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(7) ABSTRACT

A flexible display substrate, a flexible organic light emitting
display device, and a method of manufacturing the same are
provided. The flexible display substrate comprises a flexible
substrate including a display area and a non-display area
extending from the display area, a first wire formed on the
display area of the flexible substrate, and a second wire
formed on the non-display area of the flexible substrate,
wherein at least a part of the non-display area of the flexible
substrate is curved ina bending direction, and the second wire
formed on at least a part of the non-display area of the flexible
substrate includes a first portion formed to extend in a first
direction and a second portion formed to extend in a second
direction.
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FLEXIBLE DISPLAY SUBSTRATE, FLEXIBLE
ORGANIC LIGHT EMITTING DISPLAY
DEVICE AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/108,158 filed on Dec. 16, 2013, which
claims priority to and the benefit of Korean Patent Applica-
tion No. 2013-0012028 filed on Feb. 1, 2013, and Korean
Patent Application No. 2013-0082925 filed on Jul. 15, 2013,
the disclosure of which are incorporated herein by reference
in their entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present invention relates generally to a flexible

display device, and more particularly to a configuration of
components at the curved portion of the flexible display sub-
strate for reducing the effect of bending stress.

[0004] 2. Discussion of Related Art

[0005] Display devices used in monitors of computers,
TVs, and cell phones include organic light emitting display
devices (OLEDs) and plasma display panels (PDPs), both of
which autonomously emit light, and liquid crystal display
devices (LCDs) requiring a separate light source, etc.

[0006] In recent years, flexible display devices manufac-
tured to display an image even when bent like paper by
forming a display unit and a wire on a substrate exhibiting
flexibility, such as a flexible material (i.e., a plastic), have
received attention as next-generation display devices.

[0007] Flexible display devices have been widely used in
the field of applications spanning from monitors of computers
and TVs to personal portable equipment, and research on
flexible display devices having a large display area and a
smaller volume and weight has been conducted.

[0008] When a flexible display substrates and/or devices
are bent, mechanical stress (e.g., tensile or compression
stress) is applied to the bent portion of the substrate as well as
the components that are disposed on the bent portion, and
such mechanical stress can cause cracking at certain weak
point of the substrates and/or devices. Isolated crack at one
point can propagate and channel across the substrate. If the
substrate is brittle the crack may penetrate through the sub-
strate, even though it is essentially unstressed. The interface
of two regions, layers and/or portions of certain components
may debond, or a debond crack may dive further into the
substrate producing delamination via cracking parallel to the
interface in the substrate.

[0009] Of course, such cracks and breakage can cause vari-
ous problems in the device. Especially, the mechanical stress
at the bent portion may crack or wholly disconnect some
portions of the wires formed thereon, thereby causing various
defects in the device.

SUMMARY OF THE INVENTION

[0010] Embodiments relate to a flexible display device
including a flexible substrate and a wire formed on the surface
of the flexible substrate. The flexible substrate includes a
substantially flat area extending along a plane, and a bending
area adjacent to the substantially flat area and bending away
from the plane. The flexible display further includes a wire,
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which extends across at least the bending area, to transmit a
signal. The wire includes at least two portions. At least one
portion of the wire extends in a first direction. Also, at least
one other portion of the wire extends in a second direction,
which is non-parallel to the first direction.

[0011] Insome embodiments, the first direction is substan-
tially perpendicular to a boundary line between the substan-
tially flat area and the bending area.

[0012] In some embodiments, the portion of the wire
extending in the first direction shorter length than the other
portion of the wire extending in the second direction. Further,
in some embodiments, the portion of the wire extending in the
first direction has a greater width than the other portion of the
wire extending in the second direction. The shorter length of
the portion of the wire extending in the first direction can
reduce the strain to the wire from being bent in the bending
area. Further, the increased width at the portion of the wire
extending in the first direction can reduce the strain to the wire
from being bet in the bending area.

[0013] In some embodiments, at least one portion of the
wire extending in the first direction includes at least two
subsections. The subsections forming the portion of the wire
extending in the first direction have at least two different
widths. In other words, some subsections may be formed with
one width while some other subsections are formed with a
different width.

[0014] In some embodiments, the portion of the wire
extending in the first direction is disposed between two por-
tions of the wire extending in two different directions that are
not parallel to the first direction. That is, the portion of the
wire extending in the first direction is disposed between a
portion of the wire extending in a first non-parallel direction
with respect to the first direction and another portion of the
wire extending in a second non-parallel direction with respect
to the first direction. In some embodiments, said two portions
of the wire extending in two different directions non-parallel
to the first direction mirror each other relative to the portion of
the wire extending in the first direction. In some embodi-
ments, the two portions of the wire extending in the mirrored
direction relative to the first direction have the same length
from each other.

[0015] Insome embodiments, the first direction is not per-
pendicular to the boundary line between the substantially flat
area and the bending area. Accordingly, the portion of wire
extending in the first direction and the portion of the wire
extending in the second direction are not perpendicular to the
boundary line between the substantially flat area and the
bending area.

[0016] In some embodiments, the flexible display device
further includes a crack prevention layer between the wire
and the flexible substrate.

