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FLEXIBLE DISPLAY HAVING A CRACK
SUPPRESSING LAYER

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

[This application claims priority under 35 U.S.C. §119 to
Korean Patent Application No. 10-2013-0096161 filed 1n the
Korean Intellectual Property Oflice on Aug. 13, 2013, the
disclosure of which 1s incorporated by reference herein in 1ts
entirety.] This application is a continuation reissue of U.S.
application Ser. No. 16/163,753 filed on Oct. 18, 2018,
which is an application for veissue of U.S. Pat. No. 9,472,
779, issued on Oct. 18, 2016, which claims priority under 35
US.C. § 119 to Korean Patent Application No. 10-2013-

0096161 filed in the Korean Intellectual Property Office on
Aug. 13, 2013, the disclosures of which are incovporated by

reference herein in their entireties.

(A) Technical Field

The present disclosure relates to a tlexible display, and
more specifically, to a flexible display device.

(B) Discussion of Related Art

A flat panel display may be formed of a substrate and a
display unit including a plurality of pixels formed on the
substrate. The flat panel display may have a bending char-
acteristic when the substrate 1s formed of a flexible substrate
such as a plastic film and not a rigid substrate such as glass.
The flexible display device may be a self-emissive organic
light emitting diode (OLED) display.

The flexible display device may be manufactured through
a process 1n which a plurality of display units and a plurality
of thin film encapsulation layers are formed on a flexible
mother board. An upper protection film and a lower protec-
tion {ilm may be layered in the flexible mother board. The
plurality of thin film encapsulation layers may be separated
to individual flexible displays by cutting between the plu-
rality of thin film encapsulation layers. The upper protection
film, the lower protection film, and the tlexible mother board
may be cut through a press method using a cutting knife.

A strong press cutting force may be transmitted to the
flexible display and at substantially the same time a bending
force may be applied to the flexible display during the
cutting process.

SUMMARY

Exemplary embodiments of the present invention provide
a tlexible display that may mimimize a generation of cracks
during a cutting process and prevent a failure such as, for
example, panel contraction by preventing a spread of cracks
toward a thin film encapsulation layer.

A flexible display according to an exemplary embodiment
of the present mvention includes a tlexible substrate and an
iorganic layer formed on the flexible substrate. A display
unit 1s formed on the norganic layer. The display umit
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includes a plurality of pixels. Each pixel includes an organic
light emitting diode. A thin film encapsulation layer covers
the display unit. The crack suppressing layer 1s disposed on
the inorganic layer at an external side of the thin film
encapsulation layer.

The crack suppressing layer may be configured to contact
the edge of the flexible substrate. The crack suppressing
layer may be disposed at an uppermost edge of the flexible
to substrate.

The morganic layer may include a barrier layer, a builer
layer, a gate mnsulating layer, and an interlayer insulating
layer.

The barnier layer, the bufler layer, the gate insulating
layer, and the interlayer insulating layer may cover an entire
top surtace of the flexible substrate.

The barrier layer and the buller layer may cover an entire
top surface of the flexible substrate. The gate insulating layer
and the interlayer nsulating layer may be disposed at an
inner side of the crack suppressing layer. The gate insulating
layer and the interlayer insulating layer may be formed at a
constant distance from the edge of the flexible substrate.

The crack suppressing layer may be formed at an inner
side of the flexible substrate. The crack suppressing layer
may cover a portion of the mnorganic layer. The norganic
layer may include a barrier layer, a bufler layer, a gate
isulating layer, and an interlayer insulating layer.

The barrier layer and the buller layer may cover an entire
top surface of the flexible substrate. The gate insulating layer
and the interlayer mnsulating layer may be disposed at an
iner side ol the crack suppressing layer at a constant
distance from the edge of the tlexible substrate.

The barnier layer, the bufler layer, the gate insulating
layer, and the interlayer insulating layer may be formed at an
iner side of the crack suppressing layer between the edge
of the tlexible substrate and the crack suppressing layer.

The crack suppressing layer may include an organic
material.

The display unit may include a planarization layer and a
pixel defining layer. The crack suppressing layer may
include a same material as at least one of the planarization
layer and the pixel defining layer.

The crack suppressing layer may include a first layer
including a same material as the planarization layer and a
second layer including a same material as the pixel defining
layer.

The crack suppressing layer may include a UV curable
resin and/or a thermosetting resin.

