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Bl: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : DMAC-DPS (1 : 1 :20%,
20 nm)/DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al
(100 nm);

B2: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(5nm)/mCBP (5nm)/DPEPO : DMAC-DPS (20%,20nm)/
DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);

Exciplex: ITO/HAT-CN (5 nm)/TAPC (40 nm)/
TCTA (10 nm)/TCTA : DPEPO (1 : 1, 20 nm)/DPEPO
(10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);

W1: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : RDO71 (1 :1 :2%, 4 nm)/
TCTA : DPEPO : Ir(ppy),(acac) (1 :1:8%, 3 nm)/
TCTA : DPEPO : DMAC-DPS (1:1:20%, 5 nm)/
DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);

W2: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : RD071 (1 :1 :2%, 4 nm)/
TCTA : DPEPO : Ir(ppy),(acac) (1 :1:8%, 3 nm)/
TCTA : DPEPO : DMAC-DPS (1 :1:20%, 8 nm)/
DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);

W3: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : RD071 (1 :1 :2%, 8 nm)/
TCTA : DPEPO : Ir(ppy),(acac) (1 :1:8%, 3 nm)/
TCTA : DPEPO : DMAC-DPS (1 :1:20%, 8 nm)/
DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);
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W4: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : RD071 (1 :1 :2%, 4 nm)/
TCTA : DPEPO : Ir(ppy),(acac) (1 :1:8%, 5 nm)/
TCTA : DPEPO : DMAC-DPS (1 :1:20%, 8 nm)/
DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al (100 nm);

W5: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : RD071 (2%, 4 nm)/ TCTA : Ir(ppy),
(acac)(8%,3nm)/TCTA : DPEPO : DMAC-DPS(1 : 1:
20%, 8 nm)/DPEPO (10 nm)/TPBi (30 nm)/Liq (2 nm)/Al
(100 nm);

W6: ITO/HAT-CN (5 nm)/TAPC (40 nm)/TCTA
(10 nm)/TCTA : DPEPO : RD071 (1 : 1 :2%, 4 nm)/
TCTA : DPEPO : Ir(ppy),(acac) (1:1:8%, 3 nm)/
TCTA : DPEPO : DMAC-DPS (1 : 1 : 20%, 8 nm)/PPF
(10 nm)/BPPB (30 nm)/Liq (2 nm)/Al (100 nm),
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Fig.l EL performance of blue devices. (a) Current density-voltage-luminance characteristics of B1, B2; (b) EQE-current density curves (Insert: EL

spectra of blue and exciplex devices)
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$136.7 cd-A™'.33.5 Im- W' F119.5% (WA 1), FHTFTCTA
(T,=2.85 eV)!'"' 55 DMAC-DPS (7,=2.90 eV)!'8 ffj = &
e AL, BT Z A & A BT R A
I, B1 MU RBR N 33.9 cd- A, 33.3 Im-W ! i 16.8%
(WLFE 1), BEAK T B2, SR, SCH BT B4 4
(WL 2), #6)2 TCTA 43 b 093 7T LA &l %
o B 28 6 2 R FH AR AR B A I 5 sk,
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Wi HL O 2 R 3 0, BT R B AR ROR R R .
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Tab.1 Performance of blue devices

Device Vo IV 'YEQEb) negfed-A”! npe”/Im- W' ”EQEC)
Bl 35 16.8% 339 333 4.6%
B2 3.7 19.5% 36.7 335 4.7%

a): At a luminance of 100 cd-m 2, b): Efficiencies of the maximum, c): At 30 mA-cm
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Fig.2 Energy levels and molecular structures of materials
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Fig.3 EL performance of hybrid TADF/phosphorescent WOLEDs. (a) Current density-voltage-luminance characteristics of W1-W4; (b) EQE-

luminance-power efficiency curves; (c) EL spectra of W1-W4 in 5 mA-cm 2 (d) EL spectra of W2 in different luminance
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M & B8R E . W2 1Y CIE 2T+ & (0.451, 0.428), X Al
PR R A0.45, 0.41) B A AR FREC A AHIE . RIS,
W2 () CRI W4T T 88, 7 /2 T = IR A 55K .
T34b, d B R EQE 4@ 7 3 17.5%, iX 7l g i T4
JBERMELZEH - T FEAX, A THTE
A FUF FHRES . (EA5 B, t T P80 800 715
i R A S A IX B, 24 5% BE TE 1000~5000 ed'm?
0 N AR AR, g8 F W2 1) CIE {UM (0.451, 0.428) £
E5] (0.445, 0.424), FIH LT 19 FaEYE (51 3(d).
TE W2 ZRSE Y JE R |, W3 gE— 28 206 2 18 n 2]
8 nm, S T 20.9% AR EQE, 5 W2 #flt,5 mA-cm?
HLT 2 B T W3 (RO 2 80 s 1 8 348 5 19 210 % 5,
AER CIE, CRI AR (CCT) 43514 (0.506, 0.411),
81 Fl 2146 K(UNF 2 L5 PR, Vi 16 A4 55 iff 2 B
T, SEEL T 280 (Candle like-style) 92 11620, [
i, 5 W2 2800, W3 S8 T R F AR E B & SR,

