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High efficient monochromatic and white organic
light-emitting diodes based on exciplex

YUAN Qing-song” , FU Xiang-en

(School of Science, University of Shanghai for Science and Technology ,
Shanghai 200093, China)

Abstract: In order to explore the influence of exciplex on the performance of organic light-emitting di-
odes (OLED), a series of devices based on the structure with or without exciplex have been
fabricated. Firstly, it is determined that NPB : TPBi is not effective to form exciplex, while TCTA :

TPBi possesses exciplex performance requirements by comparing and analyzing the photoluminescence
spectra of N, N’-bis ( naphthalene-1-yl )-N, N'-bis ( phe-nyl )-benzidine (NPB), 4, 4', 4"-tris
(Ncarbazolyl)-triphenylamine ( TCTA), 1, 3, 5-tris (Nphenylbenzimidazole-2-yl) benzene (TPBi),
NPB : TPBi and TCTA : TPBi films. Then, a series of monochromatic and white OLED devices have

been fabricated by combining ultrathin emission layer of blue phosphorescence bis[ (3,5-difluoro-2-(2-

5 B 88 : 2020-02-04 5 & 1T H 8 : 2020-05-06.
* W (EHE R A . E-mail : 358201651 @ qq.com
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pyridyD) phenyl-(2-carboxypyridyl) iridium ([l ) (FIrpic) and orange phosphorescence bis (4-pheny-

Ithieno[ 3,2-c]pyridinato-N,C2') acetylacetonate iridium([ll) (PO-01), and the thickness of ultrathin

phosphor layers are optimized to achieve high brightness and efficiency. Compared with devices

without exciplex, the performance of monochromatic blue, orange and two-color white devices based

on the exciplex have been greatly improved, with the maximum brightness of 5 823, 29 000, 23 790

cd/m?® and the maximum power efficiency (PE) of 15.3, 47.8, 51.0 Im/W, respectively. These im-

proved device performances are attributed to the reverse inter system crossing (RISC) from triplet ex-

citon to singlet exciton and the efficient host-guest energy transfer, which provides a feasible idea for

the preparation of high-efficiency OLED devices with simple structure.

Key words: organic light-emitting diode; exciplex; ultrathin emitting layer; efficiency; luminance
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BOGARE A CER T B WS

ITO/HAT-CN (10 nm)/NPB (50 nm)/
PO-01 (0.1 nm)/TPBi (10 nm)/Bphen (40
nm)/Liq (2 nm)/Al (100 nm) ;

BOGAHE B CF SRR G W45 .

ITO/HAT-CN (10 nm)/NPB (40 nm)/
TCTA (10 nm)/PO-01 (0.1 nm)/TPBi (10
nm)/Bphen (40 nm)/Liq (2 nm)/Al (100 nm) ;

WOt C CRA ML WA

ITO/HAT-CN (10 nm)/NPB (50 nm)/
Flrpic (0.1 nm)/TPBi (10 nm)/Bphen (40
nm)/Liq (2 nm)/Al (100 nm) ;

WOLEIE D CH AR S WS

ITO/HAT-CN (10 nm)/NPB (40 nm)/
TCTA (10 nm)/Flrpic (0.1 nm)/TPBi (10
nm)/Bphen (40 nm)/Liq (2 nm)/Al (100 nm),

‘DeviceA  Decice B DeviceC~ DeciceD  Device W1 Decice W2
Lig(2 nmyA1(100 nm) Liq(2 nmyA1(100 nm) Lig(2 nmyA1(100 nm)
Bphen(40 nm) Bphen(40 nm) Bphen(40 nm)

TPBi(10 nm)

TPBi(10 nm)

TPBi(10 nm)

| ITOHAT-CN(10mm) | |
Orange OLEDs

K3 & AJB.C.D.W1 #l W2 194545 &
Fig.3 Device structure of device A, B, C, D, W1,
and W2,

ITO/HAT-CN(10 nm) |
WOLEDs

ITOHAT-CN(10 nm) | |
Blue OLEDs

M 1A LUE B E I ALB YR K HL R
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Y5 Bphen WML, T 1L FAMHIE. 2K 101 cm® -
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Tab.1 EL properties of the devices without exciplex and within exciplex
. L ax/ J max/ NP Emax/ Nekm/  PEQEm/ CIE(z, y)
Devices
(ed*m™® (mAeem ? Ume+W ) (cdeA™D % 3V 7V
A 6 841 347.5 13.1 10.4 4.2 (0.491 7, 0.469 8) (0.405 4, 0.389 8)
B 29 000 326.7 47.8 41.8 17.7 (0.519 3, 0.477 3) (0.505 7, 0.477 6)
C 671 306.7 0.2 0.3 0.3 (0.151 1, 0.156 2) (0.151 2, 0.131 8
D 5 823 299.2 15.3 13.4 9.4 (0.155 7, 0.403 4) (0.183 0, 0.410 8)
W1 3 550 313.1 5.4 4.7 2.5 (0.503 7, 0.482 3) (0.385 6, 0.366 6)
W2 23 790 308.9 51.0 44.7 16.1 (0.469 0, 0.486 5) (0.447 2, 0.485 4)
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