According to exemplary embodiments of the present
invention, a loss of encapsulation function of the thin film
encapsulation layer due to the spread of cracks may be
prevented. Panel contraction and display failure may be
prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the inventive concept will
become more apparent by describing 1n detail exemplary
embodiments thereof, with reference to the accompanying
drawings in which:

FIG. 1 1s a top plan view of a flexible display according
to an exemplary embodiment of the present invention;

FIG. 2 1s a partial cross-sectional view, cut along the line
II-IT of FIG. 1;

FIG. 3 1s a schematic cross-sectional view showing a
method of manufacturing the flexible display according to
an exemplary embodiment of the present mnvention;
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FIG. 4 1s a partially enlarged cross-sectional view of a
flexible display according to an exemplary embodiment of

the present invention;

FIG. 5A and FIG. 5B are partially enlarged cross-sec-
tional views of a flexible display according to an exemplary
embodiment of the present invention; and

FIG. 6 1s a partially enlarged cross-sectional view of a
flexible display according to an exemplary embodiment of
the present ivention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

The present invention will be described more fully here-
inafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled 1n the art will realize, the described embodi-
ments may be modified i various different forms without
departing from the spirit or scope of the present invention.

It will be understood that when an element such as a layer,
f1lm, region, or substrate 1s referred to as being “on” another
clement, 1t may be directly on the other element or inter-
vening elements may be present.

FIG. 1 15 a top plan view of a flexible display according
to an exemplary embodiment of the present invention, and
FIG. 2 1s a partial cross-sectional view of FIG. 1 taken along
the line II-II.

Referring to FIG. 1 and FIG. 2, a flexible display 100
according to an exemplary embodiment of the present
invention includes a flexible substrate 10, a display unit 20
formed on the flexible substrate 10, and a thin film encap-
sulation layer 30. The thin film encapsulation layer 30 may
cover the display unit 20. The display umt 20 may include
a plurality of pixels PE. The display unit 20 may display an
image with a combination of light emitted from each of the
plurality of pixels PE. Each pixel PE may include a pixel
circuit and an organic light emitting diode (OLED) 40. Light
emitted from the OLED 40 may be controlled by the pixel
circuit.

The flexible substrate 10 may include a plastic film such
as, for example, a polyimide or a polycarbonate. When the
plastic film has a higher moisture transmission rate and
higher oxygen transmittance than glass, transmittance of
external moisture and oxygen through the flexible substrate
10 may be blocked. A barrier layer 11 and a bufler layer 12
may be formed on the flexible substrate 10.

The barrier layer 11 may be formed of a plurality of
inorganic layers, and for example, a silicon oxide layer
and/or a silicon nitride layer. The plurality of inorganic
layers may be alternately and repeatedly stacked. When the
barrier layer 11 has a lower moisture transmission rate and
lower oxygen transmittance than the flexible substrate 10
that may be formed of the plastic film, moisture and oxygen
transmitted through the flexible substrate 10 may be sup-
pressed from permeating into the display unit 20.

The bufler layer 12 may be an inorganic layer, and may
include, for example, a silicon oxide or a silicon nitride. The
bufler layer 12 may provide a flat surface for forming the
pixel circuit. The buller layer 12 may suppresses permeation
of moisture and foreign particles into the pixel circuit and
the OLED 40.

A thin film transistor 30 and a capacitor (not shown) may
be formed on the bufler layer 12. The thin film transistor 350
may include a semiconductor layer 51, a gate electrode 52,
a source electrode 53, and/or a drain electrode 54.

The semiconductor layer 51 may include a polysilicon or
oxide semiconductor. The semiconductor layer 51 may
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include a channel area 511 in which impurities are not
doped, a source area 512 and a drain area 513 i1n which
impurities are doped at respective sides of the channel area.
When the semiconductor layer 51 1s formed of the oxide
semiconductor, a separate protective layer for protecting the
semiconductor layer 31 may be added.

A gate msulating layer 13 may be formed between the
semiconductor layer 51 and the gate electrode 52. An
interlayer mnsulating layer 14 may be formed between the
gate electrode 32 and the source and drain electrodes 53 and
54. The gate insulating layer 13 and the interlayer insulating
layer 14 may be inorganic layers.

The thin film transistor 50 shown 1n FIG. 2 may be a
driving thin film transistor. The pixel circuit may include a
switching thin film transistor (not shown). The switching
thin film transistor may be a switching element that selects
a pixel for light emission. The driving thin film transistor
may apply power for light emission of the selected pixel to
the corresponding pixel.

