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7) ABSTRACT

An organic light emitting display device is discussed. The
organic light emitting display device according to an
embodiment includes an organic light emitting diode layer
provided at an active area of a base substrate; an encapsu-
lation layer encapsulating the organic light emitting diode
layer to protect the organic light emitting diode layer; an
adhesive layer in the encapsulation layer and provided on
the organic light emitting diode layer to cover upper and side
surfaces of the organic light emitting diode layer; and an
encapsulation substrate in the encapsulation layer and pro-
vided on the adhesive layer. The encapsulation substrate is
provided to have different thicknesses at the active area and
outside the active area.
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ORGANIC LIGHT EMITTING DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority benefit of the
Korean Patent Application No. 10-2015-0178905 filed on
Dec. 15,2015, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to an organic light
emitting display device, and more particularly, to an organic
light emitting display device that may improve reliability of
an organic light emitting diode layer.

[0004] Discussion of the Related Art

[0005] Organic light emitting display devices are self-
emitting devices having low power consumption, a fast
response time, high emission efficiency, high luminance, and
a wide viewing angle. The organic light emitting display
devices are classified into a top emission type and a bottom
emission type, based on a transmission direction of light
emitted from an organic light emitting device. In the bottom
emission type, a circuit element is disposed between an
emission layer and an image displaying surface which
results in a lower aperture ratio. In the top emission type, the
circuit element is not disposed between the emission layer
and the image displaying surface which results in a higher
aperture ratio.

[0006] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device of the related art. The
organic light emitting display device includes a thin film
transistor layer 11, an organic light emitting diode layer 12,
an adhesive layer 13, and an encapsulation layer 14 that may
all be formed in an active area AA on a substrate 10.
[0007] The thin film transistor layer 11 can include an
active layer, a gate insulating film, a gate electrode, an
interlayer dielectric, a source electrode, and a drain elec-
trode. The thin film transistor layer 11 transfers a signal
required for luminescence of the organic light emitting diode
layer 12.

[0008] The organic light emitting diode layer 12 can
include an anode electrode, an organic light emitting layer,
and a cathode electrode. The organic light emitting diode
layer 12 displays an image by using light emitted from the
organic light emitting layer and passed through the cathode
electrode.

[0009] The adhesive layer 13 is provided to cover an upper
surface and a side of the organic light emitting diode layer
12. The adhesive layer 13 adheres the encapsulation sub-
strate 14 to the organic light emitting diode layer 12.
[0010] The encapsulation substrate 14 is provided on the
adhesive layer 13 to encapsulate the substrate 10 provided
with the organic light emitting diode layer 12. The encap-
sulation substrate 14 encapsulating the substrate 10 protects
elements provided in the substrate 10.

[0011] The aforementioned organic light emitting display
device according to the related art can have a problem due
to a crack in the organic light emitting display device. The
encapsulation substrate 14 has a strong anti-water perme-
ation effect in view of its material property, whereas the
adhesive layer 13 has a weak anti-water permeation effect.
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For this reason, particles such as water permeate into an area
S of the adhesive layer 13, which is provided at the side of
the organic light emitting diode layer 12. A condition of the
organic light emitting diode layer 12 can degrade due to the
water permeation.

[0012] To prevent water from permeating into the area S
of the adhesive layer 13, the organic light emitting display
device according to the related art includes the adhesive
layer 13 that is provided thinly. However, although water
permeation through the side of the organic light emitting
diode layer 12 can be prevented (i.e., avoided), a problem
exists in that a crack in the organic light emitting display
device is more likely to occur due to physical damage caused
by an external impact. The crack in the organic light emitting
display device can result in a dark spot occurring in some
areas of the organic light emitting display device.

[0013] Next, FIG. 2 illustrates delamination between the
organic light emitting layer and the cathode electrode of the
organic light emitting display device according to the related
art. In particular, a flexible organic light emitting display
device according to the related art can have the problem of
delamination between the organic light emitting layer and
the cathode electrode of the organic light emitting diode
layer 12. For a flexible screen, a position of a neutral plane
can be controlled to be within a plurality of deposition
structures shown in FIG. 1 to distribute an internal force
appropriately. The encapsulation substrate 14 of the plurality
of deposition structures can be provided to have a relatively
great thickness. The neutral plane can be disposed at a
boundary area between the adhesive layer 13 and the encap-
sulation substrate 14.

[0014] Due to the encapsulation substrate 14 having a
relatively great thickness and the neutral plane being dis-
posed at the boundary area, a problem of an application of
an undesirable tensile force can occur. In particular, the
problem is that a strong tensile force being applied to the
organic light emitting diode layer 12 below the adhesive
layer 13 can cause the organic light emitting display panel
to be bent to be downwardly convex. The downwardly
convex organic light emitting display panel can result in
delamination occurring between the organic light emitting
layer and the cathode electrode of the organic light emitting
diode layer 12. The problem in the organic light emitting
display devices according to the related art increases the
need of a technique capable of avoiding water permeation
through the side of the organic light emitting diode layer 12
and improving stability of the flexible organic light emitting
display device.

SUMMARY OF THE INVENTION

[0015] Accordingly, the present invention is directed to an
organic light emitting display device that substantially obvi-
ates one or more problems due to limitations and disadvan-
tages of the related art. An advantage of the present inven-
tion includes providing an organic light emitting display
device that prevents (i.e., avoids) water permeation through
a side of an organic light emitting diode layer. Another
advantage of the present invention includes maintaining
reliability against a physical impact. Another advantage of
the present invention includes improving reliability of the
organic light emitting diode layer by preventing generation
of delamination at the organic light emitting diode layer.

[0016] Additional advantages and features of the inven-
tion will be set forth in part in the description which follows
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and in part will become apparent to those having ordinary
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.

