaluate the BDESs for the anion states. h) Hole-mobility at an electric field of 5.6x 10° V/cm.
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cdm? FFT 1.6V DIRELAL, K9 2% Omzh{baEH LT, BBITHRBFHED B o7 T3/
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HTL Von® V1000 77¢,1000/ 15,1000/ Text,1000° I;I;FIZO (?rtng) LTso at 1000

V) (V/ied A™YIm W'/%) (hy: cd m2 (h)?
NPD/ TIDBFBP 2.82 4.94/70.9/45.1/20.9 636 ~30,000
NPD/ T2DBFBP 2.63 4.55/58.0/40.0/17.1 626 ~24,000
NPD/ T3DBFBP 2.69 4.46/55.8/39.3/16.4 639 ~25,000
NPD/ TADBFBP 2.60 4.26/71.5/52.8/21.0 497 ~27,000
T2DBFBP/ TIDBFBP 2.93 4.24/73.3/54.2/21.5 352 ~9,000
T3DBFBP/ TIDBFBP 2.56 3.32/74.0/78.1/22.8 213 ~5,500
T4DBFBP/ TIDBFBP 2.84 4.51/74.9/52.1/22.0 433 ~11,000

T3DBFBP/ TIDBFBP

(mCBP-40wt%4CzIPN) 2.44 3.19/69.4/68.2/20.4 827 ~39,000

“Turn-on voltage at 1 cd m™2, ®voltage, current efficiency (7.), power efficiency (77,), and EQE (7ex) at 1000 cd m™.

“Operation lifetime at 50% (LTso) at a constant current density of 10 mA cm 2. “LTso of 1000 cd m™? estimated by the
luminance acceleration test.
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