In FIG. 2, the thin film transistor 50 may be formed with
a top gate structure, for example, but the structure of the thin
f1lm transistor 50 1s not limited thereto. The pixel circuit may
include three or more thin film transistors and two or more
capacitors.

A planarization layer 15 may be formed on the source and
drain electrodes 53 and 54. The planarization layer 15 may
include an organic matenal. The planarization layer 15 may
include, for example, an acryl resin, an epoxy resin, a
phenolic resin, a polyamide resin, and the like. The planar-
ization layer 15 may have a via hole that partially exposes
the drain electrode 54. The OLED 40 may be formed on the
planarization layer 15.

The OLED 40 may include a pixel electrode 41, an
organic emission layer 42, and a common electrode 43. The
pixel electrode 41 may be formed in each pixel. The pixel
clectrode 41 may be connected with the drain electrode 54
of the thin film transistor 30. The common electrode 43 may
be formed throughout a display area DA of the flexible
substrate 10. The pixel electrode 41 may be surrounded by
the pixel defining layer 16. The pixel defining layer 16 may
partition pixel areas. The organic emission layver 42 may be
formed on the exposed pixel electrode 41. The pixel defining
layer 16 may be formed of an organic material such as, for
example, a polyimide.

The organic emission layer 42 may be a red emission
layer, a green emission layer, or a blue emission layer. The
organic emission layer 42 may be a single white emission
layer. The organic emission layer 42 may have a layered
structure of a red emission layer, a green emission layer,
and/or a blue emission layer. When the organic emission
layer 52 has the layered structure, a color filter (not shown)
may be included.

One of the pixel electrode and the common electrode may
be a hole 1njection electrode (anode) and the other may be
an electron injection electrode (cathode). Holes injected
from the anode and electrons 1njected from the cathode may
be combined in the organic emission layer 42 to generate
excitons. Light may be emitted while the excitons discharge
energy.

A hole 1injection layer and/or a hole transport layer may be
disposed between the anode and the organic emission layer
42. An electron 1njection layer and/or an electron transport
layer may be disposed between the cathode and the organic
emission layer 42. The hole injection layer, the hole trans-
port layer, the electron transport layer, and the electron
injection layer may be formed on the entire display area DA
of the flexible substrate 10.
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One of the pixel electrode 41 and the common electrode
43 may be formed of a metal reflective layer and the other
may be formed of a semi-transmissive layer or a transparent
conductive layer, for example. Light emitted from the
organic emission layer 42 may be reflected by the metal
reflective layer. Light emitted from the organic emission
layer 42 may then be emitted to the outside through the
semi-transmissive layer or the transparent conductive layer.
When light 1s emitted by the semi-transmissive layer, light
emitted from the organic emission layer 42 may be partially
reflected to the reflective layer such that a resonance struc-
ture 1s formed.

The thin film encapsulation layer 30 may encapsulate the
OLED 40 from the external environment. The encapsulation
layer 30 may reduce deterioration of the OLED 40 due to
moisture and oxygen. The thin film encapsulating layer 30
may have a configuration 1 which a plurality of organic
layers and a plurality of mmorganic layers are alternately
stacked one by one.

The organic layer of the thin film encapsulating layer 30
may include a polymer. The organic layer of the thin film
encapsulating layer 30 may be a single layer or a stacked
layer formed of, for example, polyethylene terephthalate, a
polyimide, a polycarbonate, an epoxy, polyethylene, and/or
a polyacrylate. The morganic layer of the thin film encap-
sulating layer 30 may be a single layer or a stacked layer
containing a metal oxide or a metal nitride. For example, the
inorganic layer may contain any one of SiNx, Al,O,, S10,,
and T10,,.

The flexible substrate 10 may include a display area DA
where the display unit 20 and the thin film encapsulation
layer 30 are disposed. The flexible substrate 10 may include
a pad area PA disposed at an exterior side of the thin film
encapsulation layer 30. Pad eclectrodes (not shown) con-
nected with the pixel circuit may be disposed 1n the pad area
PA. The pad electrodes may be electrically connected with
a chip on film 61 attached to the pad area PA or a flexible
printed circuit board, for example. In FIG. 1, reference
numeral 62 denotes an integrated circuit chip installed in the
pad area PA.

