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(57) ABSTRACT

Discussed are an organic light emitting display device and a
method of manufacturing the same in which organic and
inorganic films are formed on a polarization plate, and the
polarization plate is attached to an organic light emitting
panel so that the organic and inorganic films seal the organic
light emitting panel, thereby achieving improved polariza-
tion and a simple sealing structure.
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1
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2011-0078059, filed on
Aug. 5, 2011 and Korean Patent Application No. 10-2012-
0050341, filed on May 11, 2012, which are hereby incor-
porated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

Embodiments of invention relate to an organic light
emitting display device and a method of manufacturing the
same, and, in particular, to an organic light emitting display
device and a method of manufacturing the same in which
organic and inorganic thin films are formed on a polarization
plate, and the polarization plate is attached to an organic
light emitting panel so that the organic and inorganic thin
films seal the organic light emitting panel, thereby achieving
improved polarization and a simple sealing structure.

Discussion of the Related Art

An image display device to visually provide a variety of
information increasingly becomes a core technology in
communication and thus has been developed to be thinner
and more lightweight to achieve improved portability while
maintaining high performance. As a flexible display device
bendable for effective space utilization and convenience is
increasingly demanded, organic light emitting display
devices are receiving much attention recently.

An organic light emitting display device may include an
organic light emitting element array, each organic light
emitting element of the array including an anode, an organic
light emitting layer and a cathode disposed in this order on
a substrate, and a capping layer to cap the organic light
emitting element array.

The organic light emitting element operates as follows.
When an electric field is applied between the anode and
cathode respectively formed on both of opposite surfaces of
the organic light emitting layer, holes and electrons are
injected into the organic light emitting layer, and then are
combined with each other, thus generating light emission.
That is, in the organic light emitting layer, when the holes
and electrons are combined with each other, an energy state
thereof changes from an excitation state to a lower state,
resulting in light emission.

The organic light emitting display device may advanta-
geously be provided in a thin film form. However, the
organic light emitting display device may suffer from not
only deterioration caused by intrinsic factors, such as dete-
rioration of the electrodes and light emitting layer due to
oxygen and deterioration due to a reaction between the light
emitting layer and an interface, but also deterioration caused
by extrinsic factors such as effect of moisture, oxygen, or
ultra-violet light, etc. For this reason, as to the organic light
emitting display device, a packaging and/or encapsulation
process may be important.

As to the organic light emitting display device, the
encapsulation process may include a sealing process to
dispose a cover substrate over a substrate having an organic
light emitting layer formed thereon and provide a sealant at
a peripheral inner surface of the cover substrate. Alterna-
tively, the encapsulation process may include a sealing
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process to form alternate organic and inorganic thin films on
a substrate having an organic light emitting layer formed
thereon.

Now, a conventional encapsulation process will be
described with reference to FIG. 1.

FIG. 1 is a cross-sectional view of an organic light
emitting display device of a related art.

As shown in FIG. 1, a thin film transistor array 20 is
disposed on a glass substrate 10, an organic light emitting
element array 30 is disposed on the thin film transistor array
20, and an opposing glass substrate 40 is disposed on the
organic light emitting element array 30.

A sealant is formed at a peripheral inner surface of the
glass substrate or the opposing glass substrate 40 to seal the
thin film transistor array 20 and the organic light emitting
element array 30. Thus, the thin film transistor array 20 and
the organic light emitting element array 30 may be protected
from moisture and/or impact.

Further, a polarization plate 50 may be disposed over the
opposing glass substrate 40 with an adhesive layer inter-
posed therebetween, to prevent ambient or external light
incident upon the organic light emitting display device from
being reflected therefrom.

The organic light emitting display device may have the
following problem.

The method of sealing the thin film transistor array 20 and
the organic light emitting element array 30 using the oppos-
ing glass substrate 40 and the sealant may not be applied to
on-demand flexible display devices because the opposing
glass substrate 40 may not be bendable due to thickness
thereof.

Therefore, as to the organic light emitting display device,
the latter encapsulation process, that is, the sealing process
to form alternate organic and inorganic thin films on a
substrate having an organic light emitting layer formed
thereon has been employed.

However, as to the latter encapsulation process, in addi-
tion to the alternate organic and inorganic thin films, a
plastic film is required as a base substrate. The plastic film
optically has an anisotropic property whereas the glass
substrate optically has an isotropic property. Therefore,
when external light is incident upon the organic light emit-
ting display device, polarization may not operate as appro-
priate and thus external light may be reflected from the
organic light emitting display device, so that external light is
disadvantageously visible to a viewer of the organic light
emitting display device. Further, since phase of light has
been changed due to the thin films such as the plastic film
added in the sealing process, arrangement of the thin films
is required in consideration of the phase of light.

SUMMARY OF THE INVENTION

Accordingly, the invention is directed to an organic light
emitting display device and a method of manufacturing the
same that substantially obviates one or more problems due
to limitations and disadvantages of the related art.

An object of the invention is to provide an organic light
emitting display device and a method of manufacturing the
same in which organic and inorganic films are formed on a
polarization plate, and the polarization plate is attached to an
organic light emitting panel so that the organic and inorganic
films seal the organic light emitting panel, thereby achieving
improved polarization and a simple sealing structure.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
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skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pointed out in the
written description and claims hereof as well as the
appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a method of manufacturing an
organic light emitting display device includes forming an
organic light emitting element array on a substrate; forming,
on a first surface of a quarter wave plate, a first thin-film
stacked structure of at least one organic film and at least one
inorganic film, the at least one organic film and the at least
one inorganic film being disposed one on top of the other;
adhering the first thin-film stacked structure on the substrate
using an adhesive layer so that the first thin-film stacked
structure and the organic light emitting element array face
each other; and attaching a linear polarization layer on a
second surface of the quarter wave plate opposite the first
second surface, to form a polarization plate including the
quarter wave plate and the linear polarization layer.

