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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application makes reference to, incorporates the
same herein, and claims all benefits accruing under 35
U.S.C. §119 from an application earlier filed in the Korean
Intellectual Property Office on 22 Mar. 2012 and there duly
assigned Serial No. 10-2012-0029393.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an organic light emitting
display device and a method of manufacturing the same, and
more particularly, to an organic light emitting display device
capable of preventing permeation of moisture, and a method
of manufacturing the same.

2. Description of the Related Art

Since an organic light emitting display device has excel-
lent characteristics in terms of viewing angle, contrast,
response speed, and power consumption, application ranges
of the organic light emitting display device are being
increased from a personal portable device, such as an MP3
player or a mobile phone, to a television (TV).

Also, the organic light emitting display device has a
self-emitting characteristic, and has a thin thickness and
light weight unlike a liquid crystal display device, since the
organic light emitting display device does not require a
separate light source.

Such an organic light emitting display device may be
flexible by using a plastic substrate. However, moisture
permeability of the plastic substrate is too high, and thus a
lifetime of the organic light emitting display device may be
decreased.

SUMMARY OF THE INVENTION

According to an aspect of the present invention, there is
provided an organic light emitting display device including:
a first film formed of an organic material, and having first
and second surfaces facing each other and a third surface
perpendicular to the first and second surfaces; a second film
formed on the first film to cover the second and third
surfaces of the first film; an organic light emitting unit
disposed on the second film; a third film disposed on the
second film and covering the organic light emitting unit; and
a fourth film disposed on the third film, formed of an organic
material, and having fourth and fifth surfaces facing each
other, wherein the fifth surface faces the third film.

The organic light emitting display device may further
include a side barrier disposed on the second film and
surrounding the organic light emitting unit.

The side barrier may contact at least a side surface of the
third film.

The side barrier may include a hybrid polymer.

The side barrier may form a closed loop.

The organic light emitting display device may further
include a fifth film disposed between the fifth surface of the
fourth film and the third film. The fifth film may include an
inorganic layer.

The third film may include an adhesive.
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The organic light emitting display device may further
include a barrier being disposed between the third film and
the organic light emitting unit to cover the organic light
emitting unit.

According to another aspect of the present invention,
there is provided a method of manufacturing an organic light
emitting display device, the method including: forming a
first film on a first support substrate where the first film
includes an organic material, the first film having first and
second surfaces facing each other and a third surface per-
pendicular to the first and second surfaces such that the first
surface faces the first support substrate; forming a second
film on the first film to cover the second and third surfaces
of the first film; forming an organic light emitting unit on the
second film; forming a third film on the second film to cover
the organic light emitting unit; forming a fourth film on a
second support substrate where the fourth film includes an
organic material, the fourth film having fourth and fifth
surfaces facing each other, such that the fourth surface faces
the second support substrate; combining the second support
substrate to the first support substrate such that the fifth
surface faces the third film; detaching the second support
substrate from the fourth surface; and detaching the first
support substrate from the first surface.

The method may further include forming a side barrier on
the second film to surround the organic light emitting unit.

The side barrier may be formed to contact at least a side
surface of the third film.

The side barrier may include a hybrid polymer.

The side barrier may form a closed loop.

The method may further include forming a fifth film on
the fifth surface of the fourth film. The fifth film may include
an inorganic layer.

The third film may include an adhesive.

The method may further include forming a barrier on the
organic light emitting unit to cover the organic light emitting
unit.

The method may further include forming a de-bonding
layer on a region of the second support substrate such that
the region where the de-bonding layer is formed has a wider
area than a region corresponding to the organic light emit-
ting unit, wherein the detaching of the second support
substrate from the fourth surface may include applying a
laser beam on a region outside the region where the de-
bonding layer is formed.

