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ABSTRACT

In order to improve EL performance, anthracene was doped into the 8-hydroxyquinoline-
aluminum (Alg®) light-emitting layer of organic double layered EL cells. The EL cells were fabri-
cated on ITO glass substrates by vacuum deposition. Doping of anthracene to the light-emitting
Alq® layer was performed by means of co-evaporation. The doping concentration was changed in
the range of 5 to 30 wt.%. It was confirmed that anthracene doping of appropriate concentration
increased the available current density and brightness of the EL cells. Carrier mobility of the Alg3
layer was measured by time of flight method. The influence of anthracene doping on the cell per-

formance was discussed.

INTRODUCTION

Electroluminescent (EL) devices based on
organic thin layers are of great interest, now
a days, because of their possible application
as large area light-emitting color displays
which are operative at low drive voltages.
Tang and VanSlyke!" proposed first to use a
hole transport later for promoting hole injec-
tion into the emitting layer, resulting in a sig-
nificant decrease in the drive voltage. Many
attempts to increase EL performance have
recently been made intensively[>"", In order
to increase the EL performance, we have
tried to dope light-emitting layer with an-
thracene. This paper describes influence of

anthracene-doping into the emitting layer on
the electrical and light-emitting behavior of
8-hydroxyquinoline-aluminum based EL
cells.

EXPERIMENTAL

All the EL devices were fabricated on indi-
um tin oxide (ITO) glass substrates by vacu-
um deposition at a pressure of less than 3 x
107 Torr. The structure of the fabricated EL
cell is shown in Fig. 1. First, triphenyldiamine
derivative (TPD) was deposited on a sub-
strate as about 60nm-thick hole transport
layer. Then, 8-hydroxyquinoline-aluminum
(Alg3 ) was deposited on the TPD layer as -
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Fig. 1 The structure of the EL cell fabricated in
this study.

about 100nm-thick light-emitting layer. The

top electrode was also prepared by vacuum
deposition of magnesium (Mg) of about
200nm-thick. Doping of anthracene to the
light-emitting Alg3 layer was performed by
means of co-evaporation of Alg3 and the
dopant using separate evaporation sources.
The doping concentration was changed in the
range of 5 to 30 wt.%.

The absorption spectra of undoped and an-
thracene-doped Alg3 thin layers were mea-
sured to check the doping of anthracene into
the Alqg3 layer. Electrical and EL characteris-
tics of the EL cells fabricated were measured
by a conventional method 2. In order to eval-
uate carrier mobilities in the undoped and an-

~thracene-doped Alg3 thin layers, time of
flight measurements were carried out. The
cells for that purpose were fabricated as fol-
lows. First, a SiO thin layer about 170 nm-
thick was deposited as a blocking electrode
on the ITO glass substrates by vacuum depo-
sition at a pressure of less than 3 x107° Torr.
Then, Alg3 was deposited on the SiO thin
layer. Doping of anthracene to the Alg3 thin
films was performed by means of co—evapo-
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Fig. 2 The molecular structures of the organic
materials used in this study.

ration. The top electrode was also prepared
by vacuum deposition of gold (Au). A N,
laser pulse was irradiated onto the Alg3 thin
layer through the ITO glass substrate, and
the waveform of the photocurrent was ob-
served with a digital storage scope. All the
measurements were made at room tempera-
ture.

The molecular structures of organic mate-
rials used in this study are shown in Fig. 2.

RESULTS AND DISCUSSION

Current density-voltage characteristics of
the EL cells are shown in Fig. 3. It was found

~ that anthracene doping of appropriate con-

centration to Alg3 increased the current den-
sity of the cells. However, heavy doping, for
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Fig. 3 Influence of anthracene doping on the cur-
rent-voltage characteristics of the EL celis.

example, more than 30wt.% decreased the
current density. Most EL cells were destro-
yed both electrically and mechanically by ap-
plying voltages higher than around 20-22V.
It should be noted that anthracene doping in-
creased the available current density in the
EL cell. Brightness-voltage characteristics of
the EL cells are shown in Fig. 4. Anthracene
doping of moderate concentration increased
the brightness of the EL cell in the same way
as the current density. For example, the
brightness increased to 11000cd/ni or more
at the doping concentration of around 10wt.%,
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Fig. 4 Influence of anthracene doping on the
brightness-voltage characteristics of the
EL cells.

but heavy doping decreased the brightness
again. This can be ascribed in part to the in-
crease in the current density due to the an-
thracene doping. However, the extent of the
brightness increase due to anthracene doping
was much larger than that of the current-
density increase due to anthracene doping.
This result indicates that anthracene doping
increases the light-emitting efficiency of the
EL cells. Figure 5 shows the anthracene-con-
centration dependence of the ratio of bright-
ness (=2000, 3500cd/mi) to (voltage)x
(current density), at which the brightness
reaches to 2000, 3500cd/mi. This ratio corre-
sponds to a relative light-emitting efficiency.
This result indicates that anthracene doping
of appropriate' concentration increases the
light-emitting efficiency, but heavy doping
decreases it. From the standpoint of the light
-emitting efficiency, 5-10wt.% of anthra-
cene doping is most suitable.

EL spectra of undoped and anthracene-
doped cells are shown in Fig. 6. The undoped
cell showed an emission band centered at
around 530 nm, which corresponds to light-
green-colored emission. The anthracene dop-
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Fig. 5 Anthracene-concentration dependence of
the ratio of brightness to (voltage)-{cur-
rent density) at 2000, 3000 cd/nr.
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Fig. 6 EL spectra of undoped and anthracene-
doped EL cells.
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Fig. 7 Absorption spectra of undoped and anthra-
cene-doped Alg3 thin layers.

ing shifted the emission peak in shorter wave-
length direction slightly. This may be attrib-
utable to the emission from anthracene.
Absorption spectra of undoped and anthra-
cene-doped Alq3 layer are shown in Fig. 7.
The anthracene doping shifted the absorption
spectrum in longer wavelength direction. The
increase in absorbance in the wavelength re-
gion of 500 to 580 nm due to anthracene dop-
ing may shift the emission spectrum of the
doped cell.

Finally, carrier mobilities of the undoped
and anthracene-doped .Alq3 thin layers were
measured to clarify the mechanism of in-
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Fig. 8 Carrier mobilities of undoped and anthra-
cene-doped Alq~3 thin layers.

crease in current density (and also bri-
ghtness) due to anthracene doping. Figure 8z
shows the hole mobility of the Alg3 layer as
a function of anthracene concentration. This
result indicates that anthracene doping in-
creases the carrier mobilities in the Alq3 lay-
ers, which may be one of the origins of the in-
crease in brightness by anthracene doping.
However, the detailed mechanism of the influ-
ence of the anthracene-doping on the current
density and brightness is ambiguous. Heavily
introduced anthracene molecules may inter-
fere carrier transport in the Alq3- layer.

CONCLUSIONS

Influence of anthracene doping into the
light-emitting Alq3 layer of the organic EL
cells was studied and the following results
were obtained :

1) Anthracene doping increased the cur-
rent density, the brightness and the light-
emitting efficiency.

2) The EL spectra was slightly shifted in
shorter wavelength direction by anthracene
doping.

3) The absorption spectrum of Alq~? layer
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