In the flexible display 100, the inorganic layer 19 includ-
ing the barrier layer 11, the bufler layer 12, the gate
insulating layer 13, and the interlayer insulating layer 14
may be formed over the entire upper surface of the flexible
substrate 10. The thin film encapsulation layer 30 may be
disposed at an mner side separated by a constant distance
from the edge of the flexible substrate 10 such that the
iorganic layer 19 1s exposed to the outside of the thin film
encapsulation layer 10. The thin film encapsulation layer 30
may be disposed at an inner side of the tlexible substrate 10.
There may be a gap of about 600 um to about 700 um
between the thin film encapsulation layer 30 and the flexible
substrate 10.

FIG. 3 1s a schematic cross-sectional view showing a
method of manufacturing the flexible display according to
an exemplary embodiment of the present invention.

Referring to FIG. 3, the flexible display 100 may be
manufactured through a process in which a plurality of
display units 20 and a plurality of thin film encapsulation
layers 30 are formed on a flexible mother board 110. An
upper protection film 65 and a lower protection film 66 may
be layered in the flexible mother board 110. The flexible
mother board 110 may be cut mto individual flexible dis-
plays by cutting between the plurality of thin film encapsu-
lation layers 30. The upper protection film 65 and the lower
protection film 66 may be removed from the separated
flexible displays.
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The upper protection film 65 and the lower protection film
66 may include a plastic film and/or an adhesive layer, for
example.

When cutting the flexible mother board 110, a wheel
cutting method or a laser cutting method used to cut a rigid
substrate such as glass, for example, need not be used. For
example, when the wheel cutting method 1s used, the upper
protection film 65 and the lower protection film 66 may be
torn during the cutting process. For example, when the laser
cutting method 1s used, the OLED 40 may be damaged in an
initial stage due to heat from laser irradiation. The flexible
mother board 110 may be cut through a press method using
a cutting knife 67.

A cutting force of about 5 tons to about 15 tons may be
applied to the flexible mother board 110 during the cutting
process so that stress 1s concentrated to the morganic layer
19 disposed 1n the cutting line CL. The cutting knife 67 may
penetrate the upper protection film 65 and directly cut the
inorganic layer 19. A bending stress may be generated in the
flexible mother board 110. An inorganic layer 19 that is
brittle may be damaged, thereby generating cracks.

Referring to FIG. 1 to FIG. 3, the flexible display 100
according to exemplary embodiments of the present inven-
tion includes a crack suppressing layer 70. The crack sup-
pressing layer 70 may be formed along the edge of the
flexible display 10 on the inorganic layer 19 at an external
side of the thin film encapsulation layer 30. The crack
suppressing layer 70 may contact an edge the flexible
substrate 10 corresponding to the cutting line CL. The crack
suppressing layer 70 may be disposed at the uppermost edge
of the flexible substrate 10.

In the external side of the display area DA, the crack

suppressing layer 70 may contact the thin film encapsulation
layer 30 or may be disposed at a desired distance from the
thin film encapsulation layer 30. In the external side of the
pad area PA, the crack suppressing layer 70 may be a desired
width along the edge of the flexible substrate 10.
The crack suppressing layer 70 may include an organic
material that 1s the same organic material as 1s included in
at least one of the planarization layer 15 and/or the pixel
defining layer 16. The crack suppressing layer 70 may
include a first layer 71. The first layer 71 may include the
same material as the plananization layer 15. The crack
suppressing layer 70 may include a second layer 72. The
second layer 72 may include the same material as the pixel
defining layer 16. The width of the first layer 71 may be
equal to or greater than the width of the planarization layer
15, and the width of the second layer 72 may be equal to or
greater than the width of the pixel defining layer 16.

The crack suppressing layer 70 may be formed at the same
time as the planarization layer 15 and the pixel defining layer
16. An additional pattern mask need not be used to form the
crack suppressing layer 70. The first layer 71 and the
planarization layer 15 may be formed at the same time, and
the second layer 72 and the pixel defining layer 16 may be
formed at the same time.

When the crack suppressing layer 70 formed of an organic
material 1s disposed at the uppermost edge of the flexible
substrate 10, the cutting knife 67 may first contact the crack
suppressing layer 70 rather than the inorganic layer 19 1n the
cutting process shown in FIG. 3. The crack suppressing layer
70 may function as a buflering member for the mmorganic
layer 19 disposed below the crack suppressing layer 70. The
crack suppressing layer 70 may function as a bullering
member at the moment the cutting knife 67 contacts that
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crack suppressing layer 70 or the morganic layer 19, and
generation of cracks in the imorganic layer 19 may be
minimized.