[0017] In some embodiments, the flexible display device
further includes a planarization member formed on the sur-
face of the flexible substrate and having a height substantially
same as the wire to smoothen a surface of at least one layer
formed on the wire.

[0018] In some embodiments, the portions of the wire
extending in the first and second directions form a series of
diamond shapes connected to each other.

[0019] In some embodiments, the flexible display device
further includes a secondary wire extending across the bend-
ing area. The original wire and the secondary wire are con-
figured to carry the same signal. The original wire may be



US 2016/0079336 A1l

placed in a first layer of the bending area and the secondary
wire may be placed in a second layer in the bending area
different from the first layer.

[0020] In some embodiments, the flexible display device
further includes a separation layer formed on the wire, and a
secondary wire is formed on the separation layer to transmit
another signal from the wire under the separation layer. The
secondary wire may intersect with the wire over the separa-
tion layer.

[0021] In some embodiments, the wire is one of a first
group of wires extending parallel to each other. Each wire in
the group of wires may transmit a different signal.

[0022] In some embodiments, the flexible display device
further comprises a second group of wires extending parallel
to each other but not parallel to the first group of wires.
[0023] Embodiments also relate to a flexible display device
including a flexible substrate and a wire. The flexible sub-
strate is bent in a bending direction across which strain of the
flexible substrate is the greatest. The wire includes one or
more of the first portions extending in a first direction and one
or more of the second portions extending in a second direc-
tion, in which the first direction and the second direction are
different from the bending direction. The first direction forms
a first angle relative to the bending direction, and the second
direction forms a second angle relative to the bending direc-
tion. The first and second portions of the wire are configured
to reduce the strain of the wire from being bent in the bending
direction.

[0024] In some embodiments, the flexible display device
further includes a thin film transistor having a gate, a drain
and a source, which is formed on the flexible substrate. At
least one of the first portions and the second portions of the
wire may be formed of the same material as at least one of the
gate, the drain and the source.

[0025] In some embodiments, the second angle is smaller
than the first angle.

[0026] Inoneembodiment, the second angle is smaller than
the first angle, and the first portion extending in the first angle
is longer than the second portion extending in the second
angle.

[0027] Inoneembodiment, the second angle is smaller than
the first angle, and the first portion extending in the first angle
has is thinner than the second portion extending in the second
angle.

[0028] In some embodiments, the wire includes multiple
first portions and second portions that form an electrical net-
work. The first portions may be formed in an inner layer, and
the second portions may be formed in an outer layer having a
greater radius of curvature than the inner layer. Accordingly,
the collective total length of the first portions is longer than
the collective total length of the second portions.

[0029] Insome embodiments, the width of the second pot-
tions is greater than the width of the first portions.

[0030] Embodiments also relate to a method of fabricating
a flexible organic light emitting display device. A wire is
formed on at least a bending area of the flexible substrate to
transmit a signal. The wire has a shape of rhombuses con-
nected in series. A thin film transistor is formed on a display
area of the flexible display device. An organic light emitting
element is formed on the thin film transistor to emit light
based on the signal transmitted via the wire.

[0031] In some embodiments, the wire is formed simulta-
neously with at least one of a gate, a source or a drain of the
thin film transistor.
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[0032] Insome embodiments, the wire is made of the same
material as the at least one of the gate, the source or the drain
of the thin film transistor.

[0033] In one embodiment, the wire is formed simulta-
neously with an electrode of the organic light emitting ele-
ment.

[0034] Embodiments also relate to a flexible organic light
emitting display device including a flexible substrate and a
wire electrically coupled to at least two components of the
flexible organic light emitting display device. The flexible
substrate has a curved portion bent in a bending direction. The
wire has at least a portion disposed on the curved portion of
the flexible substrate. The portion of the wire disposed on the
curved portion has a greater length than the length of the
curved portion of the flexible substrate.

[0035] In one embodiment, the flexible organic light emit-
ting display device further includes one or more electrodes.
The wire may be made of the same material as at least one
electrode.

[0036] Aspects of the present invention should not be lim-
ited by the above description, and other unmentioned aspects
will be clearly understood by one of ordinary skill in the art
from exemplary embodiments described herein.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The above and other objects, features, and advan-
tages of the present invention will become more apparent to
those of ordinary skill in the art by describing in detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0038] FIG. 1A is a perspective view of a flexible display
substrate according to one exemplary embodiment of the
present invention.

[0039] FIG. 1B is a top view showing an unbent state of a
flexible display substrate according to one exemplary
embodiment of the present invention.

[0040] FIG. 1C is an exploded diagram of an area X shown
in FIG. 1B.
[0041] FIG. 1D is a top view showing an unbent state of a

flexible display substrate according to another exemplary
embodiment of the present invention.

[0042] FIGS. 1E to 1G are exploded diagrams of an area X
shown in FIG. 1D according to various exemplary embodi-
ments of the present invention.

[0043] FIG. 1H is a perspective view of a flexible display
substrate according to another exemplary embodiment of the
present invention.

[0044] FIG. 11 is a top view showing an unbent state of a
flexible display substrate according to still another exemplary
embodiment of the present invention.

