RSO 2023 4 8 AH 44 B4 4 ) R F RTHEALESHA RBREELA L B E A

B o DOI: 10.16818/j. issn1001—5868. 2023050501

ETHEESWMENFEECE I BB A SLF G

wHFEY, BmE, BRER, RXEY
(1. BEMEFERLFERER, & B 361021;
2. £#FXE GERNZEEIRZR GEAXCHETHRESALEE, BE B 361021)

B OE: AAEFLAEMAA mTPA-PPL A= & F 244 PO-T2T, FAT — A B A 2 F #
HEAIER R M AT A, B e R o #E R AR IKH T mTPA-PPL : PO-T2T 1% F 49
FoZ ) EA BT R R R ERFR T AP HH T AT mTPA-PPL : PO-T2T 44k 84
B E OLED 4 @ MR ZAMERAT R BATZLARTHARE.AXRZTE
HEEGRTHECAREEATHRXEREE, ATHAL AN RFRE LB LEHFOR R B RZE,
HFELFE IFTFRHELH A 20.3 cd/A18.6 Im/W F2 11.54% , 2 H] 2 L FIK B 485 1. 4,
1.2, 1.5 s  REFRBEHNRSZEEDE 25410 cd/m” A EFKRBEHRGEEN 3.9 12,

KEIR: AVEBROGEM: BIERIEIRYOE; MEEEY,; WEHEA; iRk ®

FESZES: TN383. 1;TN312.8 XEHKS: 1001 —5868(2023)04—0551—05

Research on Phosphorescent Organic Light-emitting Devices Based on The Exciplex-type Co-host
XU Wanli', JIANG Xinyan®, CHEN Huanghuang®, WU Zhijun’
(1. Xiamen Ocean Vocational College, Xiamen 361021, CHN; 2. College of Information Science and Engineering,

Fujian Provincial Key Laboratory of Light Propagation and Transformation, Huaqiao University, Xiamen 361021, CHN)

Abstract A highly efficient exciplex with significant thermally activated delayed
fluorescence characteristics was realized by combining the electron donor of mTPA-PPI and the
electron acceptor of PO-T2T. The exciton dynamics processes, such as the reverse intersystem
crossing (RISC), prompt fluorescence, and delayed fluorescence of mTPA-PPI : PO-T2T were
explored through the time-resolved spectra technology. A high-performance phosphorescent
OLED based on the mTPA-PPI : PO-T2T co-host was developed. Due to an efficient reverse
intersystem crossing process, the triplet exciton utilization was improved, effectively boosting
device efficiency and alleviating efficiency roll-off at high current densities. The maximum current
efficiency, power efficiency, and external quantum efficiency of the red phosphorescent device
based on the co-host are 20. 3 c¢d/A, 18.6 Im/W, and 11. 54%, respectively, which were 1. 4,
1.2, and 1.5 times that of single-host device. In addition, the maximum luminescence of the co-
host device reaches 25 410 cd/m®, which is 3. 9 times that of the maximum luminescence of a
single-host device.

Key words: organic light-emitting device; thermally activated delayed fluorescence;

exciplex; co-host; energy transfer

W #E HHE:2023—05—05.
BEETH #38 hHEZITHE R H (JAT201166) ; B FK B RE2# I 4T H (12004121).
EEEE R EZE E-mail: zhijunwu@hqu. edu. cn



SEMICONDUCTOR OPTOELECTRONICS Vol. 44 No. 4

Aug, 2023

0 glH

A ML BCL S %8 7F (Organic Light-Emitting
Devices, OLED) LUH [ &6 (il 2 T A M 5 &k G B
OEFLULG TEREMERZ SRR SR
A 40 3k HL A R G S AR . #% OLED #f [A]
A LR TS = RS BN E FRUR
ATk 100 %, A AR L TR B 2¢O OLED, 8Ot
OLED HA5 55 15 14 HL U0 8503 D) A0 K A i 30
R, AR AR BAHEm S HEAREN
B A A 4 Sk B Al 98 - 5 SR FH RURE I N WL & S )2 &%
o) SFe S B R A7 S A 5 AE 2R F % 2 R A AL
B AR AT T AR g IR R B R AR, T
DLy i R GE N B S B T 1 £ R A B T RIOR Y
St OLED™ ™,

