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An interesting phenomenon “forming process”, namely, the rising process of luminance and efficiency at the initial aging of
organic eletroluminescent devices, was studied under constant pulse voltage excitation with different duty ratios. The device
has a conventional double-layer structure. Tris(8-quinolinolato) aluminum (Alq) was used as the emitter layer, and poly(N-
vinylcarbazole) (PVK) was used as the hole transport layer (HTL). The increase of luminance is due to that of the current. It
was assumed that the forming process results from the redistribution of the electric field in the organic layer due to the build up

of space charge at the interfaces as well as other factors.
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1. Introduction

Since efficient organic electroluminescence (EL) was first
reported by Tang and VanSlyke in 1987, organic EL has at-
tracted much interest because of its attractive properties such
as high luminance, low driving voltage, easy fabrication of
a large area and a wide range of emission colors.>® From
a practical point of view, an important aspect is to prolong
the lifetime of the devices. For this purpose, some significant
achievements have been made. It was shown that the EL de-
vice with a structure consisting of double hole-transport lay-
ers exhibits significant operation stability.” The lifetime of
encapsulated devices can be greatly increased as compared
with that of unencapsulated ones.® The formation of a small
energy barrier at the interface of the hole transport mate-
rial/anode was demonstrated to be required for high durabil-
ity.” '

Studies on the aging process of the organic EL devices
showed that the devices have a limited lifetime in an ambient
atmosphere. When operated at a constant drive current, lu-
minance and efficiency usually decay gradually from a rapid
rate to a slow rate, accompanied by an increase in drive volt-
age, which indicates that the resistance of the device increases
during the aging process.® 1%V Recently, a forming process
was found in the aging of a highly stable organic EL device
with a-multilayered thin-film structure and an ac drive wave-
form,'? that is, the luminance and efficiency of the device in-
crease at the initial step of aging. A similar phenomenon was
found in the device under DC pulse voltage.!® The existence
of the forming process indicates that the aging process is a
very complicated process. The study on the forming process
is undoubtedly helpful to understand the mechanism of aging
and will provide a new route to improve the characteristic of
Iuminance decay. In this letter, we concentrate on the effect
of pulse voltage with different duty ratios on the forming pro-
cess, and the differences between the forming processes of
organic EL and direct current EL (DCEL).

2. Experimental
Figure 1 shows the organic EL device structure and the
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Fig. 1. Organic EL device structure and the molecular structures of the ma-
terials used in this study.

molecular structures of the materials used in this study. The
organic EL devices had a conventional double-layered struc-
ture. We use poly(N-vinylcarbazole) (PVK) as the hole trans-
port layer (HTL) and tris(8-quinolinolato) aluminum (Alq) as
the emitter layer (EML). The PVK films were formed by
spin coating from a chloroform solution onto a glass substrate
coated with indium tin oxide (ITO), and then an Alq layer and’
Al contact were deposited successively on top of the PVK film
by vacuum deposition in a high vacuum of 5 x 1073 Torr. The
deposition rates for the Alq layer and Al contact were about
0.4 nm/s and 2 nm/s, respectively. The stability tests were per-
formed in an ambient air, at a constant voltage of 10 V. The
light output and the forward bias current were monitored con-
tinuously throughout the stability test. The luminance was
measured with a luminance meter, ST-86LA, while simulta-
neously measuring the current with a multimeter serially con-
nected with the driving circuit. The power was supplied by
us, which can output constant pulse voltage with various duty
ratios.

3. Results and Discussion

Table I shows the aging data of the same kind of devices un-
der constant pulse voltage of 10 V with different duty ratios.
The aging properties of the devices are illustrated in Fig. 2.
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Table 1. Aging data of the devices under different driving conditions
Duty ratio of The initial The initial The initial The real time of
Device the voltage luminance current luminous the forming
applied (cd/m?) density efficiency process
(mA/cm?) (Im/w) ()
A 100% 34 10.4 0.108 10
B 50% 15 7.1 0.065 10
C 20% 6 42 0.045 11
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Fig. 2. The aging properties of the EL devices applied with 10V pulse voltage with different duty ratios (dr): (a) aging of relative
luminance, (b) aging of relative current density, (c) aging of relative luminous efficiency.

