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We measured electroluminescence(EL) and photoluminescence(P1) from the poly(N-vinyl- 
cabazole)(PVK) doped with poly aromatic hydrocarbon(PAH), in this case rubrene. The 
dependence of thermal process on the PL and EL efficiency was studied. The optimum dop- 
ing ratio was found to be 1.5mo19b for rubrene. 

Keywonls: electroluminescence; photoluminescence; poly aromatic hydrocarbon(PAH); 
annealing 

INTRODUCTION 

Electroluminescence using organic thin film has drawn the attention 
after Tang reported his first work[l] in 1987. In 1990, Burroughes et al .  
reported green light emission with polyphenylene vinylene(PPV)[Z]. 
Since polymers are chemically more stable and easy to fabricate into 
devices, conjugated polymers are emerging as new kinds of important 
materials for EL devices. By doping the conjugated polymers one can 
get various emitting colors[3,4]. Spin casting is a typical method to 
fabricate polymers into thin films. To avoid some possible defects of 
polymer thin films fabricated by spin casting, such as pinholes, the 
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annealing process should be applied. The thermal process can lead 
polymer thin film to compositional changes[5]. In our work, we 
investigated the thermal process effects on the luminescence of rubrene- 
doped PVK thin films. 

EXPERIMENTAL DETAILS 

FIGURE 1 Molecular structure of rubrene 

The rubrene and PVK are available from Aldrich. The rubrene was 
purified with sublimation method. PVK was doped with rubrene in molar 
ratio, 1, 1.5, 2 and 3%, respectively. The solution for the spin casing was 
prepared with dichloroethane(A1drich). Thin films fabricated by spin 
casting were annealed at 130% in  vacuum( 10” torr). Film thickness and 
PL spectrum were obtained before and after the annealing. EL devices 
were constructed in single layer system with I T 0  cathode and Al anode. 
EL spectra without annealing were not obtainable. 

RESULTS AND DISCUSSIONS 

wavelength[nrn] wnveleng~h[nm] 

(a) (b) 
FlGURE 2 PL spectra of rubrene-doped PVK thin films (a) annealed 

(b) not annealed with different doping ratio. 
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ELECTROLUMINESCENCE OF POLY AROMATIC HYDROCARBON 2 1 I 

FIGURE 2 shows the PL spectra of the thin films for the different 
doping ratios before and after the annealing. After the annealing, the 
increase of  the doping ratio lead to the increase in the emission intensity 
of rubrene(@560nm) relative to that of PVK. The increment of PL was 
relatively small, as the doping ratio went higher than 1.5mol%. 

With the doping ratio of I.Smol%, the quantum efficiency for the 
emission of the rubrene was strongly dependent on annealing 
time(F1GURE 3). 

“1 

OOL 
JW 

.. - - annealing for 0 rnm 
!! . . . annealing for IOmm 

wavelength[nm] 

FIGURE 3 PL & EL spectra of rubrene-doped(l.Smol%) PVK thin 
films as a function of  annealing time 

Such an improvement of quantum efficiency might be derived from 
better energy transfer from conducting polymer to dopants. 

TABLE I Film thickness( A of rubrene-doped thin films on Si-wafer 
with different doping ratio before and after annealing;T,,,,e and Tano, 
represent film thickness before and after annealing respectively. 

Imol% 1.5mol% 211101% 3mol% 

Taflc)Thc,orr 0.0934 0.9433 0.9395 1.041 1 

The EL spectra were not obtainable for the EL devices that were not 
annealed. One of characteristic EL spectra of devices composed of 
rubrene-doped PVK single layer is shown in FIGURE 4. 
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1 " " "  

FIGURE 4 Electroluminescence spectra of 1.5mol% rubrene-doped 
PVK thin film 

CONCLUSIONS 

Thermal process improved the photoemission efficiency from the 
dopants in dye-doped conducting polymer thin films. The optimum EL 
efficiency was obtained with I .5moi% rubrene-doped PVK thin film. 
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