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Electroluminescence in Thin Films of Organic Dyes

Seiji HAYASHI, Masanao ERA, Hiroyuki ETOH,
Tetsuo TSUTSUI, Shogo SAITO, T. T. WANG,
and Shiro MATSUOKA

Electroluminescence (EL) in three types of organic thin films, amorphous pyrazoline films
prepared by vacuum vapor deposition, cyanine dye multi-layers prepared by the Langmuir-Blodgett
method and crystalline perylene films by vacuum vapor deposition, were investigated. The organic
thin films were sandwiched between an electron-injection electrode (Al or In) and a hole-injection
electrode (Au, Indium-Tin-Oxide, Cul, or poly(3-methylthiophene) film). EL was confirmed to
originate from recombination of injected holes and electrons. The poly(3-methylthiophene) electrode
was found to be the most excellent for hole injection. By use of this electrode, the threshold voltage
for. emission markedly lowered. Because the rate of carrier recombination was determined by the
efficiency of electron injection, the improvement of an electron-injection electrode brought about a
large increase of EL efficiency. In, which possesses low work function, was found to be favorable

for an electron-injection electrode.
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Fig. 1 Chemical structures of samples.
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Fig. 2 Emission spectrum of an EL cell: ITO/
pyrazoline : 2.4 um/Al when subjected to
75 VAC, 60 Hz in helium ambient (solid
line), and photoluminescence spectrum of
amorphous pyrazoline film (broken line).

Fig. 3 Oscillogram of (a) light output signals and
(b) wave form of applied voltage (300 V, 60
Hz). Film thickness is 4 #um. Notice that
light output appears only when the ITO
electrode is biased positively.
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Fig. 4 A plot of current vs. voltage for the Au/
pyrazoline/Al cell.
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Fig. 5 Log-log plots of J-V characteristics for the
cells Au/pyrazoline/Al {(curve a) and Au/
pyrazoline/Au (curve b).
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Fig. 6 Absorption spectra of multi-layered
cyanine dye depending on the number of
layers (solid line), and absorption
spectrum of cyanine dye in methanol (0.4 X
10~°*M) (broken line). The inset shows
relationship between absorbance and num-
ber of layers of multi-layered cyanine dye.
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Fig. 7 Electroluminescence spectrum in the Au/
multi-layered cyanine dye (30 layers)/Al
cell (TVAC, 60 Hz). The broken line shows
the photoluminescence spectra of the
multilayer (30 layers).
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Fig. 8 Transmission spectra of electrode mater-
ials; (a): ITO glass, (b): Cul on a
vacuum-evaprated gold on a glass slide
and (c¢): P3MT on ITO glass.
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Fig. 9 The corrected photoluminescence
spectrum of a vacuum deposited perylene
film (curve (a)), and the emission spectrum
of an EL cell (ITO/perylene: 5 um/Al
under DC 290 V) (curve (b)).
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Fig. 10 Relationships between current density
(J) vs. voltage (V) in the EL cells; (a):
P3MT/perylene: 3 um/Al, (b): Cul/per-
ylene: 5 um/Al, (c): ITO/perylene: 4
#m/Al
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Fig. 11 Relationships between brightness and
current density (J) in the EL cells;
(@): ITO/perylene: 9 ym/In,
(©): P3MT /perylene: 3 um/Al,
(@) : Cul/perylene: 5 xm/Al,
(®): ITO/perylene : 4 um/Al,
(O): Au/Cyanine dye: 39 nm/Al,
(@) : Cul/pyrazoline : 3 #m/Al,
(X)) : ITO/pyrazoline: 3.6 xm/Al,
() : Au/pyrazoline: 3 pm/Al
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