Two organic structures (e.g., the crack suppressing layer
70 and the flexible substrate 10) may support the morganic
layer 19 at the edge of the flexible substrate 10 that corre-
sponds to the cutting line CL. The spread of the cracks to the
thin film encapsulation layer 30 through the 1norganic layer
19 may be prevented. A loss of an encapsulation function of
the thin film encapsulation layer 30 due to the spread of
cracks may be prevented. Panel contraction and a display
fallure may be prevented.

The crack suppressing layer may include a UV curable
resin or a thermosetting resin used as a sealant. For example,
the UV curable resin may be a polyester resin containing a
radical imitiator, an epoxy resin, a urethane resin, a polyether
resin, or a polyacryl resin. For example, the thermosetting
resin may be an epoxy resin, an amino resin, a phenol resin,
or a polyester resin.

For example, the sealant may be more resistant to an
external impact than the planarization layer 15 and the pixel
defining layer 16. The crack suppressing layer 70 formed of
the sealant may reduce the impact applied during the cutting,
process.

FIG. 4 1s a partially enlarged cross-sectional view of a
flexible display according to an exemplary embodiment of
the present mnvention.

Referring to FIG. 4, a flexible display 200 according to an
exemplary embodiment of the present invention 1s the same
as the flexible display of the exemplary embodiment of
FIGS. 1 and 2, except that a part of an mnorganic layer 19 1s
disposed at an 1nner side of the flexible substrate 10 with a
gap between the edge of the flexible substrate 10 and the
iorganic layer 19. The same reference numerals may be
used for the same components as those of the exemplary
embodiment of the present invention of FIGS. 1 and 2.

A barrier layer 11 and a bufler layer 12 may be formed
over an entire top surface of the flexible substrate 10 and
may block a permeation of moisture and oxygen to the
flexible substrate 10. A gate nsulating layer 13 and an
interlayer isulating layer 14 may function as an insulation
layer. Edges of the gate insulating layer 13 and the interlayer
insulating layer 14 may be partially eliminated. The gate
insulating layer 13 and the interlayer insulating layer 14 may
be disposed at an inner side of the crack suppressing layer
70. The gate insulating layer 13 and the interlayer insulating
layer 14 may be disposed at a constant distance from the
edge of the flexible substrate 10.

The edge of the gate insulating layer 13 and the edge of
the interlayer msulating layer 14 may be disposed between
the edge of the flexible substrate 10 and a thin film encap-
sulation layer 30. The crack suppressing layer 70 may
contact the top surface of the exposed bufler layer 12 and a
part of an upper portion of the interlayer imnsulating layer 14.

As the thickness of the 1norganic layer 19 1s decreased at
the edge of the flexible substrate 10 corresponding to a
cutting line CL, the flexible display 200 according to an
exemplary embodiment of the present mnvention may sup-
press generation ol cracks during a cutting process and
suppress spread of the cracks during a process aiter the
cutting process.

FIG. 5A and FIG. 5B are partially enlarged cross-sec-
tional views of a flexible display according to an exemplary
embodiment of the present invention.

Referring to FIG. 5A and FIG. 3B, a flexible display 300
according to an exemplary embodiment of the present
invention 1s the same as the tlexible display of the exemplary
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embodiment of FIGS. 1 and 2, except that a crack suppress-
ing layer 70 1s formed at an imner side of the flexible
substrate 10 with a gap from the edge of a flexible substrate
10 to a side of the crack suppressing layer 70. The same
reference numerals may be used for the same components as
those of the exemplary embodiment of FIGS. 1 and 2.

When a gap between the cutting line CL and the crack
suppressing layer 70 1s relatively small and the flexible
substrate 10 1s disposed at an inner side of the crack with a
constant gap between the edge of the tlexible substrate 10
and the crack suppressing layer 70, a cutting knife 67 may
contact the crack suppressing layers 70 at both sides of the
cutting line CL during a cutting process. The crack sup-
pressing layer 70 may function as a bullering member of the
inorganic layer 19 disposed therebetween and minimize the
generation of cracks in the inorganic layer 19. The crack
suppressing layer 70 may minimize the generation of cracks
in the morganic layer 19 at a moment that the cutting knife
67 contacts the crack suppressing layer 70.

In the flexible display 300 according to an exemplary
embodiment of the present invention, a part of the mnorganic
layer 19, for example, a part of a gate insulating layer 13 and
a part of an interlayer insulating layer 14, may be eliminated
and the gate mnsulating layer 13 and the interlayer imnsulating
layer 14 may be formed at an inner side of the crack
suppressing layer 70 between the edge of the flexible
substrate 10 and the crack suppressing layer 70. The thick-
ness of the inorganic layer 19 may decrease at the edge of
the flexible substrate 10 so that the generation of cracks and
the spread of the cracks may be suppressed.