SR HIBEE IR 2 48 BBt OLED 3 % B A W &
(R R T LU R R A ROR R RS, S
W AW (exciplex) B SRR HAT 0 &5 14 3841 1
ROR AR H A R T A i A0 AR VR R 1 e M B
Jt OLED, #R1M, — 26 88 (4 Wy AL IRLA 75 22 i — 20
[ B, 51 4 exciplex [ =k B HED . exciplex T 19
R ARBIEEK (RISO b | i RISC 2 72 5 80 #438%
T AEIR 9 K At AR AN ST DL b )L A
U AT Ve B A IS T AR Z AR T R AR
exciplex F 4t . Fl FIIR IR 6335 L B 8O0k £ R 45 F
Bt R T exciplex [ =4S REG S HOGY HLi 2
]I 36 F 20wt Yokt FI ] B s AR B VAl 4 T
BT O A YR S O OLED, R84
RFW CREEE S YR A HE =48RS
B A R B OLED TERE .

IS

SCEG L 4 R A Y (Indium Tin Oxides,
ITOME R 28 E B B . HAT-CN 4 R 25 7UEA 2
TAPC/TCTA 1E 2 25 X A% i |2 F1 L £ B £5 )2,
mTPA-PPI N HLF 45 M kL, PO-T2T Ky 32 K
BB, mTPA-PPI : PO-T2T & i EL AT 35 1k 3E 3R
RO PR 52 A W) BB, Tr (MDQ) , acac 1 £
Ykt PO-T2T [ HHE R L F 1L i 2 . LiF J&
BT EANZAVE RS . #5145 )2 R 25 88
FIEEZEANS FRMITBR ARG R K, =
D B2 AR TE 4 X 10 ° Pa, BRI 400, % £
PEA 130 nm B9 ITO BEIE KK AE 5% A9 Decon 90 ¥

* 552 -

VR .20 1 WIN-188 %5 BEW . K B T /K 1 T K & %
R L DR 2 3 T TS R s S Ok, R 2
JE 9 TTO B3 8 T 55 8 T I VLAY 2028 IRk oy
TTEAREE TR E UL LR ITO 3055 L3k B ris
ey, IF e TTO M TH g . 48 = D RS .

WA SR T LN-1103SC Z S M T & 5
L F R R S R ZEBE S TR B B R . AR 2R B R
LR A B A R Y (Inficon SQC-310C) SZi
AV L S £ 28 2 SR R JREJEE L T o % A A2 1 P O
JFE () -HL R (V) -5 B (L) Rt iy F2 4% B R (Keithley
2400) A2 FE T (Ls-110) 4 B A I ik 2R 48 9545, L 2R
KIEEHE i PR655 SpectroScan 43 )66 11345,
A I AR 2 7E 750 AR Etelux Lab2000 F4
it T, MM LB RO (PL) W E T B
FLS920 43565 BE 1 I 4 AR 45 . 4 ] 22 T £& FL.S980
JCHEASL R FH B 6] 43 3% & 560638 (TRES) 852X, 7E 4
R 100 ms Ji o 76 77 K AR 55040 T D0 45 38 5 1 o
et s [ B, (B T #% FLS980 il A%, 5% I it ]
HHIC O T8O e & T 8 FLS980 Jeik A 1 i
LEBFE] 3 BF PL OB 3%,

2 ZER 558

& 1(a) > mTPA-PPI fl PO-T2T K HIR &1
BRECEER L -1+ D BB BUR LI, ZE K 1) ]
DLk BRI mTPA-PPI : PO-T2T(1 = DG
ORI WE(E R 540 nm, 5 mTPA-PPI Al PO-T2T
ACECE G AR HE &R T W B 408 L X U 45 14
Gy F R 3Z AR J3 F 2Z 1047 A6 A S0 43 F ) HL Ao
B, RO & & 4 F mTPA-PPI Al PO-
T2T A FZ B THEZEGW. K 1) iR,
[] B AR 2O i 77 3 (PLQY) i35 50 %, i B
A G B A R0 R OEPERE,

1 2 = P0-T2T in thin-film (2wt% in PMMA)
. = mTPA-PPI:PO-T2T (Film)
— mTPA"‘—PPl(Fllm) LUMO
2.15eV
3 os ©] LUMO
s -3.5eV
= mTPA-PPI
PO-T2T
0.4 535ev @
HOMO -7.5eV HOMO
0

