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Abstract

We  have  developed  multi-layer
passivation films of UV-polymerized film/inorganic
composite film to improve the long lifetime of
passivated OLEDs for very thin flat panel
applications. Preliminary lifetime to half initial
luminance (L~ 3,000 cd/im’) of order 300 Hr is
achieved on the conventional encapsulated test
pixel using a passive matrix drive at room
temperature; 570 Hr lifetime is achieved on a dc

tested multi-layer passivated 9mm’ test pixel.

I. Objective and Background

Organic light emitting device (OLED)
technology is widely recognized for its potential in
future flat panel display applications where low
power consumption, low cost, and superior viewing
ability are desired.[1-3] The thin cathodes of these
devices consist of reactive metals that degrade even
more rapidly than the organic EL material. OLED
display  require, therefore, substrate and
encapsulation extremely impermeable to water and
oxygen.[4]

Thin film diffusion barrier encapsulations
and substrates based on vacuum deposited organic-

inorganic multi-layers [5] are very promising option
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for transparent packaging for OLED application.
However in such conditions the inorganic films with
a thickness of a few micrometers often crack or peel
off by the thermal stress because they are hard and
fragile. In order to achieve both feature, the multi-
layer structure using soft organic films and hard
inorganic films is considered to be effective.[6]

In this study, we have chosen UV-
polymerized films as the soft organic films and have
developed multi-layer passivation films (UV-
polymerized film / thin composite inorganic film)
for OLED displays. Thus this passivation is
considered to have specific features of high barrier
against moisture, high stress relaxation, and good
coverage, and to be appropriate for the OLED

passivation.

I1. Results

The OLED was prepared on a non-
alkaline glass substrate by the vacuum evaporation
system and the multi-layer passivation film was
fabricated by forming into UV-polymerized organic
film and grown by E-beam evaporation system
forming into inorganic composite film. The

passivated OLED was fabricated not exposing to the

air by carrying the samples with a N, gas purged



box between the globe box of these apparatuses.

The typical OLED in this study consist of
AVLIF/ETL (Electron Transporting Layer)/EML
(Emission Layer)/HTL(Hole Transporting Layer)/
HIL (Hole Injection Layer)/ITO(Indium Tin Oxide)
with emitting area of 9 mm°.

Since the organic film has a low adhesion
force and a low tolerance to high temperature, the
deposition condition of these layers using physical
vapor deposition is quite destructive for organic
layer. And the density of thin film by physical vapor
deposition is lower than that of chemical vapor
deposition. Table-1 depict the reported the water
vapor transmission rates (WVTRs) of inorganic
compound film, and that shows relatively higher
value as a passivation layer for OLED.[7]

To prepare the inorganic composite
material, the most candidate materials are grained
into powder and the powder is mixed together. To
use an evaporation source in the e-beam deposition
system, the mixed powder is pressed into composite
pellet. The prepared composite materials are
depicted in table 1. The various kinds of inorganic
films using the prepared composite were deposited
on the plastic film. And then the WVTR was
measured to compare the passivation properties. In
this measurement, the Permatran-W 3/31 made by
MOCON Corporation was used to measure the
'WVTRs for the various kinds of inorganic thin
films. During the WVTR measurements, the
temperature and relative humidity in the test system
is set to 37 C and 100% RH, respectively.

Figure 1 shows the EPMA spectra for the
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PES film and SM series thin film. In this figure, we
can see that the weight and atomic percentages of -
both SiO, and MgO were strongly depending on the
mixing ratio of themselves.

The crystal structure of thin composite
film as a function of mixture ratio was investigated
by XRD, and the XRD spectra of the PES film, SM-
11, SM-12 and SM-13 was presented in figure 2. As
shown in figure 2, the spectra in this figure have
only one peak, which represents the PES film. Thus,
we can understand that the crystal structure of
composite films, SM-11, SM-12 and SM-13, is
amorphous structure. As mentioned in introduction,
the crystal structures for protection of water
permeation should be having glass-like amorphous
structure.

The WVTRs of thin composite films were
presented in figure 3. This figure shows also the
WVTRs as a function of composition rate of
composite materials. In this figure, the WVTRs of
SM-12 and SM-13 shows almost same value in
spite of increase the composition rate of cooperated
material. In the case of SM-13 deposited on PES
plastic film, the WVTR with almost same thickness
is lower than that of others as 0.29 g/m’day.
However, we can understand that the WVTR was
dramatically lowered than those of inorganic
compound films as depicted in table 1, and the
WVTRs are quite depended on the mixing ratio of

composite film. This result can be

simply
understood that the permeation rate of the thin film
depend on the packing density of the solid-state

structure, and thus the permeation rate can be
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decreased by increasing the rate of the impurity in
the thin compound film as mentioned in the
introduction..

In order to estimate the lifetime of the
multi-layer passivated OLED, the photo-current
from OLED was measured from the initial photo-
current to 50% of mitial value at a constant dc
current of 20mA/cmé. And the lifetime properties of
the passivated OLED were carefully compared with
non-passivated OLED, as shown in figure 4. In
ambient conditions, we can see that the OLED
without the passivation layer has a shorter lifetime
than that of passivated OLED. Because the Al
cathode and organic was much sensitive to moisture
and oxygen, the non-passivated QLED cannot
operate for long. But, the passivated OLED had a
comparably long lifetime of about 570 hours. This
result can be simply explained that the forming of
multi-layer thin film with a low permeation rate
effectively enhanced the lifetime of OLED. Also,
the passivation method could be easily applied to
the fabrication of OLED and continuously carried
out in a vacuum chamber.

Figure 5 shows the transmittance of the
PES film and multi-layer films, respectively. In this
figure, we can see that the PES film is perfectly
clear, and the transmittance of the SM composite
films shows almost same value as ~90% even
though there are some fluctuations as a function of
wavelength. Thus, we can consider that the thin
composite film has great potential as a passivation
layer for the top-emitting OLED as well as

conventional OLED.
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I1L Impact

We have developed  multi-layer
passivation films of UV-polymerized film/inorganic
composite film to improve the long lifetime of
passivated OLEDs for very thin flat panel
applications. We could achieve the longer lifetime
than that of can lid encapsulated OLED. It is
considered that the good characteristics of the multi-
layer passivation derived from the stress relaxation
ability of the UV-polymerized film. Thus the multi-
layer passivation is expected to apply to OLED

mass-production.
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[Figure.1] The weight and atomic percents as a [Figure.4] The lifetime properties of the bare, glass-

function of mixing ratio of MgO and SiO..
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[Figure2] The weight and atomic percents as a
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[Figure.5] The transmittance of PES, SM-11, SM-
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