FIG. 6 1s a partially enlarged cross-sectional view of a
flexible display according to an exemplary embodiment of
the present invention.

Referring to FIG. 6, a flexible display 400 according to an
exemplary embodiment of the present invention 1s the same
as the flexible display of the exemplary embodiment of
FIGS. 5A and 5B, except that the entire inorganic layer 19
1s formed at an inner side than a crack suppressing layer 70
between the edge of a flexible substrate 10 and the crack
suppressing layer 70. The same reference numerals may be
used to refer to the same components as those of the
exemplary embodiment of FIGS. 5A and 5B.

A part of the entire mnorganic layer 19 may be eliminated
and the morganic layer 19 may be disposed at an inner side
of the crack suppressing layer 70 between the edge of the
flexible substrate 10 and the crack suppressing layer 70. The
flexible substrate 10 may be exposed around a cutting line
CL, and the crack suppressing layer 70 may cover a side
surface and a part of a top surface of the inorganic layer 19.

According to the exemplary embodiment of FIG. 6, the
iorganic layer 19 may be eliminated around the cutting line
CL, and the cutting knife 67 need not contact the 1norganic
layer 19 during a cutting process. The cutting knife 67 may
contact the flexible substrate 10 and the crack suppressing
layers 70 at both sides of the cutting line CL. The generation
of cracks 1n the inorganic layer 19 during the cutting process
may be minimized and the spread of the cracks after the
cutting process may be substantially suppressed. The flex-
ible display according to exemplary embodiments of the
present invention may prevent damage to a thin film encap-
sulation layer 30 by cracking, and substantially prevent a
loss of an encapsulation function of the thin film encapsu-
lation layer 30.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
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art that various changes in form and detail may be made
therein without departing from the spirit and scope of the
present mvention.

What 1s claimed 1s:

[1. A flexible display, comprising:

a flexible substrate;

an 1norganic layer disposed on the flexible substrate,
wherein the morganic layer comprises a barrier layer, a
bufler layer, a gate insulating layer, and an interlayer
insulating layer;

a display unit disposed on the inorganic layer, wherein the
display unit includes a plurality of pixels, each pixel
thereof including an organic light emitting diode;

a thin film encapsulation layer covering the display unat;
and

a crack suppressing layer formed along an edge of the
flexible substrate, wherein the crack suppressing layer
1s disposed directly on the interlayer insulating layer of
the morganic layer at an exterior side of the thin film
encapsulation layer, wherein the crack suppressing
layer 1s configured to contact the edge of the flexible
substrate, and the crack suppressing layer 1s disposed at
an uppermost edge of the flexible substrate.]

[2. The flexible display of claim 1, wherein the barrier
layer, the bufler layer, the gate insulating layer, and the
interlayer insulating layer cover an entire top surface of the
flexible substrate.]

[3. The flexible display of claim 1, wherein the barrier
layer and the bufler layer cover an entire top surface of the
flexible substrate, and the gate insulating layer and the
interlayer msulatmg layer are disposed at an 1nterior side of
the crack suppressing layer, and the gate insulating layer and
the interlayer insulating layer are disposed at a constant
distance from the edge of the flexible substrate.}

[4. The flexible display of claim 1, wherein the barrier
layer and the bufler layer cover an entire top surface of the
flexible substrate, and the gate insulating layer and the
interlayer insulating layer are disposed at an inner side of the
crack suppressing layer at a constant distance from the edge
of the flexible substrate.}

[5. The flexible display of claim 1, wherein the barrier
layer, the bufler layer, the gate 1nsulat1ng layer, and the
interlayer mnsulating layer are formed at an inner side of the
crack suppressing layer between the edge of the flexible
substrate and the crack suppressing layer.]