[0017] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an organic light emitting
display device according to one embodiment of the present
invention includes an organic light emitting diode layer
provided at an active area of a base substrate. The organic
light emitting display device includes an encapsulation layer
encapsulating the organic light emitting diode layer to
protect the organic light emitting diode layer. The encapsu-
lation layer includes an adhesive layer provided to cover an
upper surface and a side of the organic light emitting diode
layer and an encapsulation substrate. The encapsulation
substrate has different thicknesses at the active area and
outside the active area to prevent water permeation through
the side of the organic light emitting diode layer from
oceurring.

[0018] In another aspect of the present invention, an
organic light emitting display device according to another
embodiment of the present invention includes an organic
light emitting diode layer provided at an active area of a base
substrate. The organic light emitting display device includes
an encapsulation layer encapsulating the organic light emit-
ting diode layer to protect the organic light emitting diode
layer. The encapsulation layer includes an adhesive layer
provided to cover an upper surface and a side of the organic
light emitting diode layer and an encapsulation substrate.
The encapsulation substrate has a step difference at the
active area and outside the active area to prevent water
permeation through the side of the organic light emitting
diode layer from occurring.

[0019] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated 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 inven-
tion. In the drawings:

[0021] FIG. 1 is a cross-sectional view illustrating an
organic light emitting display device of the related art;

[0022] FIG. 2 is a view illustrating delamination between
an organic light emitting layer and a cathode electrode of an
organic light emitting display device of the related art;

[0023] FIG. 3 is a plane view illustrating an organic light
emitting display device according to the embodiment of the
present invention;

[0024] FIG. 4 is a cross-sectional view illustrating an
organic light emitting display device according to the first
embodiment of the present invention, which is taken along
line “A-A"™ of FIG. 3;
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[0025] FIG. 5 is a cross-sectional view illustrating an
organic light emitting display device according to the second
embodiment of the present invention, which is taken along
line “A-A" of FIG. 3;

[0026] FIG. 6 is a view illustrating a relative size of a
tensile force and a compressive force based on a neutral
plane if a bending occurs in a flexible organic light emitting
display device;

[0027] FIGS. 7A and 7B are views illustrating that a
position of a neutral plane in an organic light emitting
display device of the related art is compared with a position
of a neutral plane of an organic light emitting display device
according to the embodiment of the present invention;
[0028] FIGS. 8A to 8D are cross-sectional views illustrat-
ing process steps of a method for manufacturing an adhesive
layer and an encapsulation substrate of an organic light
emitting display device according to the first embodiment of
the present invention; and

[0029] FIGS. 9A to 9C are cross-sectional views illustrat-
ing process steps of a method for manufacturing an adhesive
layer and an encapsulation substrate of an organic light
emitting display device according to the second embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0030] Advantages and features of the present invention,
and implementation methods thereof will be clarified
through following embodiments described with reference to
the accompanying drawings. The present invention may,
however, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the scope of the present invention 1o those skilled in the art.
Further, the present invention is only defined by scopes of
claims.

[0031] A shape, a size, a ratio, an angle, and a number
disclosed in the drawings for describing embodiments of the
present invention are merely examples. The present inven-
tion is not limited to the illustrated details. Like reference
numerals refer to like elements throughout. In the following
description, when the detailed description of the relevant
known function or configuration is determined to unneces-
sarily obscure the important point of the present invention,
the detailed description will be omitted. In a case where
‘comprise’, ‘have’, and ‘include’ described in the present
specification are used, another part may be added unless
‘only~ is used. The terms of a singular form may include
plural forms unless referred to the contrary.

[0032] In construing an element, the element is construed
as including an error range although there is no explicit
description. In describing a position relationship, for
example, when the position relationship is described as
‘upon~’, ‘above~’, ‘below~’, and ‘next to~’, one or more
portions may be arranged between two other portions unless
‘just’ or “direct’ is used. In describing a time relationship, for
example, when the temporal order is described as ‘after~',
‘subsequent~’, ‘next~’, and ‘before~’, a case which is not
continuous may be included unless ‘just’ or ‘direct’ is used.
It will be understood that, although the terms “first”, “sec-
ond”, etc. may be used herein to describe various elements,
these elements should not be limited by these terms. These
terms are only used to distinguish one element from another



US 2017/0170425 Al

element. Therefore, a first element could be termed a second
element, and, similarly, a second element could be termed a
first element, without departing from the scope of the present
invention.

[0033] Features of various embodiments of the present
invention can be partially or overall coupled to or combined
with each other, and can be variously inter-operated with
each other and driven technically as those skilled in the art
can sufficiently understand. The embodiments of the present
invention can be carried out independently from each other,
or can be carried out together in co-dependent \relationships.
Hereinafter, the preferred embodiments of the present inven-
tion will be described in detail with reference to the accom-
panying drawings.

[0034] FIG. 3 is a brief plane view illustrating an organic
light emitting display device according to a first embodiment
of the present invention. The organic light emitting display
device according to the first embodiment of the present
invention includes an organic light emitting display panel
100, a gate driver 200, flexible films 320, drive ICs 330, a
circuit board 400, and a timing controller 410.

[0035] The organic light emitting display panel 100
includes a base substrate 120 and an encapsulation substrate
170. A portion of the base substrate 120 is in an active area
A/A where an image is displayed. A portion of the base
substrate 120 is in a non-display area N/A. Gate lines and
data lines can be formed on the active area A/A. Light
emitting portions can be respectively formed on crossing
areas of the gate lines and the data lines to display an image.

[0036] The non-display area N/A is disposed at an edge of
one side of the display area A/A. The non-display area N/A
can be provided with a gate driver 200 that can include a
plurality of thin film transistors.

