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Abstract

Organic electroluminescent devices with Eu,Tb; —4(aca)sphen dinuclear complex as the emitting layer were fabricated.
When the devices are operated under proper voltage the white light can be obtained. It consists of three parts: red from
Eu®", green from Tb** and blue from TPD (or NPB). © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Organic light emitting diodes (OLEDs) have at-
tracted considerable interest in these years, because
of their potential application in large area flat-
panel display [1,2]. Now OLEDs have achieved in
full color display covering the visible spectrum
from blue to red [3-5]. Differing from other colors,
the white emission from OLEDs has some special
advantage. It can be used as the backlight of liquid
crystal displays, which is as thin as a piece of paper,
and the white can also produce full color display
using micropattered color filter [6]. There are sev-
eral devices designed from which the white light has
been observed [6-10]. The materials used in these
devices include conjugated polymers [11], metal
complexes [6,7] and organic dyes [12]. Some
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spectra of the white light have a broad band cover-
ing the whole visible region. In order to achieve
maximum efficiency and high color purity, white
light should be composed of three discrete peaks in
the blue, green and red region. But organic fluor-
escent dyes and polymers possess broad spectra
and are not suitable for this purpose [6]. The rare-
earth metal complexes exhibit extremely sharp
emission bands in photoluminescent (PL) and elec-
troluminescent (EL) spectra. Kido et al. has used
Tb** and Eu®* complexes to achieve a white de-
vice with a multilayer structure [6,7].

In this study, a series of Eu,Tb,_(aca);phen
dinuclear complexes are employed as the emitting
layer in OLEDs from which the white emission can
be observed at an appropriate DC voltage.

2. Experimental

The dinuclear complexes Eu,Tb; _.(aca);phen
(x = 0 — 1) were synthesized in our laboratory. The
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Fig. 1. The molecular structures of the materials used in this work.
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Fig. 2. The device structure used.

detailed method and other properties will be de-
livered in another article. The molecule structure is
shown in Fig. 1. The mole ratios of the Eu** and
Tb>* are 8:2, 5:5, 2:8, 1:9, respectively. The
Eu®" and Tb** ions are just in one molecule. These
complexes can easily evaporate into film.

The typical structure of the device is shown in
Fig. 2. It consists of two active organic layers sand-
wiched between an electron injecting (aluminum)
and a hole injecting contact (indium-tin-oxide,
ITO). The poly (N-vinylcarbazole) (PVK) doped
with tetraphenyldiamine derivative (TPD) or 4,4*-
bis[ N-(1-naphthyl)-N-phenylamino]-biphenyl
(NPB) was introduced as the first layer by spin-
coating from their chloroform solution on an ITO
coated glass slide at 2000 rpm. The weight ratio of
the PVK and the diamine is 5 : 2. The second layer
is one of Eu,Tb, _ (aca);phen which was deposited
by evaporation at the presser of 5 x 107> Torr. The

thickness of the first two layers is about 100 and
80 nm, respectively. At last a 150 nm aluminum
layer was evaporated at 5x 10~ > Torr. All sample
preparation and handing was carried out in labor-
atory atmosphere. The active area of the devices
was 2 x 3 mm?,

The PL and EL properties of the films and devi-
ces were determined with the Hitachi 4000 Spec-
trometer at room temperature in air.

3. Results and discussion

Fig. 3 shows the emission spectrum of
Eu, sTby s(aca)sphen film evaporated onto glass
substrate. There are three main peaks at 615, 595
and 550 nm. The first two bands come from Eu®*
ion corresponding to the transition of >Dy-"F, and
*Dy-"F; and the third corresponds to the *D,~"F
electronic transition of Tb** ion. The peak at
615 nm is much stronger than the others.

The EL spectra based on pure PVK and
Eug 5Tby s(aca);phen at different voltage is shown
in Fig. 4 in which there are two main peaks: one is
green at 550 nm which comes from Tb** ion, the
other is red at 616 nm coming from Eu®* ion.
When operated at 7 V, the emission intensities of
the two peaks are almost the same. When the bias
voltage is increased to 10V, the green emission
increases more quickly than the red. Because of
scaring of blue light, the color range of the device
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Fig. 3. The PL spectrum of the Euy sTbg s(aca)sphen film
(Ex =277 nm).
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Fig. 4. The EL spectra of the device ITO/PVK/Eu, sTbg s
(aca);phen/Alat 7V (----) and 10V ( ).

