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(57) ABSTRACT

Provided are a flexible thin film transistor substrate and a
flexible organic light emitting display device. The flexible
thin film transistor substrate includes: a flexible substrate
including at least one thin film transistor (TFT) area and
having flexibility, an active layer disposed in the TFT area on
the flexible substrate, a gate insulation layer disposed on the
active layer, a gate electrode overlapping with the active layer
on the gate insulation layer, an insulating interlayer disposed
on the gate electrode, and a source electrode and a drain
electrode disposed on the insulating interlayer and connected
with the active layer, respectively. The gate insulation layer or
the insulating interlayer includes at least one hole pattern
configured to reduce bending stress.
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FLEXIBLE THIN FILM TRANSISTOR
SUBSTRATE AND FLEXIBLE ORGANIC
LIGHT EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Thisapplication claims the priority of Korean Patent
Application No. 10-2014-0143117 filed on Oct. 22,2014, and
Korean Patent Application No. 10-2014-0154435 filed on
Nov. 7, 2014 in the Korean Intellectual Property Office, the
disclosure of which are each incorporated herein by refer-
ence.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to a flexible thin film
transistor substrate and a flexible organic light emitting dis-
play device, and more particularly, to a flexible thin film
transistor substrate and a flexible organic light emitting dis-
play device in which performance does not deteriorate in spite
of repeated folding.

[0004] 2. Description of the Related Art

[0005] Inadisplay device used in a monitor of a computer,
atelevision (TV), or amobile phone, an organic light emitting
display device self-emitting light, a plasma display panel
(PDP) and the like, and a liquid crystal display (LCD) requir-
ing a separate light source, and the like are included.

[0006] Further, recently, a flexible display device manufac-
tured by forming pixels, lines, and the like on a flexible
substrate such as plastic which is a flexible material to display
an image even though being bent like a paper has received
attention as a next-generation display device.

[0007] Particularly, an organic light emitting element has
received attention as a pixel of the flexible display device due
to a small thickness and excellent flexibility. A flexible
organic light emitting display device includes an organic light
emitting element and a thin film transistor turning on or off
the organic light emitting element. Furthermore, the flexible
organic light emitting display device includes an inorganic
insulation layer insulating electrodes of the thin film transis-
tor from each other and an organic insulation layer disposed
on the inorganic insulation layer. However, when the flexible
organic light emitting display device is repetitively bent or
folded, tension is applied to the inorganic insulation layer and
the organic insulation layer included in the flexible organic
light emitting display device. As a result, a crack may be
generated in the inorganic insulation layer or the organic
insulation layer. The crack may propagate to the organic light
emission layer of the organic light emitting element or the
active layer of the thin film transistor through the inorganic
insulation layer and the organic insulation layer. As a result,
performance of the organic light emission layer or the active
layer may deteriorate. For example, tension generated by
bending breaks bond between the inorganic insulation layer
and the active layer. Thus, a phenomenon that the active layer
slips over the inorganic insulation layer due to breaking the
bond there between may occur. Herein this phenomenon is
defined to slip phenomenon. The crack and the slip phenom-
enon between the active layer of the thin film transistor and
the inorganic insulation layer shift a threshold voltage of the
thin film transistor, and the lifespan of the flexible organic
light emitting display device may be shortened.
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SUMMARY

[0008] When a crack between the active layer of the thin
film transistor and the inorganic insulation layer occurs and a
slip phenomenon occurs where the active layer slips over the
inorganic insulation layer due to breaking bonding there
between are generated, a characteristic of the thin film tran-
sistor may deteriorate while charge trap sites are increased in
an interface between the active layer and the inorganic insu-
lation layer. Accordingly, various studies were conducted for
a structure of the thin film transistor so as not to generate the
crack and the slip phenomenon in the interface between the
active layer and the inorganic insulation layer. A flexible thin
film transistor substrate and a flexible organic light emitting
display device including a hole pattern is disclosed that pro-
tects the active layer from the crack and the slip phenomenon
by patterning the inorganic insulation layer contacting the
active layer of the thin film transistor.

[0009] Furthermore, characteristics of the organic light
emitting element and the thin film transistor deteriorate as the
crack generated in the organic insulation layer is propagated
to the organic light emission layer or the active layer. Thus, an
organic light emitting display device having a structure
capable of minimizing generation of the crack in the organic
insulation layer and suppressing the crack already generated
in the organic insulation layer from being propagated to the
organic light emission layer or the active layer is disclosed.
[0010] Thus, an object of the present disclosure is to pro-
vide a flexible thin film transistor substrate and a flexible
organic light emitting display device which minimize genera-
tion of cracks in an organic insulation layer and an inorganic
insulation layer and suppress the crack generated in the
organic insulation layer or the inorganic insulation layer from
being propagated to the organic light emission layer or the
active layer by forming a hole pattern in at least one insulation
layer of the organic insulation layer and the inorganic insu-
lation layer.

[0011] Another object of the present disclosure is to pro-
vide a flexible thin film transistor substrate and a flexible
organic light emitting display device in which deterioration of
the thin film transistor is not generated well in spite of folding
(or bending) of the flexible organic light emitting display
device in various directions, by isolating the thin film transis-
tor of the flexible organic light emitting display device by
using a hole pattern.

[0012] The objects of the present disclosure are not limited
to the aforementioned objects, and other objects, which are
not mentioned above, will be apparent to a person having
ordinary skill in the art from the following description.
[0013] According to an exemplary embodiment of the
present disclosure, there is provided a flexible thin film tran-
sistor substrate. The flexible thin film transistor substrate
includes: a flexible substrate including at least one thin film
transistor (TFT) area and having flexibility, an active layer
disposed in the TFT area on the flexible substrate, a gate
insulation layer disposed on the active layer, a gate electrode
overlapping with the active layer on the gate insulation layer,
an insulating interlayer disposed on the gate electrode, and a
source electrode and a drain electrode disposed on the insu-
lating interlayer and connected with the active layer, respec-
tively. The gate insulation layer or the insulating interlayer
includes at least one hole pattern disposed outside the TFT
area. The hole pattern is configured to reduce bending stress
generated by bending the flexible substrate. The flexible thin
film transistor substrate according to the exemplary embodi-
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ment of the present disclosure includes hole patterns which
separate the active layers from each other, so that tension
generated due to folding is distributed and a crack generated
due to folding can be suppressed from being propagated to an
interface between the active layer and the gate insulation
layer. Thus, a characteristic of the thin film transistor of the
flexible thin film transistor substrate can be maintained in
spite of repeated folding.

[0014] According to another feature of the present disclo-
sure, the hole pattern may be extended in a direction parallel
to a folding line in which the flexible substrate is folded.
[0015] According to yet another feature of the present dis-
closure, the hole pattern may surround the TFT area.

[0016] According to still another feature of the present
disclosure, the hole patterns may be disposed in both the gate
insulation layer and the insulating interlayer, and the hole
pattern of the insulating interlayer may correspond to the hole
pattern of the gate insulation layer.

[0017] According to still another feature of the present
disclosure, the flexible thin film transistor substrate may fur-
ther include a passivation layer covering the insulating inter-
layer, the source electrode, and the drain electrode.

[0018] According to still another feature of the present
disclosure, the passivation layer may include a hole pattern
corresponding to the hole pattern of the insulating interlayer.
[0019] According to still another feature of the present
disclosure, the gate insulation layer, the insulating intetlayer,
and the passivation layer may be inorganic insulation layers.
[0020] According to another exemplary embodiment of the
present disclosure, there is provided a flexible organic light
emitting display device. The flexible organic light emitting
display device includes: a flexible substrate having a pixel
area including a plurality of sub pixel areas; a planarization
layer disposed on the flexible substrate; a first electrode dis-
posed on the planarization layer; a bank layer disposed to
cover an edge of the first electrode; an organic light emission
layer disposed on the first electrode; and a second electrode
disposed on the organic light emission layer, in which a hole
pattern is formed in at least one of the planarization layer and
the bank layer, and at least one of the planarization layer and
the bank layer is separately disposed on the flexible substrate
by the hole pattern. The flexible organic light emitting display
device according to the exemplary embodiment ofthe present
disclosure has an advantage of suppressing cracks from being
generated in the planarization layer and the bank layer.
[0021] According to another feature of the present disclo-
sure, only the planarization layer of the planarization layer
and the bank layer may be separately disposed on the flexible
substrate.

[0022] According to yet another feature of the present dis-
closure, the bank layer may fill the hole pattern.

[0023] According to still another feature of the present
disclosure, both the planarization layer and the bank layer
may be separately disposed on the flexible substrate.

[0024] According to still another feature of the present
disclosure, only the bank layer of the planarization layer and
the bank layer may be separately disposed on the flexible
substrate.

[0025] According to still another feature of the present
disclosure, a minimum width of the hole pattern may be 1 um
to 50 pm.

[0026] According to still another feature of the present
disclosure, the planarization layer may be made of photosen-
sitive photo acryl or photosensitive polyimide.
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[0027] According to still another feature of the present
disclosure, the bank layer may be made of polyimide, photo
acryl, or benzocyclobutene (BCB).