[0037] The base substrate 120 can be formed of an insu-
lating material having flexibility. For example, the base
substrate 120 can be, but is not limited to, a sheet or film that
includes cellulose resin such as TAC (triacetyl cellulose) or
DAC (diacetyl cellulose), COP (cyclic olefin polymer) such
as norbornene derivatives, COC (cyclo olefin copolymer),
acryl resin such as PMMA (poly(methylmethacrylate)),
polyolefin such as PC (polycarbonate), PE (polyethylene) or
PP (polypropylene), polyester such as PVA (polyvinyl alco-
hol), PES (poly ether sulfone), PEEK (polyetheretherke-
tone), PEI (polyetherimide), PEN (polyethylenenaphtha-
late), and PET (polyethyleneterephthalate), P1 (polyimide),
PSF (polysulfone), or fluoride resin.

[0038] A back film for supporting the base substrate 120
can be further provided on a lower surface of the base
substrate 120. In more detail, the back film can be attached
to the lower surface of the base substrate 120 through a
lamination process and therefore can maintain the base
substrate 120 at a plane state.

[0039] The encapsulation substrate 170 is provided on the
base substrate 120. The encapsulation substrate 170 can be
of a metal film type such as metal foil to protect elements
provided on the base substrate 120. In more detail, the
encapsulation layer 170 can protect a thin film transistor and
an organic light emitting diode layer from external impact,
and prevent water from permeating into the organic light
emitting display panel 100. The encapsulation substrate 170
is formed to be smaller than the base substrate 120. Thus,
some of the base substrate 120 can be exposed without being
covered by the encapsulation substrate 170.
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[0040] Also, an adhesive layer for adhering the base
substrate 120 to the encapsulation substrate 170 can be
additionally provided between the base substrate 120 and the
encapsulation substrate 170. The adhesive layer is provided
on an upper surface and a side of the organic light emitting
diode layer provided on the base substrate 120 to adhere the
encapsulation substrate 170. Thus, the encapsulation sub-
strate 170 can encapsulate the base substrate 120.

[0041] As described above, some of the base substrate 120
can be exposed without being covered by the encapsulation
substrate 170. Signal pads such as data pads can be provided
on an area of the base substrate 120 which is exposed, and
is not covered by the encapsulation substrate 170.

[0042] The gate driver 200 supplies gate signals to the gate
lines in accordance with a gate control signal input from the
timing controller 410. In the first embodiment of the present
invention, the gate driver 200 can be formed outside one side
of the active area A/A of the organic light emitting display
panel 100 in a gate driver in panel (GIP) type but is not
limited thereto. The gate driver 200 can be formed outside
both sides of the active area A/A of the organic light emitting
display panel 100 in a GIP mode. The gate driver 200 can be
fabricated of a driving chip, packaged in flexible films and
attached to the organic light emitting display panel 100 in a
tape automated bonding (TAB) type.

[0043] The flexible films 320 may be provided with lines
which connect the signal pads with the drive ICs 330, and
lines which connect the signal pads with lines of the circuit
board 400. The flexible films 320 may be attached onto the
signal pads by using an anisotropic conducting film. Thus,
the signal pads may be connected with the lines of the
flexible films 320.

[0044] The drive ICs (Integrated Circuits) 330 receive
digital video data and a source control signal from the timing
controller 410. The drive ICs 330 convert the digital video
data to analog data voltages in accordance with the source
control signal, and supply the analog data voltages to the
data lines. If the drive ICs 330 are fabricated of driving
chips, the drive ICs 330 may be packaged in the flexible
films 320 in a chip on film (COF) or chip on plastic (COP)
type.

[0045] The circuit board 400 may be attached to the
flexible films 320. A plurality of circuits comprised of
driving chips may be packaged in the circuit board 400. For
example, the timing controller 410 may be packaged in the
circuit board 400. The circuit board 400 may be a printed
circuit board (PCB) or a flexible printed circuit board
(FPCB).

[0046] The timing controller T-con 410 can receive digital
video data and a timing signal from an external system
board. The timing controller 410 can generate a gate control
signal for controlling an operation timing of the gate driver
200 and a source control signal for controlling the drive ICs
330 on the basis of the timing signal. The timing controller
410 can supply the gate control signal to the gate driver 200,
and supply the source control signal to the drive ICs 330.
[0047] As described above, the encapsulation substrate
170 is adhered onto the base substrate 120 through the
adhesive layer. The encapsulation substrate 170 provided in
a metal sheet type can effectively avoid permeation of
particles such as water due to a material property of the
encapsulation substrate 170. But, the adhesive layer can fail
to effectively prevent (i.e., avoid) water permeation due to a
material property of the encapsulation substrate 170. Thus,
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in the organic light emitting display device according to the
related art, water permeation through the side of the organic
light emitting diode layer can deteriorate reliability of the
organic light emitting display panel 100. That is, the organic
light emitting diode of the organic light emitting display
panel 100 in the organic light emitting display device
according to the related art can be degraded due to water
permeation.

[0048] Therefore, in the first embodiment of the present
invention, the encapsulation substrate 170 avoids water
permeation through the side of the organic light emitting
diode layer by enlarging an area at a side of the organic light
emitting display device and above the organic light emitting
diode layer.

[0049] Next, FIG. 4 is a cross-sectional view illustrating
an organic light emitting display device according to the first
embodiment of the present invention, which is taken along
line “A-A" of FIG. 3. The organic light emitting display
device according to the first embodiment of the present
invention includes an active area A/A and a pad area P/A
which are provided on the base substrate 120. A thin film
transistor layer 130, an organic light emitting diode layer
140, an adhesive layer 160 and an encapsulation substrate
170 are formed at the active area A/A on the base substrate
120.

[0050] The thin film transistor layer 130 may include an
active layer, a gate insulating film, a gate electrode, an
interlayer dielectric, a source electrode, and a drain elec-
trode. The active layer is formed on the base substrate 120
to overlap the gate electrode. The gate insulating film can be
formed on the active layer to insulate the active layer from
the gate electrode. The gate electrode can be formed on the
gate insulating film and can be formed to overlap the active
layer by interposing the gate insulating film therebetween.
The interlayer dielectric can be formed on the gate electrode.
The interlayer dielectric may be made of, but not limited to,
the same inorganic insulating material as that of the gate
insulating film. The source electrode and the drain electrode
can be formed to face each other on the interlayer dielectric.
The source electrode can be connected with an end area of
the active layer through a contact hole. The drain electrode
can be connected with another end area of the active layer
through a contact hole.