[0045] FIG. 1] is a top view showing an unbent state of a
flexible display substrate according to still another exemplary
embodiment of the present invention.

[0046] FIG. 1K is a top view showing an unbent state of a
flexible display substrate according to still another exemplary
embodiment of the present invention.

[0047] FIG. 1L is a cross-sectional view of the flexible
display substrate taken along line II-IT' of FIG. 1K

[0048] FIGS. 2A and 2B are top views of flexible organic
light emitting display devices according to various exemplary
embodiments of the present invention.

[0049] FIGS. 2C to 2E are cross-sectional views of the
flexible organic light emitting display devices according to
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various exemplary embodiments of the present invention,
taken along line Ilc-II¢' of FIG. 2A.

[0050] FIG. 2F is an exploded diagram of the flexible
organic light emitting display device according to still
another exemplary embodiment of the present invention.
[0051] FIG.2G1is an exploded diagram of an area X of FIG.
2C according to still another exemplary embodiment of the
present invention.

[0052] FIG.2H s a top view showing an unbent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0053] FIG. 21 is a top view showing an unbent state of the
flexible organic light emitting display device according to yet
another exemplary embodiment of the present invention.
[0054] FIG. 2] is a top view showing an unbent state of the
flexible organic light emitting display device according to yet
another exemplary embodiment of the present invention.
[0055] FIG.3Ais atop view showing an unbent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0056] FIG. 3B is a cross-sectional view of the flexible
organic light emitting display device, taken along line I1Ib-
1Ib' shown in FIG. 3A.

[0057] FIG. 3C is a cross-sectional view showing a bent
state of the flexible organic light emitting display device
according to still another exemplary embodiment of the
present invention, taken along line Illc-Illc' shown in FIG.
3A

[0058] FIG.3Dis atop view showing an unbent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0059] FIG. 3E is a cross-sectional view showing a bent
state of the flexible organic light emitting display device
according to still another exemplary embodiment of the
present invention.

[0060] FIG. 3F is a cross-sectional view showing a bent
state of the flexible organic light emitting display device
according to yet another exemplary embodiment of the
present invention.

[0061] FIG. 4 is a flowchart illustrating a method of manu-
facturing a flexible organic light emitting display device
according to one exemplary embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0062] Exemplary embodiments of the present invention
will be described in detail below with reference to the accom-
panying drawings. While the present invention is shown and
described in connection with exemplary embodiments, it
should be appreciated that the invention is not so limited and
various modifications can be made without departing from
the scope of the invention. It is noted that the drawings of the
present application are provided for illustrative purposes only
and, as such, the drawings are not drawn to scale.

[0063] In the following description, numerous specific
details are set forth, such as particular structures, compo-
nents, materials, dimensions, processing steps and tech-
niques, in order to provide an understanding of the various
embodiments of the present disclosure. However, it will be
appreciated by one of ordinary skill in the art that the various
embodiments of the present disclosure may be practiced
without these specific details. In other instances, well-known
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structures or processing steps have not been described in
detail in order to avoid obscuring the present disclosure.
[0064] Itwill beunderstood that when anelement as alayer,
region or substrate 1s referred to as being “on” another ele-
ment, it can be directly on the other element or intervening
elements may also be present. In contrast, when an element is
referred to as being “directly on” another element, there are
no intervening elements present.

[0065] It will also be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present.

[0066] Further, it will be understood that when an element
is referred to as being “overlapped” with another element, one
element can be positioned above the other element or below
the other element. Moreover, although some of the elements
are designated with numerical terms (e.g., first, second, third,
etc.), it should be understood that such designations are only
used to specify one element from a group of similar elements,
but not to limit the element in any specific order. As such, an
element designated as a first element could be termed as a
second element or as third element without departing from
the scope of exemplary embodiments.

[0067] In this specification, an organic light emitting dis-
play device with a top emission mode refers to an organic
light emitting display device, wherein light emitted from the
organic light emitting diode radiates from an upper portion of
the organic light emitting display device. That is, the organic
light emitting display device with a top emission mode refers
to an organic light emitting display device, wherein light
emitted from the organic light emitting diode radiates in a
direction of a top surface of a substrate having a thin film
transistor formed therein for driving the organic light emitting
display device.

[0068] In this specification, an organic light emitting dis-
play device with a bottom emission mode refers to an organic
light emitting display device, wherein the light emitted from
the organic light emitting diode radiates from a lower portion
of the organic light emitting display device. That is, the
organic light emitting display device with a bottom emission
mode refers to an organic light emitting display device,
wherein light emitted from the organic light emitting diode
radiates in a direction of a bottom surface of a substrate
having a thin film transistor formed therein for driving the
organic light emitting display device.

[0069] In this specification, an organic light emitting dis-
play device with a dual emission mode refers to an organic
light emitting display device, wherein light emitted from the
organic light emitting diode radiates from upper and lower
portions of the organic light emitting display device. In this
specification, in the organic light emitting display devices
with top, bottom, and dual emission modes, a thin film tran-
sistor, an anode, and a cathode are disposed to optimize a
configuration of each emission mode, thereby optimally dis-
posing the thin film transistor without interfering with an
emission direction of a light emitting element.