Attaching the linear polarization layer may include dis-
posing the linear polarization layer on the quarter wave plate
so that an absorption axis of the linear polarization layer is
at +45° or —45° angle with respect to a slow axis of the
quarter wave plate.

The method may further include forming a second thin-
film stacked structure between the quarter wave plate and
the linear polarization layer, the second thin-film stacked
structure being formed of at least one organic film and at
least one inorganic film, the at least one organic film and the
at least one inorganic film of the second thin-film stacked
structure being disposed one on top of the other.

Forming the first thin-film stacked structure may include
vaporizing and coating an organic solvent on the first surface
of the quarter wave plate; curing the organic solvent to form
an organic film; and depositing an inorganic film on the
organic film.

Forming the first thin-film stacked structure may be
carried out in a state in which the quarter wave plate is
wound around a roll.

Forming the linear polarization layer may further include
providing an adhesive layer between the second surface of
the quarter wave plate and the linear polarization layer.

In accordance with another aspect of the invention, an
organic light emitting display device includes a substrate; an
organic light emitting element array disposed on the sub-
strate; a polarization plate disposed over the organic light
emitting element array and including a first thin-film stacked
structure formed of at least one organic film and at least one
inorganic film, the at least one organic film and the at least
one inorganic film being disposed one on top of the other;
and an adhesive layer disposed between the substrate and the
polarization plate, wherein the adhesive layer covers the
organic light emitting element array.

The polarization plate may further include a second
thin-film stacked structure disposed on an opposite side of
the polarization plate from the first thin-film stacked struc-
ture, and formed of at least one organic film and at least one
inorganic film, the at least one organic film and the at least
one inorganic film of the second thin-film stacked structure
being disposed one on top of the other.

The polarization plate may further include a second
thin-film stacked structure formed of at least one of an
organic film or an inorganic film.
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The polarization plate may include a quarter wave plate
(M4 plate) disposed on the first thin-film stacked structure;
and a linear polarization layer disposed on the quarter wave
plate.

The organic film of the first thin-film stacked structure
may be in contact with the quarter wave plate.

The first thin-film stacked structure may face the organic
light emitting element array.

The polarization plate may further include a second
thin-film stacked structure disposed between the quarter
wave plate and the linear polarization layer, wherein the
second thin-film stacked structure is formed of at least one
organic film and at least one inorganic film, the at least one
organic film and the at least one inorganic film of the second
thin-film stacked structure are disposed one on top of the
other.

The polarization plate may further include a second
thin-film stacked structure disposed between the quarter
wave plate and the linear polarization layer, wherein the
second thin-film stacked structure is formed of at least one
of an organic film or an inorganic film.

A total thickness including the quarter wave plate and the
first thin-film stacked structure is about 50 pm to 80 pm.

An absorption axis of the linear polarization layer may be
at +45° or —45° angle with respect to a slow axis of the
quarter wave plate.

The quarter wave plate may be formed of a stack con-
sisting of two eighth wave plates (A/8 plates).

The quarter wave plate may be made of a material having
a reflection rate equal to or less than 5% in a wavelength
range of 400 nm to 500 nm.

A retardation value of the quarter wave plate is in a range
of 138 nm to 148 nm.

The substrate comprises any one of a plastic thin film, a
thin film glass and a metal foil, each having a thickness equal
to or less than 0.2 mm.

The quarter wave plate has a moisture permeability equal
to or less than 107> g/m>-day.

The substrate may be flexible.

In accordance with another aspect of the invention, an
organic light emitting display device includes a substrate; an
organic light emitting element array disposed on the sub-
strate; a polarization plate disposed over the organic light
emitting element array and including a circular polarizer and
a first thin-film stacked structure formed of at least one of an
organic film and an inorganic film; and an adhesive layer
disposed between the substrate and the polarization plate,
wherein the adhesive layer covers the organic light emitting
element array.

The polarization plate may further include a transparent
optical film. The transparent optical film may be polyethyl-
ene terephthalate (PET).

The organic light emitting display device and the method
of manufacturing the same in accordance with the invention
have the following effects.

First, a plastic thin film having an anisotropic property is
excluded in a sealing process, and sealing organic and
inorganic thin films are formed on one side surface or both
side surfaces of a retarder of a polarization plate, and the
polarization plate is attached to a substrate on which an
organic light emitting element array is formed, with an
adhesive layer interposed therebetween, to encapsulate the
organic light emitting element array. Since the plastic thin
film having an anisotropic property is absent at an interface
between the polarization plate and the substrate, external
light is not visible to a viewer of the display device. That is,
the sealing organic and inorganic thin films are formed to be
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integrated with the polarization plate, and, thus, additional
plastic thin film except the sealing organic and inorganic thin
films may be eliminated at an interface between the organic
light emitting element array and the polarization plate. As a
result, a polarization characteristic to the external light may
be valid.

Second, the sealing organic and inorganic thin films are
formed to be integrated with the polarization plate and, thus,
additional film necessary in the encapsulation process of a
related art may be eliminated. Further, a glass substrate may
be eliminated which is necessary in the above-described
encapsulation process using the glass. Therefore, the display
device has a greatly-reduced thickness, to provide the dis-
play device with improved bendability.

Third, since the sealing organic and inorganic thin films
are formed to be integrated with a quarter wave plate
(retarder) of the polarization plate, a sealing structure may
be simplified. That 1s, the sealing organic and inorganic thin
films are formed on the quarter wave plate in a roll to roll
manner, to allow an adhesive layer to be eliminated between
the quarter wave plate and the sealing organic and inorganic
thin films and, further, the additional film necessary in the
encapsulation process of a related art may be eliminated,
thereby achieving a simple encapsulation structure.