[6. The flexible display of claim 1, wherein the crack
suppressing layer comprises an organic material.}

[7. The flexible display of claim 6, wherein the display
unit comprises a planarization layer and a pixel defiming
layer, and the crack suppressing layer comprises a same
material as the planarization layer or the pixel defining
layer.}

[8. The flexible display of claim 7, wherein the crack
suppressing layer comprises a first layer including a same
material as the planarization layer and a second layer includ-
ing a same material as the pixel defining layer.}

[9. The flexible display of claim 6, wherein the crack
suppressing layer comprises at least one of a UV curable
resin and a thermosetting resin. ]

[10. A display device, comprising:

a flexible substrate;

an morganic layer disposed on a portion of the flexible
substrate, wherein the inorganic layer comprises a
barrier layer, a bufler layer, a gate insulating layer, and
an interlayer insulating layer, and wherein a portion of
the flexible substrate 1s not covered by the inorganic
layer;
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a thin film encapsulation layer disposed over a display
unit, wherein the display unit 1s disposed on the 1nor-
ganic layer; and

a crack suppressing layer formed over the portion of the
flexible substrate not covered by the inorganic laver,
wherein the crack suppressing layer 1s disposed directly
on the morganic layer and the crack suppressing layer
covers a side portion of the inorganic layer comprising,
the barrier layer, the bufler layer, the gate nsulating
layer and the interlayer insulating layer, and a top
portion of the morganic layer, wherein the crack sup-
pressing layer 1s configured to prevent cracks from
forming in the inorganic layer during a cutting process,
wherein the crack suppressing layer 1s configured to
contact the edge of the flexible substrate, and the crack
suppressing layer 1s disposed at an uppermost edge of
the flexible substrate.]

[11. The display of claim 10, further comprising an upper
protection film disposed on the thin film encapsulation
layer.]

[12. The display of claim 10, wherein the crack suppress-
ing layer comprises a first layer and a second layer.]

[13. The display of claim 10, wherein the crack suppress-
ing layer comprises a UV curable resin or a thermosetting
resin.}

[14. The display of claim 10, wherein the crack suppress-
ing layer comprises a sealant.]

[15. A flexible display, comprising:

a flexible substrate;

an 1norganic layer disposed on the flexible substrate,
wherein the morganic layer comprises a barrier layer, a
bufler layer, a gate insulating layer, and an interlayer
insulating layer;

a display unit disposed on the inorganic layer, wherein the
display unit includes a plurality of pixels, each pixel
thereol 1ncluding an organic light emitting diode;

a thin film encapsulation layer covering the display unait;
and

a crack suppressing layer formed along an edge of the
flexible substrate, wherein the crack suppressing layer
1s disposed directly on the interlayer insulating layer of
the 1norganic layer at an exterior side of the thin film
encapsulation layer, and wherein the crack suppressing
layer 1s formed at an inner side of the flexible substrate,
and the crack suppressing layer covers a portion of the
inorganic layer.]

[16. The flexible display of claim 15, wherein the barrier
layer and the bufler layer cover an entire top surface of the
flexible substrate, and the gate insulating layer and the
interlayer insulating layer are disposed at an inner side of the
crack suppressing layer at a constant distance from the edge
of the flexible substrate.]

[17. The flexible display of claim 15, wherein the barrier
layer, the bufler layer, the gate 1nsulat1ng layer, and the
interlayer insulating layer are formed at an inner side of the
crack suppressing layer between the edge of the flexible
substrate and the crack suppressing layer.]

18. A flexible display, comprising:

a flexible substrate;

a transistor disposed on the flexible substrate and includ-
ing a semiconductor laver, a gate electrode, a source
electrode, and a drain electrode;

a plurality of inorganic layers including a barrier layer,
a buffer layer, a gate insulating layer, and an interlayer
insulating laver sequentially disposed on the flexible
substrate;
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a light emitting element disposed on the interlayer insu-
lating laver and electrically connected to the transis-
lor;

a thin film encapsulation layer covering the light emitting
element; and

a crack suppressing laver disposed divectly on the inter-
laver insulating laver and along an edge of the flexible
substrate,

wherein at least one of the barvier layer and the buffer
laver is disposed at the edge of the flexible substrate,

whevrein at least one of an edge of the gate insulating layer
and an edge of the interlayer insulating layer is spaced
apart from the edge of the flexible substrate.

19. The flexible display of claim 18, wherein:

edges of the gate insulating laver and the interlayer
insulating layer arve spaced apart from the edge of the
flexible substrate.

20. The flexible display of claim 18, wherein:

the at least one of the barrier layver and the buffer layer
extends from a display area of the flexible substrate
whevre the light emitting element is disposed to the edge
of the flexible substrate.

21. The flexible display of claim 18, wherein:

the crack suppressing layer is in contact with at least one
of a lateral side of the gate insulating layer and a
lateral side of the interlayer insulating layer.

22. The flexible display of claim 18, wherein:

the crack suppressing layer is spaced apart from the edge
of the flexible substrate.

23. The flexible display of claim 18, wherein:

a height of the crack suppressing layer with veference to
the flexible substrate is smaller than a height of the thin
film encapsulation layer with reference to the flexible
substrate.