The method may further include forming a de-bonding
layer on a region of the first support substrate such that the
region where the de-bonding layer is formed has a wider
area than a region corresponding to the organic light emit-
ting unit, wherein the detaching of the first support substrate
from the first surface may include applying a laser beam on
a region outside the region where the de-bonding layer is
formed.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

FIG. 1 is a cross-sectional view of an organic light
emitting display device according to an embodiment of the
present invention;

FIG. 2 is a partial magnified cross-sectional view of a
region II of FIG. 1;

FIG. 3 is a plan view of the organic light emitting display
device of FIG. 1;
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FIGS. 4 through 12 are cross-sectional views for describ-
ing a method of manufacturing the organic light emitting
display device of FIG. 1; and

FIG. 13 is a cross-sectional view illustrating another
example of FIG. 12.

DETAILED DESCRIPTION OF THE
INVENTION

Hereinafter, the present invention will be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown.

As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

FIG. 1 is a cross-sectional view of an organic light
emitting display device according to an embodiment of the
present invention, and FIG. 2 is a partial magnified cross-
sectional view of a region II of FIG. 1.

The organic light emitting display device according to the
current embodiment includes a first film 1, a second film 2,
a third film 3, a fourth film 4, and an organic light emitting
unit 6.

The first film 1 is formed of an organic material, and may
be a transparent or opaque plastic film. For example, the first
film 1 may be formed of polyimide, i.e., a high thermal
resistant organic material usable even at 500° C.

The first film 1 includes a first surface 11 and a second
surface 12 facing each other. Also, the first film 1 includes
a third surface 13 perpendicular to the first and second
surfaces 11 and 12. Referring to FIG. 1, the first surface 11
is a bottom surface, the second surface 12 is a top surface,
and the third surface 13 is a side surface.

The second film 2 is formed on the first film 1 such as to
cover the second and third surfaces 12 and 13 of the first film
1. Accordingly, the first surface 11 of the first film 1 is not
covered by the second film 2 and is exposed. The second
film 2 includes inorganic and organic materials to perform a
barrier function on the first film 1.

The organic light emitting unit 6 is formed on the second
film 2.

The third film 3 is disposed on the second film 2 such as
to cover the organic light emitting unit 6. The third film 3
may include an adhesive, such as a pressure sensitive
adhesive. Alternatively, the third film 3 may use a two-sided
adhesive tape including a pressure sensitive adhesive.

Also, the fourth film 4 is disposed on the third film 3. The
fourth film 4 is formed of an organic material, and may be
a transparent or opaque plastic film. For example, the fourth
film 4 may be formed of polyimide.

The fourth film 4 has a fourth surface 41 and a fifth
surface 42 facing each other, wherein the fifth surface 42 is
disposed to face the third film 3.

According to such a structure, the first film 1 constituting
a lower substrate not only has the second surface 12 facing
the organic light emitting unit 6 but also the third surface 13
constituting a side, which are covered by the second film 2,
and thus permeation of oxygen and moisture to the first film
1 may be effectively prevented.

Meanwhile, a fifth film 5 may be further disposed between
the fifth surface 42 of the fourth film 4 and the third film 3.
The fifth film 5 includes inorganic and organic materials,
thereby preventing moisture permeation and air permeation
into the organic light emitting unit 6 through the fourth film
4.

Also, a side barrier 7 may be further formed on the second
film 2 to surround the organic light emitting unit 6.
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The side barrier 7 may contact a side surface 31 of the
third film 3, and the side barrier 7 may prevent moisture
permeation and air permeation from the side surface 31 of
the third film 3 to the organic light emitting unit 6.

As shown in FIG. 3, the side barrier 7 may surround the
organic light emitting unit 6 in a closed loop shape.

Also, the side barrier 7 may include a hybrid polymer,
such as a hybrid organic/inorganic polymer, and in detail, an
organosiloxane-based hybrid organic/inorganic polymer.
The side barrier 7 may be formed of a compound containing
methyltriethoxysilane and tetraethylorthosilicate.

The organic light emitting display device according to an
embodiment of the present invention will now be described
in detail with reference to FIG. 2.

