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FIG. 1A
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FIG. 1B
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FIG. 4A
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FIG. 4B
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FIG. 5
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FIG. 6A
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FIG. 6B
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FIG. 10
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FIG. 11A
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FIG. 11B
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0147360 filed in
the Korean Intellectual Property Office on Oct. 22, 2013, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and a manu-
facturing method thereof.

[0004] Description of the Related Technology

[0005] Examples of display devices include liquid crystal
displays (LCDs), OLED displays, and the like. A display
panel of the LCD includes a liquid crystal (LC) layer
performing a phase delay function based on a driving
voltage. The liquid crystal layer is interposed between an
upper substrate and a lower substrate which are sealed.
[0006] The OLED display does not need a separate LC
layer or a backlight unit, and each OLED pixel circuit of an
OLED display panel includes an OLED. Accordingly, unlike
an LCD, the OLED display panel does not need an upper
substrate for sealing, and it can protect the OLED, the pixel
circuit, etc. by using a thin film encapsulation layer. As such,
the thickness of the display device can be thin.

[0007] However, in an OLED display panel in a smart
watch and the like, a portion on which stress is concentrated
can be damaged during a rolling lamination process of
pressing the display panel with parts such as a polarizer, a
window, etc. When the display panel is damaged, the thin
film encapsulation layer can also be damaged to not properly
prevent moisture-permeation of external air, thereby dam-
aging the OLED and the pixel circuit.

[0008] The above information disclosed in this Back-
ground section is only to enhance the understanding of the
background and therefore it may contain information that
does not constitute the prior art that is already known in this
country to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] One inventive aspect relates to an OLED display
and a manufacturing method thereof that can prevent the
OLED display from being damaged by an external force.
[0010] Another aspect is an OLED display including: a
substrate that includes a display area for displaying an
image, a peripheral area disposed outside of the display area,
and an edge portion which is disposed at the peripheral area
and has a curved surface shape or an angular shape; a
plurality of pixels that are disposed at the display area and
include a plurality of transistors and a plurality of insulating
layers disposed on the plurality of transistors; a thin film
encapsulation that covers the plurality of pixels in the
display area and at least some of the peripheral area; and a
stress distribution portion that is disposed at the edge portion
and includes the same layer as at least one of the plurality of
insulating layers.
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[0011] The plurality of pixels can include a plurality of
OLEDs, and the plurality of insulating layers can include: a
passivation layer disposed between an electrode of the
plurality of transistors and an anode of the plurality of
OLEDs; and a pixel defining layer for partitioning the
plurality of pixels.

[0012] The OLED display can further include: a gate
insulating layer disposed between a semiconductor layer and
a gate electrode of the plurality of transistors; and an
interlayer insulating layer disposed on the gate electrode and
the gate insulating layer, wherein at least one of the gate
insulating layer and the interlayer insulating layer can cover
at least some of the edge portion and can include an opening
disposed at the at least some of the edge portion.

[0013] A plurality of the stress distribution portions and
the openings can exist, each stress distribution portion can
be disposed to be surrounded by the plurality of openings,
and each opening can be disposed to be surrounded by the
plurality of stress distribution portions.

[0014] The plurality of openings can be disposed in a
direction forming a first angle based on a first direction
toward the edge portion from a center of the substrate to
form a plurality of first arrays, and the plurality of stress
distribution portions can be disposed in a direction forming
a second angle based on the first direction to form a plurality
of second arrays.

[0015] The plurality of first arrays and the plurality of
second arrays can be alternately disposed along a second
direction perpendicular to the first direction.

[0016] The edge portion can include a crack preventing
portion that is disposed outside of the gate insulating layer
and the interlayer insulating layer and includes a metal
pattern, the stress distribution portion can be disposed in at
least one of a first stress distribution region and a second
stress distribution region, the first stress distribution region
can be a region disposed between the crack preventing
portion and the thin film encapsulation, and the second stress
distribution region can be a region disposed between the
crack preventing portion and an edge of the substrate.
[0017] The OLED display can further include a polarizer
disposed on the thin film encapsulation, wherein at least
some of the polarizer can overlap the first stress distribution
region.

[0018] The OLED display can further include a polarizer
disposed on the thin film encapsulation, wherein at least
some of the polarizer overlaps the stress distribution portion.
[0019] The edge portion can include a recess portion
disposed at a periphery of the stress distribution portion.
[0020] Another aspect is a manufacturing method of an
OLED display, including: forming a plurality of transistors
in a display area of a substrate that includes an edge portion
having a curved surface shape or an angular shape; forming
a plurality of insulating layers on the plurality of transistors
and then forming a plurality of pixels including the plurality
of transistors and the plurality of insulating layers; forming
a stress distribution portion including the same layer as at
least one of the plurality of insulating layers at the edge
portion; and forming a thin film encapsulation that covers
the plurality of pixels in the display area and covers at least
some of a peripheral area disposed outside of the display
area.

[0021] The plurality of pixels can include a plurality of
OLEDs, and the plurality of insulating layers can include: a
passivation layer disposed between an electrode of the
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plurality of transistors and an anode of the plurality of
OLEDs; and a pixel defining layer for partitioning the
plurality of pixels.

[0022] The forming of the plurality of transistors can
include: forming a gate insulating layer on a semiconductor
layer of the plurality of transistors; forming the gate elec-
trode layer on the gate insulating layer; forming an interlayer
insulating layer on the gate insulating layer and the gate
electrode layer; and forming an opening in a region in which
the edge portion is disposed in at least one of the gate
insulating layer and the interlayer insulating layer.

[0023] A plurality of the stress distribution portions and
the openings can exist, the stress distribution portion can be
formed to be surrounded by the plurality of openings, and
the opening can be formed to be surrounded by the plurality
of stress distribution portions.

[0024] The plurality of openings can be disposed in a
direction forming a first angle based on a first direction
toward the edge portion from a center of the substrate to
form a plurality of first arrays, and the plurality of stress
distribution portions can be disposed in a direction forming
a second angle based on the first direction to form a plurality
of second arrays.

[0025] The manufacturing method of an OLED display
can further include forming a crack preventing portion
including a metal pattern at the edge portion, wherein the
stress distribution portion can be disposed in at least one of
the first stress distribution region and the second stress
distribution region, the first stress distribution region can be
disposed between the crack preventing portion and the thin
film encapsulation, and the second stress distribution region
can be disposed between the crack preventing portion and an
edge of the substrate.

[0026] The manufacturing method of an OLED display
can further include stacking a polarizer on the thin film
encapsulation, wherein at least some of the polarizer over-
laps the first stress distribution region.

[0027] The manufacturing method of an OLED display
can further include stacking a polarizer on the thin film
encapsulation, wherein at least some of the polarizer over-
laps the stress distribution portion.

[0028] Another aspect is an organic light-emitting diode
(OLED) display, comprising: a substrate including a display
area configured to display an image, a peripheral area
surrounding the display area, and an edge portion disposed
at the peripheral area and having a curved shape or an
angular shape; a plurality of pixels disposed at the display
area and including a plurality of transistors and a plurality of
insulating layers disposed over the transistors; a thin film
encapsulation layer covering the pixels in the display area
and at least a portion of the peripheral area; and a stress
distribution portion disposed at the edge portion and includ-
ing at least one of the insulating layers.