Fourth, the sealing organic and inorganic thin films are
formed to be integrated with the polarization plate, to allow
the polarization characteristics of the polarization plate to be
maintained. Therefore, an ambient contrast ratio (ACR) may
be ensured to have a sufficient level, so that, when ambient
or external light is present, the display device may maintain
high visual performance.

It is to be understood that both the foregoing general
description and the following detailed description of the
invention are example and explanatory and are intended to
provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 is a cross-sectional view of an organic light
emitting display device of a related art;

FIG. 2 is a schematic cross-sectional view of an organic
light emitting display device according to the invention;

FIG. 3 is a schematic cross-sectional view of an organic
light emitting display device according to a first embodiment
of the invention;

FIG. 4A is a cross-sectional view of a polarization plate
of FIG. 3;

FIG. 4B is a modified embodiment of FIG. 4A;

FIG. 5 is a schematic cross-sectional view of an organic
light emitting display device according to a second embodi-
ment of the invention;

FIG. 6 illustrates a relationship between a light absorption
axis of a linear polarization layer and a slow axis of a
retarder of FIG. 3;

FIG. 7A and FIG. 7B respectively illustrate phases of light
when passing through a linear polarization layer and a
retarder in an organic light emitting display device accord-
ing to various example embodiments of the invention;

FIG. 8 is a cross-sectional view illustrating an inner
configuration of an organic light emitting display device
according to the first embodiment of the invention;
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FIG. 9 illustrates how ambient or external light incident
upon a light emitting display device according to one
example embodiment of the invention is prevented or
reduced from being again reflected therefrom; and

FIG. 10 illustrates a process of manufacturing a first
thin-film stacked structure of a light emitting display device
according to the first embodiment of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

Reference will now be made in detail to the preferred
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

Hereinafter, an organic light emitting display device and
a method of manufacturing the same according to example
embodiments of the invention will be described in detail
with reference to the accompanying drawings.

FIG. 2 is a schematic cross-sectional view of an organic
light emitting display device according to the invention.

As shown in FIG. 2, the organic light emitting display
device according to the invention includes a substrate 100,
which may be flexible, an organic light emitting element
array 110 disposed on the substrate 100, a polarization plate
130 disposed over the organic light emitting element array
110 and including a first thin-film stacked structure formed
of at least one organic film and at least one inorganic film,
the organic film and the inorganic film being disposed one
on top of the other, and an adhesive layer 120 disposed
between the substrate 100 and the polarization plate 130.

The first thin-film stacked structure is formed on one
surface of the polarization plate 130 or internally formed
within the polarization plate 130.

The organic light emitting element array 110 includes a
plurality of organic light emitting elements formed on
respective pixels which are defined as a matrix.

Further, a thin film transistor array may be formed on the
substrate 100 for driving the organic light emitting elements.
Each cathode of the organic light emitting elements is
connected to each thin film transistor of the thin film
transistor array.

The substrate 100 is flexible so as to be bent or rolled, so
that an organic light emitting display device having the
flexible substrate 100 can be easily carried and a shape of the
organic light emitting display device is variable according to
user’s needs. Also, when an organic light emitting display
device has a large area, and the device is positioned station-
ary on a wall or a predetermined surface, it is possible to
enhance visibility or visual depth perception thereof by
controlling a distance between sides of the organic light
emitting display device and a viewer. That is, the sides of the
organic light emitting display device may be bent towards
the viewer.

The polarization plate 130 has a first thin-film stacked
structure to prevent external moisture and/or air from invad-
ing the organic light emitting element array 110. Encapsu-
lating the organic light emitting element array 110 with the
polarization plate 130 is processed by interposing the adhe-
sive layer 120 between the polarization plate 130 and the
substrate 100 having the organic light emitting element array
110, after the polarization plate 130 is provided to include
the first thin-film stacked structure. In this instance, encap-
sulation is possible by simply attaching the polarization
plate 130 to the substrate 100. Also, an additional encapsu-
lation may be omitted.
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The adhesive layer 120 has an adhesive property and is
made of a material which may strongly prevent moisture
penetration.

In some instances, when the organic light emitting display
device is not flexible, the substrate 100 can be made of a
glass substrate.

Hereinafter, an organic light emitting display device and
a method of manufacturing the same according to specific
embodiments of the invention will be described in detail
with reference to the accompanying drawings.

FIG. 3 is a schematic cross-sectional view of an organic
light emitting display device according to a first embodiment
of the invention, FIG. 4A is a cross-sectional view of a
polarization plate of FIG. 3, and FIG. 4B is a modified
embodiment of FIG. 4A.

As shown in FIG. 3 and FIG. 4A, the organic light
emitting display device according to the first embodiment of
the invention includes a substrate 100, which may be flex-
ible, an organic light emitting element array 110 disposed on
the substrate 100, a polarization plate 130 disposed over the
organic light emitting element array 110 and including a first
thin-film stacked structure 131 formed of at least one organic
film and at least one inorganic film, the organic film and the
inorganic film being disposed one on top of the other, the
first thin-film stacked structure 131 facing the organic light
emitting element array 110, and an adhesive layer 120
disposed between the substrate 100 and the polarization
plate 130. The first thin-film stacked structure 131 covers the
organic light emitting element array 110, interposing the
adhesive layer 120 therein.

The polarization plate 130 includes a retarder 1300 having
the first thin-film stacked structure 131 and a quarter wave
plate (A/4 plate) 132 disposed on the first thin-film stacked
structure 131; and a linear polarization layer 1400 disposed
on the quarter wave plate 132 of the retarder 1300.

