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Synopsis

Organic electroluminescent (EL) device was fabricated using poly (N-vinylcarbazole) (PVCz) film
doped with perylene dye. Effects of the perylene dye concentration on the electric current and luminous
characteristics of the EL device and photoluminescent (PL) spectrum of perylene-doped PVCz film
were investigated. It was found that the luminous characteristic of EL device and PL spectrum of
perylene-doped PVCz film depend strongly on the concentration of perylene dye.
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1. Introduction

Organic electroluminescent (EL) device using fluorescent phenomenon of the organic material is
expected as a thin flat-panel display of the next generation. Organic materials are generally classified
into two classes, the low weight molecular material and the polymer. We fabricated an organic
EL device using thin polymer film doped with fluorescent dye casted by spin:..coating method and
investigated effects of dopant concentration in the host polymer on luminous characteristics of EL
devices.

2. Experimental

Fig. 1 shows the molecular structures of PVCz (SCIENTIFIC POLYMER PRODUCTS, INC. ,
Mw==132,000) and perylene (TOKYO KASEl KOGYO CO., LTD.) used in this study. The cleaned
Indium-Tin Oxide (ITO) coated glass (MATSUNAMI GLASS IND., LTD., Corning #7059 25 x 25 x
0.6 (mm) ) was used as a substrate. The PVCz and perylene molecules were dissolved in benzene. The
concentration of PVCz in benzene was changed from 5 mg/ml to 15 mg/rnl and that of perylene in
PVCz from 2 mol% to 8 mol%. Perylene-doped PVCz thin films were prepared by spin-coating method,
and AI-Li (KOJUNDO CHEMICAL LABORATORY CO., LTD.) electrode was formed by vacuum
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Fig. 1: Molecular structures.
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Fig. 2: Structure of organic EL device.

vapor deposition in a vacuum of 10-6 Torr. We fabricated a single layer EL device [ITO/Perylene
doped PVCz/AI-Li] in this study. Fig. 2 shows a schematic structure of EL device for investigating
the electrical and luminous characteristics.

The schematic diagram of the measurement system for current-voltage and luminance-voltage char
acteristics of the organic EL device is shown in the Fig. 3 GP-IB programmer was controlled through
GP-IB interface by a computer, and DC voltage was applied to the device. Voltage, current density
and output voltage from luminance meter were taken in the computer through an Analog/Digital
(A/D) converter. Fig. 4 shows a measurement system of the luminous spectrum. The monochromized
emission detected by an monochromater and a photomultiplier was taken into the computer through
the A/D converter. All measurements were performed at room temperature in the atmosphere.
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Fig. 3: Schematic diagram of current and
luminance measurement system.

Fig. 4: Schematic diagram of luminous
spectrum measurement system.

3. Experimental results and discussions

3.1 Current density versus applied voltage characteristics

. Fig. 5 shows current density versus applied voltage characteristics when the concentration of
PVCz in benzene is changed at the constant concentrations of perylene in benzene 2 mol% and 5
mol%. The figures show that threshold voltage increase as the concentrations of perylene and PVCz
increase.
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Fig. 5: Current density versus applied voltage characteristics of EL device.

3.2 Luminance versus applied voltage characteristics
Luminance versus applied voltage characteristics are shown in the Fig. 6 when the concentration

of PVCz is changed at the concentrations of perylene 2 mol% and 5 mol%. It is found that the
concentrations of PVCz to show the highest luminance are 15 mg/ml and 8 mg/ml at the concentrations
of perylene 2 mol% and 5 mol%, respectively.
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Fig. 6: Luminance versus applied voltage characteristics of EL device.

3.3 Luminance versus current density characteristics

Fig. 7 shows luminance versus current density characteristics at dopant concentration of perylene
2 mol% and 8 mol%. It is found that the concentrations of PVCz which show the highest luminescent
efficiency are 15 mg/ml and 6 mg/ml at the concentrations of perylene 2 mol% and 8 mol%, respec
tively. Table 1 shows a list of current density, concentration of PVCz and luminescent efficiency at
the 20 cd/m2 luminance. The values at 20 cd/m2 were estimated by extrapolation of the straight
line in Fig. 7. The table shows that the maximum luminescent efficiency is observed for the sample
prepared at the perylene concentration of 8 mol% and the PVCz concentration of 6 mg/ml. The
higher luminescent efficiency might be attained by further optimization.
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Fig. 7: Luminance versus current density characteristics.

Table 1: Characteristic of organic EL device.

Concentration of perylene 2 mol% 5 mol% 8 mol%

Concentration of PVCz 15 mg/ml 8 mg/ml 6 mg/ml

Current density 71 mA/cm2 62 mA/cm2 53 mA/cm2

Luminescent efficiency 2.8x 10-2 cd/A 3.2 x 10-2 cd/A 3.7x10-2 cd/A

3.4 EL and PL spectr~

Fig. 8 and Fig. 9 show EL and PL spectra at each concentration of perylene and PVCz. Lumi
nescent color is green at the concentration of 'perylene 5 mol% and 8 mol%, and light blue at the 2
mol% doping. Three luminescent peaks due to the luminescence of perylene1) are observed. As the
dopant concentration increases, luminous spectrum shifts to longer wave side.
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Fig. 8: EL spectra. Fig. 9: PL spectra.
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4. Conclusion

The conclusions can be sumlnarized as follo\vs :

1. Luminance strongly depends 011 dopant concentration of perylene.

2. The COllcentration of PVCz ill benzen whicIl shows a maximum luminance depends on the
COllcentration of perylene.

3. Luminescent efficiency is ilnproved as tIle cOllcelltration of perylene illcreases under the examined
concentration range.

4. Luminescent peak of perylelle shifted to the longer wave side by increasing the dopant concen
tratioll.
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