is changed from yellow to yellow-green. In order
to observe white light, the blue emission is
needed besides green and red. So NPB or TPD was
doped into the PVK layer. Two kinds of devices
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Fig. 5. The EL spectra of the device ITO/PVK:NPB/
Euy sTby s(aca)sphen/Al at 6.8V ( ) and 10.7V (- - - -).
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Fig. 6. The EL spectrum of the device ITO/PVK:TPD/
Eu, 5Tby s(aca)sphen/Al

were obtained based on them. Device I
ITO/PVK:NPB/Eu, sTby s(aca);phen/Al, and De-
vice II: ITO/PVK:TPD/Eu, 5sTb, s(aca);phen/Al.
The EL spectra are shown in Figs. 5 and 6, respec-
tively. To device I, there are three main peaks at
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Fig. 7. CIE 1993 x, y chromaticity diagram for (A) ITO/
PVK :NPB/ Eu, sTbg s(aca)sphen/Al, (B) ITO/PVK:TPD/
Euy.sTby. s(aca);phen/Al.

450, 550 and 617 nm which come from NPB, Tb* "
and Eu®”, respectively. When the device is driven
with a continuous DC mode for a forward bias with
ITO at positive, the color of the device is varied
from red to white. It is at 10.7 V that the white light
appears. The commission Internationale de
I’Eclairage (CIE) coordinates of the emitted light at
10.7V are X =0.325, Y =0.337 (Fig. 7, spot A).
The EL spectrum of device II that was measured at
15 V is shown in Fig. 6, which corresponds to CIE
coordinates of X = 0.333, Y = 0.332 (Fig. 7, spot
B). It is observed that there is an obvious peak in
the blue region at 406 nm that was emitted by
TPD. From the spectrum it is also noticed that
there is no broad band ranging from 500 to 700 nm
which was found in the spectrum of Ref. [6], and
was believed that comes from an exciplex formed
between TPD and the phenanthroline of
Tb(acac)sphen [6]. The main reason is that since
TPD is dispersed in PVK film uniformly, the con-
tact in the interface is mainly between PVK and
dinuclear complex. The exciplex cannot be formed.

Although white light can be obtained from both
types of devices, the voltage values at which the
white emission begins to appear are very different.

The performance of device I is better than that of
device II, because the white light can be seen at
lower voltage.

It is also noticed that differing from the PL
spectrum the green emission becomes more and
more prominent when the operating bias is higher
in EL spectra. It is believed that the recombination
of holes and electrons mainly takes place in the
dinuclear complex layer at low voltage. So the blue
light is very poor, and because there is an efficient
energy transfer process from Tb®* to Eu®* the red
light emitted from Eu®" ion is brighter than the
green. But when the bias is raised the recombina-
tion region moves to the interface of the two
organic layers. The blue emission is enhanced
sharply. Because of the influence of the PVK layer
at the interface, the probability of the *D,-"Fs
electronic transition of Tb®>* is increased and the
energy transfer efficiency of Tb** to Eu®* was
reduced.

Our devices are of a simple structure and easy to
be fabricated, and because there is only one inter-
face where the recombination of electrons and holes
may occur, the white light can be observed more
conveniently. An exciplex that could lower the
quantum efficiency of the device cannot form in our
devices.

From the other mole ratio of Eu®** and Tb**
ions in dinuclear complex, such as 2 : 8, the white
emission can also be seen. The EL spectrum of the
device ITO/PVK :NPB/Eu, ,Tb, g(aca);phen/Al
is shown in Fig. 8. It was acquired at 6.5 V and the
CIE coordinates are X = 0.328, Y = 0.335.

The dependence of the driving voltage of white
emission on the ratio of the Eu®>* and Tb** ions in
the dinuclear complex is shown in Fig. 9. It indi-
cates that when the mole ratio of the Tb** ion is
enhanced, the voltage of the appearing white light
is lowered. The possible explanation is that al-
though there is an energy transfer process in binuc-
lear complex the opportunity of the electron
transition of Tb** ion is increased when raising the
content of the Tb®>* ion and the proportion of the
green light is enhanced in the EL spectra at low
voltage.

In conclusion, the devices of two layers using
Eu®* and Tb>* binuclear complexes as the emitter
can be developed to achieve the white light, and the
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Fig. 8. The EL spectrum of the device ITO/PVK:NPB/
Eu, ,Tby g(aca)sphen/Al
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Fig. 9. The origin voltage of the white following the different
ratio of the Eu®* and Tb*" ions in dinuclear complexes.

voltage under which the white light appears is veri-
fied with the different proportion of Tb** ion. The
white emission is simple to realize in our devices.
The use of binuclear complexes with Eu®* and
Tb** in EL device will be interesting for design of
new organic EL materials and a new type EL
device configuration.
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