The first thin-film stacked structure 131 disposed beneath
the quarter wave plate 132 is formed of at least one organic
film and at least one inorganic film. Herein, the organic film
and the inorganic film are alternately disposed. In one
example embodiment as shown in FIG. 4A; the first thin-
film stacked structure 131 is formed of a stack of an organic
film 1314, an inorganic film 1315 and an organic film 131¢
in this order. As in FIG. 4A, preferably, both the lowest and
highest films of the first thin-film stacked structure 131 are
made of an organic film. A reason why the highest film of the
first thin-film stacked structure 131 being in contact with the
quarter wave plate 132 is made of an organic film is that its
surface of the organic film may be smoothly formed,
although a lower surface of the quarter wave plate 132
facing the highest film is uneven. A reason why the lowest
film of the first thin-film stacked structure 131 is made of an
organic film is that an organic film than an inorganic film
may be more reliably adhered to the adhesive layer 120. The
first thin-film stacked structure 131 formed of an alternate
stack with at least one organic film and at least one inorganic
film may be used to protect the polarization plate 130 when
sealing the organic light emitting element array 110. The first
thin-film stacked structure 131 may be formed by vaporizing
and applying organic solvent on the quarter wave plate 132
as a base substrate wound around a roll and curing the
applied solvent and then depositing an inorganic film using
a sputtering method.

The inorganic film 1315 may effectively prevent external
moisture and/or air from invading the organic light emitting
element array 110. The organic films 131a and 131¢ may
enable the first thin-film stacked structure 131 to have a
proper thickness so as to protect the organic light emitting
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element array 110 from foreign substances generated during
manufacture of the organic light emitting display device and
thus to prevent deterioration of the organic light emitting
element array 110 due to the foreign substances.

Meanwhile, as shown in FIG. 4B, in addition to a first
thin-film stacked structure 131A, a second thin-film stacked
structure 131B formed of at least one organic film 1315 and
at least one inorganic film 131a, the organic film and the
inorganic film being disposed one on top of the other, may
be disposed between the quarter wave plate 132 and the
linear polarization layer 1400 in other embodiments. For
slimness of the second thin-film stacked structure 131B, the
second thin-film stacked structure 131B may be preferably
formed as a stack of only one inorganic film and one organic
film, disposed on an opposite side of the quarter wave plate
132 from the first thin-film stacked structure 131A. Replac-
ing the second thin-film structure 131B, at least one of an
organic film 131a or an inorganic film 1315 may be disposed
on an opposite side of the quarter wave plate 132 from the
first thin-film stacked structure 131A. As shown in FIGS. 4A
and 4B, each of the organic films 131 and 131¢ may have
a thickness of about 0.2 um to 0.5 um, while the inorganic
film 13156 may have a thickness of about 0.05 um to 0.35 um.
The first thin-film stacked structure 131 (or 131A) including
at least one organic film 131a and at least one inorganic film
1315, the organic film 131e and the inorganic film 1315
being disposed one on top of the other, may have a thickness
equal to or larger than about 3 um. The second thin-film
stacked structure 131B, if necessary or desired, may have
the same or similar configuration as the first thin-film
stacked structure 131 in terms of thickness.

The linear polarization layer 1400 may include a PVA
(polyvinyl alcohol) layer 135 disposed as a central layer of
the linear polarization layer 140 as shown in FIG. 3 and
having a light absorption axis in one direction to provide a
polarization function; first and second TAC (triacetyl cellu-
lose) layers 134 and 136 respectively disposed on lower and
upper surfaces of the PVA layer 135; a hard coating layer
137 disposed on the second TAC layer 136 to protect the
underlying layers; and an adhesive layer 133 disposed
beneath the first TAC layer 134 to adhere the first TAC layer
134 to the quarter wave plate 132. The adhesive layer 133
may be omitted, if one surface of the linear polarization
layer 1400 has an adhesive propetty.

The linear polarization layer 1400 may have a total
thickness of about 60 pm to 100 pm.

Also, the retarder 1300 having the first thin-film stacked
structure 131 and the quarter wave plate (A/4 plate) 132 may
have a thickness of about 50 pm to 80 pm.

The quarter wave plate 132 may be formed of a stack
consisting of two eighth wave (A/8) plates.

The quarter wave plate 132 may be made of a material
having a reflection rate equal to or less than 5% in a
wavelength range of 400 nm to 500 nm (referred to as a short
wavelength range) so as to effectively receive external light.

A retardation value of the quarter wave plate 132 may be
in a range of 138 nm to 148 nm.

The quarter wave plate 132 may have a moisture perme-
ability equal to or less than 107> g/m*-day so as to effectively
prevent a moisture from invading the organic light emitting
element array 110 in cooperation with the first thin-film
stacked structure 131.

Herein, the substrate 100 may include a given substrate
and a thin film transistor array disposed on the substrate. The
given substrate may be any one of a plastic thin film, a thin
film glass and a metal foil and may have a thickness equal
to or less than 0.2 mm. The substrate 100 may be flexible by
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use of a material that allows the substrate to be bendable and
to have no crack when the substrate is recovered to a flat
state from a bent state.

Meanwhile, if the substrate 100 is flexible, the substrate
100 may be thermally expanded under a condition, such as
when heat is applied to an equipment for deposition or
patterning during an array formation process of forming the
organic light emitting element array 110 on the substrate
100, and thus, the process may be not normally carried out.
In order to prevent such a problem, the substrate 100 is fixed
on a glass substrate by interposing buffer layers or etch
stopper layers between the glass substrate and the substrate
100 before formation of the organic light emitting element
array 110, and array formation is substantially achieved by
loading the glass substrate with a deposition or patterning
equipment. After completing the formation of the light
emitting organic array 150 or/and attaching the polarization
plate 130 to the substrate 100 having the organic light
emitting element array 110, the glass substrate is removed
from the flexible substrate 100.