[0070] In this specification, a flexible display device refers
to adisplay device having a various degrees of flexibility, and
may be used to have the same meaning as a bendable display
device, a rollable display device, an unbreakable display
device, or a foldable display device. In this specification, a
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flexible organic light emitting display device is one example
of various flexible display devices.

[0071] In this specification, a transparent display device
refers to a transparent display device that is at least a part of a
screen of a display device viewed by a user. In this specifica-
tion, transparency of the transparent display device refers to a
degree of transparency at which a user at least recognizes an
object behind a display device. In this specification, the trans-
parent display device includes a display area and a non-
display area. The display area is an area on which an image is
displayed, and the non-display area is an area on which no
image is displayed, such as a bezel area. To maximize trans-
mittance of the display area, the transparent display device is
configured to dispose opaque components, such as a battery,
a printed circuit board (PCB), and a metal frame, under the
non-display area rather than the display area. In this specifi-
cation, the transparent display device refers to a transparent
display device whose transmissivity is, for example, equal to
or greater than at least 20%. In this specification, the term
“transmissivity” means a value obtained by dividing an inten-
sity of light, which passes through the transparent display
device except for light which is incident on a transmissive
region of the transparent display device and reflected on the
interface between respective layers of the transparent display
device, by an intensity of the entire incident light.

[0072] In this specification, front and rear surfaces of the
transparent display device are defined based on light emitted
from the transparent display device. In this specification, the
front surface of the transparent display device means a sur-
face on which light from the transparent display device is
emitted, and the rear surface of the transparent display device
means a surface opposite to the surface on which the light
from the transparent display device is emitted.

[0073] The features of various exemplary embodiments of
the present invention may be partially or entirely bound or
combined with each other, and be technically engaged and
driven using various methods as apparent to those skilled in
the art, and the exemplary embodiments may be indepen-
dently practiced alone or in combination.

[0074] Hereinafter, various exemplary embodiments of the
present invention will be described in further detail with
reference to the accompanying drawings.

[0075] FIG. 1A is a perspective view of a flexible display
substrate 100A, according to one exemplary embodiment of
the present invention. FIG. 1B is a top view showing an
unbent state of the flexible display substrate 100A according
to one exemplary embodiment of the present invention.
Referring to FIGS. 1A and 1B, a flexible display substrate
100A includes a flexible substrate 110A and a wire 120A.
[0076] Theflexible substrate 110A is a substrate configured
to support various components of the flexible display. Here,
the flexible substrate 110A is endowed with flexibility. The
flexible substrate 110A may also be referred to as a flexible
substrate, a first flexible substrate, or a flexible member.
When the flexible substrate 110A is formed of a plastic, the
flexible substrate 110A may also be referred to as a plastic
film, a plastic substrate, or a first flexible substrate. FIGS. 1A
and 1B show that the flexible substrate 110A is illustrated in
the form of a rectangular shape. However, it should be under-
stood that the flexible substrate 120 may have various shapes,
but the present invention is not limited thereto.

[0077] The flexible substrate 110A may be formed of a
flexible material. For example, the flexible substrate 110A
may be any one or more of materials including, but not limited
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to, a polyester-based polymer, a silicone-based polymer, an
acrylic polymer, a polyolefin-based polymer, and a copoly-
mer thereof. More particularly, the flexible substrate 110A
may be formed of one or combination of materials such as
polyethylene terephthalate (PET), polybutylene terephthalate
(PBT), polysilane, polysiloxane, polysilazane, polycarbosi-
lane, polyacrylate, polymethacrylate, polymethylacrylate,
polyethylacrylate, polyethylmethacrylate, a cyclic olefin
copolymer (COC), a cyclic olefin polymer (COP), polyeth-
ylene (PE), polypropylene (PP), polyimide (PI), polymethyl-
methacrylate (PMMA), polystyrene (PS), polyacetal (POM),
polyether ether ketone (PEEK), polyestersulfone (PES),
polytetrafluoroethylene (PTFE), polyvinylchloride (PVC),
polycarbonate (PC), polyvinylidenefluoride (PVDF), a per-
fluoroalkyl polymer (PFA), a styrene acrylonitrile copolymer
(SAN), and a combination thereof. In some exemplary
embodiments in which the flexible display substrate 100A
may be formed of a transparent flexible material depending
on the application ofthe display substrate 100A as well as the
type of the display device employing the display substrate
100A.

[0078] The flexible substrate 110A includes a display area
“DA” and a non-display area “NA.” The display area “DA” of
the flexible substrate 110A refers to an area on which an
imageis actually displayed, and the non-display area “NA” of
the flexible substrate 110A refers to an area on which no
image is displayed.

[0079] The non-display area “NA” of the flexible substrate
110A is an area extending from the display area “DA” of the
flexible substrate 110A. The non-display area “NA” of the
flexible substrate 110A extends from one side of the display
area “DA” of the flexible substrate 110A. For example, the
display area “DA” of the flexible substrate 110A may be
formed in a polygonal shape, and the non-display area “NA”
ofthe flexible substrate 110 A may extend from one side of the
display area “DA” of the flexible substrate 110A. For the sake
of convenience of description, FIGS. 1A and 1B show that the
non-display area “NA” of the flexible substrate 110A extends
from one side of the display area “DA” of the flexible sub-
strate 110A, but the present invention is not limited thereto.
For example, the non-display areas “NA” of the flexible sub-
strate 110A may extend from a plurality of sides of the display
area “DA” of the flexible substrate 110A.