[0051] The structure of the aforementioned thin film tran-
sistor layer is not limited to the shown structure. Various
modifications may be made in the structure of the thin film
transistor layer by the structure known to the person skilled
in the art. For example, the thin film transistor layer may
have a bottom gate structure in which the gate electrode is
formed below the active layer.

[0052] The organic light emitting diode layer 140 may
include an anode electrode, an organic light emitting layer,
and a cathode electrode. The anode electrode can be formed
on the thin film transistor layer 130. The anode electrode can
be connected with the source electrode of the thin film
transistor layer 130 through the contact hole. The anode
electrode can serve to upwardly reflect light emitted from
the organic light emitting layer. The anode electrode can
include a material having excellent reflectivity. The organic
light emitting layer can be formed on the anode electrode.
The organic light emitting layer may include a hole injecting
layer, a hole transporting layer, an emitting layer, an electron
transporting layer, and an electron injecting layer. The
organic light emitting layer may be modified according to
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various types known to those skilled in the art. The cathode
can be is formed on the organic light emitting layer. Because
the cathode electrode can be formed on a surface to which
light is emitted, the cathode electrode can be made of a
transparent conductive material. To reduce a resistance of
the cathode electrode, which is made of a transparent
conductive material, the cathode electrode may be con-
nected with an auxiliary electrode additionally provided to
be spaced apart from the anode electrode.

[0053] The structure of the aforementioned organic light
emitting diode layer 140 is not limited to the shown struc-
ture. Various modifications may be made in the structure of
the organic light emitting diode layer 140 by the structure
known to the person skilled in the art.

[0054] The adhesive layer 160 is provided on the organic
light emitting diode layer 140 to cover the upper surface and
the side of the organic light emitting diode layer 140. Thus,
the organic light emitting diode layer 140 is adhered to the
encapsulation substrate 170 via the adhesive layer 160. The
base substrate 120 may be sealed in such a manner that the
adhesive layer 160 is laminated on the encapsulation sub-
strate 170. The encapsulation substrate 170 on which the
adhesive layer 160 is laminated is then bonded to the base
substrate 120 provided with the organic light emitting diode
layer 140.

[0055] The adhesive layer 160 may be a thermosetting or
nature hardening adhesive. For example, the adhesive layer
160 may be formed of material such as a pressure sensitive
adhesive (PSA), an optical clear adhesive (OCA), or an
optical clear resin (OCR).

[0056] The encapsulation substrate 170 is provided on the
adhesive layer 160 and encapsulates the organic light emit-
ting diode layer 140. As described above, because the
adhesive layer 160 is provided to cover the side as well as
the upper surface of the organic light emitting diode layer
140, the adhesive layer 160 is provided at the active area
A/A on the base substrate 120, and also provided outside the
active area A/A on the base substrate 120. And the encap-
sulation substrate 170 provided on the adhesive layer 160 is
also provided both at the active area A/A and outside the
active area A/A. Because the adhesive layer 160 and the
encapsulation substrate 170 are layers provided to protect
the organic light emitting diode layer 140, the adhesive layer
160 and encapsulation substrate 170 may be referred to as an
encapsulation layer.

[0057] The encapsulation substrate 170 according to the
first embodiment of the present invention is provided at
different thicknesses at the active area A/A and outside the
active area A/A (refer to FIG. 4). Thus, water permeation
through the adhesive layer 160 provided at the side of the
organic light emitting diode layer 140 is prevented (i.e.,
avoided).

[0058] The encapsulation substrate 170 provided at the
active area A/A is thinner than the encapsulation substrate
170 provided outside the active area A/A. That is, in the first
embodiment of the present invention, the encapsulation
substrate 170 having excellent anti-permeation effect is
provided more thickly outside the active area A/A to prevent
(i.e., avoid) water permeation through the adhesive layer
160.

[0059] Because, in the organic light emitting display
device according to the related art, the adhesive layer 160 is
provided thinly, an anti-water permeation effect through the
side of the organic light emitting diode layer 140 is
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increased. The anti-water permeation effect in the organic
light emitting display device according to the related art can
cause a crack to occur in an organism of the organic light
emitting diode layer 140 due to physical damage caused by
external impact.

[0060] Therefore, in the first embodiment of the present
invention, the thickness of the encapsulation substrate 170
provided outside the active area A/A is only increased. The
thickness of the encapsulation substrate 170 provided at the
active area A/A is reduced. The thickness of the adhesive
layer 160 provided at the active area A/A in the organic light
emitting display device according to the first embodiment of
the present invention may be increased as compared with the
organic light emitting display device of the related art. For
example, the adhesive layer 160 provided at the active area
A/A may be thicker than the encapsulation substrate 170.

[0061] A signal pad 210, an anisotropic conducting film
(ACF) 310 and a flexible film 320 are formed in the pad area
P/A on the base substrate 120. The signal pad 210 is formed
to be spaced apart from the thin film transistor 130 on the
base substrate 120, and is connected with an external driving
circuit through the flexible film 320 to receive a signal for
driving the thin film transistor layer 130. The anisotropic
conducting film 310 is provided on the signal pad 210 to
attach the flexible film 320 to the signal pad 210. The
flexible film 320 is attached onto the signal pad 210 through
the anisotropic conducting film 310. The flexible film 320
may be provided with lines connecting the signal pad 210
with the drive ICs, and lines connecting the signal pad 210
with lines of the circuit board.

[0062] Also, a cover layer 220 may further be provided
between the active area A/A and the pad area P/A on the base
substrate 120. The cover layer 220 may include a polymer
material, and be coated on the base substrate 120 to cover a
link line between the thin film transistor layer 130 and the
signal pad 210. The cover layer 220 may be formed of a
desiccant material called “tuffy”, and prevent water perme-
ation into the link line from occurring while protecting the
link line from external impact.