[0029] In the above OLED display, the pixels include a
plurality of OLEDs, and wherein the insulating layers
include: a passivation layer disposed between the transistors
and the OLEDs; and a pixel defining layer that define the
pixels.

[0030] In the above OLED display, the transistors include
a plurality of gate electrodes, the OLED display further
comprising: a semiconductor layer formed over the sub-
strate; a gate insulating layer disposed between the semi-
conductor layer and the gate electrodes; and an interlayer
insulating layer disposed over the gate electrodes and the
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gate insulating layer, wherein at least one of the gate
insulating layer and the interlayer insulating layer at least
partially covers the edge portion and includes an opening
disposed at the partially covered area of the edge portion.

[0031] Inthe above OLED display, the opening comprises
a plurality of openings, wherein the stress distribution por-
tion comprises a plurality of stress distribution portions and
the openings, wherein each of the stress distribution portions
is surrounded by at least two of the openings, and wherein
each of the openings is surrounded by at least two of the
stress distribution portions.

[0032] Inthe above OLED display, the opening comprises
a plurality of openings, wherein the substrate includes a
buffer layer and an inorganic layer, wherein the edge portion
includes a recess portion disposed at a periphery of the stress
distribution portion and including the openings, and wherein
the recess portion is formed in the buffer layer and the
inorganic layer.

[0033] In the above OLED display, the openings are
arranged in a plurality of first arrays and disposed in a
direction that forms a first angle with a first direction,
wherein the stress distribution portions are arranged in a
plurality of second arrays and disposed in a direction that
forms a second angle with the first direction.

[0034] In the above OLED display, the first and second
arrays are alternately disposed along a direction crossing the
first direction.

[0035] In the above OLED display, the edge portion
includes a crack preventing portion disposed adjacent to the
gate and interlayer insulating layers and includes a metal
pattern, wherein each of the stress distribution portions is
disposed in at least one of a first stress distribution region
and a second stress distribution region, wherein the first
stress distribution region is disposed between the crack
preventing portion and the thin film encapsulation layer, and
wherein the second stress distribution region is disposed
between the crack preventing portion and an edge of the
substrate.

[0036] The above OLED display further comprises a
polarizer disposed over the thin film encapsulation layer,
wherein at least a portion of the polarizer overlaps the first
stress distribution region in the depth dimension of the
OLED display.

[0037] In the above OLED display, the stress distribution
portions in the first stress distribution region are taller than
the stress distribution portions in the second stress distribu-
tion region.

[0038] In the above OLED display, the first stress distri-
bution region is closer to the display area than the second
stress distribution region.

[0039] In the above OLED display, the first stress distri-
bution region includes the interlayer insulating layer,
wherein the second stress distribution region does not
include the interlayer insulating layer.

[0040] In the above OLED display, the first stress distri-
bution region includes the gate insulating layer, wherein the
second stress distribution region does not include the gate
insulating layer.

[0041] The above OLED display further comprises a
polarizer disposed over the thin film encapsulation layer,
wherein at least a portion of the polarizer overlaps the stress
distribution portion in the depth dimension of the OLED
display.
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[0042] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising: forming a plurality of transistors in a display
area of a substrate, wherein the substrate includes an edge
portion having a curved shape or an angular shape; forming
a plurality of insulating layers over the transistors; forming
a plurality of pixels including the transistors and the insu-
lating layers; forming a stress distribution portion including
at least one of the insulating layers at the edge portion; and
forming a thin film encapsulation layer covering the pixels
in the display area and at least a portion of a peripheral area
surrounding the display area.

[0043] In the above method, the pixels include a plurality
of OLEDs, and wherein the insulating layers include: a
passivation layer disposed between the transistors and the
OLEDs; and a pixel defining layer defining the pixels.

[0044] In the above method, the forming of the transistors
includes: forming a gate insulating layer over a semicon-
ductor layer of the transistors; forming a gate electrode layer
over the gate insulating layer; forming an interlayer insu-
lating layer over the gate insulating layer and the gate
electrode layer; and forming an opening in a region in which
the edge portion is disposed in at least one of the gate
insulating layer and the interlayer insulating layer.

[0045] In the above method, the opening comprises a
plurality of openings, wherein the stress distribution portion
comprises a plurality of stress distribution portions and the
openings, wherein the stress distribution portion is sur-
rounded by at least two of the openings, and wherein each
of the openings is surrounded by at least two of the stress
distribution portions.

[0046] In the above method, the openings are arranged in
a plurality of first arrays and disposed in a direction that
forms a first angle with a first direction, wherein and wherein
the stress distribution portions are arranged in a plurality of
second arrays and disposed in a direction that forms a second
angle with the first direction.

[0047] The above method further comprises forming a
crack preventing portion including a metal pattern at the
edge portion, wherein the stress distribution portion is
disposed in at least one of a first stress distribution region
and a second stress distribution region, wherein the first
stress distribution region is disposed between the crack
preventing portion and the thin film encapsulation layer, and
wherein the second stress distribution region is disposed
between the crack preventing portion and an edge of the
substrate.

[0048] The above method further comprises stacking a
polarizer over the thin film encapsulation layer, wherein at
least a portion of the polarizer overlaps the first stress
distribution region in the depth dimension of the OLED
display.

[0049] The above method further comprises stacking a
polarizer over the thin film encapsulation layer, wherein at
least a portion of the polarizer overlaps the stress distribu-
tion portion in the depth dimension of the OLED display.

[0050] According to at least one of the disclosed embodi-
ments, it is possible to prevent an OLED display from being
damaged by an external force during a manufacturing pro-
cess of the OLED display.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0051] FIG. 1A illustrates a schematic top plan view of a
display panel of a circular OLED display according to one
exemplary embodiment.

[0052] FIG. 1B illustrates a schematic top plan view of a
display panel of a quadrangular OLED display according to
another exemplary embodiment.

[0053] FIG. 2 illustrates a cross-sectional view of the
display panel of FIG. 1A or FIG. 1B taken along line II-IT".
[0054] FIG. 3 illustrates an enlarged cross-sectional view
of a vicinity of a first stress distribution region and a second
stress distribution region of FIG. 2.

[0055] FIG. 4A illustrates a layout view of a stress distri-
bution portion and an opening disposed in the first stress
distribution region according to one exemplary embodiment.
[0056] FIG. 4B illustrates a layout view of a stress distri-
bution portion and an opening disposed in the first stress
distribution region according to another exemplary embodi-
ment.

[0057] FIG. 5 illustrates a layout view of a stress distri-
bution portion disposed in the second stress distribution
region according to one exemplary embodiment.

[0058] FIG. 6A illustrates an enlarged cross-sectional
view of a vicinity of the first stress distribution region and
the second stress distribution region according to another
exemplary embodiment.