[0080] The non-display area “NA” of the flexible substrate
110A is positioned at a peripheral or edge portion of the
display area “DA” of the flexible substrate 110A, and various
circuits for displaying an image are disposed on the non-
display area “NA” of the flexible substrate 110A. Therefore,
the non-display area “NA” of the flexible substrate 110A may
also be referred to as a peripheral area, a peripheral circuit
area, an edge area, or a bezel area.

[0081] A display unit may be disposed at all or part of the
display area “DA” of the flexible substrate 110A. The display
unit is an element configured to actually display an image,
and may also be referred to as an image display unit or a
display panel. The display unit may be used without limita-
tion as long as it can be configured to display an image. In this
specification, however, the display unit that employs an
organic light emitting diode, in which an image is displayed
through an organic light emitting layer will be used as an
example.

[0082] Various elements on which no image is displayed
may be disposed at the non-display area “NA” of the flexible
substrate 110A. The elements disposed at the non-display
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area “NA” of the flexible substrate 110A may include various
1Cs such as gate driver ICs or data driver ICs, and drive circuit
units. Here, the various ICs and drive circuit units may be
embedded in the flexible substrate 110A using a gate-in-panel
(GIP) method, or be connected to the flexible substrate 110A
using a tape-carrier-package (TCP) or chip-on-film (COF)
method.

[0083] At least some portion of the display area “DA” is
formed in a flat area. Here, the flat area of the substrate needs
not be perfectly flat, but it is sufficient that the flat area is
formed to extend along a plane. Also, at least some portion of
the non-display area “NA” of the flexible substrate 110A is
formed is formed in the bending area that is bent away from
the plane. Accordingly, at least some portion of the non-
display area “NA” of the flexible substrate 110A curved in the
bending direction may be referred to as a bending area “BA”
ora “curved portion.” Since the non-display area “NA” of the
flexible substrate 110A is not an area on which an image is
displayed, an image does not need to be viewed from a top
surface of the flexible substrate 110 A, and at least a part of the
non-display area “NA” of the flexible substrate 110A may be
bent. FIGS. 1A and 1B show that only a part of the non-
display area “NA” of the flexible substrate 110A is a bending
area “BA” for the sake of convenience of description. How-
ever, to minimize a size of the non-display area “NA” of the
flexible substrate 110A which may be viewed from the top
surface of the flexible substrate 110A, the entire non-display
area “NA” of the flexible substrate 110A may correspond to a
bending area “BA”. In FIG. 1A, the bending area of the
flexible substrate 110A is curved such that it is eventually
extended in an angle of approximately 90° from the flat area
of the substrate. That is, the bending area is bent in an axial
direction in such a way that one end of the bending area is
positioned perpendicular with respect to the other end of the
bending area. The degree of curvature at the bending area,
however, may vary according to design and/or application of
the flexible display substrate 100A and the flexible organic
light emitting display device in which the flexible display
substrate 100A is used. For example, the bending area “BA”
of the flexible substrate 110A may be bent at an angle of
approximately 180° in some embodiments. For the sake of
convenience of description, a part of the display area “DA” of
the flexible substrate 110 A is also shown in FIGS. 1A and 1B.
Therefore, it was shown that the non-display area “NA” of the
flexible substrate 110A has a larger width than the display
area “DA” of the flexible substrate 110A. In fact, the non-
display area “NA” of the flexible substrate 110A may corre-
spond to an area that is significantly smaller than the display
area “DA” of the flexible substrate 110A.

[0084] The bending area “BA” that is at least a part of the
non-display area “NA” of the flexible substrate 110A is bent
in abending direction. As illustrated in FIG. 1B, the “bending
direction” refers to the direction of a line extending from one
point on the flexible substrate to another point on the flexible
substrate (e.g., “P” and “Q” shown in FIG. 1A).

[0085] Accordingly, in FIG. 1B illustrating the flexible sub-
strate 110A is being in a flat state (i.e., not bent), the straight
line extending between a point in a non-bending area and a
point in a bending area the two points (P, Q) along the curva-
ture is referred as the “bending direction.” Using the XYZ
coordinate system, a point (P) that is in the display area “DA”
of the flexible substrate 110A is defined as a starting point,
and a straight line extended to “Q” on the flexible substrate
110A is defined as the X axis, a straight line perpendicular to
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the straight line joining the two points (P, Q) on the flexible
substrate 110A and intersecting the starting point (P) is
defined as the Y axis, and a straight line perpendicular to an
XY plane on which the X axis and the Y axis on the flexible
substrate 110A are formed and intersecting the starting point
(P) is defined as the Z axis. Even when the flexible substrate
110A is bent as shown in FIG. 1A, the direction which is
indicated by a line joining the two points (P, Q), which is the
vector between the two points projected on the XY plane, is
defined as the “bending direction” in the present disclosure.
Accordingly, in the example illustrated in FIGS. 1A and 1B,
the bending direction refers to an X axis direction in reference
to the XYZ coordinate system shown in FIG. 1A, which can
be also indicated by a unit vector (1, 0, 0).