[0028] According to still another feature of the present
disclosure, the hole pattern may be extended to form a mesh
pattern.

[0029] According to another exemplary embodiment of the
present disclosure, there is provided a flexible organic light
emitting display device including a flexible substrate, an inor-
ganic insulation layer, an organic insulation layer, and an
organic light emitting element. A thin film transistor is dis-
posed on the flexible substrate. The inorganic insulation layer
is disposed on the flexible substrate. The organic insulation
layer is disposed on the inorganic insulation layer. The
organic light emitting element is electrically connected with
the thin film transistor. At least one of the organic insulation
layer and the inorganic insulation layer includes a hole pat-
tern, and the hole pattern minimizes the probability of cracks
being generated due to bending of the flexible substrate and
suppresses propagation of the cracks.

[0030] According to another feature of the present disclo-
sure, the thin film transistor may include an active layer, a gate
electrode separated from the active layer and overlapped with
the active layer, and a source electrode and a drain electrode
electrically connected with the active layer. The inorganic
insulation layer may include a gate insulation layer insulating
the active layer from the gate electrode of the thin film tran-
sistor, an insulating interlayer insulating the source electrode
and the drain electrode from the gate electrode, respectively,
and a passivation layer covering the thin film transistor. The
hole pattern may be disposed in at least one of the gate
insulation layer, the insulating interlayer, and the passivation
layer.

[0031] According to yet another feature of the present dis-
closure, the thin film transistor may be disposed in a circuit
area of the flexible substrate, the organic light emitting ele-
ment may be disposed in a display area of the flexible sub-
strate, and the hole pattern may be disposed on a boundary
where the display area and the circuit area contact each other.
[0032] According to still another feature of the present
disclosure, the flexible organic light emitting display device
may further include a gate line disposed in the circuit area and
connected with the gate electrode of the thin film transistor.
The hole pattern may be spaced apart from the gate line and
extended in parallel with the gate line.

[0033] According to still another feature of the present
disclosure, the flexible organic light emitting display device
may further include a data line disposed in the circuit area and
connected with the source electrode or the drain electrode of
the thin film transistor. The hole pattern may be spaced apart
from the data line and extended in parallel with the data line.
[0034] According to still another feature of the present
disclosure, the organic light emitting element may include a
first electrode connected with the thin film transistor, an
organic light emission layer disposed on the first electrode,
and a second electrode disposed on the organic light emission
layer. The organic insulation layer may include a planariza-
tion layer covering the thin film transistor and planarizing an
upper surface of the flexible substrate and a bank layer dis-
posed to cover an edge of the first electrode. The hole pattern
may be disposed on at least one of the planarization layer and
bank layer.

[0035] According to still another feature of the present
disclosure, the flexible substrate may have a sub pixel area
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disposed with the organic light emitting element and a pixel
area including the sub pixel area. The hole pattern may be
disposed to surround the sub pixel area.

[0036] According to still another feature of the present
disclosure, the flexible substrate may have a sub pixel area
disposed with the organic light emitting element and a pixel
area including the sub pixel area. The hole pattern may be
disposed to surround the pixel area.

[0037] Details of other exemplary embodiments will be
included in the detailed description of the disclosure and the
accompanying drawings.

[0038] According to the present disclosure, the hole pattern
is formed in the gate insulation layer or the insulating inter-
layer contacting the active layer of the thin film transistor, and
thus, it is possible to suppress a crack generated due to folding
from being propagated to an interface between the active
layer and the gate insulation layer or an interface between the
active layer and the insulating interlayer and suppress a slip
phenomenon from being generated due to folding in the inter-
face between the active layer and the gate insulation layer or
the interface between the active layer and the insulating inter-
layer.

[0039] According to the present disclosure, the active layer
of the thin film transistor is isolated by the hole pattern, and
thus, even though the flexible organic light emitting display
device is folded in various directions, deterioration of the thin
film transistor is not generated well.

[0040] Furthermore, according to the present disclosure, a
problem of shifting a threshold voltage of the thin film tran-
sistor due to bending is not generated, and thus, it is possible
to improve the lifespan of the flexible organic light emitting
display device.

[0041] Furthermore, according to the present disclosure, it
is possible to minimize the generation of a crack in the pla-
narization layer and the bank layer due to repeated bending.
Also, it is possible to block the crack inevitably generated in
the planarization layer or the bank layer from propagating to
the organic light emission layer or the thin film transistor.
[0042] The effects of the present disclosure are not limited
to the aforementioned effects, and other various effects are
included in the present specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0044] FIG.1isaschematic plan view ofa flexible thin film
transistor substrate according to an exemplary embodiment
of the present disclosure;

[0045] FIG. 2A is a schematic cross-sectional view of the
flexible thin film transistor substrate taken along line II-II' of
FIG. 1;

[0046] FIGS. 2B and 2C are schematic cross-sectional
views of flexible thin film transistor substrates according to
various exemplary embodiments of the present disclosure;
[0047] FIG. 3 is a graph for describing a current-voltage
(I-V) characteristic of the flexible thin film transistor sub-
strate according to the exemplary embodiment of the present
disclosure;

[0048] FIG.41isaschematic plan view ofa flexible thin film
transistor substrate according to another exemplary embodi-
ment of the present disclosure;
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[0049] FIG. 5is a schematic cross-sectional view of a flex-
ible thin film transistor substrate according to yet another
exemplary embodiment of the present disclosure;

[0050] FIG. 6is a schematic plan view of a flexible organic
light emitting display device according to an exemplary
embodiment of the present disclosure;

[0051] FIG. 7 is a schematic cross-sectional view of the
flexible organic light emitting display device taken along line
VII-VIT' of FIG. 6; and

[0052] FIG. 8is a schematic plan view of a flexible organic
light emitting display device according to another exemplary
embodiment of the present disclosure.

[0053] FIG. 9A is a schematic plan view of a top-emission
type flexible organic light emitting display device according
to yet another exemplary embodiment of the present disclo-
sure.

[0054] FIG. 9B is a schematic cross-sectional view of the
flexible organic light emitting display device taken along line
IXb-IXb' of FIG. 9A.

[0055] FIG. 9C is a schematic plan view illustrating only a
pixel area, a flexible substrate, and a planarization layer in the
flexible organic light emitting display device of FIG. 9A.
[0056] FIG. 10A is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment of the present disclosure.
[0057] FIG. 10B is a schematic plan view illustrating only
a pixel area, a flexible substrate, a first electrode, and a bank
layer in the flexible organic light emitting display device of
FIG. 10A.

[0058] FIG. 11 is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment of the present disclosure.
[0059] FIG. 12 is a diagram describing stress applied to a
second layer when a first layer and a second layer which are
adjacent to each other and continuous are bent.

[0060] FIG. 13 is a diagram describing stress applied to a
second layer when a first layer and a second layer which are
adjacent to each other, but divided into a plurality of layers are
bent.

[0061] FIG. 14 is a schematic cross-sectional view for
describing effects according to the present disclosure.

DETAILED DESCRIPTION

[0062] Various advantages and features of the present dis-
closure and methods accomplishing thereof will become
apparent from the following description of exemplary
embodiments with reference to the accompanying drawings.
However, the present disclosure is not limited to exemplary
embodiment disclosed herein but will be implemented in
various forms. The exemplary embodiments are provided by
way of example only so that a person of ordinary skilled in the
art can fully understand the disclosures of the present disclo-
sure and the scope of the present disclosure. Therefore, the
present disclosure will be defined only by the scope of the
appended claims.

[0063] The shapes, sizes, ratios, angles, numbers, and the
like shown in the accompanying drawings for describing the
exemplary embodiments of the present disclosure are merely
examples, and the present disclosure is not limited thereto.
Like reference numerals generally denote like elements
throughout the present specification. Further, in the following
description, a detailed explanation of known related tech-
nologies may be omitted to avoid urnecessarily obscuring the
subject matter of the present disclosure. The terms such as
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“including,” “having,” and “consist of” used herein are gen-
erally intended to allow other components to be added unless
the terms are used with the term “only”. Any references to
singular may include plural unless expressly stated otherwise.
[0064] Components are interpreted to include an ordinary
error range even if not expressly stated.

[0065] When the position relation between two parts is
described using the terms such as “on”, “above”, “below”,
“next” and the like, one or more parts may be positioned
between the two parts unless the terms are used with the term.
“immediately” or “directly” is not used.

[0066] When an element or layer is referred to as being
“on” another element or layer, it may be directly on the other
element or layer, or intervening elements or layers may be
present.

[0067] Although the terms “first”, “second”, and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are merely
used for distinguishing one component from the other com-
ponents. Therefore, a first component to be mentioned below
may be a second component in a technical concept of the
present disclosure.

[0068] Throughout the whole specification, the same refer-
ence numerals denote the same elements.

[0069] Since size and thickness of each component illus-
trated in the drawings are represented for convenience in
explanation, the present disclosure is not necessarily limited
to the illustrated size and thickness of each component.
[0070] The features of various embodiments of the present
disclosure can be partially or entirely bonded to or combined
with each other and can be interlocked and operated in tech-
nically various ways as can be fully understood by a person
having ordinary skill in the art, and the embodiments can be
carried out independently of or in association with each other.
[0071] Hereinafter, various exemplary embodiments of the
present disclosure will be described in detail with reference to
the accompanying drawings.