[0063] In particular, in the first embodiment of the present
invention, the cover layer 220 may be provided to be higher
than the adhesive layer 160 at the outside the active area
A/A, which adjoins the active area A/A. Thus, water per-
meation through the adhesive layer 160 may be prevented
(i.e., avoided).

[0064] That is, as described above, in the first embodiment
of the present invention, the encapsulation substrate 170
provided outside the active area A/A may be thicker than the
encapsulation substrate 170 provided at the active area A/A.
The encapsulation layer 170 and the cover layer 220 may be
provided to adjoin each other at the outside of the active area
A/A 50 that the side of the organic light emitting diode layer
140 may not be exposed through the adhesive layer 160.
Because the side of the organic light emitting diode layer
140 is fully covered by the encapsulation substrate 170 and
the cover layer 220, water permeation through the adhesive
layer 160 may be prevented (i.e., avoided).

[0065] Also, the back film 110 for supporting the base
substrate 120 may further be provided on a lower surface of
the base substrate 120. The back film 110 may be attached
to the lower surface of the base substrate 120 through a
lamination process, whereby the base substrate 120 may be
maintained at a flat plane state.
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[0066] Next, FIG. 5 is a cross-sectional view illustrating
an organic light emitting display device according to the
second embodiment of the present invention, which is taken
along line “A-A"™ of FIG. 3. The organic light emitting
display device according to the second embodiment of the
present invention is the same as the organic light emitting
display device shown in FIG. 4 except that the encapsulation
substrate 170 is provided to have a step difference at the
active area A/A and outside the active area A/A. Therefore,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts, and repeated
descriptions of the same elements will be omitted.

[0067] The encapsulation substrate 170 of the organic
light emitting display device according to the second
embodiment of the present invention is provided to have a
step difference at the active area A/A and outside the active
area A/A, whereby water permeation through the adhesive
layer 160 provided at the side of the organic light emitting
diode layer 140 is prevented (i.e., avoided). Alternatively,
the encapsulation substrate 170 of the organic light emitting
display device according to the second embodiment of the
present invention can be provided to have a sloped (i.e.,
curved) upper surface outside the active area A/A. The
sloped upper surface of the encapsulation substrate 170
outside the active area A/A can be lower near the cover layer
220 outside the active area A/A and higher at the active area
A/A.

[0068] In addition, the portion of the encapsulation sub-
strate 170 with the sloped (i.e., curved) upper surface outside
the active area A/A can have a flat lower surface that is
adjacent to a flat upper surface of a relatively lower portion
of the adhesive layer 160. Alternatively, the portion of the
encapsulation substrate 170 with the sloped (i.e., curved)
upper surface outside the active area A/A can have a sloped
(i.e., curved) lower surface outside the active area A/A. The
encapsulation substrate 170 with the sloped (i.e., curved)
upper surface outside the active area A/A and with the sloped
(i.e., curved) lower surface can taper (i.e., become more
narrow) to form a point (i.e., conical structure) at a lower-
most extremity of the encapsulation substrate 170 outside
the active area A/A. The point of the at the lowermost
extremity of the encapsulation substrate 170 outside the
active area A/A can contact the adhesive layer 160.

[0069] Because the adhesive layer 160 is provided to
cover the side as well as the upper surface of the organic
light emitting diode layer 140, the adhesive layer 160 is
provided outside the active area A/A as well as at the active
area A/A on the base substrate 120. And the encapsulation
substrate 170 provided on the adhesive layer 160 is also
provided at the active area A/A and outside the active area
A/A.

[0070] The encapsulation substrate 170 according to the
second embodiment of the present invention is provided to
have a step difference at the active area A/A and outside the
active area A/A. The encapsulation substrate 170 outside the
active area A/A has a step difference to be provided at a
relatively lower portion, that is, at a position lower than that
of the encapsulation substrate 170 at the active area A/A.
Thus, water permeation through the adhesive layer 160
provided at the side of the organic light emitting diode layer
140 is prevented (i.e., avoided).

[0071] The encapsulation substrate 170 in the second
embodiment of the present invention is provided more
thickly outside the active area A/A than the encapsulation
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substrate 170 provided at the active area A/A, whereby water
permeation at the side of the organic light emitting diode
layer 140 may be prevented (i.e., avoided) more effectively.
Also, in the second embodiment of the present invention, if
the cover layer 220 is further provided between the active
area A/A and the pad area P/A on the base substrate 120, the
cover layer 220 can be provided to equal in height to a lower
portion of the adhesive layer 160 at the outside of the active
area A/A, which adjoins the active area A/A. Thus, water
permeation through the adhesive layer 160 may be pre-
vented (i.e., avoided). Alternatively, the cover layer 220 can
be provided to be higher than (i.e., above) the lower portion
of the adhesive layer 160 at the outside of the active area
A/A. Alternatively, the cover layer 220 can be provided to be
higher than (i.e., above) a higher portion of the adhesive
layer 160 at the outside of the active area A/A. The cover
layer 220 be flat and can be lower next to the pad area and
higher next to the adhesive layer 160. Alternatively, the
cover layer 220 be curved (i.e.. sloped) and can be lower
next to the pad area and higher next to the adhesive layer
160.

[0072] That is, as described above, in the second embodi-
ment of the present invention, the encapsulation substrate
170 provided outside the active area A/A is thicker than the
encapsulation substrate 170 provided at the active area A/A.
The encapsulation substrate 170 and the cover layer 220
may be provided to adjoin each other outside the active area
A/A so that the side of the organic light emitting diode layer
140 may not be exposed through the adhesive layer 160.
Because the side of the organic light emitting diode layer
140 is fully covered by the encapsulation substrate 170 and
the cover layer 220, water permeation through the adhesive
layer 160 may be prevented (i.e., avoided).