[0086] A wire 120A is formed on the flexible substrate
110A. The wire 120A may electrically connect to a display
unit, which may be formed on the display area “DA” of the
flexible substrate 110A, with a drive circuit unit, a gate driver
IC, or a data driver 1C, which may be formed on the non-
display area “NA” of the flexible substrate 110A, to send a
signal. The wire 120A may be formed of a conductive mate-
rial. In particular, the wire 120A may be formed of a conduc-
tive material having excellent flexibility so as to minimize
generation of cracks upon bending the flexible substrate
110A. For example, the wire 120A may be formed of a
conductive material having excellent flexibility, such as gold
(Au), silver (Ag), and aluminum (Al). However, the constitu-
ent material of the wire 120A is not particularly limited, and
may be one of various conductive materials used to manufac-
ture a display unit. More particularly, the wire 120A may be
formed of one of various materials used to manufacture a
display unit, for example, molybdenum (Mo), chromium
(Cr), titanium (Ti), nickel (Ni), neodymium (Nd), copper
(Cu), and a an alloy of silver (Ag) with magnesium (Mg).
Also, the wire 120A may be formed in a mulitlayer structure
including the various conductive materials as described
above. For example, the wire 120A may be formed in a
three-layer structure of titanium (Ti), aluminum (Al), and
titanium (Ti), but the present invention is not limited thereto.

[0087] Thewire 120A includes a first wire 121 A formed on
the display area “DA” of the flexible substrate 110A, and a
second wire 122A formed on the non-display area “NA” of
the flexible substrate 110A and electrically connected to the
firstwire 121 A. The first wire 121 A and the second wire 122 A
may be electrically connected through contact at the bound-
ary between the display area “DA” of the flexible substrate
110A and the non-display area “NA” of the flexible substrate
110A. The first wire 121A is electrically connected to the
display unit at the display area “DA” of the flexible substrate
110A, and the second wire 122A is electrically connected to
the drive circuit unit, the gate driver IC, or the data driver IC
at the non-display area “NA” of the flexible substrate 110A.
As a result, the wire 120A may electrically connect the dis-
play unit with the drive circuit unit, the gate driver IC, or the
data driver IC.

[0088] The second wire 122A includes a first portion 123A
extending in a first direction bending direction and a second
portion 124A extending in a second direction. Here, the first
direction and the second direction refer to different directions
from each other. In some embodiments, the first direction is
substantially the same as the bending direction. In other
words, the first direction is substantially perpendicular to a
boundary line between the substantially flat area and the
bending area. It should be noted that the first direction doesn’t
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have to be exactly same as the bending direction or exactly
perpendicular to the boundary line between the flat area and
the bending area due to the minimal margin of errors during
the formation of the wire. As shown in FIGS. 1A and 1B,
when the bending area “BA” of the flexible substrate 110A
corresponds to a part of the non-display area “NA” of the
flexible substrate 110A, the second wire 122A may further
include a connection portion 129A. However, when the bend-
ing area “BA” of the flexible substrate 110A corresponds to
the entire non-display area “NA” of the flexible substrate
110A, the second wire 122A may include only a first portion
123A and a second portion 124A. For the sake of convenience
of description, FIG. 1B shows that the connection portion
129A of the second wire 122A extends in the same first
direction as the first portion 123A of the second wire 122A.
However, the connection portion 129A of the second wire
122A may extend in a second direction, and may be a straight
or oblique line extending in different directions other than the
first and second directions. In addition, the connection por-
tion 129A may be formed in various shapes.

[0089] Referring to FIGS. 1A and 1B, the first direction that
is a direction in which the first portion 123 A of the second
wire 122A extends is the same as the bending direction, and
the second direction that is direction in which the second
portion 124A of the second wire 122A extends is different
from the bending direction. When the flexible substrate is
bent in a bending direction, a tensile force is applied to the
wires formed on the flexible substrate. In particular, among
the wires formed on the flexible substrate, the greatest tensile
stress is applied to the wires that extend in the same direction
as the bending direction, thereby causing breaking of the
wires. Therefore, in the flexible display substrate 100A
according to one exemplary embodiment of the present inven-
tion, the second wire 122A is not formed on the bending area
“BA”, which is curved portion of the flexible substrate 110A,
to extend in a bending direction, but the second portion 124A
of the second wire 122A may be formed to extend in the
second direction which is different from the bending direc-
tion, thereby minimizing a tensile force applied to the wire
120A and minimizing breaking of the wire 120A as well.

[0090] FIGS. 1A and 1B show that the first wire 121A has
the same width as the second wire 122A. In some exemplary
embodiments, however, the second wire 122A may have a
greater width than the first wire 121A. More particularly, the
first portion 123 A and the second portion 124A ofthe second
wire 122A formed on the bending area “BA” in the second
wire 122A may have a greater width than the first wire 121A.
When the flexible substrate 110A is bent in a bending direc-
tion, a greater strain is applied to the first portion 123 A and the
second portion 124 A of the second wire 122A formed on the
bending area “BA”, compared with the first wire 121A that is
not bent. Accordingly, the strain applied to the second wire
122A may be spread over and reduced the chance of breakage
by increasing the width of the first portion 123 A of the second
wire 122A and the second portion 124A of the second wire
122A.