[0072] Hereinafter, exemplary embodiments of the present
disclosure will be described in detail with reference to the
accompanying drawings.

[0073] FIG.1isaschematic plan view ofa flexible thin film
transistor substrate according to an exemplary embodiment
of the present disclosure. FIG. 2A is a schematic cross-sec-
tional view of the flexible thin film transistor substrate taken
along line II-1T' of FIG. 1. In FIGS. 1 and 2 A, for convenience
of description, a size and a thickness of a thin film transistor
are schematically illustrated. Referring to FIGS. 1 and 24, a
flexible thin film transistor substrate 1004 includes a flexible
substrate 210 and a thin film transistor TFT.

[0074] The flexible thin film transistor substrate 100q is
applied as substrates of various electronic devices. For
example, the flexible thin film transistor substrate 100a may
be applied to various display devices such as an organic light
emitting display device, a liquid crystal display device, a
plasma display device, an electrophoretic display device
(EPD), and an electrowetting display device (EWD).

[0075] The flexible substrate 210 is a substrate for support-
ing various constituent elements of the flexible thin film tran-
sistor substrate 100a and the flexible substrate 210 has flex-
ibility. The flexible substrate 210 may be a film form
including one selected from a group consisting of polyimide-
based polymers, polyester-based polymers, silicon-based
polymers, acrylic polymers, polyolefin-based polymers, and
copolymers thereof. In some exemplary embodiments, in the
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case where a display device using the flexible thin film tran-
sistor substrate 1004 is implemented as a transparent flexible
display device, the flexible substrate 210 may be made of a
transparent flexible material.

[0076] The flexible substrate 210 includes at least one thin
film transistor area T/A. The thin film transistor TFT is dis-
posed in the thin film transistor area T/A. The thin film tran-
sistor area T/A may be disposed in a matrix form in the
flexible substrate 210. For convenience of description, in FIG.
1, only four thin film transistor areas T/A are illustrated, but
the number of thin film transistor areas T/A is not limited
thereto.

[0077] The flexible substrate 210 may be folded (that is,
bent) in a predetermined direction. A direction in which the
flexible substrate 210 is folded is defined as a folding direc-
tion F, and in FIG. 1, the folding direction F is illustrated by an
arrow. For example, the flexible substrate 210 may be folded
in a horizontal direction. In this case, a right side of the
flexible substrate 210 may be folded to a left side based on
FIG. 1, and on the contrary, the left side of the flexible sub-
strate 210 may be folded to the right side. However, the
folding direction F is a predetermined direction for conve-
nience of description, and the flexible substrate 210 may be
folded in a vertical direction or an oblique direction.

[0078] A buffer layer 230 is disposed on the flexible sub-
strate 210. The buffer layer 230 suppresses moisture or impu-
rities from penetrating through the flexible substrate 210 and
may planarize a surface of the flexible substrate 210. How-
ever, the buffer layer 230 is not a necessary configuration and
may be adopted according to a kind of flexible substrate 210
or a kind of thin film transistor TFT used in the flexible thin
film transistor substrate 100a. As illustrated in FIG. 2A, when
the buffer layer 230 is used, the buffer layer 230 may be made
of an inorganic material such as silicon oxide (SiOx), silicon
nitride (SiNx), and aluminum oxide (AlOx), or an organic
material such as acryl and polyimide.

[0079] The thin film transistor TFT is disposed on the
buffer layer 230 in the thin film transistor area T/A. The thin
film transistor TFT includes an active layer 121, a gate elec-
trode 122, a source electrode 123, and a drain electrode 124.
In the case where the flexible thin film transistor substrate
100q is applied to the display device, the thin film transistor
TFT turns on or off pixels of the display device. Hereinafter,
respective constituent elements of the thin film transistor TFT
will be described in detail.

[0080] Theactive layer 121 is disposed on the buffer 230 in
the thin film transistor area T/A. The active layer 121 may
include a channel region in which a channel is formed, and a
source region and a drain region which are connected with a
source electrode 123 and a drain electrode 124, respectively.
The active layer 121 may be made of silicon (Si), silicon
containing impurities, amorphous silicon (¢t-Si), amorphous
silicon containing impurities, polysilicon (poly-Si), polysili-
con containing impurities, and oxide semiconductor.

[0081] A gate insulation layer 240 is disposed on the active
layer 121. The gate insulation layer 240 insulates the gate
electrode 123 from the active layer 121. The gate insulation
layer 240 may cover the entire surface of the flexible substrate
210 including the active layer 121 as illustrated in FIG. 2A. In
some exemplary embodiments, since the gateinsulation layer
240 insulates the gate electrode 123 from the active layer 121,
the gate insulation layer 240 may be disposed only on the
active layer 121. The gate insulation layer 240 may be formed
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of silicon oxide, silicon nitride, or a plurality of layers thereof,
but is not limited thereto and may be formed of various
materials.

[0082] The gate electrode 122 overlaps with at least a part
of the active layer 121 on the gate insulation layer 240. For
example, the gate electrode 122 overlaps with the channel
region of the active layer 121. The gate electrode 122 may be
made of any one of molybdenum (Mo), aluminum (Al), chro-
mium (Cr), gold (Au), titanium (Ti), nickel (Ni), neodymium
(Nd), and copper (Cu), or an alloy thereof, but is not limited
thereto and may be made of various materials. The gate elec-
trode 122 may be formed by a single-layered or multilayered
structure including the aforementioned materials.

[0083] A gateline 172 is connected with the gate electrode
121 of the thin film transistor TFT. The gate line 172 may be
extended in a predetermined direction. For example, as illus-
trated in FIG. 1, the gate line 172 may be extended in a
horizontal direction. Even though the gate line 172 illustrated
in FIG. 1is extended in a straight form, the gate line 172 may
be extended in a curved or zigzag form. The gate line 172 is
disposed on the same layer as the gate electrode 121 and may
be extended from the gate electrode 121. The gate line 172
may be made of the same material as the gate electrode 122.
[0084] An insulating interlayer 250 is disposed on the gate
electrode 122. For example, the insulating interlayer 250 may
cover both the gate electrode 122 and the gate insulation layer
240. The insulating interlayer 250 may be formed of silicon
oxide, silicon nitride, or a plurality of layers thereof like the
gate insulation layer 240, but is not limited thereto and may be
formed of various materials.

[0085] The source electrode 123 and the drain electrode
124 are disposed on the insulating interlayer 250 and electri-
cally connected with the active layer 121. For example, the
source electrode 121 and the drain electrode 124 may be
electrically connected with the source region and the drain
region of the active layer 121 through a contact hole of the
insulating interlayer 250 and/or the gate insulation layer 240,
respectively. The source electrode 123 and the drain electrode
124 may be made of any one of molybdenum, aluminum,
chromium, gold, titanium, nickel, and neodymium, and cop-
per, or an alloy thereof, but are not limited thereto and may be
made of various materials. The source electrode 123 and the
drain electrode 124 may be formed by a single-layered or
multilayered structure including the aforementioned materi-
als.

[0086] A data line 171 is connected with the source elec-
trode 123 or the drain electrode 124 of the thin film transistor
TFT. For example, the data line 171 is connected with the
source electrode 123 of the thin film transistor TFT as illus-
trated in FIG. 1. The data line 171 is extended in a different
direction from the gate line 171. For example, the data line
171 is extended in a vertical direction to the gate line 172.
Even though the dataline 171 illustrated in FIG. 1 is extended
in a straight form, the data line 171 may be extended in a
curved or zigzag form. The data line 171 is disposed on the
same layer as the source electrode 123 and may be extended
from the source electrode 123. The data line 171 may be made
of the same material as the source electrode 123.

[0087] A passivation layer 260 covers the insulating inter-
layer 250, the source electrode 123, and a drain electrode 124.
The passivation layer 260 is a protective layer that may be
formed with the same material as the insulating interlayer 250
and/or the gate insulation layer 240. For example, the insu-
lating interlayer 250 may be formed by a single-layered or
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multilayered structure configured by one of materials such as
silicon oxide and silicon nitride, but is not limited thereto and
may be formed of various materials. However, the passivation
layer 260 is not necessarily required, and in some exemplary
embodiments, the passivation layer 260 may be omitted.
[0088] A hole pattern Hla is disposed outside the thin film
transistor area T/A. For example, as illustrated in FIG. 1, the
hole pattern Hla is disposed between adjacent thin film tran-
sistor areas T/A. The hole pattern Hla is extended in a dif-
ferent direction from the folding direction F. For example, as
illustrated in FIG. 1, the hole pattern Hla is extended in a
vertical direction to the folding direction F. That is, the hole
pattern Hla is extended in a parallel direction with the data
line 171. The hole pattern Hla is disposed and spaced apart
from the data line 171 by a predetermined distance. For
example, the hole pattern Hla may be spaced apart from the
data line 171 by about 2 pm or more. However, the distance
between the hole pattern Hla and the data line 171 is not
limited thereto. Even though the hole pattern Hla illustrated
in FIG. 1 is extended in a straight form, the hole pattern Hla
may be extended in a curved or zigzag form.

