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Development of a Barrier Film for Flexible OLED Lighting
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Abstract

Since OLED devices are highly vulnerable to atmospheric
moisture and oxygen, and because the OLED device-making
process is accomplished at a high temperature, glass, with its
high barrier and heat resistance properties, has been used as
the substrate and sealing member of OLED devices.

In recent years, flexible OLED devices have been under
study. Though a transparent and flexible barrier film to re-
place glass is indispensable to realizing flexible OLED devic-
es, that barrier film must also be an ultra-high barrier to wa-
ter vapor, and it must be able to withstand the conditions of
the device fabrication process.

We succeeded in developing a barrier film with an ultra-
high barrier property even though the film was produced on
a roll-to-roll production scale. The water vapor transmission
rate of the barrier film at 23°C/50%RH calculated from an
Arrhenius equation was 10 (g/m?/day), well exceeding the
barrier performance required.

This film developed a negligible degree of dark spots due
to the unique design of its barrier layers. The film’s high bar-
rier property and its flexibility were confirmed when the bar-
rier film was incorporated in an actual OLED lighting device.
Essential to our successful high-performance design was an
understanding of the properties of the organic and inorganic
layers composing the barrier layer, leading us to a 1.5 dyad
structure of inorganic/organic/inorganic layers.
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Table 1 Requirements of a barrier film for OLED devices.

Barrier properties (WVTR, OTR)
Flexibility

Heat-resisting property
Moisture durability

Etching durability

Physical properties

Optical properties Transparency

Optical isotropy
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Fig. 1 Konica Minolta’s flexible OLED lighting panel (exhibited at
Lighting Fair 2013 in Tokyo).
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Fig. 2 Water vapor transmission rate (WVTR) requirements of barrier
performance for various applications.
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Fig. 3 Classification of vapor deposition methods of forming a barrier
layer. Various methods have been tested by Konica Minolta.
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Fig. 4 Alternating inorganic and polymer (organic) layers of barrier films.
When the barrier film is used in the place of a glass plate as the
base material of an OLED device, it is preferable to have structures
with an inorganic layer at the top, such as those with the 1.5 and
3.5 dyad composite layers seen here.
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Fig.5 A mechanism for improving WVTR. [A] Inorganic/inorganic
layers, and [B] inorganic/polymer (organic)/inorganic layers.
Improved barrier performance was achieved by creating a tortu-

ous path in [B].
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Fig. 6 [A] The functions of each layer of a 1.5 dyad layered structure, and
[B] compositions of the layers realizing those functions.
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Table 3 Results of APIMS* WVTR measurements under three conditions
of the PET type barrier film.

Measurement condition WVTR (g/m?/day)
30°C/90%RH 28x10°
40°C/90%RH 9.9x10°%
60°C/90%RH 5.7x10*

*APIMS: see www.apinet.co.jp
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Fig. 7 Table 3 data plotted. The three points nearly form an Arrhenius
line between WVTR and temperature, indicating that there is no
rapid degradation of WVTR against temperature and displaying
the high barrier property of the PET type barrier film.

Table 2 Comparison of barrier films: 125 um PET substrate versus 100 um PEN substrate.

Properties Value
Substrate PET 125 uym PEN 100 ym
o o, * 2 <5x10+ <5x10+4
WVTR (at 38 C/100%RH, Aquatran”) g/m?/day (Below measurement limit) (Below measurement limit)
Optical properties Total light transmittance % 90.5 89.0
Haze % 0.5 1.0
Surface roughness: Ra
(AFM on 10 x 10 pm? area) nm 09 09
100/ 100 100/ 100

Crosscut adhesion test (100 sections ) -

(None of the squares of the lattice are detached.) (None of the squares of the lattice are detached.)

Bending durability (50 mm®) - > 1000 times > 1000 times

*Aquatran: see www.mocon.com
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Fig. 8 Structure of the OLED device used to evaluate durability.
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Fig. 9 Evaluating the durability of an OLED device employing a PEN type
barrier film (at 60°C/90 %RH). At zero hours, no dark spots are ob-
served. At 1,000 and 2,000 hours, minor dark spots are recogniz-
able, but the ratio of the total area of the spots to the total area of
the OLED device is so extremely low that the decrease in lighting
intensity is effectively zero.
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