First, the second film 2 formed on the second surface 12
of the first film 1 may have a structure, in which a layer
formed of an inorganic material and a layer formed of an
organic material are alternately stacked in the form of
multi-layers. For example, the second film 2 may be formed
on the second surface 12 of the first film 1 in a structure
wherein a first layer 21, a second layer 22, and a third layer
23 are sequentially stacked on each other. Here, the first and
third layers 21 and 23 may include an inorganic material,
such as silicon nitride, silicon oxide, or aluminum oxide, and
the second layer 22 may include an organic material, such as
polyacrylate. Alternatively, the first and third layers 21 and
23 may include an organic material, and the second layer 22
may include an inorganic material. Alternatively, the first
through third layers 21 through 23 may be formed of
different type of inorganic materials. The second film 2 may
include a single or multiple inorganic material layers.

The organic light emitting unit 6 is formed on the third
layer 23. The organic light emitting unit 6 includes a pixel
circuit unit including a thin film transistor 61, and an organic
light emitting diode 62 from which light is emitted.

According to an embodiment of the present invention
referring to FIG. 2, the thin film transistor 61 is formed on
the third layer 23. Although not shown, a plurality of the thin
film transistors 61 may be formed in one pixel, and a
capacitor (not shown) may be simultaneously formed while
forming the thin film transistor 61.

The thin film transistor 61 includes a semiconductor
active layer 611 formed on the third layer 23.

The semiconductor active layer 611 may be formed of
amorphous or polycrystalline silicon, but is not limited
thereto, and may be formed of a semiconductor oxide. For
example, the semiconductor active layer 611 may be a
G-1-Z-0 layer or a(In203)b(Ga203)c(ZnO) layer, wherein
a, b, and c are real numbers satisfying a=0, b=0, and c>0.

A gate insulation film 612 is formed on the third layer 23
such as to cover the semiconductor active layer 611, and a
gate electrode 613 is formed on the gate insulation film 612.

An interlayer insulation film 614 is formed on the gate
insulation film 612 such as to cover the gate electrode 613,
and a source electrode 6154 and a drain electrode 6156 may
be formed on the interlayer insulation film 614 to contact the
semiconductor active layer 611 through contact holes,
respectively.

The structure of the thin film transistor 61 is not limited
to the above, and one of various structures of a thin film
transistor may be applied.

A planarization film 616 may be formed to cover the thin
film transistor 61. The planarization film 616 may be a single
or multiple layers wherein a top surface is planate. The
planarization film 616 may be formed of an inorganic
material and/or an organic material.
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A pixel electrode 621 is formed on the planarization film
616, and the pixel electrode 621 is connected to the drain
electrode 6154 of the thin film transistor 61 through a via
hole formed on the planarization film 616.

A pixel defining film 617 is formed on the planarization
film 616 such as to cover edges of the pixel electrode 621.
An organic light emitting layer 623 and a counter electrode
622 are sequentially stacked on the pixel electrode 621. The
counter electrode 622 may be a common electrode through-
out all pixels.

The organic light emitting layer 623 may be a low
molecular or high molecular organic film. When the low
molecular organic film is used, a hole injection layer (HIL),
a hole transport layer (HTL), an emission layer (EML), an
electron transport layer (ETL), and an electron injection
layer (EIL) may be stacked on each other in a single or
multiple structure, and organic materials, such as copper
phthalocyanine (CuPc), N,N'-Di(naphthalene-1-yl)-N,N'-di-
phenyl-benzidine (NPB), or tris-8-hydroxyquinoline alumi-
num (Alq3), may be used. The low molecular organic film
may be formed via a vacuum deposition method. Here, the
HIL, the HTL, the ETL, and the HIL may be commonly
applied to red, green, and blue pixels as a common layer.

The pixel electrode 621 may function as an anode, and the
counter electrode 622 may function as a cathode. Of course,
polarities of the pixel electrode 621 and counter electrode
622 may be changed.