24. The flexible display of claim 18, wherein:

the barrier laver and the buffer laver are disposed
between the flexible substrate and the semiconductor
layer,

the gate insulating layer is disposed between the semi-
conductor layer and the gate electrode, and

the interlayer insulating laver is disposed between the
gate electrode and the source electrode.

25. The flexible display of claim 18, wherein:

the light emitting element includes a first electrode elec-
trically connected to the transistor, an emission layer
disposed on the first electrode, and a second electrode
disposed on the emission laver, the flexible display
Jurther comprising:

a first organic laver disposed between the interlayer
insulating laver and the light emitting element; and

a second ovganic layer disposed between the first ovganic
laver and the second electrode and including an open-
ing that overlaps at least a portion of the first electrode,
and

the crack suppressing laver comprises a same material as
at least one of the first organic laver and the second
organic layer.

26. A flexible display, comprising:

a flexible substrate;

a transistor disposed on the flexible substrate;

a plurality of inorganic layers including a barrier layer,
a buffer layer, a gate insulating laver, and an interlayer
insulating laver sequentially disposed on the flexible
substrate;

a light emitting element disposed on the interlayer insu-
lating laver and electrically connected to the transis-
lor;
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a thin film encapsulation laver covering the light emitting
element; and

an orvganic material layer disposed divectly on the inter-
laver insulating laver and along an edge of the flexible
substrate,

wherein at least one of the barrier laver and the buffer
laver is disposed at the edge of the flexible substrate,

wherein a height of the organic material layver with
reference to the flexible substrate is smaller than a
height of the thin film encapsulation layer with refer-
ence to the flexible substrate.

27. The flexible display of claim 26, wherein.

at least one of an edge of the gate insulating laver and an
edge of the interlayer insulating layer is spaced apart
from the edge of the flexible substrate.

28. The flexible display of claim 26, wherein:

the at least one of the barrier layer and the buffer layer
extends from a display area of the flexible substrate
whevre the light emitting element is disposed to the edge
of the flexible substrate.

29. The flexible display of claim 26, wherein.:

the organic material layer is in contact with at least one
of a lateral side of the gate insulating layer and a
lateral side of the interlayer insulating layer.

30. The flexible display of claim 26, wherein:

the organic material layer is spaced apart from the edge
of the flexible substrate.

31. The flexible display of claim 26, wherein:

the light emitting element includes a first electrode elec-
trically connected to the transistor, an emission layer
disposed on the first electrode, and a second electrode
disposed on the emission laver, the flexible display
Jurther comprising:

a first organic laver disposed between the interliayer
insulating laver and the light emitting element; and

a second organic laver disposed between the first ovganic
laver and the second electrode and including an open-
ing that overlaps at least a portion of the first electrode,
and

the organic material layer comprises a same material as
at least one of the first organic layer and the second
organic layer.

32. A flexible display, comprising:

a flexible substrate;

a transistor disposed on the flexible substrate;

a plurality of inorganic layers including a barrier layer,
a buffer layer, a gate insulating layer, and an interlayer
insulating laver sequentially disposed on the flexible
substrate;

a light emitting element disposed on the interlayer insu-
lating laver and electrically connected to the transis-
lor;

a thin film encapsulation laver covering the light emitting
element: and

an organic material layer disposed directly on the inter-
laver insulating laver and along an edge of the flexible
substrate,

wherein at least one of the barrier laver and the buffer
laver is disposed at the edge of the flexible substrate,

wherein the organic material laver is spaced apart from
the thin film encapsulation layer, and

at least upper surface of the ovganic material layer is
exposed.

33. The flexible display of claim 32, wherein:

at least one of an edge of the gate insulating layer and an
edge of the interlaver insulating layer is spaced apart
from the edge of the flexible substrate.
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34. The flexible display of claim 32, wherein:

the at least one of the barrier laver and the buffer layer
extends from a display area of the flexible substrate
where the light emitting element is disposed to the edge
of the flexible substrate.

35. The flexible display of claim 32, wherein:

the organic material layer is in contact with at least one
of a lateral side of the gate insulating layer and a
lateral side of the interlayer insulating layer.

36. The flexible display of claim 32, wherein:

the organic material laver is spaced apart from the edge
of the flexible substrate.

37. The flexible display of claim 32, wherein.:

a height of the organic material laver with rveference to the
flexible substrate is smaller than a height of the thin
film encapsulation layver with reference to the flexible
substrate.
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