[0073] Also, in the second embodiment of the present
invention, the encapsulation substrate 170 provided at the
active area A/A is thinner than that of the organic light
emitting display device of the related art. In addition, the
adhesive layer 160 of organic light emitting display device
according to the second embodiment of the present inven-
tion is thicker than that of the organic light emitting display
device of the related art. Thus, stable flexibility of the
organic light emitting display device according to the pres-
ent invention may be obtained.

[0074] A flexible organic light emitting display device has
a flexural rigidity calculated as expressed by the following
Equation 1.

Exi’ [Equation 1]

FlexuralRigidity= =)

[0075] In the Equation 1, E means modulus of each layer,
h means a height of each layer, and v means a Poisson’s
ratio. A great value of flexural rigidity of the organic light
emitting display device means that the organic light emitting
display device is not bent well, which in turn means that
undesirable flexibility is reduced.

[0076] That is, flexural rigidity of the organic light emit-
ting display panel is varied depending on modulus and
thickness of various layers deposited on the panel. In the
deposition structure of the organic light emitting display
device, the encapsulation substrate 170 is provided most
thickly with a modulus value of several hundreds of GPa,
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but each of the other layers except the encapsulation sub-
strate 170 has a modulus value of several GPa or less.
[0077] Therefore, flexibility of the organic light emitting
display panel is determined primarily depending on a prop-
erty of the encapsulation substrate 170. A greater thickness
of the encapsulation substrate 170 minimizes flexibility of
the organic light emitting display panel.

[0078] Next, FIG. 6 is a view illustrating a relative size of
a tensile force and a compressive force based on a neutral
plane if a bending occurs in a flexible organic light emitting
display device. A relative size of a tensile force and a
compressive force, which occur up and down, respectively,
based on a neutral plane (NP) if the organic light emitting
display device can be bent to be upwardly convex (refer to
FIGS. 4 and ).

[0079] That is, a tensile force is relatively increased
toward an upper portion based on the neutral plane. A
compressive force is relatively increased toward a lower
portion based on the neutral plane if the organic light
emitting display device is bent to be upwardly convex (refer
to FIG. 6). Because various layers are deposited in the
organic light emitting display device, if too great of a tensile
or compressive force is applied, a stability of the organic
light emitting display device according to the related art may
be reduced.

[0080] The neutral plane is determined as a position where
flexural rigidity of the layers deposited at an upper portion
based on the neutral plane has the same value as that of
flexural rigidity of the layers deposited at a lower portion
based on the neutral plane. In the organic light emitting
display device according to the related art, because the
encapsulation substrate is thick, the neutral plane is formed
at a relatively high position, such as at a boundary area
between the adhesive layer and the encapsulation substrate.
If the organic light emitting display device according to the
related art is bent, problems occur in that a strong tensile or
compressive force is applied to the organic light emitting
diode layer; and delamination occurs between the cathode
electrode and the organic light emitting layer provided in the
organic light emitting diode layer.

[0081] That is, adhesion between the organic light emit-
ting layer made of an organism and the cathode electrode
made of metal is weak due to a difference in property of each
material. If a strong tensile or compressive force is applied
to the organic light emitting diode layer, a problem exists in
that delamination occurs between the organic light emitting
layer and the cathode electrode. To solve the problem of
delamination, the adhesive layer and the encapsulation sub-
strate of the organic light emitting display device according
to the second embodiment of the present invention may be
provided at a thickness that allows the neutral plane to be
disposed in the thin film transistor layer below the organic
light emitting diode layer.

[0082] Next, FIGS. 7A and 7B are views illustrating that
a position of a neutral plane in an organic light emitting
display device of the related art, and a position of a neutral
plane of an organic light emitting display device according
to the second embodiment of the present invention, respec-
tively. The neutral plane in the organic light emitting display
device of the related is disposed at the boundary area
between the adhesive layer and the encapsulation substrate
due to the thickness of the encapsulation substrate (refer to
FIG. 7A). The neutral plane in the organic light emitting
display device of the second embodiment of the present
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invention is disposed in the thin film transistor layer due to
the thicknesses of the adhesive layer and the encapsulation
substrate (refer to FIG. 7B).

[0083] Each of the organic light emitting display device of
the related art (refer to FIG. 7A) and the organic light
emitting display device of the present invention (refer to
FIG. 7B) may include a back film 15, 110, a base substrate
10, 120, a thin film transistor layer 11, 130, an organic light
emitting diode layer 12, 140, an adhesive layer 13, 160, and
an encapsulation substrate 14, 170. The organic light emit-
ting display device according to the second embodiment of
the present invention includes the encapsulation substrate
170 at the active area A/A that is relatively thinner than the
encapsulation substrate 170 at the active area A/A of the
(refer to FIG. 7B). The adhesive layer 160 of the organic
light emitting display device of the present invention (refer
to FIG. 7B) is relatively thicker than the adhesive layer 13
of the organic light emitting display device of the related art
(refer to F1G. 7A). In the second embodiment of the present
invention, the neutral plane NP and the thin film transistor
130 are below the organic light emitting layer 140; and the
base substrate 120 can be below the thin film transistor 130
and the organic light emitting layer 140. The neutral plane
NP can be disposed in the thin film transistor layer 130.
Alternatively, the neutral plane NP can be disposed in an
upper portion of the base substrate 120.

[0084] In more detail, the thickness of the adhesive layer
160 may increase and the thickness of the encapsulation
substrate 170 may be reduced, such that flexural rigidity of
the elements deposited on the thin film transistor layer 130
is the same as that of flexural rigidity of the elements
deposited below the thin film transistor layer 130. Thus, the
position of the neutral plane may be controlled. Because
only a weak tensile or compressive force is applied to the
organic light emitting diode layer 140, stable flexibility of
the organic light emitting display device may be achieved.
[0085] The neutral plane may be disposed in the organic
light emitting diode layer by controlling the thicknesses of
the adhesive layer and the encapsulation substrate, so as to
apply a minimum tensile or compressive force to the organic
light emitting diode layer.