[0089] The hole pattern Hla is disposed in at least one of
inorganic insulation layers of the flexible thin film transistor
substrate 100a. That is, the hole pattern Hla is disposed in the
gate insulation layer 240 or the insulating interlayer 250. For
example, as illustrated in FIG. 2, the hole pattern Hla is
disposed in the gate insulation layer 240. When the gate
insulation layer 240 is disposed only on the channel region of
the active layer 121, the hole pattern Hla may be disposed in
the insulating interlayer 250. In FIG. 2A, the hole pattern Hla
disposed in the gate insulation layer 240 is illustrated. The
hole pattern Hla may be formed by removing a part of the
gate insulation layer 240. For example, the part of the gate
insulation layer 240 may be removed through a photolithog-
raphy process. Accordingly, a side surface 241 corresponding
to the hole pattern Hla is formed on the gate insulation layer
240. As illustrated in F1G. 2A, the side surface 241 of the gate
insulation layer 240 may be obliquely formed. The width of
the hole pattern Hla may be minimally about 1 pm to 50 pm.
For example, the width of the hole pattern Hla may be about
3 um or more. However, the width of the hole pattern Hla is
not limited thereto.

[0090] The hole patterns Hla separate respective active
layers 121 disposed in a plurality of thin film transistor areas
T/A from each other. That is, since the hole patterns Hla are
disposed between the adjacent thin film transistor areas T/A,
the active layers 121 which are adjacent to each other by the
hole patterns Hla may be separated from each other. Since
the hole patterns Hla separate the active layers 121 from each
other, deterioration of the active layer due to the folding may
be suppressed.

[0091] As described above, since the gate insulation layer
and the insulating interlayer which are adjacent to the active
layer are made of inorganic materials, a crack due to the
folding is easily generated. That is, since the inorganic mate-
rial is more brittle than the organic material, when the flexible
thin film transistor substrate is frequently folded, cracks due
to folding may be generated in the gate insulation layer and
the insulating interlayer. Particularly, when the crack is gen-
erated in an interface between the active layer and the gate
insulation layer, the bond between the active layer and the
gate insulation layer is broken, and charge trap sites may be
increased. Since the charge trap sites hinder a flow of charges
flowing in the channel region of the active layer, a threshold
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voltage of the thin film transistor is shifted and a characteristic
of the thin film transistor may deteriorate. Further, tensile
stress generated due to folding causes a slip phenomenon of
the active layer in the interface between the active layer and
the gate insulation layer. Herein the slip phenomenon means
a phenomenon that the active layer slips over the inorganic
insulation layer due to breaking bonding there between. As a
result, bonding is broken in the interface between the active
layer and the gate insulation layer and deterioration of the thin
film transistor may be caused.

[0092] However, in the flexible thin film transistor substrate
100a according to the exemplary embodiment of the present
disclosure, the active layers 121 are separated from each other
by the hole pattern Hla and the gate insulation layer 240
includes the side surface 241, the gate insulation layer 240 is
cut between the thin film transistor areas T/A. Accordingly,
the crack due to folding and the slip phenomenon may be
decreased. That is, since the crack generated due to folding is
blocked by the hole pattern Hla, the crack may not be propa-
gated to the active layer 121. Since tension generated due to
folding is decreased by the hole pattern Hla, cracks and the
slip phenomenon may be reduced. Since the hole pattern Hla
is extended in the different direction from the folding direc-
tion F, the tension generated due to folding may be decreased
by the hole pattern Hla. Since the cracks and the slip phe-
nomenon are reduced in the interface between the active layer
121 and the gate insulation layer 240, the deterioration of the
thin film transistor TFT may not be generated in spite of
repeated folding.

[0093] As described above, since the flexible thin film tran-
sistor substrate 100a includes one or more hole patterns Hla
which separate the active layers 121 from each other, the
propagation of cracks generated due to folding of the flexible
thin film transistor substrate 100a is blocked and the tension
generated while folding is distributed to suppress the slip
phenomenon generated in the interface between the active
layer 121 and the gate insulation layer 240. As a result, the
deterioration of the thin film transistor TFT due to cracks and
the slip phenomenon may be reduced, and even in spite of
repeated folding, the thin film transistor TFT may maintain a
unique characteristic. Accordingly, the lifespan of the flexible
thin film transistor substrate 100a may be improved.

[0094] FIGS. 2B and 2C are schematic cross-sectional
views of flexible thin film transistor substrates according to
various exemplary embodiments of the present disclosure.
Since flexible thin film transistor substrates 1005 and 100¢
illustrated in FIGS. 2B and 2C are the same as the flexible thin
film transistor substrate 100« illustrated in FIG. 2A, except
that hole patterns H14 and Hlc are further disposed in the
insulating interlayer 250 and the passivation layer 260 than
the flexible thin film transistor substrate 100a illustrated in
FIG. 2A, the duplicated description will be omitted.

[0095] First, referring to FIG. 2B, the hole patterns H15
may be disposed in the gate insulation layer 240 and the
insulating interlayer 250. That is, the hole pattern H15 of the
insulating interlayer 250 corresponds to the hole pattern H15
of the gate insulation layer 240, and the insulating interlayer
250 includes a side surface 251 corresponding to the side
surface 241 of the gate insulation layer 240. As described
above, cracks due to folding and the slip phenomenon may be
generated in all inorganic insulation layers. This is because
the inorganic material is more brittle than the organic mate-
rial. Accordingly, in the case where the hole patterns H15 are
disposed in both the gate insulation layer 240 and the insu-
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lating interlayer 250, cracks due to folding and the slip phe-
nomenon may be more efficiently suppressed. The hole pat-
terns H15 may be formed by simultaneously patterning the
gate insulation layer 240 and the insulating interlayer 250.
[0096] Referring to FIG. 2C, the hole patterns Hlc may be
disposed in the gate insulation layer 240, the insulating intet-
layer 250, and the passivation layer 260. That is, the insulat-
ing interlayer 250 includes a side surface 251 corresponding
to the side surface 241 of the gate insulation layer 240, and the
passivation layer 260 includes a side surface 261 correspond-
ing to the side surface 251 of the insulating interlayer 250. As
described above, since the passivation layer is an inorganic
insulation layer made of the inorganic material, cracks may
be generated due to folding even in the passivation layer. In
addition, the cracks generated in the passivation layer may be
propagated to the active layer through the insulating inter-
layer and the gate insulation layer. However, since the hole
patterns Hlc illustrated in FIG. 2C are disposed on the gate
insulation layer 240, the insulating interlayer 250, and the
passivation layer 260, cracks due to folding and the slip
phenomenon may be more efficiently suppressed from being
generated. The hole patterns Hlc may be formed by simulta-
neously patterning the gate insulation layer 240, the insulat-
ing interlayer 250, and the passivation layer 260.

[0097] Insome exemplary embodiments, in the case where
the flexible thin film transistor substrate includes the buffer
layer 230, the hole pattern may be further disposed in the
buffer layer 230.

[0098] FIG. 3 is a graph for describing a current-voltage
(I-V) characteristic of the flexible thin film transistor sub-
strate according to the exemplary embodiment of the present
disclosure. In FIG. 3, a solid line represents an I-V character-
istic when the flexible thin film transistor substrate including
the hole patterns is folded 30,000 times, and a dotted line
represents an [-V characteristic when the flexible thin film
transistor substrate without the hole patterns is folded 30,000
times. In FIG. 3, the flexible thin film transistor substrate
including the hole patterns equally includes the rest of the
constituent elements except for the hole patterns as compared
with the flexible thin film transistor substrate without the hole
patterns. In the flexible thin film transistor substrate including
the hole patterns, the hole patterns are disposed in the gate
insulation layer and the insulating interlayer as illustrated in
FIG. 2B. In addition, the thin film transistor included in the
flexible thin film transistor substrate including the hole pat-
terns is the same as the thin film transistor included in the thin
film transistor substrate without the hole patterns, and both
the thin film transistors are P type thin film transistors.
[0099] Referring to FIG. 3, when a gate voltage of =20 V is
applied after the flexible thin film transistor substrate includ-
ing the hole patterns is folded 30,000 times, a turn-on current
ofabout 1x107* A is provided. However, when a gate voltage
of -20 V is applied after the flexible thin film transistor
substrate without the hole patterns is folded 30,000 times,
only the turn-on current of about 1x107'° A is provided. That
is, since the hole patterns suppress the cracks generated by
folding from being propagated and the tension generated
while folding is blocked from being transferred to the active
layer, the flexible thin film transistor substrate including the
hole patterns may have an improved I-V characteristic. On the
contrary, in the flexible thin film transistor substrate without
the hole patterns, the cracks and the slip phenomenon are
generated in the interface between the active layer and the
gate insulation layer by the tension generating while folding
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and the charge trap sites generated by the cracks and the slip
phenomenon hinder the turn-on current. Accordingly, the
flexible thin film transistor substrate without the hole patterns
provides a low turn-on current and deterioration of the I-V
characteristic is generated.