[0059] FIG. 6B illustrates an enlarged cross-sectional
view of a vicinity of the first stress distribution region and
the second stress distribution region according to a further
exemplary embodiment.

[0060] FIGS. 7, 8 and 9 illustrate drawings for explaining
a manufacturing method of an OLED display including a
stress distribution portion according to one exemplary
embodiment.

[0061] FIG. 10 illustrates a drawing for explaining a
stacked structure of an OLED display including a display
panel according to one exemplary embodiment.

[0062] FIGS. 11A and 11B illustrate drawings for explain-
ing stress occurring when a rolling lamination process is
performed for the OLED display of FIG. 10.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0063] The present disclosure will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments are shown. As those skilled
in the art would realize, the described embodiments can be
modified in various different ways, all without departing
from the spirit or scope of the present disclosure.

[0064] To clearly describe the present disclosure, parts
that are irrelevant to the description are omitted, and like
numerals refer to like or similar constituent elements
throughout the specification.

[0065] Further, in the drawings, the size and thickness of
each element are arbitrarily illustrated for ease of descrip-
tion, and the present disclosure is not necessarily limited to
those illustrated in the drawings. In the drawings, the
thickness of layers, films, panels, regions, efc. are exagger-
ated for clarity. In the drawings, for ease of description, the
thicknesses of some layers and regions are exaggerated.
[0066] In this disclosure, the term “substantially” includes
the meanings of completely, almost completely or to any
significant degree under some applications and in accor-
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dance with those skilled in the art. Moreover, “formed,
disposed or positioned over” can also mean “formed, dis-
posed or positioned on.” The term “connected” includes an
electrical connection.

[0067] FIG. 1A illustrates a schematic top plan view of a
display panel 4100 of a substantially circular OLED display
according to one exemplary embodiment. FIG. 1B illustrates
a schematic top plan view of a display panel 4100' of a
substantially quadrangular OLED display according to
another exemplary embodiment.

[0068] Referring to FIG. 1A, the display panel 4100
includes a substrate 100. The substrate 100 includes a
display area DA for displaying an image, and a peripheral
area PA disposed outside of the display area DA.

[0069] A thin film encapsulation layer 10 covers a plural-
ity of pixels in the display area DA and at least some of
regions except for an edge portion in the peripheral area PA.
The edge portion will be described in detail later with
reference to FIG. 2.

[0070] Referring to FIG. 1B, the display panel 4100
includes a substrate 100'. The substrate 100' includes a
display area DA' for displaying an image and a peripheral
area PA' disposed outside of the display area DA'.

[0071] A thin film encapsulation layer 10' covers a plu-
rality of pixels in the display area DA' and at least some of
regions except for an edge portion in the peripheral area PA'.
[0072] A display panel can be the circular display panel
4100 shown in FIG. 1A or the quadrangular display panel
4100' shown in FIG. 1B. In another exemplary embodiment,
the display panel can be oval. Further, the display panel can
be polygonal other than quadrangular. In addition, the dis-
play panel can be substantially quadrangular including four
curved corners.

[0073] As will be described in detail later with reference
to FIGS. 11A and 11B, the current exemplary embodiment
can be applied to display panels having edge portions with
curved surfaces or angular portions on which stress can be
concentrated during a rolling lamination process. For
example, when a substrate of the display panel includes an
edge portion with the curved surface or the angular portion,
the current exemplary embodiment can be applied to any
type of the OLED display. The substrate 100 of FIG. 1A is
an example having an edge portion with the curved surface,
and the substrate 100" of FIG. 1B is an example having an
edge portion with the angular surface.

[0074] FIG. 2 illustrates a cross-sectional view of the
display panel 4100 or 4100' of FIG. 1A or FIG. 1B taken
along line II-II'. For better comprehension and ease of
description, FIG. 2 will be described based on the display
panel 4100 of the circular OLED display of FIG. 1A.
[0075] The substrate 100 can be a flexible substrate in
which an organic layer and an inorganic layer are alternately
stacked. For example, the substrate 100 has a structure in
which an organic layer including a polyimide (PI), an
inorganic layer formed of a silicon oxide (SiOx) which is a
first barrier layer (first barrier) disposed on the organic layer,
and an organic layer formed of a polyimide on the inorganic
layer are stacked. In addition, the substrate 100 can further
include an inorganic layer formed of a silicon nitride (SiNx)
or a silicon oxide (SiOx) which is a second barrier layer on
the organic layer, and a buffer layer stacked on the inorganic
layer. The buffer layer blocks impurities from the substrate
100 during a crystallization process of a semiconductor layer
200 to be formed on the substrate 100 to serve to improve
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characteristics of the semiconductor layer 200 and reduce
stress applied to the substrate 100. Although the substrate
100 including the semiconductor layer 200 can be described,
since the semiconductor layer 200 outside the display area
DA can be formed to have a negligible thin thickness, the
semiconductor layer 200 will now be described as being
included in a transistor in the display area DA of the
substrate 100.

[0076] The stacked structure of the substrate 100 is an
example, and can be variously modified. In another exem-
plary embodiment, the substrate 100 is formed of glass.
[0077] The peripheral area PA of the substrate 100
includes an edge portion 110. In another exemplary embodi-
ment, the substrate, as in the aforementioned quadrangular
substrate 100" of FIG. 1B, can include an angular edge
portion.

[0078] The thin film encapsulation (TFE) layer 10 covers
a plurality of pixels in the display area DA, and covers at
least some of regions except for an edge portion 110 in the
peripheral area PA.

[0079] The thin film encapsulation layer 10 can have a
structure in which an organic layer and an inorganic layer are
alternately stacked. In the current exemplary embodiment,
the thin film encapsulation layer 10 has a structure in which
an inorganic layer 1300, an organic layer 1400, and an
inorganic layer 1500 are stacked. The number and thickness
of the respective inorganic and organic layers are not lim-
ited. The inorganic layers 1300 and 1500 prevent moisture-
permeation from external air. The organic layer 1400 acts as
a buffer between the inorganic layer 1300 and the inorganic
layer 1500 to prevent the inorganic layers 1300 and 1500
from being damaged due to impurities or process residues.
The thin film encapsulation layer 10 prevents the pixels
disposed in the display area DA from being damaged.
[0080] Each of the pixels includes a transistor 30 and an
OLED 20 controlled by the transistor 30.

[0081] The transistor 30 includes a semiconductor layer
200 serving as a channel, a gate electrode 400 which is a
control electrode opening or closing the channel, and a
source electrode 610 and a drain electrode 620 respectively
connected to opposite ends of the channel. The source
electrode 610 and the drain electrode 620 can be inter-
changeable depending on a kind of impurities doped into the
semiconductor layer 200.

[0082] The OLED 20 includes an anode 810, an organic
emission layer 1010, and a cathode 1200.

[0083] The pixel includes a plurality of insulating layers
between the transistor 30 and the cathode 1200. The insu-
lating layers can include a passivation layer 700 and a pixel
defining layer 910. The pixel defining layer 910 can partition
a plurality of pixels.

[0084] A detailed structure of the transistor 30 and the
OLED 20 will be described together with description of the
stacked structure of the display panel 4100.