/ N
300 500 700
A/mm

(0 BRSO (b)) BIEEE /YL MR B
Bl 1 mTPA-PPL,PO-T2T.mTPA-PPI: PO-T2T(1 : D#
RIS S WL A& WP R A

B 2(a)k mTPA-PPI : PO-T2T(1 : 1) M7



CESIROEE 2023 4F 8 A 44 %55 4

HrE

o A THORE S A IR AU SR R 3B AR AT

TR E IR E SRR E S AT B a5 B
PL %, W, 76 = 0 R A& N, Bi& PL i
LT LA Gy BRI 55 A B 9 3 43 o B B 2O 5 RE AR ¢
S FF AR 43N 58 ns 5 6. 25 ps, HEIR T 5 BRI
DA A R T SCHR 13 182 6 19 5 3k TH 3145 s e =
T FCZS 25 R B RO HF A28l 7. 06 ps . 7E FL
RN ERTVOCHF A AL T = &S T
S5 TR B B AR A, b5 R
MR R 77 K IE R 5865043 i 84 KOG L
il 10/11 FREH] 10/13M, DL EBL G 3EH, 43R
WK T =S TN LSRR LSRR K
5 Z ) & ok 7. K 2(b) iy mTPA-PPI : PO-
T2T = DEPCHEEEHE, K AT A, mTPA-PPI
: PO-T2T(1 = D WY #EGCIE(E Ny 532 nm, X T
2.33 eV I =LA BB, T 2SOGIE 5 B L g LT &
4 X UL mTPA-PPI : PO-T2T(1 : DAL R
RS — RSBV T . RBREE TN 0eV,
/N B R 2 - = 2R A BB 2 22 M W 2 1 HE R W L B
%, Ui mTPA-PPI = PO-T2T HA B & iy 8 T
FER TR ED S BAR BT 3 a2 i
AN

K 2(dD) haewi ek Ir(MDQ), acac 1YW I
i} mTPA-PPI : PO-T2T (1 : 1) #OEE &t PL
W, M 2(d) AT L& B Ir(MDQ), acac Y W i
5 mTPA-PPI: PO-T2T(1 : 1) PL GiEA B K
B E &, X 3 mTPA-PPI : PO-T2T (1 : 1) 5
Ir(MDQ), acac 17 7 5 &% i & F BU7 o8 T UE 52

Bf

¥

.
10 1.0 v S A
—— Fluore(rt)
g 3 06
=10 =
0.2,
0
10 500 600 700
t/x10%ns A/nm
(a) B[E] 436 (b) 21 Kotk
e. ——absorption of I((MDQ)s(acac)
25% 12 _mTP‘:-PP! PO-T2T
S s\ :
'\ 75% tAEST .08
RISC T 3
B 5t = 04
R Bk
v 0
SO
300 500 700
A/mm

() HMFh 3 dBRER (D Ir(MDQ),acac [ W Ui
2 mTPA-PPL: PO-T2T ()} [a] 43 FF 6 i L 26 6 ik I
Yo% PL %5 Ir(MDQ), acac Y W I i

mTPA-PPI : PO-T2T(1 = 1) XUEE AR 4 £ v, il 45
T 45 ¥ ITO/HAT-CN (5 nm)/TAPC (65 nm)/
TCTAG nm)/Ir(MDQ),acac ¢ host(3%,20 nm)/
PO-T2T(60 nm)/LiF(1 nm) /Al B ®BGL6 84,
H i, host ¥ mTPA-PPI : PO-T2T (1 : 1) 5§
mTPA-PPI, 7 W B & 5 5 & & 2% 4 .,
Ir(MDQ), acac B 240 3% .

UL AR BRL B (R 25 2 19 F - PR I 8 B L P M-
SERE 5 B HL U R S st - A Rt e i 3
7R o RUCRER S84 26 AH [R) L 10 FEL I 2% 5 /N T 5
BERESE X FE S T PO-T2T #8425 /B 14
R A BT s (R T R A L AR ) R R RV L
BE AR F 1 0 FRLIRE R /N, AL B A L SR RE R S 1Y
XA T ORURE AR 1 B S A T A A R A AL
R ORURE AR 2% 1 5 = LI KO 5 T) ROR 4 R
20.3 cd/A,18.6 Im/ W, f fm 52 JE Ry 25 410 ed/m”,
7T B A 1 AP 5 R L TR () R B8 R038 (o) 43
Bk 14,6 cd/A F15.5 Im/W, it K5 6 524 cd/
m ’, 5 mTPA-PPI [£%, mTPA-PPI : PO-T2T
(1+ D EA R RISC i F2 3 i 15 78 XU 14 2%
fhrp, =AW B R TR R B, DT 75 XL
BER 284 76 2005 I i e 4 BE 7 TDRE G B B A 2
AT R B