[0100] FIG.4isaschematic plan view ofa flexible thin film
transistor substrate according to another exemplary embodi-
ment of the present disclosure. Since a flexible thin film
transistor substrate 400 illustrated in FIG. 4 is the same as the
flexible thin film transistor substrate 1004 illustrated in FIG.
1 except that a second hole pattern H2 is further included than
the flexible thin film transistor substrate 100q¢ illustrated in
FIG. 1, the duplicated description thereof will be omitted.

[0101] Referring to FIG. 4, a first hole pattern H1 and a
second hole pattern H2 surround the active layer 121 to iso-
late the active layer 121. The first hole pattern H1 and the
second hole pattern H2 are extended in different directions.
For example, as illustrated in F1G. 4, the first hole pattern H1
is extended in a parallel direction with the data line 171 and
spaced apart form the data line 171 by a predetermined dis-
tance. Further, the second hole pattern H2 is extended in a
parallel direction with the gate line 172 and spaced apart from
the gate line 172 by a predetermined distance. The thin film
transistor TFT is disposed in an area defined when the first
hole pattern H1 and the second hole pattern H2 cross each
other.

[0102] Since the active layer 121 is completely isolated by
the first hole pattern H1 and the second hole pattern H2, even
though the flexible thin film transistor substrate 400 1s folded
in various directions, the deterioration of the thin film tran-
sistor TFT may be reduced. That is, when the flexible thin film
transistor substrate 400 is folded in the vertical direction, the
horizontal direction, or the oblique direction, the first hole
pattern H1 and the second hole pattern H2 may distribute the
tension and the size of the tension applied to the active layer
121 may be reduced. Accordingly, the lifespan of the flexible
thin film transistor substrate 400 may be further improved.

[0103] FIG. 5isa schematic cross-sectional view of a flex-
ible thin film transistor substrate according to yet another
exemplary embodiment of the present disclosure. Since a
flexible thin film transistor substrate 500 illustrated in FIG. 5
is substantially the same as the flexible thin film transistor
substrate 100c illustrated in FIG. 2C except that a structure of
the thin film transistor is an inverted-staggered structure, as
compared with the flexible thin film transistor substrate 100¢
illustrated in FIG. 2C, the duplicated description will be omit-
ted.

[0104] Referring to FIG. 5, a gate electrode 522 is disposed
on a flexible substrate 210. That is, the thin film transistor of
the flexible thin film transistor substrate 500 may be a thin
film transistor having a bottom gate structure. Since the gate
electrode 522 is the same as the gate electrode 122 illustrated
in FIG. 2C, the duplicated description will be omitted.

[0105] A gate insulation layer 540 is disposed on the gate
electrode 522. The gate insulation layer 540 may cover the
entire surface of the flexible substrate 210 including the gate
electrode 522. In some exemplary embodiments, since the
gate insulation layer 540 insulates an active layer 521 from
the gate electrode 522, the gate insulation layer 540 may be
disposed only on the gate electrode 522. Since the gate insu-
lation layer 540 is the same as the gate insulation layer 240
illustrated in FIG. 2C, the duplicated description will be omit-
ted.
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[0106] The active layer 521 is disposed on the gate insula-
tion layer 540 and at least a part of the active layer 521
overlaps with the gate electrode 522. For example, the chan-
nel region of the active layer 521 overlaps with the gate
electrode 522. Since the active layer 521 is the same as the
active layer 121 illustrated in FIG. 2C, the duplicated descrip-
tion will be omitted.

[0107] A sourceelectrode 523 and a drain electrode 524 are
disposed on the active layer 521 and electrically connected
with apart of the active layer 521, respectively. For example,
the source electrode 523 and the drain electrode 524 may be
electrically connected with a source region and a drain region
of the active layer 521, respectively. Since the source elec-
trode 523 and the drain electrode 524 are the same as the
source electrode 123 and the drain electrode 124 illustrated in
FIG. 2C, respectively, the duplicated description will be omit-
ted.

[0108] An etch stop layer 580 is disposed on the active layer
521. The etch stop layer 580 is disposed on the active layer
521 between the source electrode 523 and the drain electrode
524. The etch stop layer 580 suppresses etching of the active
layer 521 in a process of patterning the source electrode 523
and the drain electrode 524. The etch stop layer 580 may be
made of a material having low etch selectivity with respect to
an etchant for etching the source electrode 523 and the drain
electrode 524.

[0109] A passivation layer 260 is disposed to cover the gate
insulation layer 540, the source electrode 523, the etch stop
layer 580, and the drain electrode 524. Since the passivation
layer 260 is the same as the passivation layer 260 illustrated in
FIG. 2C, the duplicated description will be omitted. In some
exemplary embodiments, the passivation layer 260 may be
omitted.

[0110] Hole patterns H1 are disposed in the gate insulation
layer 540 and the passivation layer 260. Accordingly, the gate
insulation layer 540 includes a side surface 541 correspond-
ing to a boundary of the hole pattern H1 and the passivation
layer 260 includes a side surface 261 corresponding to the
side surface 541 of the gate insulation layer 540. The hole
patterns H1 separate the active layers 521 from each other.
The hole patterns H1 suppress cracks generated due to fold-
ing from being propagated, and the hole patterns H1 disperse
tension generated due to folding. Thus, a slip phenomenon of
the active layer 521 in an interface between the active layer
521 and the gate insulation layer 540 can be suppressed.
Although not illustrated in FIG. 5, in some exemplary
embodiments, the hole pattern H1 may be disposed only in
the gate insulation layer 540.

[0111] As described above, the hole pattern H1 isolates the
active layer 521 to suppress the tension generated due to
folding from being transferred to the active layer 521 and
suppress cracks generated due to folding from being propa-
gated to the active layer 521. As a result, the active layer 521
may be stably protected in spite of repeated folding, and
cracks and deterioration of the thin film transistor due to
folding may be suppressed.

[0112] FIG. 6is a schematic plan view of a flexible organic
light emitting display device according to an exemplary
embodiment of the present disclosure. FIG. 7 is a schematic
cross-sectional view of the flexible organic light emitting
display device taken along line VII-VII' of FIG. 6. Since a
flexible substrate 210 of a flexible organic light emitting
display device 600 illustrated in FIGS. 6 and 7 is the same as
the flexible substrate 210 illustrated in FIG. 2B and a first thin
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film transistor TFT1 and a second thin film transistor TFT2 of
the flexible organic light emitting display device 600 illus-
trated in FIGS. 6 and 7 are the same as the thin film transistor
TFT illustrated in F1G. 2B, the duplicated description thereof
will be omitted.

[0113] Referring to FIGS. 6 and 7, the flexible organic light
emitting display device 600 includes a flexible substrate 210,
a first thin film transistor TFT1, a second thin film transistor
TFT2, a storage capacitor Cst, and an organic light emitting
element 690.

[0114] The flexible substrate 210 includes a circuit area
C/A and a display area D/A. The circuit area C/A is an area
where the first thin film transistor TFT1, the second thin film
transistor TFT2, and the storage capacitor Cst are disposed,
and the display area D/A is an area where the organic light
emitting element 690 is disposed and may be also referred to
as a sub pixel area. In FIG. 6, for convenience of description,
the circuit area C/A and the display area D/A having quadran-
gular shapes are illustrated, respectively. However, the shapes
of the circuit area C/A and the display area D/A are not
necessarily the quadrangular shapes, and the flexible sub-
strate 210 may include a circuit area C/A and a display area
D/A having polygons, circles, or ovals except for the quad-
rangles. One boundary of the circuit area C/A may contact
one boundary of the display area D/A. Since the first thin film
transistor TFT1 is connected with the organic light emitting
element 690, at a portion where the first thin film transistor
TFT1 and the organic light emitting element 690 are con-
nected with each other, one boundary of the circuit area C/A
may contact one boundary of the display area D/A.

[0115] The first thin film transistor TFT1 is disposed in the
circuit area C/A on the flexible substrate 210. The first thin
film transistor TFT1 includes a gate electrode 122 connected
with the storage capacitor Cst, a source electrode 123 con-
nected with a driving voltage line 673, and a drain electrode
124 connected with the organic light emitting element 690 to
serve as a driving thin film transistor.

[0116] The second thin film transistor TFT2 is disposed in
the circuit area C/A on the flexible substrate 210. The second
thin film transistor TFT2 includes a gate electrode connected
with the gate line 172, a drain electrode connected with the
storage capacitor Cst, and a source electrode connected with
the data line 171 to serve as a switching transistor.

[0117] The storage capacitor Cst is disposed in the circuit
area C/A on the flexible substrate 210. The storage capacitor
Cst includes a first electrode connected with the drain elec-
trode of the second thin film transistor TFT2 and the gate
electrode 122 of the first thin film transistor TFT1, and a
second electrode connected with the driving voltage line 673
and the source electrode 123 of the first thin film transistor
TFT1. The storage capacitor Cst stores a voltage correspond-
ing to a difference between a data voltage transferred through
the drain electrode of the second thin film transistor TFT2 and
a driving voltage transferred through the driving voltage line
673 and uniformly maintains the gate voltage of the first thin
film transistor TFT1 for one frame.