[0086] The neutral plane in the organic light emitting
display device according to the second embodiment of the
present invention can be controlled to be disposed in the thin
film transistor layer 130 as described above. Because the
neutral plane is disposed in the organic light emitting diode
layer 140, a minimum tensile or compressive force may be
applied to the organic light emitting diode layer 140 (refer
to FIG. 6).

[0087] If the organic light emitting display device is bent,
different external forces are respectively applied to an upper
area and a lower area based on the neutral plane in the
organic light emitting diode layer 140, such as if a tensile
force is applied to one area and a compressive force is
applied to the other area, or vice versa. Because, in the
organic light emitting display device according to the related
art, different external forces are respectively applied to the
upper area and the lower area of the same layer. Delamina-
tion occurs between the organic light emitting layer and the
cathode electrode of the organic light emitting diode layer
140 due to a shear stress as a result of the different external
forces.

[0088] However, the adhesive layer 160 and the encapsu-
lation substrate 170 in the organic light emitting display
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device according to the second embodiment of the present
invention are provided in such a manner that the thicknesses
of the adhesive layer 160 and the encapsulation substrate
170 at the active area A/A are different from those of the
adhesive layer 160 and the encapsulation substrate 170
outside the active area A/A. Thus, the neutral plane may be
disposed in the thin film transistor layer 130 not the organic
light emitting diode layer 140. The adhesive layer 160 at the
active area A/A is provided to have a thick thickness. The
encapsulation substrate 170 at the active area A/A is pro-
vided to have a thin thickness. Because the electrodes
constituting the thin film transistor layer 130 are deposited
most stably and therefore may tolerate a shear stress, the
adhesive layer 160 and the encapsulation substrate 170 in
the organic light emitting display device according to the
second embodiment of the present invention are provided
such that the neutral plane is disposed in the thin film
transistor layer 130.

[0089] Next, FIGS. 8A to 8D are cross-sectional views
illustrating process steps of a method for manufacturing an
adhesive layer and an encapsulation substrate of an organic
light emitting display device according to the first embodi-
ment of the present invention (refer to FIG. 4). Therefore,
the same reference numbers will be used throughout the
drawings to refer to the same or like parts, and repeated
description in material and structure of each element will be
omitted.

[0090] Referring to FIG. 8a, the method of manufacturing
the organic light emitting display device according to the
first embodiment of the present invention includes providing
aroller ‘r” of which a center area corresponding to the active
area A/A of the organic light emitting display device is
convex. The encapsulation substrate 170 is then provided.
[0091] Referring to FIG. 8B, the method of manufacturing
the organic light emitting display device according to the
first embodiment of the present invention then includes
applying rolling to the encapsulation substrate 170 by the
roller ‘r’, whereby the encapsulation substrate 170 provided
more thinly at the area corresponding to the active area A/A
is obtained. Particularly, in the first embodiment of the
present invention, the encapsulation substrate 170 should be
formed to have a thin thickness such that the neutral plane
may be formed at a desired position of the active area A/A.
Therefore, rolling through the roller ‘r* is performed by a
force that allows the encapsulation substrate 170 to be
provided at a desired thickness at the active area A/A.
[0092] Referring to FIG. 8C, the method of manufacturing
the organic light emitting display device according to the
first embodiment of the present invention then includes
forming an adhesive to form the adhesive layer 160 and the
encapsulation substrate 170. The adhesive layer 160 is
laminated on the encapsulation substrate 170. Although the
adhesive layer 160 is fully laminated on the encapsulation
substrate 170 provided at a thin thickness at the area
corresponding to the active area A/A in F1G. 8C, the present
invention is not limited to FIG. 8C. The adhesive layer 160
may be laminated on the encapsulation substrate 170
through a roller.

[0093] Referring to FIG. 8D, the method of manufacturing
the organic light emitting display device according to the
first embodiment of the present invention then includes
forming the encapsulation substrate 170 and the adhesive
layer 160. The encapsulation substrate 170 and the adhesive
layer 160 are provided at different thicknesses at the area



US 2017/0170425 Al

corresponding to the active area A/A and outside the active
area A/A. The encapsulation substrate 170 and the adhesive
layer 160 are bonded to the organic light emitting diode
layer provided on the base substrate, whereby the organic
light emitting display device in which the organic light
emitting diode layer is encapsulated may be obtained.
[0094] Next, FIGS. 9A to 9C are cross-sectional views
illustrating process steps of a method for manufacturing an
adhesive layer and an encapsulation substrate of an organic
light emitting display device according to the second
embodiment of the present invention (refer to FIG. 5).
Therefore, the same reference numbers will be used through-
out the drawings to refer to the same or like parts, and
repeated description in material and structure of each ele-
ment will be omitted.

[0095] Referring to FIG. 9A, the method of manufacturing
the organic light emitting display device according to the
second embodiment of the present invention includes pre-
paring an adhesive layer 160 and an encapsulation substrate
170. The adhesive layer 160 and the encapsulation substrate
170 are laminated at a length that may cover an upper
surface and a side of an organic light emitting diode layer of
the organic light emitting display device.

[0096] Referring to FIG. 9B, the method of manufacturing
the organic light emitting display device according to the
second embodiment of the present invention then includes
preparing a roller ‘r’ of which center area corresponding to
the active area A/A of the organic light emitting display
device is convex. Rolling is applied to the upper surface of
the encapsulation substrate 170 and the adhesive layer 160
by the roller ‘r’. In the second embodiment of the present
invention, the encapsulation substrate 170 should be formed
to have a thin thickness such that the neutral plane may be
formed at a desired position of the active area A/A. Rolling
through the roller ‘r’ is performed by a force that allows the
encapsulation substrate 170 to be provided at a desired
thickness at the active area A/A.