FIG. 5 is a schematic cross-sectional view of an organic
light emitting display device according to a second embodi-
ment of the invention.

As shown in FIG. 5, the organic light emitting display
device according to the second embodiment of the invention
includes a substrate 100, an organic light emitting element
array 110 disposed on the substrate 100, a polarization plate
2300 disposed over the organic light emitting element array
110, and an adhesive layer 120 disposed between the sub-
strate 100 and the polarization plate 2300. The polarization
plate 2300 includes a circular polarizer 230 and a first
thin-film stacked structure 240 formed of at least one of an
organic film 241 and an inorganic film 242. Herein, the
adhesive layer 120 fully covers the organic light emitting
element array 110.

As shown in FIG. 5, the polarization plate 2300 may
further include a transparent optical film 250 on an outer-
most surface. The transparent optical film 250 may be
polyethylene terephthalate (PET).

The transparent optical film 250 is flat and optically has
an isotropic property. Preferably, the first thin-film stacked
structure 240 may be directly coated or deposited on the
transparent optical film 250, and then a circular polarizer
230 and the transparent optical film 250 may be attached
each other by an adhesive layer which is on one surface of
the circular polarizer 230. Because the circular polarizer 230
is already optically treated to have a circular polarizing
characteristic and the surface of the circular polarizer 230 is
rough, directly coating an organic film or an inorganic film
to the circular polarizer 230 is not stably processed. With
respect to a coating rate and a yield, directly coating or
depositing the first thin-film stacked structure 240 on the
transparent optical film 250 is preferred.

In some instances, in addition to a first thin-film stacked
structure 240, a second thin-film stacked structure formed of
at least one organic film and at least one inorganic film, the
organic film and the inorganic film being disposed one on
top of the other, may be further disposed on an opposite side
of the transparent optical film 250 from the first thin-film
stacked structure 240. On the other hand, at least one of an
organic film or an inorganic film may be disposed on an
opposite side of the transparent optical film 250 from the
first thin-film stacked structure 240.

The first thin-film stacked structure 240 under the trans-
parent optical film 250 faces the circular polarizer 230. Even
though the transparent optical film 250 optically has an
anisotropic property, the transparent optical film 250 is
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outwardly disposed over the circular polarizer 230. So once
an external light is incident upon the circular polarizer 230,
polarization may stably operate as appropriate and the
polarization remains beneath the transparent optical film
250.

The circular polarizer 230 has a circular polarization
characteristic. Through the circular polarizer 230, the X-axis
oscillation component having the A/4 delayed phase and the
Y-axis oscillation component having no phase shift are
combined in a vector manner to generate circularly polarized
light. Herein, the circular polarizer 230 has a function equal
to the stack of a linear polarization layer and a quarter wave
plate described in the first embodiment.

The transparent optical film 250 may have a thickness of
about 10 pm to 90 um. Preferably, the transparent optical
film 250 may have a thickness of about 50 pum.

Also, the circular polarizer 230 may have a total thickness
of about 60 um to 100 pum.

FIG. 6 illustrates a relationship between a light absorption
axis of the linear polarization layer and a slow axis of the
retarder of FIG. 3.

As shown in FIG. 6, the absorption axis 6p of the PVA
layer 135 of the linear polarization layer 1400 is at +45°
angle with respect to the slow axis Or of the quarter wave
plate 132 of the retarder 1300. In the linear polarization layer
1400, the PVA layer 135 functions as an optical layer. Thus,
the absorption axis of the PVA layer 135 becomes an
absorption axis of the linear polarization layer 1400. Alter-
natively, the absorption axis 8p of the PVA layer 135 of the
linear polarization layer 1400 is at —45° angle with respect
to the slow axis Or of the quarter wave plate 132 of the
retarder 1300.

The absorption axis of the linear polarization layer 1400
has a single direction. When light is incident upon the PVA
layer 135 of the linear polarization layer 1400 (through the
hard coating layer 137), light is divided into two perpen-
dicular X-axis and Y-axis oscillation components. In this
instance, the X-axis is at —45° angle with respect to the
absorption axis while the Y-axis 1s at +45° angle with respect
to the absorption axis or vice versa. In this example, it is
assumed that the X-axis is at -45° angle with respect to the
absorption axis while the Y-axis is at +45° angle with respect
to the absorption axis. Therefore, when the X-axis oscilla-
tion component of light propagates and encounters with the
slow axis of the quarter wave plate 132, so that the X-axis
oscillation component of light has a A/4 delayed phase. As
a result, the X-axis oscillation component having the A/4
delayed phase and the Y-axis oscillation component having
no phase shift are combined in a vector manner to generate
circularly polarized light. That is, linearly polarized light is
converted into circularly polarized light.

Meanwhile, in the organic light emitting display device
according to one example embodiment of the invention, as
shown in FIG. 8, a reflective anode 111 is disposed in the
organic light emitting element array 110. Thus, the circularly
polarized light is incident upon the organic light emitting
element array 110 and then is reflected from the reflective
anode 111 and in turn is again incident upon the quarter
wave plate 132. At this time, the X-axis oscillation compo-
nent of the circularly polarized light is further retarded by a
4/ phase. Thus, the X-axis oscillation component of light
emitted from the quarter wave plate 132 has a 2/A delayed
phase relative to an original phase of the X-axis oscillation
component. In this manner, a vector combination of the
X-axis oscillation component and the Y-axis oscillation
component of light emitted from the quarter wave plate 132
corresponds to the absorption axis of the linear polarization
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layer 1400, thereby prohibiting incident light (i.e., the cir-
cularly polarized light) from being emitted out of the linear
polarization layer 1400. With this, the polarization plate 130
may visually block influence of ambient light which may be
incident upon the organic light emitting display device via
scattering and/or random reflection.