[0118] The organic light emitting element 690 is disposed
in the display area D/A on the flexible substrate 210 and
configures pixels of the flexible organic light emitting display
device 600. The flexible organic light emitting display device
600 may include a plurality of organic light emitting elements
690. As illustrated in FIG. 7, a planarization layer 681 for
planarizing an upper surface of the flexible substrate 210 is
disposed on the first thin film transistor TFT1 and the organic
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light emitting element 690 is disposed on the planarization
layer 681 of the display area D/A. The organic light emitting
element 690 includes a first electrode 692, an organic light
emission layer 693, and a second electrode 694 which are
electrically connected with the first thin film transistor TFT1.
[0119] The first electrode 692 may be separated and dis-
posedin each display area D/A. That is, the first electrode 692
is separately disposed for each of a plurality of sub pixel
areas. The first electrode 692 may be electrically connected
with the first thin film transistor TFT1. For example, the first
electrode 692 may be electrically connected with the drain
electrode 124 of the first thin film transistor TFT1. The first
electrode 692 may be an anode providing holes to the organic
light emission layer 693. In this case, the first electrode 692 is
configured by a conductive material having a high work func-
tion. For example, the first electrode 692 may be made of
transparent conductive oxide (TCO) having a high work func-
tion, such as indium tin oxide (ITO), indium zinc oxide (IZ0),
indium tin zinc oxide (ITZ0), zinc oxide, and tin oxide.
[0120] As illustrated in FIG. 7, in the case where the flex-
ible organic light emitting display device 600 is a top emis-
sion type organic light emitting display device, a reflective
layer 691 is disposed below the first electrode 692. The reflec-
tive layer 691 reflects light emitted to the first electrode 692
side from the organic light emission layer 693 to the upper
portion of the flexible organic light emitting display device
600. The reflective layer 691 may be made of silver, nickel,
gold, platinum, aluminum, copper, or molybdenum/alumi-
num neodymium (Mo/AINd) having excellent reflectance.
Although notillustrated in FIG. 7, in the case where a flexible
organic light emitting display device 700 is a bottom emission
type organic light emitting display device, the reflective layer
691 may be omitted.

[0121] A bank layer 682 is disposed on the first electrode
692 and the planarization layer 681. The bank layers 682
separate adjacent display areas D/A from each other and may
be disposed between the adjacent display areas D/A.

[0122] The organic light emission layer 693 is disposed on
the first electrode 692 exposed by the bank layer 682. The
organic light emission layer 693 generates red, green, or blue
light based on a hole received from the first electrode 692 and
an electron received from the second electrode 694. Although
not illustrated in FIG. 7, the organic light emission layer 693
may generate white light, and in this case, the organic light
emission layers 693 of all of the display areas D/A may cover
the first electrode 692 and the bank layer 682 so as to be
connected with each other.

[0123] Thesecond electrode 694 is disposed on the organic
light emission layer 693 and the bank layer 682. The second
electrode 694 may be a cathode providing an electron to the
organic light emission layer 693. In this case, the second
electrode 694 is made of a material having high electric
conductivity and a low work function. A particular material
configuring the second electrode 694 may vary according to
an emission type of the organic light emitting display device.
As illustrated in F1G. 7, in the case where the flexible organic
light emitting display device 600 is the top emission type
organic light emitting display device, the second electrode
694 may be made of a metallic material having a low work
function, such as silver, titanium, aluminum, molybdenum,
and an alloy of silver and magnesium. In this case, the second
electrode 694 may have a small thickness so as to transmit
light. Furthermore, the second electrode 694 may be a trans-
parent electrode made of a TCO material. In this case, a metal
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doping layer for facilitating injection of electrons may be
disposed between the second electrode 694 and the organic
light emission layer 693.

[0124] As illustrated in FIG. 6, the hole pattern H1 is dis-
posed on a boundary where the circuit area C/A and the
display area D/A contact each other. That is, the circuit areas
C/A may be separated from each other by the hole patterns
H1.

[0125] As described in FIG. 7, the hole patterns H1 are
disposed in the gate insulation layer 240 and the insulating
interlayer 250. In some exemplary embodiments, the hole
patterns H1 may be further disposed in the passivation layer
260 and further disposed on the buffer layer 230. Since the
buffer layer 230, the gate insulation layer 240, the insulating
interlayer 250, and the passivation layer 260 all are disposed
below the organic light emitting element 690, the hole pat-
terns H1 do not deteriorate visibility of the flexible organic
light emitting display device 600. Since the hole patterns H1
are the same as the hole patterns H15 of the flexible organic
light emitting display device 1005 illustrated in FIG. 2B, the
duplicated description will be omitted.

[0126] As described above, the hole patterns H1 suppress
the cracks generated due to folding from be propagated to the
interface between the active layer 121 and the gate insulation
layer 240 and the tension generated while folding is distrib-
uted to suppress a slip from being generated in the interface
between the active layer 121 and the gate insulation layer 240.
Accordingly, the deterioration of the first thin film transistor
TFT1 and the second thin film transistor TFT2 due to folding
may be reduced, and the lifespan of the flexible organic light
emitting display device 600 may be increased. Particularly,
since the inorganic material is relatively more brittle than the
organic material, it is effective that the hole pattern HI is
disposed in at least one of the buffer layer 230, the gate
insulation layer 240, the insulating interlayer 250, and the
passivation layer 260, which are made of inorganic materials.
[0127] FIG. 8is a schematic plan view of a flexible organic
light emitting display device according to another exemplary
embodiment of the present disclosure. A flexible organic light
emitting display device 800 illustrated in F1G. 8 is the same as
the flexible organic light emitting display device 600 illus-
trated in FIG. 6 except that a second hole pattern H2 and a
third hole pattern H3 are further included than the flexible
organic light emitting display device 600 illustrated in FIG. 6.
Accordingly, the duplicated description will be omitted.
[0128] Referring to FIG. 8, the second hole pattern H2 is
disposed in a parallel direction with the gate line 172. Circuit
areas C/A are separated from each other by the first hole
pattern H1 and the second hole pattern H2. In FIG. 8, for
convenience of description, the first hole pattern H1 and the
second hole pattern H2 are illustrated in a straight form to be
parallel with each other, but the first hole pattern H1 and the
second hole pattern H2 may be extended in different direc-
tions and may be extended in a curved or zigzag form. The
second hole pattern H2 is spaced apart from the gate line 172.
For example, the second hole pattern H2 may be spaced apart
from the gate line 172 by about 2 um or more. Since the
second hole pattern H2 is the same as the hole pattern H1
illustrated in FIG. 6, the duplicated description will be omit-
ted.

[0129] The third hole pattern H3 is disposed in a parallel
direction with the data line 171. The data line 171 is extended
in a different direction from the gate line 172 and connected
with a source electrode ora drain electrode of the second thin
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film transistor TET2. For convenience of description, in FIG.
8, the data line 171 which is extended vertically to the gate
line 172 is illustrated. Even though the third hole pattern H3
is illustrated in a straight form in FIG. 8, the third hole pattern
H3 may beextended in a curved or zigzag form. The third hole
pattern H3 is spaced apart from the data line 171. For
example, the third hole pattern H3 may be spaced apart from
the data line 171 by about 2 um ot more. The first thin film
transistor TFT1 and the second thin film transistor TFT2 are
surrounded by the first hole pattern H1, the second hole
pattern H2, and the third hole pattern H3 to be isolated.
[0130] Although the first thin film transistor TFT1 and the
second thin film transistor TFT2 isolated by three hole pat-
terns are illustrated in FIG. 8, the first thin film transistor
TFT1 and the second thin film transistor TFT2 may be iso-
lated by one hole pattern.

[0131] Insome exemplary embodiments, the first thin film
transistor TFT1 and the second thin film transistor TFT2 may
be isolated by individual hole patterns, respectively. In this
case, the deterioration of the first thin film transistor TFT1 and
the second thin film transistor TFT2 may be more efficiently
suppressed.

[0132] The flexible organic light emitting display device
800 according to another exemplary embodiment of the
present disclosure includes the first hole pattern H1, the sec-
ond hole pattern H2, and the third hole pattern H3 which
isolate the circuit area C/A to efficiently suppress the deterio-
ration of the first thin film transistor TFT1 and the second thin
film transistor TFT2 due to folding. Particularly, since the first
hole pattern H1, the second hole pattern H2, and the third hole
pattern H3 are extended in various directions, the tension
generated while folding may be dispersed in various direc-
tions. As a result, even though the flexible organic light emit-
ting display device 800 is folded in various directions, the
tension applied to the first thin film transistor TFT1 and the
second thin film transistor TFT2 may be efficiently reduced.
Therefore, the lifespan of the flexible organic light emitting
display device 800 may be improved.

[0133] FIG. 9A is a schematic plan view of a top-emission
type flexible organic light emitting display device according
to yet another exemplary embodiment of the present disclo-
sure.

[0134] Referring to FIG. 9A, a flexible organic light emit-
ting display device 900 according to yet another exemplary
embodiment of the present disclosure includes a plurality of
pixel areas P. Each of the plurality of pixel areas P is an area
for displaying one color and includes a plurality of sub pixel
areas R, G, and B. As illustrated in FIG. 9A, one pixel area P
may include a first sub pixel area R, a second sub pixel area G,
and a third sub pixel area B. In each of the first sub pixel area
R, the second sub pixel area G, and the third sub pixel area B,
light having a different color is emitted, and in detail, light of
any one of red, green, and blue is emitted.