[0085] The semiconductor layer 200 is disposed on the
substrate 100 and can form the channel of the transistor 30.
The semiconductor layer 200 can include a channel that is
channel-doped with an N-type impurity or a P-type impurity,
and a source doping region and a drain doping region that
are formed on opposite sides of the channel and have a
higher doping concentration than that of a doping impurity
that is doped on the channel. Further, in the semiconductor
layer 200, regions disposed between source doping regions
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and drain doping regions of different transistors can be
doped to electrically connect the different transistors.

[0086] The semiconductor layer 200 can be formed of a
polysilicon (poly-Si) or oxide semiconductor. The oxide
semiconductor can include one of oxides based on titanium
(Ti), hafnium (Hf), zirconium (Zr), aluminum (Al), tantalum
(Ta), germanium (Ge), zinc (Zn), gallium (Ga), tin (Sn), or
indium (In), and complex oxides thereof such as zinc oxide
(Zn0), indium-gallium-zinc oxide (InGaZnO4), indium-
zinc oxide (Zn—In—O), zinc-tin oxide (Zn—Sn—O0),
indium-gallium oxide (In—Ga—Q), indium-tin oxide (In—
Sn—O0), indium-zirconium oxide (In—Zr—O), indium-zir-
conium-zine oxide (In—Zr—7Zn—0), indium-zirconium-tin
oxide (In—Zr—Sn—O0), indium-zirconium-gallium oxide
(In—Zr—Ga—0), indium-aluminum oxide (In—Al—0),
indium-zinc-aluminum oxide (In—Zn—Al—0), indium-
tin-aluminum oxide (In—Sn—A1—0), indium-aluminum-
gallium oxide (In—Al—Ga—O), indium-tantalum oxide
(In—Ta—0), indium-tantalum-zinc oxide (In—Ta—7n—
0), indium-tantalum-tin oxide (In—Ta—Sn—QO), indium-
tantalum-gallium oxide (In—Ta—Ga—0), indium-germa-
nium oxide (In—Ge—O), indium-germanium-zinc oxide
(In—Ge—7n—0), indium-germanium-tin oxide (In—
Ge—Sn—0O0), indium-germanium-gallium oxide (In—Ge—
Ga—0), titanium-indium-zine oxide (Ti—In—7Zn—0), and
hafnium-indium-zinc oxide (Hf—In—7n—0). When the
semiconductor layer 200 is formed of the oxide semicon-
ductor, a separate passivation layer can be added to protect
the oxide semiconductor, which is vulnerable to an external
environment such as high temperature and the like.

[0087] A gate insulating layer 300 is disposed on the
semiconductor layer 200. The gate insulating layer 300 is
provided to insulate the gate electrode 400 from the semi-
conductor layer 200. The gate insulating layer 300 can be
formed of an inorganic material, and the inorganic material
can include a silicon nitride (SiNx) or a silicon oxide (SiOx).

[0088] The gate insulating layer 300 can be disposed in the
display area DA and the peripheral area PA, but may not be
disposed on the entire substrate 100. In the current exem-
plary embodiment, the gate insulating layer 300 is disposed
to the front of a crack preventing portion 40.

[0089] When an impact such as from bending is applied to
the display panel 4100, the crack preventing portion 40
serves to prevent a crack from occurring. The crack pre-
venting portion 40 can include a metal pattern 410 and an
insulating layer 994.

[0090] When the gate electrode 400 disposed on the gate
insulating layer 300 is formed, the metal pattern 410 can be
substantially simultaneously formed of the same material as
the gate electrode 400. Accordingly, the metal pattern 410
can be formed of one of molybdenum (Mo), a molybdenum
alloy, copper (Cu), a copper alloy, aluminum (Al), and an
aluminum alloy. In another exemplary embodiment, when
data electrode layers 610, 620, and 630 are formed, the metal
pattern 410 can be substantially simultaneously be formed of
the same material as the data electrode layers 610, 620, and
630. The metal pattern 410 is not limited in its structure, and
can have a serpentine pattern such as a zigzag form. Accord-
ingly, when the impact such as from bending is applied
thereto, the metal pattern 410 that has a relatively long
length can absorb the impact. FIG. 2 illustrates a cross-
sectional view taken along the center line of the metal
pattern 410 with the zigzag pattern. The insulating layer 994
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can be substantially simultaneously formed when at least
one of the passivation layer 700 and the pixel defining layer
910 is formed.

[0091] The gate electrode 400 of the transistor can be
formed of one of molybdenum (Mo), a molybdenum alloy,
copper (Cu), a copper alloy, aluminum (Al), and an alumi-
num alloy.

[0092] An interlayer insulating layer 500 is disposed on
the gate electrode 400. The interlayer insulating layer 500
insulate the gate electrode 400 from the data electrode layers
610, 620, and 630. The interlayer insulating layer 500 can be
formed of an inorganic material, and the inorganic material
can include a silicon nitride (SiNx) or a silicon oxide (Si0x).

[0093] The gate insulating layer 300 and the interlayer
insulating layer 500 include a contact hole, and the source
electrode 610 and the drain electrode 620 contact the source
doping region and the drain doping region of the semicon-
ductor layer 200 through the contact hole of the gate
insulating layer 300 and the interlayer insulating layer 500.
The edge portion 110 includes openings 2510 and 2520, and
the openings 2510 and 2520 can be formed together with the
contact hole of the gate insulating layer 300 and the inter-
layer insulating layer 500. The openings 2510 and 2520
interact with a stress distribution portion (described later)
and can distribute stress applied to the display panel 4100.
In the current exemplary embodiment, it is illustrated that
the openings 2510 and 2520 are formed in the gate insulating
layer 300 and the interlayer insulating layer 500, while in
another exemplary embodiment, a recess portion is formed
in the buffer layer and the second barrier layer included in
the substrate 100, so the depths of the openings 2510 and
2520 can be deepened more by the recess portion. This will
be described in detail with reference to FIG. 6B.

[0094] The data electrode layers 610, 620, and 630 are
disposed on the interlayer insulating layer 500. As described
above, the source and drain electrodes 610 and 620, which
are components of the transistor 30, respectively contact the
source and drain doping regions of the semiconductor layer
200 through the contact hole. The electrode 630 is electri-
cally connected to the cathode 1200 described later to supply
a power source voltage. The data electrode layers 610, 620,
and 630 is formed of one of molybdenum (Mo), a molyb-
denum alloy, copper (Cu), a copper alloy, aluminum (Al),
and an aluminum alloy.

[0095] The passivation layer 700 is disposed on the data
electrode layers 610, 620, and 630 to insulate the source
electrode 610 and the like from the anode 810 of the OLED
20. The passivation layer 700 has a contact hole, and the
anode 810 disposed on the passivation layer 700 contacts the
drain electrode 620 through the contact hole of the passi-
vation layer 700. When the passivation layer 700 is formed,
a lower layer 710 of a first dam and lower layers 720, 730,
and 740 of a plurality of stress distribution portions can be
formed together. The passivation layer 700 can be formed of
an organic material.