FIG. 7A and FIG. 7B respectively illustrate phases of light
when passing through a linear polarization layer and a
retarder in an organic light emitting display device accord-
ing to various embodiments of the invention.

In the embodiment as shown in FIG. 7A, an absorption
axis of a linear polarization layer is at +45° angle with
respect to a slow axis of a quarter wave plate of a retarder.
In FIG. 7A, an axis being at +90° angle with respect to the
absorption axis of the linear polarization layer represents a
retardation effect of the quarter wave plate of the retarder.
That is, when the absorption axis of the linear polarization
layer is at +45° angle with respect to the slow axis of the
quarter wave plate of the retarder, light passing through the
linear polarization layer and the retarder has a light path shift
in which a light path rotates or shift with respect to the slow
axis of the retarder by +135° or -45° angle.

In the embodiment as shown in FIG. 5B, an absorption
axis of a linear polarization layer is at +135° or -45° angle
with respect to a slow axis of a quarter wave plate of a
retarder. In FIG. 5B, an axis being at +90° angle with respect
to the absorption axis of the linear polarization layer repre-
sents a retardation effect of the quarter wave plate of the
retarder.

That is, when the absorption axis of the linear polarization
layer 1s at +135° or -45° angle with respect to the slow axis
of the quarter wave plate of the retarder, light passing
through the linear polarization layer and the retarder has a
light path shift in which a light path rotates or shift with
respect to the slow axis of the retarder by -135° or +45°
angle.

As seen from FIG. 7A and FIG. 7B, the polarization plate
130 is formed by attaching the linear polarization layer 1400
to the retarder 1300 so that the absorption axis of the linear
polarization layer 1400 is at +45° or —-45° angle with respect
to the slow axis of the quarter wave plate 132 of the retarder
1300.

Meanwhile, under the polarization plate 130, the organic
light emitting element array is disposed on the substrate 100.
Beneath the organic light emitting element array, a thin film
transistor array is disposed to be electrically connected to an
anode of the organic light emitting display array.

In FIG. 7A and FIG. 7B, reference numeral 250 indicates
a drive unit to drive the thin film transistor array.

Now, detailed configurations of the substrate and the
organic light emitting display array disposed on the substrate
will be described with reference to the accompanying draw-
ings.

FIG. 8 is a cross-sectional view illustrating an inner
configuration of an organic light emitting display device
according to the first embodiment of the invention.

As shown in FIG. 8, the organic light emitting display
device according to one example embodiment of the inven-
tion includes a substrate 90, a thin film transistor array
disposed on the substrate 90, an organic light emitting
element array 110 disposed on the thin film transistor array,
and a polarization plate 130 disposed over the organic light
emitting element array 110 while being disposed opposite to
the substrate 90 in the structure. An adhesive layer 120 is
disposed between the substrate 90 and the polarization plate
130 and between the organic light emitting element array
110 and the polarization plate 130.
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Herein, the substrate 100 may include the substrate and
the thin film transistor array disposed on the substrate 90.

The thin film transistor array may include a semiconduc-
tor layer 101 partially or locally disposed on the substrate
90, a first insulation film 102 to cover both the semicon-
ductor layer 101 and the substrate 90, a gate electrode 103
disposed over a central region of the semiconductor layer
101, a gate insulation film 104 to cover both the gate
electrode 103 and the first insulation film 102, source and
drain electrodes 1055 and 105a respectively disposed in
recesses in the first insulation film 102 and the gate insula-
tion film 104 so as to be in respective contacts with both
sides of an upper portion of the semiconductor layer 101, a
second insulation film 1064 disposed on the gate insulation
film 104 so as to be adjacent to the source and drain
electrodes 10556 and 1054, a contact electrode 107 disposed
on the second insulation film 1064 while being in contact
with the drain electrode 1054, and a third insulation film
1065 disposed on the second insulation film 1064 so as to be
adjacent to the contact electrode 107.

Although, in this embodiment, the second and third
insulation films 106a and 1065 are formed as a separate film,
the second and third insulation films 1064 and 1065 may be
integrated into a single film 106.

There may be further disposed a gate metal pattern
partially overlapping with the contact electrode 107 and
formed at the same layer (or the same layer level) as the gate
electrode 103. In this overlapping region, a storage capacitor
may be defined. This gate metal pattern may be eliminated
or not used.

There may be further disposed a semiconductor pattern
formed at the same layer (or the same layer level) as the
semiconductor layer so as to correspond to the gate metal
pattern. This semiconductor pattern may be eliminated or
not used.

The thin film transistor array may include a gate line
extending in one direction and being connected to the gate
electrode 103, and a data line extending in a perpendicular
manner to the gate line and being connected to the source
electrode 1055.

The organic light emitting element array 110 may include
a plurality of pixel regions on a matrix, each pixel region
including one organic light emitting element. The organic
light emitting element, as shown in FIG. 6, may include an
anode ill in contact with the contact electrode 107, a light
emitting layer 113 and a cathode 114.

The plurality of pixel regions is separated from each other
using a bank 112.

The anode 111 is made of a reflective metal to reflect
external light incident thereupon.

The organic light emitting element array 110 may further
include an inorganic protective film 116 encapsulating the
anode 111, the bank 112, the light emitting layer 113 and the
cathode 114. The inorganic protective film 116 may be
eliminated or not used if necessary or desired.

The polarization plate 130 is disposed such that the first
thin-film stacked structure 131 thereof faces away from the
organic light emitting element array 110. The adhesive layer
120 is disposed between the substrate 100 and the polariza-
tion plate 130 and particularly between the organic light
emitting element array 110 and the polarization plate 130,
thereby sealing the organic light emitting element array 110.