600

[

—a—co-he —a—co-hosf
e nglc;l t o —— 'nglc-;l t _."'-
< 400 ) s
§ 3 7
g g 4
= 200 <1
= ~ /
0 J" 0
1 3 5 7 9 1 1 3 5 7 9 11
VIV VIV
(a) HJE-HEL 3% (b) MR-
20
20 —a—co-host —a—co-host
—e—single-host —e—single-host
Tl B
< >
5 |t & 173
S 10f ¢ .. S4 g"-.___“‘
5 p .. )
=~ s
*.‘-\ -,““*
'ﬂ..\
0
0

0 8 16 24 0 8 16 24
L/(x10°cd-m™) L/(x10°cd-m™)

(o) 5% BE-HLBE AR (d) 52 HE-Th #3805 i 2%
3 DL LT G a4 A e 2

P A Ry 28 1 H 300 285 B - A i TR0 (0 i 2k
i BT LLAS 1 mTPA-PPI : PO-T2T(1 ¢ 1) BEHA
A DA R & 2 .. O B3 8 A 4 2 T 8 P U
BETF MIRORIE . 12 R T OSURE AR 2% 1 9 AL

* 553 -



SEMICONDUCTOR OPTOELECTRONICS Vol. 44 No. 4

Aug, 2023

RISC 3 & . A %% T mTPA-PPI : PO-T2T(1 :
D =R AR, N B ER & T 8040
EQE AU BN T 4 R IE M . & 4(b) M a1t
f L BSUR DG T L B OGS T 58 4 — 30, UL I W s 1
ORISR RO B E A WA G AHT Y & A
Gr. 1 BAEET WURR SRS BRSSO
PERES U, R T LUE 5 H R R 25 40 AH L, XL
BRSSO MERE e R4 & T . RP L L. WEKE
JerE I,

12 1 e LOf o cohost :‘.
—=—co-host ¢
| —e—single-host 4 single-host 'Y
) [ Y
L}
X 8 ~ 0.6 ' \
< [ ] 3
5 |3 g / x
ol = s
H
H

*eeee, . ”“““”’“'“‘4 ,!!g“
0
0 200 400 600 400 500 600 700
J/(mA-cm™) A/nm

o) VBRI ST AR (b s
R R L S S ey PY LR ¢
ik

F1 BEES[EMVNSEF[HEHOLEILL

% L ! g/ ed AT ' VI),//(}nl-W ) ’
(edem 2y | L=10" |[L=5x10*| L=10" |[L=5X10"
BRI S 1 6524 6.7 2.9 4.0 1.1
XUBE R 21 25410 16.7 12.5 10. 1 5.8
N
3 Ziie

A SE T — a7 B A HLEL A PO
FER R B E G W, Horh mTPA-PPI
FLR PO-T2T g i F 32 4, 38 2o i [1] 43 ¥ % K% ¢
JEmE Ot Ot 3% i, 3E B T mTPA-PPI = PO-T2T
(1= DAFTERSON RISC i 72 5 il 4 T3 F mTPA-
PPI: PO-T2T(1 = 1) S G Y BBUEE K 2106
WECA I B L AROR | DR KA T 80R S
BR 20.3 cd/A,18.6 Im/W, 11. 54 % , J& BA BR{AK &8
Ry 104,102,154, AW TAERUL MEE &
Py PR XCRE A AT A R v O A PIL R O AR R g T
R e L RE B HIL K SRR R 1 25 I TR AT R
35 B
B E K

[1] Jeon SK, Park H J, Lee J Y. Highly efficient soluble blue
delayed fluorescent and hyperfluorescent organic light-emitting
diodes by host engineering [J]. ACS Appl. Materials &
Interfaces, 2018, 10(6): 5700-5705.

[2] ¢ W, ERA, XEEE, & mRCRMEOLRESH A 6 H L

* 554 -

BMBCROEALI]. JeF 2, 2019, 48(8) ¢ 144-149.
Chai Yuan, Wang Jundong, Liu Siyi, et al. High-efficiency
white organic light-emitting diodes with dual-emitting layer[ ] ].
Acta Photonica Sinica, 2019, 48(8): 144-149.

[3] Tietze M L, Benduhn J, Pahner P, et al. Elementary steps in
electrical doping of organic semiconductors [ J ]. Nature
Communications, 2018, 9(1): 1182.

[4] HuSM, Zeng J J, Zhu X Y. et al. Universal bipolar host
materials for blue, green, and red phosphorescent OLEDs
with excellent efficiencies and small-efficiency roll-off[J]. ACS
Appl. Materials & Interfaces. 2019, 11(30) ; 27134-27144.

[5] MW, Bk 7, REFE, %. HET BPyMPM : Cs mal &2
OLED Rl s [J]. SeF2:4, 2020, 49(1) . 24-31.