In a top-emission type where an image is realized towards
the counter electrode 622, the pixel electrode 621 may be a
reflective electrode and the counter electrode 622 may be a
transparent electrode. Here, the pixel electrode 621 may
include a reflection film formed of silver (Ag), magnesium
(Mg), aluminum (Al), platinum (Pt), palladium (Pd), gold
(Au), nickel (Ni), neodymium (Nd), iridium (Ir), chromium
(Cr), lithium (L), calcium (Ca), or a compound thereof, and
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(Zn0), or indium oxide (In203), which have a high work
function. Also, the counter electrode 622 may be a thin film
formed of a metal having a low work function, such as Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca, so as to be a
semi-transmission reflective film.

In a bottom-emission type wherein an image is realized
towards the pixel electrode 621, the pixel electrode 621 may
be a transparent electrode and the counter electrode 622 may
be a reflective electrode. Here, the pixel electrode 621 may
include 1TO, 1Z0, ZnO, or In203, and the counter electrode
622 may include Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
or Ca.

In a dual-type wherein an image is realized towards both
of the pixel electrode 621 and the counter electrode 622, the
pixel electrode 621 and the counter electrode 622 may be
transparent electrodes.

A barrier 618 may be formed on the counter electrode
622. The barrier 618 may be formed of an organic material
and/or an inorganic material, such as polyacrylate and/or
aluminum oxide.

The third film 3 is disposed on the barrier 618, and the
fourth film 4 is disposed on the third film 3.

The fourth film 4 may include a thermal resistant organic
material, such as polyimide.

The fifth film 5 may be formed on the fifth surface 42 of
the fourth film 4. The fifth film 5 may have a structure, in
which a layer formed of an inorganic material and a layer
formed of an organic material are alternately stacked in the
form of multi-layers. For example, the fifth film 5 may have
a structure, in which a fourth layer 51, a fifth layer 52, and
a sixth layer 53 are sequentially stacked on the fifth surface
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42 of the fourth film 4. Here, the fourth and sixth layers 51
and 53 may be formed of an inorganic material, such as
silicon nitride, silicon oxide, or aluminum oxide, and the
fifth layer 52 may be formed of an organic material, such as
polyacrylate. Alternatively, the fourth and sixth layers 51
and 53 may be formed of an organic material, and the fifth
layer 52 may be formed of an inorganic material. Alterna-
tively, the fourth through sixth layers 51 through 53 may be
formed of different types of inorganic materials. The fourth
film 4 may include a single or multiple inorganic material
layers. In FIG. 2, the fifth film 5 is disposed between the
third film 3 and the fourth film 4.

Next, a method of manufacturing the organic light emit-
ting display device will be described.

First, as shown in FIG. 4, the first film 1 is formed on a
first support substrate 81. The first support substrate 81
enables the first film 1 to be easily handled, and may be a
transparent glass substrate.

The first film 1 may be formed by coating the first support
substrate 81 with an organic material, and then by hardening
the organic material formed on the first support substrate 81.
The first film 1 may be formed of high thermal resistant
polyimide usable even at 500° C.

A first combination layer 811 may be further disposed
between the first support substrate 81 and the first film 1. As
described below, the first combination layer 811 enables the
first support substrate 81 and the first film 1 to be easily
detached from each other upon being exposed to a laser
beam. The first combination layer 811 may be formed of
amorphous silicon that may generate a phase change by a
laser beam, but is not limited thereto. Also, the first com-
bination layer 811 may not be included.

When the first combination layer 811 is formed on the first
support substrate 81, the first film 1 is formed on the first
combination layer 811. Accordingly, the first surface 11 of
the first film 1 contacts the first combination layer 811.

As shown in FIG. 4, the first film 1 may have a smaller
area than the first support substrate 81.

Next, as shown in FIG. 5, the second film 2 is formed on
the first support substrate 81 such as to cover the second and
third surfaces 12 and 13 of the first film 1. When the first
combination layer 811 is formed on the first support sub-
strate 81, the second film 2 is formed on the first combina-
tion layer 811. As shown in FIG. 2, the second film 2 may
include an inorganic material layer.

