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ABSTRACT

Organic light-emitting diodes are generally depicted as sequential deposition of active layers and electrodes onto a sub-
strate, but commercial devices are fabricated using pixellization technique, where an insulator layer is introduced be-
tween the indium tin oxide and organic layer to define the area of the active device. Here, we have inserted a layer of
photoresist (thickness ~ 200 nm) at the edge of patterned anode (indium tin oxide) and between the anode and hole
transport layer (Poly 3, 4-ethylenedioxythiophene poly styrenesulfonate) to examine its effect on the leakage current of
organic light-emitting diode and on the electron-hole recombination ratio in the emission area, as a result increasing the
luminance efficiency. Current leakage causes the loss of charges, which adversely affects the recombination of electrons
and holes in the emitting zone and results in poorer luminance efficiency. In this paper, we report the effect of pixelliza-
tion on current density-voltage, luminescence-voltage and degradation behavior of single layer Poly[2-methoxy-5-(2°-
ethylhexyloxy)-1, phenylene vinylene] based organic light-emitting diodes. Devices with isolation layer have 30%
higher external electroluminescence quantum efficiency and reduced device degradation in comparison to without iso-
lation layer.
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1. Introduction

Application of organic light-emitting diodes (OLEDs) in
flat-panel and flexible displays requires development of
processing technology. There have been several papers
reporting the optimization of hole injection, hole trans-
porting, electron transporting and electron injection lay-
ers for a given emissive layer. The cathode of OLEDs is
typically made of aluminum (Al) layer with Ca [1-4] or
LiF [5-8] to boost the injection of electrons into the or-
ganic layer or a buffer layer is added to the anode [9],
which also improves the device characteristics. Besides
the multilayer active stack, the device structure can have
the substantial effect on OLEDs characteristics and sta-
bility. Factors which contribute to degradation mecha-
nisms for OLEDs are crystallization of the amorphous
organics film [10], dark spot formation [11], quality of
the polymer materials, and changes in morphology at the
metal/organic interfaces [12,13].

In early models, the formation of dark spots was at-
tributed to high local fields or high local Joule heating.
High local fields in areas of electrode non-uniformity
cause hot spots in OLEDs, and consequently result in
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pinholes in the top electrode, enhanced oxidation and
ablation of the top electrode [14]. Also, high local Joule
heating by high local currents causes interdiffusion at the
hole transport layer/electron transport layer (HTL/ETL)
interface and leads to a reduction of currents in the mixed
area [15]. These have been identified as causes of device
instability. The edges created due to Indium Tin Oxide
(ITO) and cathode overlap can also affect the device sta-
bility because of high current density on the edges.
Chung et al. [16] reported the result of insulation layer in
OLED device. With the increase in the thickness of the
Silicon Oxide (SiO,) the leakage current of the device
reduces and which helps to improve the external elec-
troluminescence quantum efficiency of the device.

In this study we insert, a layer of photo-resist, between
the patterned ITO and cathode to explore its effect on the
leakage current of OLEDs and on the electron-hole re-
combination in the emission area, and its effect on Lu-
minance. The stability is also improved due to combined
effect of reduced leakage and electric field at the edges
of ITO by using isolation layer