1ESZ AL 1000~5000 cd-m ™ 3 BBl N, #8449 CIE
AN (0.001, 0.006), A T #E— A5 AR &2 R
FEXTERAFPERE RS2, [R]85 7 X L 2R W4 e
1 W4 K W2 I ZRG)JZ RN T 2 nm F B 5 38 0 1 44
SRR E R T (] 3(c)), Hiie K EQE 1 16.5%. £ #5
M2, #elf W4 R 3E 5 4 1) U F8 e 1, 76 1000~
5000 cd-m™ Ju [ A, W4 [ CIE 54 4 (0.003, 0.004),
P B 1 o Fe e MRS Bl R O 2 I R R AR AR A
[T, BT AW AR = 0 B P i 7 LA
NEEADE e -Re i NS G - D SN
W1~W4 LI P8 5 10 38R R B AR M, 76 1000 ed'm
HZEE R, W1~W4 ) EQE 730 518 3] 12.0%. 12.3%.
16.6% Fl 11.6%, X i 20.0%. 29.7%. 20.6% F 29.7%
HIRHRIRIE . % 2 % TADF/B§ 221k WOLEDs 1 fE
HEAT T B4 .

% 2 TADF/B§Z WOLEDs 1488545
Tab.2 Performance of hybrid TADF/phosphorescent WOLEDs

Device VoIV NEQE” e /ed-A™! pe”/Im- W' CIE? CRI? CCTI/K
Wi 3.6 15.0%/12.0% 34.9/28.8 32.7/20.1 (0.379, 0.486) 80 4532
w2 3.6 17.5%/12.3% 37.1/26.6 36.4/18.2 (0.451, 0.428) 88 2958
W3 3.7 20.9%/16.6% 40.4/32.0 38.6/20.5 (0.506, 0.411) 81 2146
W4 3.6 16.5%/11.6% 41.1/28.6 40.3/19.5 (0.355, 0.444) 83 4936
w5 3.7 14.0%/9.2% 30.5/20.3 29.0/14.2 (0.360, 0.431) 89 4777
W6 29 19.3%/14.3% 45.2/33.9 52.6/31.3 (0.385, 0.434) 89 4229

a): At a luminance of 100 cd-m2, b): Efficiencies of the maximum and at 1000 cd-m 2, ¢): At a luminance of 1000 cd-m™>

2.3 TADF/E#¥ %4 WOLEDs T{E#1IE

N T RO A F R IR L SR
T T WAL G ER AR TR, fl& T
i WS AR W2 1% A 4, L5 D 52365 43 6
45 . TELL B RS A B0 R R TCTA 53 (40 78
TADF #6244 % Fl TCTA:DPEPO 3£ E &9 &
R, HET W2 HERE, W5 FP 63 25 3 HL 39 58 1
PRk H (K 4(d)). X2 T TCTA HA S
2 s GERE R, WM EEE G X B AR T #DEME00
JE B 7E S AR P, SR R ORI G R . SR
T, BRAE M2 A IXBUE WS A7 B R P2 A T 3R
BEVERILG, anlEl 4(b) i, W5 fe K EQE i 14.0%,
B AR T W2, Ak, 16 1000 cd-m ™ BIZERE TR, W5 1)

EQE L F [ 5 9.2%, %)% 34.3% MRCRE R, AT
B M RCRIR MR (3R 2 BEE PR,

MBS UL 1SR g L, WO R A ) £ 1R TADF/BBY
744t WOLEDs () TAEHLIR AT i 141 5 fiiik . S48 T
SA X AR L, 256 23 o ORI HL B2 e 11
EEY RGN T2 A X0 T DU 5 84
RICIK, ¥ B AR TR 2 & ROCRBCR I BB RR IR
BEAEYE . BEAh, 3 2L A BT A 45 44 I R - -
LLRNZ Z MR T R R R AR, ] LUK BT
W T AR (EAFERE M, M4 L CZEZ N
B IR 2, A5 54 B2 T BT mT LA i)
HAABJZE A . T ARl X TR T A e
PG, 3 0 I T -0 T DA T - A 1 =2 ) )3 K3
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EL performance of device W5. (a) Current density-voltage-luminance characteristics of W5; (b) EQE-luminance curves; (c¢) Current efficiency-
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Highly-efficient hybrid TADF/phosphorescent white organic
light-emitting diodes based on an exciplex host
Zhang Yuanbo'?, Liu Yuan'?, Li Yanan'?, Bian Haodong'?, Li Jiarui'?, Zhu Lianqing'*
(1. School of Instrument Science and Opto-electronics Engineering, Beijing Information
Science & Technology University, Beijing 100096, China;
2. Key Laboratory of the Ministry of Education for Optoelectronic Measurement Technology and Instrument, Beijing 100016, China)
Abstract:
Objective White organic lighting-emitting diodes (WOLEDs) have attracted significant interest in the fields of