[0091] To minimize the mechanical stress to the wire 120A,
a length of the first portion 123A of the second wire 122A
may be shorter than that of the second portion 124A of the
second wire 122A so that the second wire 122A being dis-
posed on the bending area (curved portion) of the flexible
substrate 110A has more portion adapted to withstand the
strain by being bent along the flexible substrate 110A. The
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lengths of the first portion 123 A and the second portion 124 A
of the second wire 122A will be described in further detail
with reference to FIG. 1C.

[0092] FIG. 1C illustrates the area X shown in FIG. 1B.
Referring to FIG. 1C, a length L1 of the first portion 123A of
the second wire 122A may be shorter than a length 1.2 of the
second portion 124A of the second wire 122A. As described
above, among the wires formed on the flexible substrate, the
greatest tensile force is applied to the wires extending in the
same direction as the bending direction. Therefore, to mini-
mize a tensile stress applied to the wires formed on the flex-
ible substrate, relatively shorter wires should be formed at an
area having a relatively greater tensile stress, and relatively
longer wires should be formed at an area having a relatively
lower tensile stress. Accordingly, in the flexible display sub-
strate 100A according to one exemplary embodiment of the
present invention, the effect of tensile force applied to the
second wire 122A may be minimized and breaking of the
wires may be prevented by reducing the length .1 of the first
portion 123A of the second wire 122A extending in a bending
direction and increasing the length [.2 of the second portion
124A of the second wire 122A extending in a direction dif-
ferent from the bending direction.

[0093] FIG. 1D is a top view showing an unbent state of the
flexible display substrate according to another exemplary
embodiment of the present invention. Referring to FIG. 1D, a
flexible display substrate 100D includes a flexible substrate
110D and a wire 120D. The flexible substrate 110D is sub-
stantially identical to the flexible substrate 110A shown in
FIG. 1A, and thus repeated description of the flexible sub-
strate 110D is omitted for brevity.

[0094] Referring to FIG. 1D, a second wire 122D may
further include a third portion 125D formed to extend in a
third direction. Here, the third direction refers to any direction
different from the first and second directions. As shown in
FIG. 1B, when the second wire 122A includes a first portion
123A formed to extend in a first direction and a second
portion 124A formed to extend in a second direction, the
second wire 122A may be continuously shifted in a second
direction as the total length of the wire increases and may
require increased area within the substrate. Accordingly, in
the flexible display substrate according to another exemplary
embodiment of the present invention, the second wire 122D
further include a third portion 125D formed to extend in a
direction different from the first and second directions so as to
design the wire 120D in the flexible display substrate more
easily.

[0095] The second wire 122D may be formed in various
shapes since the second wire 122D includes a first portion
123D formed to extend in a first direction, a second portion
124D formed to extend in a second direction, and a third
portion 125D formed to extend in a third direction. As shown
in the exemplary embodiment in FIG. 1D, the third portion of
the second wire 122D may be in the direction mirroring the
second portion 124D to compensate the shift of the second
wire 122D caused by the second portion 124D. While the
second wire 122D may be formed in a trapezoidal wave shape
as shown in FIG. 1D, it can also be formed in various other
shapes such as a chopping wave shape, a sawtooth wave
shape, a square wave shape, a sine wave shape, an omega (€2)
shape, and a rhombus shape (e.g., diamond shape). In this
case, the shape of the second wire 122D may be determined
based on the bending direction of the bending area “BA” of
the flexible substrate 110D, the width of the bending area
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“BA”, the radius of curvature of the bending area “BA”, the
width ofthe wire 120D, and the total length of the wire 120D.
[0096] FIGS. 1E to 1G illustrate various other exemplary
embodiments of the present invention. Referring to FIGS. 1E
to 1G, some parts of second wires 122E, 122F, and 122G may
have a width that is different from the other portions of the
wire. That is, the second wires 122E, 122F, and 122G, espe-
cially, second wires 122E, 122F, and 122G formed in bending
areas “BA” of flexible substrates 110E, 110F, and 110G, are
not formed with uniform widths, but some selective portions
of the second wire may be adjusted.

[0097] Referring to FIG. 1E, a width W1 of a first portion
123E of the second wire 122F formed to extend in a first
direction may be greater than a width W2 of a second portion
124E of the second wire 122E formed to extend in a second
direction and a width W3 of a third portion 125E ofthe second
wire 122F formed to extend in a third direction. As described
above, when the flexible substrate 110E is bent in a bending
direction, a tensile force is applied to the second wire 122E
formed on the flexible substrate 110E. In particular, itis likely
that the tensile stress is greater on the first portion 123E
extending in the same (or substantially same) direction as the
bending direction in comparison to other portions of the sec-
ond wire. Since the first portion 123E is has the higher risk of
breakage, a width W1 of the first portion 123E of the second
wire 122E can be selectively formed to be greater than the
width W2 of the second portion 124E as well as the width W3
of the third portion 125E. Of course, it is possible to increase
the widths of all portions of the second wire. However, it will
inadvertently increase the resistance of the second wire as
well. Accordingly, selectively increasing the width of por-
tions that has a greater risk of breakage (e.g., the first portion
123E) can reduce the risk of disconnection without compro-
mising the sheet resistance of the wire.