2. Experimental

Devices were fabricated on 150 nm thick indium tin ox-
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ide (ITO) coated glass having a sheet resistance of 10
Q/sq. The pattern of anode (ITO) was done on a glass
substrate by photo-lithography. The ITO coated glass
substrate was then ultrasonically cleaned using acetone,
methanol and deionized (DI) water. After drying in vac-
uum (2 x 107° m bar) at 130°C for 1hr, a layer of positive
photo-resist as isolation layer was coated to define pixel
using photo-lithography as shown in Figure 1(b). The
pixel area is smaller than the anode areas to allow cov-
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Figure 1. Pixel defined (a) without isolation layer & its
cross-sectional view of devices (b) with the isolation layer
(200 nm photo-resist).
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erage of the edge of ITO pattern. The device without
pixellization by isolation layer and its cross sectional
view is shown in Figure 1(a). The emission area of both
devices with and without the isolation area was fixed in
the 9 mm’ rectangular form. The patterned substrate was
then placed in ozone (350 sccm O,) for surface cleaning.
PEDOT: PSS was spin coated over ITO to planarize sur-
face spikes and increase the work function of the sub-
strate. The PEDOT: PSS layer was then dried in vacuum
(2 x 10°° m bar) at 130°C for 1 hr. Then MEH- PPV so-
lution in 50% xylene + 50% chloroform with 5mg/ml
concentration was spin coated over PEDOT: PSS layer,
which was subsequently dried in vacuum (2 x 107° m bar)
at 120°C for 1hr. Figure 2 shows the thickness of the
polymer is optimize to achieve low turn-on voltage. The
Ca/Al bilayer cathode was thermally evaporated in vac-
uum (3 x 107° m bar) onto the emitting layer. Finally the
devices were encapsulated using a glass cover with UV
cured epoxy to avoid penetration of oxygen and moisture.
The final structure of the device was ITO (1400)/PEDOT:
PSS (800)/MEH-PPV (1000)/Ca (300)/ Al (1000 in A).

The luminance-current density-voltage (L-J-V) char-
acteristics of the devices were measured after its fabrica-
tion. Minolta spectroradiometer (CS-1000) was employ-
ed to measure the luminance and spectrum, and Keithley-
6517 electrometer was employed as power supply and
testing of current voltage characteristics. We have esti-
mated the ELQE of the device, using a 6 inch integrating
sphere (SPH-6-4 Sphere Optics Hoffman Engineering)
and a calibrated silicon photodiode (S1226-8BQ TO-8
Hammamatsu) with spectral response range of 190 - 1100
nm wavelength. For degradation study, a constant voltage
was applied, and the light output and current were moni-
tored continuously.
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Figure 2. Current density—voltage characteristics of pixel-
lized devices at different thickness of the polymer.
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3. Results and Discussion
3.1. Electrical Characterization

Figures 3 and 4 shows the J-V and L-V characteristics of
pixellized and unpixellized device respectively. As char-
ges of the device without an isolation layer leak from the
edge of emission area, electrons cannot effectively com-
bine with holes in the emission area. It can be seen that
on pixellization less current flows through the device and
as a result luminescence is higher. And also at the same
current density pixellized devices have the high lumi-
nescence (163 Cd/m” for unpixcellized and 210 Cd/m’
for pixellized at 10 mA/cm?). This can be attributed to
the fact that on pixellization the leakage current in the de-
vice is reduced as compared to the unpixellized devices.
As a result number of electron-hole following through the
emissive area of the device increases and hence the
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Figure 3. Current density—voltage characteristics for the
pixellized and unpixellized devices.
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Figure 4. Luminance—Voltage (L-V) characteristics for the
pixellized and unpixellized devices.
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Figure 5. Comparison of luminosity—current density—time
(L/L,- J-t) characteristics for pixellized and unpixellized
devicesat 5 Volts.

effective number of e-h recombining is enhanced which
will result in a higher luminescence.

3.2. Operational Stability of Device

Pixellization with isolation layer also removes the high
current density area along the edges and thus will effect
the degradation behavior of the devices. When the device
has high leakage current, it degrades with high rate due
high local fields or high local Joule heating near the
sharp edges of ITO. High local fields at the edges of
electrode cause hot spots in OLEDs, and consequently
result in pinholes in the top electrode as a result oxida-
tion and ablation of the top electrode enhanced [14]. Fig-
ure 5 clearly shows that unpixellized devices degrade at
much faster rate compare to the pixellized devices. The
current flowing through the device is almost constant for
the pixellized one but for unpixellized device there was a
reduction in current which is due to the degradation of
the emissive layer.

4. Conclusions

Insertion of an isolation layer at the edge of ITO anode:
1) Effectively reduces the leakage current, so as to pre-
vent the generation of excess heat, and hence led to the
better stability of devices;
2) We also see an enhancement in luminance effi-
ciency due to isolation layer of devices.
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