[0096] The dam is a structure that prevents an over-coated
organic material from overflowing before the organic layer
1400 of the thin film encapsulation layer 10 is hardened. In
the current exemplary embodiment, the first dam includes
the lower layer 710, an intermediate layer 930, and an upper
layer 1120, and a second dam includes a lower layer 920 and
an upper layer 1110. The upper layers 1120 and 1110 can
include a spacer.
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[0097] The stress distribution portion is disposed at the
edge portion 110, and includes the same layer as at least one
of a plurality of insulating layers 700 and 910. In the
exemplary embodiment of FIG. 2, a plurality of stress
distribution portions disposed in a first stress distribution
region 2100 include the same layer as each of the two
insulating layers 700 and 910, and a plurality of stress
distribution portions disposed in a second stress distribution
region 2200 include the same layer as one insulating layer
910.

[0098] The first stress distribution region 2100 is a region
disposed between the crack preventing portion 40 and the
thin film encapsulation layer 10, and the second stress
distribution region 2200 is a region disposed between edges
of the crack preventing portion 40 and the substrate 100.
[0099] FIG. 3 illustrates an enlarged cross-sectional view
of a vicinity of the first stress distribution region 2100 and
the second stress distribution region 2200 of FIG. 2.
[0100] Referring to FIGS. 2, 3, and 4A, the first stress
distribution region 2100 includes a stress distribution por-
tion Al (2110), a stress distribution portion B1 (2111), and
a stress distribution portion C1 (2112).

[0101] The stress distribution portion Al (2110) includes
a lower layer A1 (720) and upper layers Al (940 and 941),
and the upper layers Al (940 and 941) have a groove Al
(2630). The stress distribution portion B1 (2111) includes a
lower layer B1 (730) and upper layers B1 (950, 951, 960,
and 961), and the upper layers B1 (950, 951, 960, and 961)
have a cross-shaped groove B1 (2610). The stress distribu-
tion portion C1 (2112) includes a lower layer C1 (740) and
upper layers C1 (970, 971, 980, and 981), and the upper
layers C1 (970, 971, 980, and 981) have a cross-shaped
groove C1 (2620). Here, the groove Al (2630), the groove
B1 (2610), and the groove C1 (2620) do not limit shapes of
the upper layers A1 (940 and 941), the upper layers B1 (950,
951, 960, and 961), and the upper layers C1 (970, 971, 980,
and 981), but they are examples for showing that the upper
layers can be formed in various shapes.

[0102] Referring to FIGS. 2, 3, and 5, the second stress
distribution region 2200 includes a stress distribution por-
tion A2 (991), a stress distribution portion B2 (992), and a
stress distribution portion C2 (993).

[0103] Referring to FIG. 3, in the current exemplary
embodiment, the stress distribution portions of the first
stress distribution region 2100 respectively include two
layers, and the stress distribution portions of the second
stress distribution region 2200 respectively include one
layer.

[0104] While a rolling lamination process of pressing the
display panel 4100 with other components is performed, the
stress distribution portions according to the current exem-
plary embodiment effectively distributes stress concentrated
on an edge region of the display panel 4100, thus preventing
the thin film encapsulation layer 10 from being damaged.
Specifically, while performing the rolling lamination pro-
cess, the stress distribution portions can change a direction
of a crack on which the stress is concentrated and propagated
and can delay speed thereof. The OLED display according
to the current exemplary embodiment prevents the damage
generated at the thin film encapsulation layer 10 by the
crack, thereby realizing a rigid structure to shrinkage
defects.

[0105] Layers for anodes 810 and 820 are disposed on the
passivation layer 700. The anode 810 contacts the drain
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electrode 620 through the contact hole formed in the passi-
vation layer 700. The anode 820 electrically connects the
electrode 630 and the cathode 1200.

[0106] The pixel defining layer 910 for partitioning (or
defining) the pixels is disposed on the passivation layer 700
and the anodes 810 and 820. The pixel defining layer 910
includes a plurality of openings defining a region in which
organic emission layers 1010, 1020, and 1030 of the OLED
20 are formed in the display area DA. The red, green, and
blue organic emission layers 1010, 1020, and 1030 can be
disposed in the openings included in the pixel defining layer
910.

[0107] When the pixel defining layer 910 is formed, the
intermediate layer 930 of the first dam, the lower layer 920
of the second dam, the upper layer A1 (940), the upper layers
B1 (950 and 960), the upper layers C1 (970 and 980) of the
stress distribution portions of the first stress distribution
region 2100, and the stress distribution portions of the
second stress distribution region 2200 can be formed
together.

[0108] The cathode 1200 is disposed on the pixel defining
layer 910 and the organic emission layers 1010, 1020, and
1030.

[0109] The thin film encapsulation layer 10 in which the
inorganic layer 1300, the organic layer 1400, and inorganic
layer 1500 are stacked and formed is disposed on the
cathode 1200. In the current exemplary embodiment, the
thin film encapsulation layer 10 is not disposed at the edge
portion 110.

[0110] FIG. 4A illustrates a layout view of a plurality of
stress distribution portions (2110, 2111, 2112, 2113, 2114,
and 2115) and a plurality of openings (2510, 2511, 2512, and
2513) disposed in the first stress distribution region 2100
according to one exemplary embodiment.

[0111] The stress distribution portion E1 (2114) can be
disposed to be surrounded by the openings (2510, 2511,
2512, 2513). The opening 2510 can be disposed to be
surrounded by the stress distribution portion A1 (2110), the
stress distribution portion B1 (2111), the stress distribution
portion D1 (2113), and the stress distribution portion E1
(2114). The opening (2511) can be disposed to be sur-
rounded by the stress distribution portion B1 (2111), the
stress distribution portion C1 (2112), the stress distribution
portion E1 (2114), and the stress distribution portion F1
(2115). The remaining stress distribution portions can also
be disposed to be surrounded by the openings, as long as a
space and an arrangement are allowed. In the same manner,
the remaining openings can also be disposed to be sur-
rounded by the stress distribution portions, as long as a space
and an arrangement are allowed.

[0112] Accordingly, the stress applied to the stress distri-
bution portions can be effectively distributed. The stress
distribution portions (2110, 2111, 2112, 2113, 2114, and
2115) can be configured to distribute the stress through
various arrangements as well as the arrangement of FIG. 4A.
To explain this, FIG. 4B will further be referred to.

[0113] FIG. 4B illustrates a layout view of stress distri-
bution portions 2150, 2151, and 2152 and openings 2550,
2551, and 2552 disposed in a first stress distribution region
2100' according to another exemplary embodiment.

[0114] Referring to FIG. 4B, the openings 2550, 2551, and
2552 are disposed in a direction forming a first angle (6,)
based on a first direction 11a toward the edge portion 110
from a center of the substrate 100. The openings 2550, 2551,
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and 2552 form one array, and other openings can form
another array. Accordingly, a plurality of arrays can be
formed by the openings. The arrays formed by the openings
can be referred to as a plurality of first arrays.