[0135] FIG. 9B is a schematic cross-sectional view of the
flexible organic light emitting display device taken along line
IXb-IXb' of FIG. 9A. FIG. 9C is a schematic plan view
illustrating only a pixel area, a flexible substrate, and a pla-
narization layer in the flexible organic light emitting display
device of FIG. 9A.

[0136] Referring to FIGS. 9B and 9C, a planarization layer
981 is disposed to cover a thin film transistor TFT of the
flexible organic light emitting display device 900. The pla-
narization layer 981 is an organic insulation layer planarizing
the top of the flexible substrate 210 and also referred to as an
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overcoating layer. In order to planarize the top of the flexible
substrate 210, the planarization layer 981 may be made of an
organic material, for example, photosensitive photo acryl or
photosensitive polyimide. In the planarization layer 981, a
contact hole for electrically connecting the drain electrode
124 of the thin film transistor TFT and the first electrode 692
is formed.

[0137] On the planarization layer 981, a hole pattern H4 is
formed. As illustrated in FIG. 9C, the hole pattern H4 extends
to form a mesh pattern. The planarization layer 981 is sepa-
rately disposed on the flexible substrate 210 by the hole
pattern H4. In detail, as illustrated in FIGS. 9B and 9C, the
planarizationlayer 981 is divided for each sub pixel area R, G,
or B on the flexible substrate 210 by the hole pattern H4, and
that is, disposed independently in each of the plurality of sub
pixel areas R, G, and B.

[0138] As illustrated in FIG. 9B, a bank layer 682 is dis-
posed on the flexible substrate 210 to coveran edge of the first
electrode 692. In FIG. 9B, a reflective layer is omitted. The
bank layer 682 is disposed to fill the hole pattern H4 formed
on the planarization layer 981. The bank layer 682 serves to
divide the plurality of sub pixel areas R, G, and B. The bank
layer 682 is an organic insulation layer made of a transparent
organic material. For example, the bank layer 682 may be
made of any one of polyimide, photo acryl, and benzocy-
clobuten (BCB) or made of a material displaying black, for
example, a black resin.

[0139] In FIGS. 9B and 9C, it is illustrated that the pla-
narization layer 981 is divided on the flexible substrate 210
for each sub pixel area R, G, or B, but the planarization layer
981 may be divided on the flexible substrate 210 for each
pixel area P. Furthermore, the planarization layer 981 may be
divided on the flexible substrate 210 for each of the plurality
of pixel areas P.

[0140] FIG. 10A is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment of the present disclosure.
FIG. 10B is a schematic plan view illustrating only a pixel
area, a flexible substrate, a first electrode, and a bank layer in
the flexible organic light emitting display device of FIG. 10 A.
A flexible organic light emitting display device 1000 of FIG.
10A is different from the flexible organic light emitting dis-
play device 900 in that a hole pattern H5 is formed only in a
bank layer 1082. However, as other constituent elements are
the same as the flexible organic light emitting display device
900, the duplicated description will be omitted.

[0141] Referring to FIGS. 10A and 10B, in the flexible
organic light emitting display device 1000 according to still
another exemplary embodiment of the present disclosure, the
hole pattern is not formed in the planarization layer 681, but
the hole pattern H5 is formed in the bank layer 1082. Accord-
ingly, the bank layer 1082 is separately disposed on the flex-
ible substrate 210 by the hole pattern H5. In detail, as illus-
trated in FIGS. 10A and 10B, the bank layer 1082 is divided
for each sub pixel area R, G, or B on the flexible substrate 210
by the hole pattern HS, that is, the bank layer 1082 is disposed
independently in each of the plurality of sub pixel areas R, G,
and B.

[0142] As illustrated in FIG. 10A, the hole pattern HS
formed in the bank layer 1082 may be filled with the second
electrode 694.

[0143] FIG. 11 is a schematic cross-sectional view of a
flexible organic light emitting display device according to
still another exemplary embodiment ofthe present disclosure.
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A flexible organic light emitting display device 1100 of FIG.
11 is different from the flexible organic light emitting display
device 900 of FIG. 9A in that hole patterns H6 are formed in
both a planarization layer 1181 and a bank layer 1182. How-
ever, as other constituent elements thereof are the same as
those of the flexible organic light emitting display device 900,
the duplicated description will be omitted.

[0144] Referring to FIG. 11, in the flexible organic light
emitting display device 1100 according to still another exem-
plary embodiment of the present disclosure, the hole patterns
H6 are formed in the bank layer 1182 as well as the planariza-
tion layer 1181, that is, the hole patterns Hé are formed both
in the planarization layer 1181 and the bank layer 1182.
Accordingly, both the planarization layer 1181 and the bank
layer 1182 are separately disposed on the flexible substrate
210 by the hole patterns H6. In detail, as illustrated in FIG. 11,
the planarization layer 1181 and the bank layer 1182 are
divided on the flexible substrate 210 for each sub pixel area R,
G, or B by the hole patterns H6. That is, the planarization
layer 1181 and the bank layer 1182 are disposed indepen-
dently in each of the plurality of sub pixel areas R, G, and B.
[0145] As illustrated in FIG. 11, the hole patterns H6
formed in the planarization layer 1181 and the bank layer
1182 may be filled with the second electrode 694.

[0146] In the flexible organic light emitting display device
of the present disclosure, at least one of the planarization
layer and the bank layer made of an organic material is sepa-
rately disposed on the flexible substrate by the hole pattern.
Accordingly, the planarization layer and the bank layer are
not disposed on the entire surface of the flexible substrate to
be separated from each other. However, as compared with the
flexible organic light emitting display device in the related art
in which the planarization layer and the bank layer are dis-
posed by one continuous layer, the following advantageous
effects may be achieved.

[0147] FIG. 12 is a diagram describing stress applied to a
second layer when a first layer and a second layer which are
adjacent to each other and continuous are bent. FIG. 13 is a
diagram describing stress applied to a second layer when a
first layer and a second layer which are adjacent to each other,
but divided into a plurality of layers are bent.

[0148] As illustrated in FIG. 12, when continuous second
layers 1204 are disposed on continuous first layers 1202,
stress €, applied to the second layer 1204 may be deter-
mined by the following Equation 1. When the stress applied to
the second layer 1204 exceeds a predetermined threshold
value, the crack is generated in the second layer 1204.

_[d1+d2] (L+2+X7%) [Equation 1]
foo = | T3r | Te e Xy

n=d2/dl, X =Y2/Y1, Y: Young's modulus

[0149] Here, R is the radius of curvature of the first layer
1202, d1 is the thickness of the first layer 1202, d2 is the
thickness of the second layer 1204, X is Y2/Y1,Y1is Young’s
modulus of the first layer 1202, and Y2 is Young’s modulus of
the second layer 1204. In Equation 1, it can be seen that
depending on the radius of curvature of the second layer 1204,
the stress applied to the second layer 1204 is determined.

[0150] In the flexible organic light emitting display device
in the related art, the planarization layer and the bank layer are
disposed on the entire surface of the flexible substrate as one
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continuous layer. That is, both edge of the planarization layer
and the bank layer and the central portion of the planarization
layer and the bank layer are connected to each other. Thus,
when the flexible organic light emitting display device is bent,
the radius of curvature R is relatively increased. Accordingly,
large stress is applied to the planarization layer and the bank
layer due to repeated bending, and as a result, a crack is
generated in the planarization layer and the bank layer with
high probability.

[0151] However, as illustrated in FIG. 13, when the first
layer 1302 and the second layer 1304 are separated from each
other, even though the flexible organic light emitting display
device is bent with the same radius of curvature R as illus-
trated in FIG. 13, both edge of the first layer 1302 and the
second layer 1304 and the central portion of the first layer
1306 and the second layer 1308 are separated from each other.
As aresult, one unit first layer 1306 and one unit second layer
1308 are bent with very large radius of curvature R. Accord-
ingly, even though the bending is repeated, relatively small
stress is applied to the first layer 1302 and the second layer
1304 and the crack is generated with lower probability. That
is, the hole pattern minimizes the probability of crack being
generated due to bending of the flexible substrate and can
suppress propagation of the crack.

[0152] The above effect may be equally applied even to the
flexible organic light emitting display devices 900, 1000, and
1200 illustrated in FIGS. 9A and 11. In other words, in the
flexible organic light emitting display devices 900, 1000, and
1200, since at least one of the planarization layers 681, 981,
and 1181 and the bank layers 682, 1082, and 1182 are sepa-
rated from each other on the flexible substrate 210, even
though the repeated bending is performed, the relatively
small stress is applied to the planarization layers 681, 981,
and 1181 or the bank layers 682, 1082, and 1182. Thus, the
crack is generated with lower probability.