FIG. 9 illustrates how ambient or external light incident
upon a light emitting display device according to the first
embodiment of the invention is prevented or reduced from
being again reflected therefrom.
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As shown in FIG. 9, ambient or external light incident
upon the light emitting display device, first, passes through
the linear polarization layer 1400 having a light absorption
axis in a single direction. When external light is incident
upon the PVA layer 135 of the linear polarization layer 1400
(through the hard coating layer 137, see FIG. 3), a light
transmission axis of the PVA layer 135 (corresponding to a
vector combination of two perpendicular X-axis and Y-axis
oscillation components of light) is formed to be substantially
perpendicular to the light absorption axis. Then, external
light is emitted in accordance with the light transmission
axis from the linear polarization layer 1400 and incident
upon the quarter wave plate 132 (referred to as an input
polarized state of light). When light encounters with the
quarter wave plate 132, light is right-circularly polarized.
Next, the right-circularly polarized light is incident upon the
reflective anode 111 of the organic light emitting element
array 110 and is reflected therefrom to be inverted to
left-circularly polarized light. The left-circularly polarized
light is again incident upon the quarter wave plate 132.
When the left-circularly polarized light encounters with the
quarter wave plate 132, a vector combination of two per-
pendicular X-axis and Y-axis oscillation components of light
is changed to be perpendicular to the light transmission axis
of the linear polarization layer 1400 (referred to as an output
polarized sate of light). Thereafter, light in the output
polarized state is incident upon the PVA layer 135. At this
time, since a vector combination of two perpendicular
X-axis and Y-axis oscillation components of light in the
output polarized state corresponds to the light absorption
axis of the PVA layer 135, external light is finally absorbed
by the PVA layer 135. In this way, ambient or external light
incident upon the light emitting display device may be
prevented or reduced from being again reflected (or re-
reflected) therefrom.

Hereinafter, a method of manufacturing a light emitting
display device according to one embodiment of the inven-
tion, especially, a method of manufacturing a first thin-film
stacked structure on a quarter wave plate will be described
in detail.

FIG. 10 illustrates a process of manufacturing a first
thin-film stacked structure of a light emitting display device
according to the first embodiment of the invention.

As shown in FIG. 10, a quarter wave plate 132 having the
above mentioned moisture permeability, reflection rate,
retardation value, and thickness is provided as a base sub-
strate on a coating roll 450. At this time, the quarter wave
plate 132 may be provided in a wound state around the roll
450. In this way, a process of forming organic and inorganic
films on the quarter wave plate 132 may be carried out in a
roll to roll manner.

Organic solvent supplied from an organic solvent pump
410 is vaporized using an evaporator 420 and is applied to
the quarter wave plate 132 as a base substrate wound around
the coating roll 450. The applied organic solvent is heat
dried using a curing unit 430 to form an organic film 1314
of a first thin-film stacked structure 131.

An inorganic film 1315 of the first thin-film stacked
structure 131 is deposited on the organic film 131a using an
inorganic film sputter 440.

In FIG. 10, the organic film 131a is directly formed on the
quarter wave plate 132. This is because the organic film
131a may be formed to have a sufficient thickness to achieve
a smooth exposed surface thereof, although a contact surface
of the quarter wave plate 132 facing the organic film 131a
is uneven. In some instances, as in FIGS. 4A and 4B, another
organic film 131¢ may be formed on the inorganic film 1314.
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In this way, the first thin-film stacked structure 131 is
formed on the quarter wave plate 132. The first thin-film
stacked structure 131 may have at least one organic film and
at least one inorganic film, and the organic film and the
inorganic film are disposed one on top of the other.

During this process, a second thin-film stacked structure
(131B shown in FIG. 4B) may be formed on the other
surface of the quarter wave plate 132. The second thin-film
stacked structure 131B may have at least one organic film
and at least one inorganic film, the organic film and the
inorganic film are disposed one on top of the other.

During this process, the organic solvent pump 410 is
placed in an atmospheric pressure state, while the evaporator
420, the curing unit 430, the inorganic film sputter 440 and
the coating roll 450 are disposed inside a vacuum chamber.

Meanwhile, in the second embodiment, the first thin-film
stacked structure 240 maybe on the transparent optical film
250 as shown in FIG. 5.

After the first thin-film stacked structure 131 is formed on
the quarter wave plate 132, the resultant structure is flipped
upside down. A quarter wave plate 132 (refer to FIG. 4)
having the first thin-film stacked structure 131 is adhered on
the substrate 100 using an adhesive layer 120 so that the first
thin-film stacked structure 131 and the organic light emitting
element array 110 face each other.

Then, the substrate 100 and the quarter wave plate 132 are
attached to each other so that the organic light emitting
element array 110 is fully covered by the first thin-film
stacked structure 131. In this way, the organic light emitting
element array 110 is encapsulated.

Then, an opposite side of the quarter wave plate 132 from
the first thin-film stacked structure 131 is attached to the
linear polarization layer 1400. At this time, an adhesive layer
may be disposed between the linear polarization layer 1400
and the quarter wave plate 132. Thus, the polarization plate
130 is defined as a stacking of the linear polarization layer
1400 and the retarder 1300.

In this instance, the polarization plate 130 is disposed
toward a substrate 100 on which an organic light emitting
element array 110 is formed. At this time, the first thin-film
stacked structure 131 of the polarization plate 130 faces
away from the organic light emitting element array 110.

In the method of manufacturing the organic light emitting
display device according to one embodiment of the inven-
tion, a plastic thin film having an anisotropic property is
excluded in a sealing process, and sealing organic and
inorganic thin films are formed on one side surface or both
side surfaces of a retarder of a polarization plate, and the
polarization plate is attached to a substrate on which an
organic light emitting element array is formed, with an
adhesive layer interposed therebetween, to encapsulate the
organic light emitting element array.