Here, the inorganic material layer may be formed of an
aluminum oxide film using an ALD or CVD device at a high
temperature, or multiple films of silicon nitride/silicon
oxide.

As such, by forming the first film 1 using high thermal
resistant polyimide and forming the inorganic material layer
of the second film 2 at a high temperature, a denser inorganic
material layer may be formed, thereby increasing moisture
and oxygen blocking characteristics of the second film 2.

Next, as shown in FIG. 6, the organic light emitting unit
6 is formed on the second film 2.

Then, as shown in FIG. 7, the side barrier 7 and the third
film 3 are formed on the second film 2. The third film 3 may
be disposed to be surrounded by the side barrier 7. Accord-
ingly, the side surface 31 of the third film 3 may contact the
side barrier 7.

The side barrier 7 may include a hybrid polymer having
excellent barrier characteristics, such as a hybrid organic/
inorganic polymer, for example, an organosiloxane-based
hybrid organic/inorganic polymer. Alternatively, the side
barrier 7 may be formed of a compound containing meth-
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yltriethoxysilane and tetraethylorthosilicate. The side barrier
7 may be hardened via heat or a laser beam.

Accordingly, the side barrier 7 may block moisture and
oxygen permeation from the side surface 31 of the third film
3 including the adhesive.

When such a structure is applied to a device having a large
screen area such as a television (TV), a width of the side
barrier 7 may be increased due to a margin at edges of a
screen, and thus barrier characteristics may be further
improved.

Meanwhile, as shown in FIG. 8, a second support sub-
strate 82 is prepared. The second support substrate 82
functions as a support for handling of the fourth film 4, and
may be a transparent glass substrate.

The fourth film 4 may be formed by coating the second
support substrate 82 with an organic material, and by
hardening the organic material formed on the second support
substrate 82.

As shown in FIG. 8, a de-bonding layer 821 is further
disposed between the second support substrate 82 and the
fourth film 4. The de-bonding layer 821 is formed in a region
A of the second support substrate 82, wherein an area of the
region A is larger than an area of a region corresponding to
the organic light emitting unit 6 as described below. In the
region A wherein the de-bonding layer 821 is formed, the
second support substrate 82 and the fourth film 4 are not
attached to each other, or are easily de-bonded without a
laser beam irradiation due to the de-bonding layer 8§21. The
de-bonding layer 821 may be formed by surface-treating the
second support substrate 82.

A second combination layer 822 may be further disposed
between the second support substrate 82 and the fourth film
4 outside the region A where the de-bonding layer 821 is
formed. As described below, the second combination layer
822 enables the second support substrate 82 and the fourth
film 4 to be easily detached from each other upon being
exposed to a laser beam. The second combination layer 822
may be formed of amorphous silicon that may generate a
phase change by a laser beam, but is not limited thereto.
Also, the second combination layer 822 may not be
included.

According to such a structure, the fourth film 4 is com-
bined to the second support substrate 82 in a region where
the second combination layer 822 is formed, and the fourth
film 4 and the second support substrate 82 are detached from
each other by irradiating the second combination layer 822
with a laser beam.

The fourth film 4 is formed on the second combination
layer 822 and the de-bonding layer 821. Accordingly, the
fourth surface 41 of the fourth film 4 contacts the second
combination layer 822 and the de-bonding layer 821.

Then, the fifth film 5 is formed on the fifth surface 42 of
the fourth film 4.

As shown in FIG. 2, the fifth film 5 may include an
inorganic material layer.

Here, the inorganic material layer may be formed of an
aluminum oxide film by using an ALD or CVD device at a
high temperature, or a multiple films of silicon nitride/
silicon oxide.

By forming the fourth film 4 using high thermal resistant
polyimide and forming the inorganic material layer of the
fifth film 5 at a high temperature, a denser inorganic material
layer may be formed, thereby increasing moisture and
oxygen blocking characteristics of the fifth film 5.