[0115] The stress distribution portions 2150, 2151, and
2152 are disposed in a direction forming a second angle (GO
based on a second direction 115 toward the edge portion 110
from a center of the substrate 100. The stress distribution
portions 2150, 2151, and 2152 form one array, and other
stress distribution portions can form another array. Accord-
ingly, a plurality of arrays can be formed by the stress
distribution portions. The arrays formed by the stress dis-
tribution portions can be referred to as a plurality of second
arrays.

[0116] The first arrays and the second arrays can be
alternately disposed along a direction substantially perpen-
dicular to (or crossing) the first direction.

[0117] When the substrate 100 is circular, the opening
2550, 2551, and 2552 and the stress distribution portions
2150, 2151, and 2152 are each disposed as arrays, and they
can be disposed to be inclined at a predetermined angle from
a radial direction based on the center thereof. Of course, in
another exemplary embodiment, the openings 2550, 2551,
and 2552 and the stress distribution portions 2150, 2151, and
2152 each are disposed as arrays, and they can be disposed
in arrays corresponding to the radial direction.

[0118] In one exemplary embodiment, the first angle (6,)
and the second angle (62) can be substantially the same.

[0119] FIG. 5 illustrates a layout view of a stress distri-
bution portion disposed in a second stress distribution region
2200 according to one exemplary embodiment.

[0120] Referring to FIG. 5, a plurality of stress distribution
portions including the stress distribution portion A2 (991),
the stress distribution portion B2 (992), and the stress
distribution portion C2 (993) are arranged in a matrix form.
In another exemplary embodiment, similar to first stress
distribution region 2100 of FIGS. 4A and 4B, the stress
distribution portions of the second stress distribution region
2200 can be arranged in various forms while including
openings.

[0121] FIG. 6A illustrates an enlarged cross-sectional
view of a vicinity of a first stress distribution region 2100a
and a second stress distribution region 2200a according to
another exemplary embodiment. FIG. 6B illustrates an
enlarged cross-sectional view of a vicinity of a first stress
distribution region 21005 and a second stress distribution
region 22005 according to a further exemplary embodiment.

[0122] Referring to FIG. 6A, a plurality of stress distri-
bution portions of the first stress distribution region 2100a
and a plurality of stress distribution portions of the second
stress distribution region 22004 can be respectively formed
to have a two-layered structure. The stress distribution
portions of the first stress distribution region 21004 include
lower layers 720a, 730a, and 740a and upper layers 940q,
950a, 9604, 970a, and 980a. The stress distribution portions
of the second stress distribution region 2200q include lower
layers 750a, 760a, and 770a and upper layer 991a, 9924, and
993a.

[0123] The lower layers 720a, 730a, 740a, 750a, 760a,
and 770a, when the passivation layer 700 is formed, can be
formed together while including the same layer as the
passivation layer 700. The upper layers 940a, 9504, 960a,
970a, 980a, 991a. 9924a, and 9934, when the pixel defining
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layer 910 is formed, can be formed together while including
the same layer as the pixel defining layer 910.

[0124] Referring to FIG. 6B, a plurality of stress distri-
bution portions of the first stress distribution region 21005
and a plurality of stress distribution portions of the second
stress distribution region 22005 can respectively formed to
have a three-layered structure. The stress distribution por-
tions of the first stress distribution region 21005 include
lower layers 7205, 7305, and 740b, intermediate layers
9405, 9505, and 9705, and upper layers 11305, 11405, and
11505. The stress distribution portions of the second stress
distribution region 22005 include lower layers 75056, 7605,
and 7705, intermediate layers 9915, 9925, and 9935, and
upper layers 11605, 11705, and 11805.

[0125] The lower layers 7205, 7305, 7405, 7505, 7605,
and 7705, when the passivation layer 700 is formed, can be
formed together while including the same layer as the
passivation layer 700. The intermediate layers 9405, 9505,
9705, 9915, 9925, and 9935, when the pixel defining layer
910 is formed, can be formed together while including the
same layer as the pixel defining layer 910. The upper layers
11305, 11405, 11505, 11605, 11705, and 11805, when the
upper layers 1120 and 1110 of the first and second dams are
formed as shown in FIG. 2, can be formed together while
including the same layer as the upper layers 1120 and 1110.
That is, the upper layers 11305, 11405, 11505, 11605, 11705,
and 11804 can be formed as spacers.

[0126] FIG. 6B illustrates an exemplarily stacked structure
of a substrate 1005. The stacked structure of the substrate
1005 corresponds to the stacked structure of the substrate
100 exemplarily described with reference to FIG. 2. The
substrate 1005 includes an organic layer 155b including a
polyimide, and an inorganic layer 1545 including a silicon
oxide (SiOx) and the like, which is a first barrier layer
disposed on the organic layer 1555. The substrate 1005 also
includes an organic layer 1534 including a polyimide on the
inorganic layer 154b, an inorganic layer 1524 including a
silicon nitride (SiNx) or a silicon oxide (SiOx), which is a
second barrier layer, on the organic layer 1535, and a buffer
layer 1515 stacked on the inorganic layer 1525.

[0127] In the exemplary embodiment of FIG. 2, although
the interlayer insulating layer 500 and the gate insulating
layer 300 include the openings 2510 and 2520, in the
exemplary embodiment of FIG. 6B, an interlayer insulating
layer 5005, a gate insulating layer 3005, the buffer layer
1515, and the inorganic layer 1525 include openings 25105
and 252054. In the exemplary embodiment of FIG. 6B, the
openings 251056 and 25205 can be formed by substantially
simultaneously etching the interlayer insulating layer 5005,
the gate insulating layer 3005, the buffer layer 1515, and the
inorganic layer 1524. In this case, the openings of the buffer
layer 1515 and the inorganic layer 1525 included in the
substrate 1005 are referred to as recess portions 1236 and
1245 of the substrate 1005. The recess portions 1235 and
1245 are disposed in the first stress distribution region
21005.

[0128] The substrate 1005 includes recess portions 1215
and 1224 disposed in the second stress distribution region
22005. The recess portions 1215 and 122b can perform
functions similar to the openings. The recess portions 1215
and 1225 are openings included in the buffer layer 1515 and
the inorganic layer 1525 included in the substrate 1005. The
recess portions 1215 and 1226 can be formed by being
etched together with the openings 25105 and 25206.
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[0129] The stress distribution portions formed in two
layers or a plurality of layers have a relatively uniform
height compared to a plurality of other stress distribution
portions configured in one layer and having a greater height
than two layers. According to a recent OLED display having
a larger display area, the other stress distribution portions
configured in one layer and having a greater height than two
layers can have a problem that respective heights of the
stress distribution portions are non-uniform because of a
non-uniformly coated organic material. Accordingly, when it
is required that the heights of the stress distribution portions
are high, the stress distribution portions can have multiple
layers and not a single layer.

[0130] FIGS. 7 to 9 illustrate drawings for explaining a
manufacturing method of the OLED display including the
stress distribution portions according to one exemplary
embodiment. In the explaining of the manufacturing method
of FIGS. 7 to 9, the contents described in detail with
reference to FIGS. 1A to 6B will be omitted.