[0153] FIG. 14 is a schematic cross-sectional view for
describing effects according to the present disclosure.
[0154] As illustrated in FIG. 14, when second layers 1404
separated from each other are disposed on a first layer 1402,
awidth of a crack generated in the first layer 1402 is propor-
tional to a segment length S of the second layer 1404.
[0155] Due to the fact, in the flexible organic light emitting
display device in which the bank layer and the planarization
layer are disposed on the entire surface of the flexible sub-
strate as one continuous layer, there is a problem in that a
crack with a very large width is generated in the bank layer,
the planarization layer, and the layers adjacent thereto. The
probability of the crack having large width to make damage to
the line (e.g., data line and gate line) and the like is higher than
that ofthe crack having small width. Thus, as the crack having
large width is generated, such problem is an important cause
of deteriorating the reliability of the flexible organic light
emitting display device.

[0156] However, in the flexible organic light emitting dis-
play devices 900, 1000, and 1200 of the present disclosure, at
least one of the planarization layers 681, 981, and 1181 and
the bank layers 682, 1082, and 1182 are disposed on the
flexible substrate 210 to be separated from each other. Thus,
even though cracks are generated in the planarization layers
681, 981, and 1181 or the bank layers 682, 1082, and 1182,
and the layers adjacent thereto, widths of the cracks are
decreased. Accordingly, possibility of the damage to the line
and the like due to the crack caused by the repeated bending
may be decreased.
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[0157] In addition, in the organic light emitting display
device in the related art, the bank layer and the planarization
layer are not disposed on the entire surface of the flexible
substrate to be separated from each other, but they are dis-
posed as one continuous layer. Likewise, there is a problem in
that the crack generated in a part of the bank layer and the
planarization layer is easily propagated to the organic light
emission layer or the thin film transistor according to the
continuous banking layer and planarization layer.

[0158] However, in the flexible organic light emitting dis-
play devices 900, 1000, and 1200, since at least one of the
planarization layers 681, 981, and 1181 and the bank layers
682,1082,and 1182 are disposed on the flexible substrate 210
to be separated from each other. a crack is less likely to be
generated in the planarization layers 681,981, and 1181 or the
bank layers 682, 1082, and 1182. In addition, even though a
crack is generated in a part of the planarization layers 681,
981, and 1181 or the bank layers 682, 1082, and 1182, a
propagation path is blocked at first. Thus, the generated crack
may not be easily propagated to organic light emission layers
693a, 6935, and 693¢ or the thin film transistor TFT. There-
fore, the flexible organic light emitting display devices 900,
1000, and 1200 of the present disclosure may have excellent
lifespan and reliability.

[0159] Although the exemplary embodiments of the
present disclosure have been described in detail with refer-
ence to the accompanying drawings, the present disclosure is
not limited thereto and may be embodied in many different
forms without departing from the technical concept of the
present disclosure. Therefore, the exemplary embodiments of
the present disclosure are provided for illustrative purposes
only but not intended to limit the technical concept of the
present disclosure. The scope of the technical concept of the
present disclosure is not limited thereto. The protective scope
of the present disclosure should be construed based on the
following claims, and all the technical concepts in the equiva-
lent scope thereof should be construed as falling within the
scope of the present disclosure.

What is claimed is:

1. A flexible thin film transistor substrate comprising:

a flexible substrate including at least one thin film transistor

(TFT) area and having flexibility;

an active layer disposed in the TFT area on the flexible

substrate;

a gate insulation layer disposed on the active layer;

a gate electrode overlapping with the active layer on the

gate insulation layer;

an insulating interlayer disposed on the gate electrode; and

a source electrode and a drain electrode disposed on the

insulating interlayer and connected with the active layer,
respectively,

wherein the gate insulation layer or the insulating inter-

layer includes at least one hole pattern disposed outside
the TFT area, and the hole pattern configured to reduce
bending stress generated by bending the flexible sub-
strate.

2. The flexible thin film transistor substrate according to
claim 1, wherein the hole pattern is extended in a direction
parallel to a folding line in which the flexible substrate is
folded.

3. The flexible thin film transistor substrate according to
claim 1, wherein the hole pattern surrounds the TFT area.

4. The flexible thin film transistor substrate according to
claim 1, wherein the hole pattern is disposed in both the gate
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insulation layer and the insulating interlayer, and the hole
pattern of the insulating interlayer corresponds to the hole
pattern of the gate insulation layer.

5. The flexible thin film transistor substrate according to
claim 4, further comprising:

a passivation layer covering the insulating interlayer, the

source electrode, and the drain electrode.

6. The flexible thin film transistor substrate according to
claim 5, wherein the passivation layer includes a hole pattern
corresponding to the hole pattern of the insulating interlayer.

7. The flexible thin film transistor substrate according to
claim 6, wherein the gate insulation layer, the insulating inter-
layer, and the passivation layer are inorganic insulation lay-
ers.

8. A flexible organic light emitting display device compris-
ing:

a flexible substrate having a pixel area including a plurality

of sub pixel areas;

a planarization layer disposed on the flexible substrate;

a first electrode disposed on the planarization layer;

abank layer disposed to cover an edge of the first electrode;

an organic light emission layer disposed on the first elec-
trode; and

a second electrode disposed on the organic light emission

layer,

wherein a hole pattern is formed in at least one of the

planarization layer and the bank layer, and

at least one of the planarization layer and the bank layer is

separately disposed on the flexible substrate by the hole
pattern.

9. The flexible organic light emitting display device
according to claim 8, wherein only the planarization layer of
the planarization layer and the bank layer is separately dis-
posed on the flexible substrate.

10. The flexible organic light emitting display device
according to claim 9, wherein the bank layer fills the hole
pattern.

11. The flexible organic light emitting display device
according to claim 8, wherein both the planarization layer and
the bank layer are separately disposed on the flexible sub-
strate.

12. The flexible organic light emitting display device
according to claim 8, wherein only the bank layer of the
planarization layer and the bank layer is separately disposed
on the flexible substrate.

13. The flexible organic light emitting display device
according to claim 8, wherein a minimum width of the hole
pattern is 1 um to 50 pm.

14. The flexible organic light emitting display device
according to claim 8, wherein the planarization layer is made
of photosensitive photo acryl or photosensitive polyimide.

15. The flexible organic light emitting display device
according to claim 8, wherein the bank layer is made of
polyimide, photo acryl, or benzocyclobutene (BCB).

16. The flexible organic light emitting display device
according to claim 8, wherein the hole pattern is extended to
form a mesh pattern.

17. A flexible organic light emitting display device com-
prising:

a flexible substrate on which a thin film transistor is dis-

posed,;

an inorganic insulation layer disposed on the flexible sub-

strate;
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an organic insulation layer disposed on the inorganic insu-
lation layer; and

an organic light emitting element disposed on the organic
insulation layer and electrically connected with the thin
film transistor,

wherein at least one of the organic insulation layer and the
inorganic insulation layer includes a hole pattern, and
the hole pattern minimizes probability of generation of
cracks due to bending of the flexible substrate and sup-
presses propagation of the cracks.

18. The flexible organic light emitting display device
according to claim 17, wherein the thin film transistor
includes:

an active layer;

a gate electrode separated from the active layer and over-
lapping with the active layer; and

a source electrode and a drain electrode electrically con-
nected with the active layer, and

wherein the inorganic insulation layer includes:

a gate insulation layer insulating the active layer from the
gate electrode of the thin film transistor;

an insulating interlayer insulating the source electrode and
the drain electrode from the gate electrode, respectively;
and

a passivation layer covering the thin film transistor, and

the hole pattern is disposed on at least one of the gate
insulation layer, the insulating interlayer, and the passi-
vation layer.

19. The flexible organic light emitting display device
according to claim 18, wherein the thin film transistor is
disposed in a circuit area of the flexible substrate,

the organic light emitting element is disposed in a display
area of the flexible substrate, and

the hole pattern is disposed on a boundary where the dis-
play area and the circuit area contact each other.

20. The flexible organic light emitting display device

according to claim 19, further comprising:

a gate line disposed in the circuit area and connected with
the gate electrode of the thin film transistor,

wherein the hole pattern is spaced apart from the gate line
and extended in parallel with the gate line.

21. The flexible organic light emitting display device

according to claim 19, further comprising:

a data line disposed in the circuit area and connected with
the source electrode or the drain electrode of the thin film
transistor,

wherein the hole pattern is spaced apart from the data line
and extended in parallel with the data line.

22. The flexible organic light emitting display device
according to claim 17, wherein the organic light emitting
element includes:

a first electrode connected with the thin film transistor;

an organic light emission layer disposed on the first elec-
trode; and

a second electrode disposed on the organic light emission
layer,

wherein the organic insulation layer includes:

a planarization layer covering the thin film transistor and
planarizing an upper surface of the flexible substrate;
and

abank layer disposed to cover an edge of the first electrode,
and

wherein the hole pattern is disposed on at least one of the
planarization layer and bank layer.
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23. The flexible organic light emitting display device
according to claim 22, wherein the flexible substrate has a sub
pixel area disposed with the organic light emitting element
and a pixel area including the sub pixel area, and

the hole pattern is disposed to surround the sub pixel area.

24. The flexible organic light emitting display device
according to claim 22, wherein the flexible substrate has a sub
pixel area disposed with the organic light emitting element
and a pixel area including the sub pixel area, and

the hole pattern is disposed to surround the pixel area.
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