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Efficient White Electroluminescent Device with Stable Emission Spectrum

Zhou, Liang Deng, Ruiping Hao, Zhaomin Song, Mingxing Zhang, Hongjie*
(State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract In this work, we report a novel white organic light-emitting device (WOLED) with stable emission spectrum. Red
emitter 4-(dicyanomethylene)-2-tert-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4 H-pyran (DCJTB) was selected and doped
into N,N'-diphenyl-N,N"-bis(1-naphthyl)-1,1"-diphenyl-4,4"-diamine (NPB) layer as hole transport layer and the first
light-emitting layer (EML1), which provides blue and red emissions. The widely used green material
tris(8-hydroxyquinoline) aluminum (AlQ) was selected as sensitizer of electron injection and doped into NPB layer as the
second light-emitting layer (EML2), which provides blue and green emissions. The doping concentrations of DCJTB and
AlQ were optimized to be 0.4% and 0.14%, respectively, while the thickness of EML2 was optimized to be 3 nm. Finally, we
obtained the pure white organic light-emitting device, which possesses 3.1 V turn-on voltage, 32749 cd/m* maximum bright-
ness, 8.67 cd/A maximum current efficiency, and 8.78 Im/W maximum power efficiency. More importantly, the use of
hole-type host material help to confine the recombination zone of holes and electrons, thus improving the stability of elec-
troluminescent spectrum. With increasing current density, the Commission Internationale de 1’Eclairage (CIE) coordinates of

this device change from (0.343, 0.342) to (0.328, 0.336).

Keywords electroluminescence; fluorescent material; injection of electrons; recombination of carriers; luminescent effi-

ciency
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Figure 1 Structure and energy levels diagram of the white OLEDs used
in this paper
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Figure 2 (a) Normalized electroluminescent spectra of the devices with
different doping concentrations of DCJTB operating at the current density
of 10 mA/cm?; (b) The Commission Internationale de 1’Eclairage (CIE)
coordinates of the devices with different doping concentrations of DCJTB
operating at the current density of 10 mA/cm’
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Figure 3 Influence of the doping concentration of DCJTB on the elec-
troluminescent efficiency
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Table 1 Dependence of device performance on the doping concentra-
tion of DCITB

i SRR RS WSACE . R
02% 33V 26819 cd/m’ 7.27 cd/A 6.07 Im/W
04% 32V 29314 cd/m’ 8.92 cd/A 8.75 Im/W
0.6% 3.1V 28569 cd/m’ 8.47 cd/A 8.58 Im/W
0.8% 3.1V 25329 cd/m’ 8.09 cd/A 8.19 Im/W
1.0% 3.1V 21581 cd/m’ 6.82 cd/A 6.91 Im/W
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Figure 4 (a) Normalized electroluminescent spectra of the devices with
different thicknesses of EML2 operating at the current density of 10
mA/cm?; (b) The Commission Internationale de I’Eclairage (CIE) coor-
dinates of the devices with different thicknesses of EML2 operating at the
current density of 10 mA/cm?
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R2 B IOUREFEE SRR
Table 2 Dependence of device performance on the thickness of EML2

A G N TN AR © AR
3am 32V 30475 cd/m’ 7.52 cd/A 7.35 Im/W
4nm 32V 28749 cd/m’ 7.12 cd/A 6.98 Im/W
Sam 3.1V 26147 cd/m’ 6.62 cd/A 6.71 Im/W
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Figure 6 (a) Normalized electroluminescent spectra of the devices with
different doping concentrations of AlQ operating at the current density of
10 mA/cm?* (b) The Commission Internationale de 1’Eclairage (CIE)
coordinates of the devices with different doping concentrations of AlQ
operating at the current density of 10 mA/cm?
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Figure 7 Influence of the doping concentration of AlQ on the elec-
troluminescent efficiency
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Table 3 Dependence of device performance on the doping concentra-
tion of AlQ

ERZas oL RS PR« RME
0.8% 32V 30475 cd/m® 7.52 cd/A 7.35 Im/W
1.4% 32V 30880 cd/m’ 8.09 cd/A 7.94 Im/W
2.0% 31V 32183 cd/m® 8.47 cd/A 8.58 Im/W
FD 3.1V 32749 cd/m® 8.67 cd/A 8.78 Im/W
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Figure 8 (a) Normalized electroluminescent spectra of FD operating at
different current densities; (b) the Commission Internationale de
I’Eclairage (CIE) coordinates of FD operating at different current densi-
ties
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