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Abstract. White organic light-emitting device have been fabricated by using highly blue fluorescent

dye 9,10-di (2-naphthyl) anthracene(ADN) and 4- (dicyanomethylene) -2-t-butyle-6-(1,1,7,7-

tetramethyljul olidyl-9-enyl)-4H-pyran (DCJTB), together with well known green fluorescent dye 10-

(2-benzothiazolyl) -2,3,6,7-tetrahydro-1,1,7,7-tetramethyl-1H,5H,11H(1)-benzopyroyran-o (6,7-8-i,j)
quinolizin-11-one(C545T). The fabrication of multilayer WOLEDs did not involve the
hard-to-control doping process. The structure of the deviceisITO/ 2T-NATA (50nm)/ AND (15 nm)

/ C545T (0.05nm) /Alg3(5nm) / DCJTB (x nm) /Alg3 (50 nm)/LiF (0.5nm) /Al, wherex=0.025

nm, 0.05nm and 0.075 nm, called device A-C, respectively. where 4,4°4’-Tris ( N-(2-naphthyl) -N-

phenyl-amino)- triphenylamine (2T-NATA) act as hole transport layer , ADN act as blue emitting

layer, DCJTB act as sub-monolayer red emitting layer, C545T act as sub-monolayer green emitting

layer, tris- (8-hydroxyquinoline) aluminium (Algs) act as el ectron transport layer, WOLEDs of device
A, B, and C, different in layer thickness of DCJTB. To change the thickness of sub-monolayer

DCJTB, WOLEDs was obtained. When x =0.025, the Commission Internationale de 1’Eclairage (CIE)
coordinates of the device A change from (0.3212, 0.2992) at 4 V to (0.3018, 0.3185) at 13 V that are
well in the white region, respectively. Its maximum luminance was 8520 cd/ m? at 13 V, maximum

current efficiency, maximum power efficiency was 9.92 cd/A at 6V, 2.09 Im /W at 4 V, respectively.

Introduction

Organic light-emitting diodes (OLEDSs) are developed fast since the important work in 1987[1], and
have shown their remarkable application in flat panel display and lighting nowadays [2-5].For the
applications in display as well as solid-state lighting. Generally, white OLEDs (WOLEDSs) can be
obtained by employing two or more different complementary colors emitters in the emitting layer
[6-9]. Consequently, the dopant light-emitter of guest—host system becomes a universal method for
solving the quenching problem [10-15]. However, considering that the reproducibility of the optimum
doping level requires careful manufacturing control and that the prolonged operation of the devices
may lead to the phase separation of the dopant and host materials, doped OLEDs are relatively more
difficult to adapt to practica applications than their nondoped counterparts. In this letter, the
fabrication of multilayer WOLEDs did not involve the hard-to-control doping process. Sub
-monolayer DCJTB act as red emitting layer, C545T act as green emitting layer, the effect of DCJTB
emission on the WOLED is demonstrated. The simple device structures and excellent reproducibility
make them well suited to low-cost lighting applications and beneficial to the industrialization.

Experimental

Fig.1 shows the device structure of the OLEDs. The devices are prepared in a vacuum chamber at a
pressure of 4.0*10“pa by thermal evaporation onto a cleaned indium tin oxide (ITO) coated glass
substrate. The multilayer devices fabricated have the following structure: ITO/ 2T-NATA (50nm)/
AND(15 nm ) /C545T(0.05 nm)/Alg3(5 nm)/DCJTB (x nm) / Alg3 (50 nm)/LiF (0.5nm) /Al,

where x=0.025 nm, 0.05 nm, 0.075 nm, called device A-C, respectively. The thickness of layers
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was controlled by quartz crystal monitor. The EL spectra and CIE coordination of the devices were
measured by PR655 Spectra Scan spectrophotometer and the current-voltage-brightness
characteristics were simultaneously measured by a voltage-current source (Keithley 2400). All the
measurements were carried out at room temperature under ambient atmosphere.

LiF(0.5 nm)/AI(200 nm)

Ala3( 50 nm)

Ala3(5nm)

ADN( 15 nm)
2T-NATA (50 nm)
ITO

Fig. 1 The device structure of the OLEDs

Results and discussion

Fig.2 shows the Normalized EL intensity of the different devices at different voltage. The devices
A-C emerging three main emission peaks at 458 nm, 504 nm, 612 nm originating from ADN, C545T,
DCJTB,respectively. The device A shows quite strong blue emitting compared with the device B and
C, this observation is attributed to thin sub-monolayer from DCJTB, more excitons formed in AND.
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Fig. 2. Normalized EL intensity of the devices A-C at different voltage and Normalized EL intensity
of devicesA-C at 9V
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Fig.3 shows the current density versus voltage (J-V) characteristics of the devices. With the increase
thickness of sub-monolayer DCJTB, the current density for a given voltage decreases. The
luminance-voltage characteristics of the devices are depicted in Fig.4, the device A and B have
maximum luminance in same voltage. To be practical, an EL device should possess not only a high
brightness but also high EL efficiency. For example, at a given voltage of 12V, the brightness of

devices A-C is 6578 cd/m?, 6635 cd/m? and 2023 cd/m?, respectively.
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Fig 3.The current density versus voltage
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Fig 4. The luminance- voltage characteristics

characteristics of the devices A-C of devicesA-C

Fig.5 shows the current efficiency-voltage of the devices. The maximum efficiency of devicesA-Cis
9.92 cd/A at 6V, 7.79 cd/A a 7V and 7.35 cd/A at 5V, respectively. The device A exhibits the best
current efficiency performance. The enhanced EL efficiency can be attributed to the perfect trapping
in the red emitting layer. The current efficiency is comparatively depends on thickness of
sub-monolayer DCJTB. The effect of concentration aggregation on the performance of organic
emitting device has been invested previoudly. Our results indicates that for a given device structure,
the proper sub-monolayer thickness can enhances the performance of organic emitting device.
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Fig 5. The current efficiency- voltage characteristics of devices A-D
Fig. 6 shows the optical and electronic characteristics of devices A-C, we can seethat device A-Cis
white emit, the device A-C has the CIE coordinates change from (0.3212, 0.2992) at 4V to (0.3018,
0.3185) at 13V, (0.3656, 0.3919) at 5V to (0.3129, 0.32) at 13V, (0.3474, 0.3032) at 5V to (0.3393,
0.3473) at 13V, respectively, that are well in the white region. The power current efficiency was 2.09
Im/W at 4V, 1.43 Im/W at 7V and 1.54 Im/W at 5V, respectively.
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Fig6. The optical and electronic characteristics of devices A-C

Summary

We have fabricated efficient multilayer devices with blue fluorescent material combined with
sub-monolayer red fluorescent dye and green dye. To change the thickness of sub-monolayer DCJTB,
WOLEDs was obtained. When x =0.025, the Commission Internationale de 1’Eclairage (CIE)
coordinates of the device A change from (0.3212, 0.2992) at 4 V to (0.3018, 0.3185) at 13V that are
well in the white region, respectively. Its maximum luminance was 8520 cd/ m? at 13 V, maximum
current efficiency, maximum power efficiency was 9.92 cd/A at 6V, 2.09 Im /W at 4 V, respectively.
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