Since the plastic thin film having an anisotropic property
is absent between the polarization plate and the substrate,
external light is not visible to a viewer of the display device.
That is, the sealing organic and inorganic thin films are
formed to be integrated with the polarization plate and, thus,
an additional plastic thin film may be eliminated between the
organic light emitting element array and the polarization
plate. As a result, polarization characteristic to the external
light may be valid.

Further, the sealing organic and inorganic thin films are
formed to be integrated with the polarization plate and, thus,
additional films necessary in the encapsulation process of a
related art device may be eliminated. Further, a glass sub-
strate which is necessary in the above-described encapsula-
tion process using the glass may be eliminated. Therefore,
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the display device has a greatly-reduced thickness, to pro-
vide the display device with improved bendability.

Furthermore, since the sealing organic and inorganic thin
films are formed to be integrated with a retarder of the
polarization plate, a sealing structure may be simplified.
That is, the sealing organic and inorganic thin films are
formed on the retarder in a roll to roll manner, to allow an
adhesive layer to be eliminated between the retarder and the
sealing organic and inorganic thin films and, further, the
additional films necessary are the encapsulation process of
the related art may be eliminated, thereby achieving a simple
encapsulation structure.

Moreover, the sealing organic and inorganic thin films are
formed to be integrated with the polarization plate, to allow
the polarization characteristics of the polarization plate to be
maintained. Therefore, an ambient contrast ratio (ACR) may
be ensured to have a sufficient level, so that, when ambient
or external light is present, the display device may maintain
high visual performance.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the invention
without departing from the spirit or scope of the inventions.
Thus, it is intended that the invention covers the modifica-
tions and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. An organic light emitting display device comprising:

a substrate;

an organic light emitting element array disposed on the
substrate;

a polarization plate disposed over the organic light emit-
ting element array and including a first thin-film
stacked structure formed of at least one of an organic
film and an inorganic film, a quarter wave plate (A/4
plate) disposed on the first thin-film stacked structure;
and a linear polarization layer disposed on the quarter
wave plate; and

an adhesive layer disposed between the substrate and the
polarization plate, wherein the adhesive layer covers
the organic light emitting element array, and wherein
the at least one of the organic film and the inorganic
film is in contact with the adhesive layer.

2. The device of claim 1, wherein the polarization plate
further comprises a second thin-film stacked structure dis-
posed on an opposite side of the polarization plate from the
first thin-film stacked structure, and formed of at least one
organic film and at least one inorganic film, the at least one
organic film and the at least one inorganic film of the second
thin-film stacked structure being disposed one on top of the
other.

3. The device of claim 1, wherein the polarization plate
further comprises a second thin-film stacked structure
formed of at least one of an organic film or an inorganic film.

4. The device of claim 1, wherein the first thin-film
stacked structure faces the organic light emitting element
array.

5. The device of claim 1, wherein the organic film of the
first thin-film stacked structure is in contact with the quarter
wave plate.

6. The device of claim 1, wherein the polarization plate
further comprises a second thin-film stacked structure dis-
posed between the quarter wave plate and the linear polar-
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ization layer, wherein the second thin-film stacked structure
is formed of at least one organic film and at least one
inorganic film, the at least one organic film and the at least
one inorganic film of the second thin-film stacked structure
are disposed one on top of the other.

7. The device of claim 1, wherein the polarization plate
further comprises a second thin-film stacked structure dis-
posed between the quarter wave plate and the linear polar-
ization layer, wherein the second thin-film stacked structure
is formed of at least one of an organic film or an inorganic
film.

8. The device of claim 1, wherein a total thickness
including the quarter wave plate and the first thin-film
stacked structure is about 50 pm to 80 pm.

9. The device of claim 1, wherein an absorption axis of the
linear polarization layer is at +45° or —-45° angle with respect
to a slow axis of the quarter wave plate.

10. The device of claim 1, wherein the quarter wave plate
is formed of a stack consisting of two eighth wave plates
(M8 plates).

11. The device of claim 1, wherein the quarter wave plate
is made of a material having a reflection rate equal to or less
than 5% in a wavelength range of 400 nm to 500 nm.

12. The device of claim 1, wherein a retardation value of
the quarter wave plate is in a range of 138 nm to 148 nm.

13. The device of claim 1, wherein the substrate com-
prises any one of a plastic thin film, a thin film glass and a
metal foil, each having a thickness equal to or less than 0.2
mm.

14. The device of claim 13, wherein the quarter wave
plate has a moisture permeability equal to or less than 10~
g/m*-day.

15. The device of claim 1, wherein the at least one organic
film includes a first and second organic films so that the at
least one inorganic film is disposed in between the first and
second organic films.

16. The device of claim 1, wherein an incident light that
obtains a first circular polarization in passing through the
polarization plate, obtains a second circular polarization
opposite to the first circular polarization upon reflection off
the substrate, and is absorbed into the polarization plate.

17. The device of claim 1, wherein the substrate is
flexible.

18. An organic light emitting display device comprising:

a substrate;

an organic light emitting element array disposed on the
substrate;

a polarization plate disposed over the organic light emit-
ting element array and including a thin-film stacked
structure formed of at least one organic film and at least
one inorganic film, the at least one organic film and the
at least one inorganic film being disposed one on top of
the other, a quarter wave plate (A/4 plate) disposed on
the first thin-film stacked structure; and a linear polar-
ization layer disposed on the quarter wave plate; and

an adhesive layer disposed between the substrate and the
polarization plate, wherein the adhesive layer covers
the organic light emitting element array, and wherein
the at least one of the organic film and the inorganic
film of the thin-film stacked structure is in contact with
the adhesive layer.
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