Lin Wenyan, Chen Ning, Wu Zhijun, et al. Preparation of
highly-efficient tandem OLED based on B3PyMPM : Cs[]].
Acta Photonica Sinica, 2020, 49(1) . 24-31.

[6] Lee HL. Lee KH, Lee] Y. Stable hole transport type host
boosting the efficiency and lifetime of the exciplex host based
phosphorescent organic light-emitting diodes [ J]. Dyes and
Pigments, 2019, 171. 107714.

[7] Wang Z Q, Wang C, Zhang H, et al. The application of
charge transfer host based exciplex and thermally activated
delayed fluorescence materials in organic light-emitting diodes
[J]. Organic Electronics, 2019, 66; 227-241.

[8] Vasilopoulou M, Mohd Yusoff A R, Daboczi M, et al. High
efficiency blue organic light-emitting diodes with below-
bandgap electroluminescence [ J ]. Nature Communications,
2021, 12(1): 4868.

[o] okAafa, Br &, 2 %, 4. OIS IER 98 OLED f2 €t
WEgEl)]. JeT 24k, 2020, 49(D) . 7-14.

Zhang Wenwen, Chen Zhuo, Li Ge, et al. Study on stability of
thermally activated delayed fluorescent OLED [ ] 1. Acta
Photonica Sinica, 2020, 49(1). 7-14.

[10] Mamada M, Tian G, Nakanotani H, et al. The importance
of excited-state energy alignment for efficient exciplex
systems based on a study of phenylpyridinato boron
derivatives[]J]. Angewandte Chemie, 2018, 130(38): 12560-
12564.

[11] B4, JEmng, RAG, % RTHELEWHESHE
BB RS SRS R LT ], KOs, 2023, 44(1):
61-76.

Liang Baoyan, Zhuang Xuming, Song Xiaoxian. et al.
Research progress of electroluminescent materials and devices
based on exciplex excited state [ J ]. Chinese J. of
Luminescence, 2023, 44(1): 61-76.

[12] Zhang Q S, Kuwabara H. Potscavage W ], et al.
Anthraquinone-based intramolecular charge-transfer

compounds: Computational molecular design, thermally

activated delayed fluorescence, and highly efficient red

electroluminescence[ ] ]. J. Am. Chem. Soc., 2014, 136

(52): 18070-18081.



CESIROEE 2023 4F 8 A 44 %55 4

R F RTHEALESHA RBREELA L B E A

[13]

[14]

[16]

[17]

Zhang D D, Cai M H, Zhang Y G, et al. Sterically shielded
blue thermally activated delayed fluorescence emitters with
improved efficiency and stability [J]. Materials Horizons,
2016, 3(2): 145-151.

Xie G H, Luo J H, Huang M L, et al. Inheriting the
characteristics of TADF small molecule by side-chain
engineering strategy to enable bluish-green polymers with
high PLQYSs up to 74 % and external quantum efficiency over
16% in light-emitting diodes[J]. Adv. Mater. , 2017, 29
(11): 1604223.

Cai M H, Zhang D D, Duan L. High performance thermally
activated delayed fluorescence sensitized organic light-
emitting diodes[ J]. The Chemical Record, 2019, 19(8):
1611-1623.

Konidena R K, Lim J, Lee ] Y. A novel molecular design
featuring the conversion of inefficient TADF emitters into
efficient TADF emitters for deep-blue organic light emitting
diodes[J]. Chemical Engineering J. , 2021, 416 129097.
£, AEmg, XIPESE, G OB G W R BT I E AR

EMRSCRAEB R AA IR T RE L] ROEFER,
2022, 43(1): 85-93.
Wang Chao, Li Xiangfeng, Liu Zemei, et al. High efficiency
doping-free white organic light emitting diodes by combining
exciplex and phosphorescent ultrathin layer[J]. Chinese J. of
Luminescence, 2022, 43(1): 85-93.

L18]  JH/NAI, ek, o M, 5. W) Be ARk ko A ALK O &
TFRCR R R BTFE[T]. SEF 24, 2020, 49(1): 123004,
Zhou Xiaogang, Feng Haiwei, Wu Chao, et al. Research on
improving efficiency roll-off of organic light-emitting devices
based on bifunctional electrode [ J]. Acta Photonica Sinica,

2020, 49(1): 123004.

fE&E &I -

WHEB(978—), 8, i+, 8| %%, L BT
6] 4 A AL BOR R B

REFEAI7T—), F . .83, T2NFAH
Mo B E B FR,