flexible flat panel displays and large-area solid-state lighting due to their merits of ultrathin, large-scale and low-
cost. Phosphorescent OLEDs can achieve 100% exciton utilization. However, the lack of stable blue
phosphorescent materials hinders the commercial application of all phosphorescent WOLEDs. Thermally
activated delayed fluorescence (TADF) materials, which can harvest triplet excitons through efficient reverse
intersystem crossing (RISC) and achieve nearly 100% internal quantum efficiency (IQE) are emerging as next
generation emitters for OLEDs. Therefore, hybrid TADF/phosphorescent WOLEDs have become an alternative
for preparing high efficiency and stable WOLEDs. Generally, in WOLEDs, unbalanced carrier transport in light-
emitting layers (EMLs) usually leads to narrow exciton recombination regions, which reduces the efficiency and
color stability at a high current density. Various methods, including inserting interlayers between EMLs have been
proposed to improve color stability. However, the organic-organic barriers between the interlayers and EMLs
enlarge the driving voltages and exacerbate exciton accumulation. Therefore, developing WOLEDs with balanced

carrier transport and broadening the exciton recombination zones are the key to simultaneously achieving high
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efficiency and stable white emission.

Methods High efficiency hybrid TADF/phosphorescent WOLEDs are prepared in this study. An exciplex
system TCAT:DPEPO is chosen as the host to improve charge balance and optimize exciton distribution.
Moreover, a cascaded exciton energy transfer route is constructed to improve exciton utilization efficiency. The
working mechanism of devices is illustrated by examining host effects in EMLs. Moreover, the carrier balance is

further enhanced by optimizing the transport layer.

Results and Discussions  The bipolar exciplex host (TCTA:DPEPO) and traditional host DPEPO are
comparably investigated in blue TADF devices (Fig.1). By modulating the thicknesses of light-emitting layers,
high-efficiency hybrid TADF/phosphorescent WOLEDg based on exciplex host have been achieved with
excellent color stability and a high color rendering index (CRI) of 88 (Fig.3). The comparison experiment shows
that the outstanding performance of hybrid TADF/phosphorescent WOLED:s is attributed to the widened exciton
recombination region and reasonable exciton utilization routes (Fig.4). In addition, by optimizing the electron
transport layer, the power efficiency is further improved, achieving maximum values of 52.6 Im-W ' and 19.3%

for power efficiency and EQE, respectively (Fig.6).

Conclusions High efficiency, color stable and low efficiency roll-off TADF/phosphorescent hybrid WOLEDs
based on exciplex host are achieved. In the proposed WOLEDs, an exciplex host is utilized in EMLs to broad
exciton recombination region and a cascaded exciton energy transfer route is constructed to improve exciton
utilization. Hybrid WOLEDs exhibit excellent color stability and low efficiency roll-off. Maximum values of PE
and EQE are 36.4 ImW™" and 17.5% (maintaining 18.2 Im-W ™" and 12.3% at 1000 c¢d-m?), respectively. With
balanced white emission, the WOLED reaches a CIE of (0.451, 0.428) and a high CRI of 88. By further
optimizing the transport layer of WOLEDs, the EQE is further improved to 19.3%, and a maximum power
efficiency of 52.6 Im-W ' and a CRI of 90 are achieved. The design strategy proposed in this study provides a
simple but feasible approach for high performance hybrid TADF/phosphorescent WOLEDs.

Key words: organic light-emitting diodes; exciplex host; carrier transport; exciton recombination
regions;  energy transfer
Funding projects: National Natural Science Foundation of China (62105039); R&D Program of Beijing
Municipal Education Commission (KM202211232015); Young Elite Scientist Sponsorship
Program by the China Association for Science and Technology (YESS20200146)

20230222-11



	0 引　言
	1 实　验
	2 结果与讨论
	2.1 蓝光TADF器件
	2.2 TADF/磷光杂化WOLEDs
	2.3 TADF/磷光杂化WOLEDs工作机理
	2.4 电子传输层优化

	3 结　论
	参考文献