[0131] Referring to FIG. 7, the semiconductor layer 200
for forming the channel of the transistor is formed on the
substrate 100. The semiconductor layer 200 is formed with
a predetermined thickness to form a functional layer such as
the channel of the transistor in the display area DA, and can
be formed with a predetermined thin thickness in the periph-
eral area PA. The semiconductor layer 200 can be etched to
have a predetermined shape.

[0132] The gate insulating layer 300 is formed on the
semiconductor layer 200. The gate insulating layer 300 can
be formed as a reference of a region in which the metal
pattern 410 is formed.

[0133] The gate electrode 400 is formed by forming and
patterning the metal layer on the gate insulating layer 300.
In this case, the metal pattern 410 can be formed together
therewith.

[0134] The interlayer insulating layer 500 is formed on the
gate insulating layer 300 and the gate electrode 400. The
formed interlayer insulating layer 500 can be substantially
simultaneously dry-etched with the gate insulating layer 300
to form a contact hole exposing the semiconductor layer
200. In this case, the openings 2510 and 2520 can be formed
together.

[0135] Referring to FIG. 8, the data electrode layers 610,
620, and 630 including the electrode 630, the source elec-
trode 610, and the drain electrode 620 are formed. The
insulating layers are formed on the data electrode layers 610,
620, and 630, and the insulating layers can include the
passivation layer 700. When the passivation layer 700 is
formed, the lower layer 710 of the first dam and the lower
layers 720, 730, and 740 of the stress distribution portions of
the first stress distribution region 2100 can be formed in the
same layer as the passivation layer 700. The passivation
layer 700 can be formed of an organic material.

[0136] Referring to FIG. 9, after forming the passivation
layer 700, the anode layers 810 and 820 are formed and
etched. The pixel defining layer 910 is formed on the formed
anode layers 810 and 820. When the pixel defining layer 910
is formed, the intermediate layer 930 of the first dam, the
lower layer 920 of the second dam, the upper layers 940,
950, 960, 970, and 980 of the stress distribution portions of
the first stress distribution region 2100, and the stress
distribution portions 991, 992, and 993 of the second stress
distribution region 2200, are formed together. The pixel
defining layer 910 can be formed of an organic material.
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[0137] FIG. 10 illustrates a drawing for explaining a
stacked structure of an OLED display including the display
panel according to one exemplary embodiment.

[0138] Referring to FIG. 10, an OLED display can include
the display panel 4100, a polarizer 4200, a first optically
clear adhesive (OCA) 4300, a touch screen panel 4400, a
second OCA 4500, and a window 4600.

[0139] The polarizer 4200 serves to prevent display qual-
ity from deteriorating due to reflection of external light
inputted from the window 4600. In the OLED display, the
external light is reflected by the electrodes of the transistor
30 and the OLED 20, and when the reflected external light
interferes with light emitted by the OLED 20, a user may not
correctly view the display image of the OLED display.
[0140] The polarizer 4200 is configured to use the prin-
ciple of linear polarization and phase delay, thereby pre-
venting the reflection of the external light. The polarizer
4200 can include a circularly polarizing plate.

[0141] The first OCA (Optically Clear Adhesive) 4300 and
the second OCA 4500 are adhesive films, and the first OCA
4300 bonds the polarizer 4200 to the touch screen panel
4400 and the second OCA 4500 bonds the touch screen
panel 4400 to the window 4600.

[0142] The touch screen panel 4400 is an input device
sensing a user’s touch. In the current exemplary embodi-
ment, although the touch screen panel 4400 and the display
panel 4100 are separately illustrated, the touch screen panel
4400 and the display panel 4100 can be integrally formed.
When the touch screen panel 4400 is not required in the
OLED display, for example for a configuration of a televi-
sion, the touch screen panel 4400 and the second OCA 4500
can be omitted.

[0143] Hereinafter, a distance D1 that is a length differ-
ence between the edge of the display panel 4100 and the
edge of the polarizer 4200 and a distance D2 that is a length
difference between the edge of the touch screen panel 4400
and the edge of the second OCA 4500 will be described with
reference to FIG. 11A and FIG. 11B.

[0144] FIGS. 11A and 11B illustrate drawings for explain-
ing stress occurring when a rolling lamination process is
performed for the OLED display of FIG. 10.

[0145] As shown in FIG. 11A, a rolling lamination process
for the display panel 4100 of the circular OLED display is
performed by using a roller 50.

[0146] According to experimental results of the rolling
lamination process shown in FIG. 11A, the occurrence of
maximum stress is measured at about 3.51 MPa at a center
position 4110 of the display panel 4100 at which an area
contacting the roller 50 is the maximum. Also, the occur-
rence of maximum stress is measured at about 3.61 MPa at
a position 4120 of the display panel 4100 at which the area
contacting the roller 50 is two thirds. Further, the occurrence
of maximum stress is measured at about 4.10 MPa at a
position 4130 of the display panel 4100 at which the area
contacting the roller 50 is one third. Also, the occurrence of
maximum stress is measured at about 97.90 MPa at an end
position 4140 of the rolling lamination process. That is,
extremely high stress is measured at the end position 4140
of the rolling lamination process compared to other posi-
tions.

[0147] When the rolling lamination process is performed
in the circular OLED display, since there are one or more
positions 4140 at which the occurrence of maximum stress
occurs, a method that can solve such stress is required.
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[0148] The measured results for the occurrence maximum
stress based on the distances D1 and D2 at the position 4140
are the same.

[0149] When the distance D2 is about 300 um and the
distance D1 is about 300 um, the occurrence of maximum
stress is measured at about 108.17 MPa. When the distance
D2 is about 300 um and the distance D1 is about 150 um, the
occurrence of maximum stress is measured at about 97.90
MPa. When the distance D2 is about 300 um and the
distance D1 is 0 um, the occurrence of maximum stress is
measured at about 90.63 MPa. Accordingly, as the distance
D1 decreases, it can be seen that the occurrence of maximum
stress decreases.

[0150] When the distance D1 is about 300 um and the
distance D2 is about 300 urn, the occurrence of maximum
stress is measured at about 97.90 MPa. When the distance
D1 is about 300 um and the distance D2 is about 150 um, the
occurrence of maximum stress is measured at about 97.90
MPa. When the distance D1 is about 300 um and the
distance D2 is 0 um, the occurrence of maximum stress is
measured at about 97.90 MPa. Accordingly, it can be seen
that the distance D2 does not affect the occurrence of
maximum stress.

[0151] Accordingly, in order to reduce the distance D1, at
least some of the polarizer 4200 can overlap the first stress
distribution region.

[0152] Also, at least some of the polarizer 4200 can be
overlapped with the first stress distribution region and the
second stress distribution region.

[0153] As shown in FIG. 11B, a rolling lamination process
for the quadrangular display panel 4100' of the OLED
display is performed by using a roller 50'.