Table I shows that the initial value of each device is quite dif-
ferent. When the constant voltage with a lower duty ratio is
applied to the device, it shows a lower initial luminance and
current due to the shorter real working time and integrated
measurement. Figure 2 shows that there exists an interesting
characteristic of the forming process during the aging in all
the devices. Namely, the luminance, current and efficiency of
each device go up first before decaying under constant volt-
age. Concerning one device, the aging property of luminance
is very similar to that of current, but the relative intensity of
luminance increases more than that of current in the forming
process, and the decay rate of luminance is also larger than
that of current. The rate of change of luminance is larger than
that of current, implying that there is a nonlinear relationship
between luminance and current. The luminous efficiency de-
termined by the luminance and current density increases at
the forming process.

Figure 2 also illustrates that under constant pulse voltage,
the decrease of the duty ratio leads to a large range of the
increase in luminance, current and efficiency of the devices.
The maximum increase of luminance, current and efficiency
in the forming process is achieved when the pulse voltage
with lowest duty ratio is applied to device C. Since device
C was influenced by the Joule heat less than the others, it is
assumed that the forming process and the decaying process
are probably competitive processes. Although the operating
times of forming processes of the devices A, B and C change
markedly at different duty ratios, which are 10, 19 and 53,
respectively, the real time of the forming process changes lit-
tle.

In order to understand the forming process of organic EL,

we should compare the forming processes of DCEL and or-
ganic EL.. Forming process is once the characteristic phe-
nomenon of the film or powder DCEL.'41% The typical char-
acter of DCEL shows that when a high dc voltage is applied to
an EL panel, a large current flows at first and then the current
drops markedly, associated with the onset of light emission.
After some time, the current settles down to a constant value
and the luminous efficiency of the EL panel rises to a higher
lever.!¥ In DCEL, the forming process is one of the most crit-
ical factors in the preparation of the cell; light is only emitted
from the device after the occurrence of a forming process,
which occurs irreversibly only once in the panel lifetime.!®
There are some differences between the forming processes of
DCEL and organic EL. The changes in luminance, current
density and efficiency of DCEL are not synchronized. How-
ever, in organic EL, the variations of luminance rising and de-
caying tend to that of current, and the efficiency changes syn-
chronously, which are clearly shown in Fig. 2. It was found
that the forming process in organic EL can occur many times
by interrupting the operation during the stability test and then
restarting it. Therefore during the forming process, the chang-
ing of the organic materials would appear to be unlikely.

It is well known that the organic EL device is a charge-
injection-type device in which light is generated from the re-
combination of holes and electrons injected from electrodes.
The luminance is mainly determined by the current density
injected into organic EL devices. It should be noted that the
aging property of luminance is closely similar to that of the
current density of each device under different duty ratios, so
the rise in luminance in the forming process can be attributed
to the rise in current. The increase in current density indicates
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Fig. 3. -V characteristics of the device.

that the resistance of the device decreases. In our device. the
total resistance consists of the serial resistances of the PVK
layer, the Alq layer, the contact between the two organic lay-
ers, and the contacts between the electrodes and the organic
layers. Considering the fact that PVK and Alq are very sta-
ble materials, it can be assumed that the contact resistance is
most likely to change. Figure 3 shows the /-V characteris-
tic of the device. Compared with the initial one, the injection
current density increases during the forming process, and de-
creases during the decaying process. This result indicates that
the efficiency of the injection current increases in the forming
process and decreases in the decaying process.

We assumed the mechanism of the forming process to be as
follows. It was thought that the different barriers of electron
or hole at the heterojunction and between the electrode and
the organic layer that made contact with it, would inevitably
result in the charge confinement and accumulation at the het-
erojunction, which would further lead to the redistribution of
the internal electric fields within the device and the improve-
ment of injection efficiency.!” In our device, we consider that
there is an accumulation of the carriers at the contact between
the two organic layers, and at the contacts between the elec-
trodes and the organic layers. These factors can increase the
injection current density and the balance injection of the elec-
tron and hole, so as to result in the rise of luminance and cur-
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rent density. But the rise of current density will speed up the
decaying process of the device, so that it shows the forming
process over a limited time. As a result of the weaker influ-
ence of the Joule heat, the decrease in duty ratio will lead to
a more obvious forming process. A little change in the real
time of the forming process for the three devices is possibly
due to the difference in influences of oxygen and moisture in
the air on the three devices. It needs to be tested if effective
encapsulation methods can improve the time of the forming
process.

It is assumed that there are other factors resulting in the
forming process. For instance, there may be ion conductance
by the electric field in the organic EL. due to the impurity
of the materials. The ions accumulated at the electrode may
lower the barrier between the organic layer and electrode, so
as to increase the injection efficiency of carriers.!® It should
be noted that the EL efficiency increases during the forming
process, therefore the investigation on the forming process
may reveal a useful method of improving the characteristic
of the devices.
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