Next, as shown in FIG. 9, the film structure built on the
second support substrate 82 and the film structure built on
the first support substrate 81 are combined to each other.
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Here, the fifth film 5 contacts the third film 3 and the side
barrier 7, and then is pressed such that the fifth film 5 is
combined to the third film 3.

Alternatively, the side barrier 7 may be formed after the
third and fifth films 3 and 5 are combined to each other.

Then, as shown in FIG. 10, a laser beam is applied from
outside the second support substrate 82. Here, the laser beam
is applied to the second combination layer 822 outside the
region. A where the de-bonding layer 821 is formed.
Thereby, the second support substrate 82 and the fourth film
4 are detached from each other, as shown in FIG. 11, through
a phase change of the second combination layer 8§22. By not
applying the laser beam to the region A where the de-
bonding layer 821 is formed, the organic light emitting unit
6 is prevented from being exposed to the laser beam, and
thus the organic light emitting unit 6 is prevented from
deteriorating by the laser beam. Alternatively, the laser beam
may be applied only on the second combination layer 822,
and at this time, the side barrier 7 may be simultaneously
hardened.

Then, as shown in FIG. 12, a laser beam is applied from
outside the first support substrate 81 so that the first support
substrate 81 is detached from the first and second films 1 and
2 by a phase change of the first combination layer 811.

Here, as shown in FIG. 2, since a circuit unit including the
thin film transistor 61 is formed below the organic light
emitting unit 6 formed on the second film 2, an adverse
effect to the organic light emitting diode 62 may be reduced
even if a laser beam is irradiated in general from the bottom
of the first support substrate 81.

However, alternatively as shown in FIG. 13, the de-
bonding layer 821 may be also formed on the first support
substrate 81 in the region A, which is larger than the region
corresponding to the organic light emitting unit 6, and the
first combination layer 811 may be formed outside the
de-bonding layer 821, thereby separating the first support
substrate 81 from the first and second films 1 and 2 by
applying a laser beam only to the first combination layer 811
outside the de-bonding layer 821. Here, since a laser beam
is blocked from being applied to the organic light emitting
unit 6, quality of the organic light emitting unit 6 may be
farther improved.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. An organic light emitting display device comprising:

a first film formed of an organic material, and having first
and second surfaces facing each other and a third
surface perpendicular to the first and second surfaces;

a second film formed on the first film to cover the second
and third surfaces of the first film, wherein the second
film comprises inorganic and organic materials, the
inorganic and organic materials being electrically insu-
lating materials;

an organic light emitting unit disposed on the second film,
the organic light emitting unit comprising:

a thin film transistor formed on the second film;

a pixel electrode electrically connected to the thin film
transistor;

a pixel defining film covering edges of the pixel electrode;

an organic light emitting layer formed on the pixel elec-
trode; and
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a counter electrode formed on the organic light emitting

layer,

a third film disposed on the second film and covering the

organic light emitting unit; and

a fourth film disposed on the third film, formed of an 5

organic material, and having fourth and fifth surfaces
facing each other, the fifth surface facing the third film.

2. The organic light emitting display device of claim 1,
further comprising a side barrier disposed on the second film
and surrounding the organic light emitting unit. 10

3. The organic light emitting display device of claim 2,
wherein the side barrier contacts at least a side surface of the
third film.

4. The organic light emitting display device of claim 2,
wherein the side barrier comprises a hybrid polymer. 15
5. The organic light emitting display device of claim 2,

wherein the side barrier forms a closed loop.

6. The organic light emitting display device of claim 1,
further comprising a fifth film disposed between the fifth
surface of the fourth film and the third film, the fifth film 20
including an inorganic layer.

7. The organic light emitting display device of claim 1,
wherein the third film comprises an adhesive.

8. The organic light emitting display device of claim 1,
further comprising a barrier being disposed between the 25
third film and the organic light emitting unit to cover the
organic light emitting unit.

I I T T
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