[0154] According to experimental results of the rolling
lamination process shown in FIG. 11B, it can be seen that
occurrence of maximum stress at a position 4110' is less than
occurrence of maximum stress at a position 4120". Also, the
occurrence of maximum stress at a position 4120’ is less than
occurrence of maximum stress at a position 4130'. Further,
the occurrence of maximum stress at a position 4130' is less
than occurrence of maximum stress at a position 4140'.
[0155] Accordingly, even in the exemplary embodiment of
FIG. 11B, since occurrence of maximum stress is the great-
est at the position 4140' that is the angular edge portion, the
current exemplary embodiment can be applied thereto.
[0156] The accompanying drawings and the detailed
description of the disclosure are only illustrative, and are
used for the purpose of describing the present disclosure but
are not used to limit the meanings or scope of the present
disclosure described in the claims. Therefore, those skilled
in the art will understand that various modifications and
other equivalent embodiments of the present disclosure are
possible. Consequently, the true technical protective scope
of the present disclosure must be determined based on the
technical spirit of the appended claims.

What is claimed is:

1. An organic light-emitting diode (OLED) display, com-

prising:

a substrate including a display area configured to display
an image, a peripheral area surrounding the display
area, and an edge portion disposed at the peripheral
area and having a curved shape or an angular shape;

a plurality of pixels disposed at the display area and
including a plurality of transistors and a plurality of
insulating layers disposed over the transistors;
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a thin film encapsulation layer covering the pixels in the
display area and at least a portion of the peripheral area;
and

a stress distribution portion disposed at the edge portion
and including at least one of the insulating layers.

2. The OLED display of claim 1, wherein the pixels

include a plurality of OLEDs, and wherein the insulating
layers include:

a passivation layer disposed between the transistors and
the OLEDs; and

a pixel defining layer that define the pixels.

3. The OLED display of claim 2, wherein the transistors
include a plurality of gate electrodes, the OLED display
farther comprising:

a semiconductor layer formed over the substrate;

a gate insulating layer disposed between the semiconduc-

tor layer and the gate electrodes; and

an interlayer insulating layer disposed over the gate

electrodes and the gate insulating layer,

wherein at least one of the gate insulating layer and the
interlayer insulating layer at least partially covers the
edge portion and includes an opening disposed at the
partially covered area of the edge portion.

4. The OLED display of claim 3, wherein the opening
comprises a plurality of openings, wherein the stress distri-
bution portion comprises a plurality of stress distribution
portions and the openings, wherein each of the stress dis-
tribution portions is surrounded by at least two of the
openings, and wherein each of the openings is surrounded by
at least two of the stress distribution portions.

5. The OLED display of claim 4, wherein the opening
comprises a plurality of openings, wherein the substrate
includes a buffer layer and an inorganic layer, wherein the
edge portion includes a recess portion disposed at a periph-
ery of the stress distribution portion and including the
openings, and wherein the recess portion is formed in the
buffer layer and the inorganic layer.

6. The OLED display of claim 4, wherein the openings are
arranged in a plurality of first arrays and disposed in a
direction that forms a first angle with a first direction, and
wherein the stress distribution portions are arranged in a
plurality of second arrays and disposed in a direction that
forms a second angle with the first direction.

7. The OLED display of claim 6, wherein the first and
second arrays are alternately disposed along a direction
crossing the first direction.

8. The OLED display of claim 7, wherein the edge portion
includes a crack preventing portion disposed adjacent to the
gate and interlayer insulating layers and includes a metal
pattern, wherein each of the stress distribution portions is
disposed in at least one of a first stress distribution region
and a second stress distribution region, wherein the first
stress distribution region is disposed between the crack
preventing portion and the thin film encapsulation layer, and
wherein the second stress distribution region is disposed
between the crack preventing portion and an edge of the
substrate.

9. The OLED display of claim 8, further comprising a
polarizer disposed over the thin film encapsulation layer,
wherein at least a portion of the polarizer overlaps the first
stress distribution region in the depth dimension of the
OLED display.
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10. The OLED display of claim 9, wherein the stress
distribution portions in the first stress distribution region are
taller than the stress distribution portions in the second stress
distribution region.
11. The OLED display of claim 10, wherein the first stress
distribution region is closer to the display area than the
second stress distribution region.
12. The OLED display of claim 11, wherein the first stress
distribution region includes the interlayer insulating layer,
and wherein the second stress distribution region does not
include the interlayer insulating layer.
13. The OLED display of claim 12, wherein the first stress
distribution region includes the gate insulating layer, and
wherein the second stress distribution region does not
include the gate insulating layer.
14. The OLED display of claim 1, further comprising a
polarizer disposed over the thin film encapsulation layer,
wherein at least a portion of the polarizer overlaps the stress
distribution portion in the depth dimension of the OLED
display.
15. A method of manufacturing an organic light-emitting
diode (OLED) display, the method comprising:
forming a plurality of transistors in a display area of a
substrate, wherein the substrate includes an edge por-
tion having a curved shape or an angular shape;

forming a plurality of insulating layers over the transis-
tors;

forming a plurality of pixels including the transistors and

the insulating layers;

forming a stress distribution portion including at least one

of the insulating layers at the edge portion; and
forming a thin film encapsulation layer covering the

pixels in the display area and at least a portion of a

peripheral area surrounding the display area.

16. The method of claim 15, wherein the pixels include a
plurality of OLEDs, and wherein the insulating layers
include:

a passivation layer disposed between the transistors and

the OLEDs; and

a pixel defining layer defining the pixels.

17. The method of claim 16, wherein the forming of the
transistors includes:
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forming a gate insulating layer over a semiconductor layer

of the transistors;

forming a gate electrode layer over the gate insulating

layer;

forming an interlayer insulating layer over the gate insu-

lating layer and the gate electrode layer; and

forming an opening in a region in which the edge portion

is disposed in at least one of the gate insulating layer
and the interlayer insulating layer.

18. The method of claim 17, wherein the opening com-
prises a plurality of openings, wherein the stress distribution
portion comprises a plurality of stress distribution portions
and the openings, wherein the stress distribution portion is
surrounded by at least two of the openings, and wherein each
of the openings is surrounded by at least two of the stress
distribution portions.

19. The method of claim 17, wherein the openings are
arranged in a plurality of first arrays and disposed in a
direction that forms a first angle with a first direction,
wherein and wherein the stress distribution portions are
arranged in a plurality of second arrays and disposed in a
direction that forms a second angle with the first direction.

20. The method of claim 17, further comprising forming
a crack preventing portion including a metal pattern at the
edge portion, wherein the stress distribution portion is
disposed in at least one of a first stress distribution region
and a second stress distribution region, wherein the first
stress distribution region is disposed between the crack
preventing portion and the thin film encapsulation layer, and
wherein the second stress distribution region is disposed
between the crack preventing portion and an edge of the
substrate.

21. The method of claim 20, further comprising stacking
a polarizer over the thin film encapsulation layer, wherein at
least a portion of the polarizer overlaps the first stress
distribution region in the depth dimension of the OLED
display.

22. The method of claim 15, further comprising stacking
a polarizer over the thin film encapsulation layer, wherein at
least a portion of the polarizer overlaps the stress distribu-
tion portion in the depth dimension of the OLED display.
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