[0097] Referring to FIG. 9C, the method of manufacturing
the organic light emitting display device according to the
second embodiment of the present invention then includes
obtaining the encapsulation substrate 170 and the adhesive
layer 160. Each of the encapsulation substrate 170 and the
adhesive layer 160 is provided to have a step difference at
the area corresponding to the active area A/A and outside the
active area A/A.

[0098] As described above, according to the present
invention, the following advantages may be obtained. The
encapsulation substrate is provided to have different thick-
nesses at the active area and outside the active area, and the
length of the encapsulation substrate covering the organic
light emitting diode layer is increased outside the active
area, whereby water permeation at the side of the organic
light emitting diode layer may be prevented (i.e., avoided).
[0099] Also, according to the present invention, the encap-
sulation substrate is provided to have a step difference at the
active area and outside the active area, and the length of the
encapsulation substrate covering the organic light emitting
diode layer is increased outside the active area, whereby
water permeation at the side of the organic light emitting
diode layer may be prevented (i.e., avoided).

[0100] Also, according to the present invention, the adhe-
sive layer and the encapsulation substrate within the active
area are provided at the thicknesses such that the neutral
plane may be disposed in the thin film transistor layer,
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whereby a weak tensile or compressive force may only be
applied to the organic light emitting diode layer to achieve
stable flexibility.

[0101] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the inventions. Thus, it is intended that the present
invention covers the modifications and variations of this
invention provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. An organic light emitting display device comprising:

an organic light emitting diode layer provided at an active

area of a base substrate;

an encapsulation layer encapsulating the organic light

emitting diode layer to protect the organic light emit-
ting diode layer;

an adhesive layer in the encapsulation layer and provided

on the organic light emitting diode layer to cover upper
and side surfaces of the organic light emitting diode
layer; and

an encapsulation substrate in the encapsulation layer and

provided on the adhesive layer,

wherein the encapsulation substrate is provided to have

different thicknesses at the active area and outside the
active area.

2. The organic light emitting display device of claim 1,
wherein the adhesive layer provided at the active area has a
thickness thicker than that of a portion of the adhesive layer
provided outside the active area.

3. The organic light emitting display device of claim 1,
wherein the encapsulation substrate is provided to have a
step difference at the active area and outside the active area.

4. The organic light emitting display device of claim 1,
wherein the encapsulation substrate provided at the active
area has a thickness thinner than that of the encapsulation
substrate provided outside the active area.

5. The organic light emitting display device of claim 1,
farther comprising:

a neutral plane below the organic light emitting diode

layer; and

a thin film transistor layer provided below the organic

light emitting diode layer at the active area of the base
substrate.

6. The organic light emitting display device of claim 1,
further comprising:

a signal pad provided on a pad area of the base substrate;

and

a cover layer provided between the signal pad and the

adhesive layer,

wherein the cover layer and the encapsulation substrate

are provided to adjoin each other outside the active
area.

7. The organic light emitting display device of claim 1,
further comprising:

a back film on a lower surface of the base substrate for

supporting the base substrate,

wherein the base substrate is made of transparent poly-

imide.

8. An organic light emitting display device comprising:

an organic light emitting diode layer provided at an active

area of a base substrate; and
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an encapsulation layer encapsulating the organic light
emitting diode layer to protect the organic light emit-
ting diode layer,

wherein the encapsulation layer includes an adhesive

layer provided on the organic light emitting diode layer
to cover an upper surface and a side of the organic light
emitting diode layer, and an encapsulation substrate
provided on the adhesive layer, and

the encapsulation substrate is provided to have a step

difference at the active area and outside the active area.

9. The organic light emitting display device of claim 8,
wherein the encapsulation substrate outside the active area is
provided at a position lower than that of the encapsulation
substrate at the active area.

10. The organic light emitting display device of claim 9,
wherein the encapsulation substrate provided at the active
area has a thickness thinner than that of the encapsulation
substrate provided outside the active area.

11. The organic light emitting display device of claim 8,
wherein the organic light emitting diode layer includes a thin
film transistor layer provided at the active area of the base
substrate, and

wherein a neutral plane is disposed below the organic

light emitting diode layer.

12. The organic light emitting display device of claim 8,
further comprising:

a signal pad provided on a pad area of the base substrate;

and

a cover layer provided between the signal pad and the

adhesive layer,

wherein the cover layer and the encapsulation substrate

are provided to adjoin each other outside the active
area.

13. The organic light emitting display device of claim 8,
further comprising:

a back film on a lower surface of the base substrate for

supporting the base substrate,

wherein the base substrate is made of transparent poly-

imide.
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14. An organic light emitting display device comprising:

an organic light emitting diode layer provided at an active

area of a base substrate;

an encapsulation layer encapsulating the organic light

emitting diode layer to protect the organic light emit-
ting diode layer;

an adhesive layer in the encapsulation layer and provided

on the organic light emitting diode layer to cover upper
and side surfaces of the organic light emitting diode
layer; and

an encapsulation substrate in the encapsulation layer and

provided on the adhesive layer,

wherein the encapsulation substrate covers a portion of a

side of the adhesive layer.

15. The organic light emitting display device of claim 14,
wherein the adhesive layer provided at the active area has a
thickness thicker than that of a portion of the adhesive layer
provided outside the active area.

16. The organic light emitting display device of claim 14,
wherein the encapsulation substrate is provided to have a
step difference at the active area and outside the active area.

17. The organic light emitting display device of claim 14,
wherein the encapsulation substrate provided at the active
area has a thickness thinner than that of the encapsulation
substrate provided outside the active area.

18. The organic light emitting display device of claim 14,
further comprising:

a neutral plane below the organic light emitting diode

layer; and

a thin film transistor layer provided below the organic

light emitting diode layer at the active area of the base
substrate.

19. The organic light emitting display device of claim 14,
farther comprising:

a signal pad provided on a pad area of the base substrate;

and

a cover layer provided between the signal pad and the

adhesive layer,

wherein the cover layer and the encapsulation substrate

are provided to adjoin each other outside the active
area.
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