[0098] Referring to FIG. 1E, the direction of the second
portion and the direction of the third portion are symmetrical
to each other. That is, the second portion 124E and the third
portion 125E are formed to extend in the same reference angle
as shown in FIG. 1E. Assuming the tensile stress being
applied to the second portion 124E and the third portion 125E
is the same, the width W2 of the second portion 124E of the
second wire 122F can be the same as the width W3 of the third
portion 125E of the second wire 122E.

[0099] Insome embodiments, a portion of the second wire
122F (e.g., the first portion 123F, second 124F and third
portion 125F) can have a plurality of subsections that has
different widths asillustrated in FIG. 1F. For instance, the first
portion 123F of the second wire 122F can have three subsec-
tions, in which only the mid-subsection has an expanded
width. Accordingly, in the flexible display substrate accord-
ing to another exemplary embodiment of the present inven-
tion, breaking of wires may be prevented by forming a sub-
section of the first portion 123F of the second wire 122F so
that a width W11 of the subsection of the first portion 123F
can be greater than a width W12 of a different area of the first
portion 123F of the second wire 122F which is the same as the
width W2 of the second portion 124F of the second wire 122F
and the width W3 of the third portion 125F ofthe second wire
122F. In other words, the first portion 123F ofthe second wire
122F can include two different subsections each having a
different width. For the sake of convenience of description,
FIG. 1F shows that one protrusion having a relatively greater
width is present in the first portion 123F of the second wire
122F, but it should be appreciated that any number of subsec-
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tions with different width may be included in the portions
(e.g., first, second, third portions) of the second wire.

[0100] As such, the width W2 of the second portion 124F of
the second wire 122F and/or the width W3 of'the third portion
125F of the second wire 122F may also be altered at least at
some points. Since the second portion 124F of the second
wire 122F and the third portion 125F of the second wire 122F
extend in the second and third directions different from the
bending direction, a risk of breaking wires is relatively less
than that of the first portion 123F of the second wire 122F.
However, since a tensile force according to bending of the
flexible substrate 110F is also applied to the second portion
124F and the third portion 125F of the second wire 122F,
theses portions might also break due to the tensile force.
Therefore, the part with increased width may be formed in the
second portion 124F of the second wire 122F and/or the third
portion 125F of the second wire 122F.

[0101] Subsequently. referring to F1G. 1G, the width W1 of
the first portion 123G of the second wire 122G, the width W2
of the second portion 124G of the second wire 122G, and the
width W3 of the third portion 125G of the second wire 122G
may be different from one another. As described above, when
the flexible substrate is bent in a bending direction, the great-
est tensile force is applied to the wires extending in the same
direction as the bending direction among the wires formed on
the flexible substrate. Also, the tensile stress applied to the
wires may be reduced as an angle formed between the bend-
ing direction and the direction in which the wires extend
increases. Therefore, when the extended direction of the sec-
ond portion 124G (i.e., reference angle from the bending
direction) is different from the extended direction of the third
portion 125G, as shown in FIG. 1G, the tensile force applied
to the second portion 124G of the second wire 122G is dif-
ferent from the tensile force applied to the third portion 125G
of the second wire 122G. In other words, since the reference
angle 02 with respect to the bending direction is smaller than
the reference angle 03, the tensile stress applied to the second
portion 124G of the second wire 122G is greater than the
tensile stress applied to the third portion 125G of the second
wire 122G.

[0102] In this disclosure, the reference angle refers to an
acute version of any angle determined by repeatedly subtract-
ing or adding 180 degrees, and subtracting the result from 180
degrees if necessary, until a value between 0 degrees and 90
degrees is obtained. Therefore, stress applied to the wire
120G may be dispersed to minimize a risk of breaking wires
by adopting a structure in which the portions of the wire are
formed to have widths based on the intensity of the tensile
stress applied to the wire 120G. For instance, the first portion
123G can be formed to have the greatest width W1, the second
portion 124G can be formed to have the second greatest width
W2, and the third portion 125G of the second wire 122G can
be formed to have the shortest width W3 as illustrated in FIG.
1G.

[0103] FIG. 1H is a perspective view of a flexible display
substrate according to still another exemplary embodiment of
the present invention. FIG. 11 is a top view showing an unbent
state of the flexible display substrate according to still another
exemplary embodiment of the present invention. Referring to
FIGS. 1H and 11, a flexible display substrate 100H includes a
flexible substrate 110H and a wire 120H. The flexible sub-
strate 110H is substantially identical to the flexible substrate
110A shown in FIGS. 1A to 1C, and thus repeated description
of the flexible substrate 110H is omitted for brevity.
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[0104] The wire 120H is formed on the flexible substrate
110H. The wire 120H includes a first wire 121H formed on
the display area “DA” of the flexible substrate 110H, and a
second wire 122H formed on the non-display area “NA” of
the flexible substrate 110H and electrically connected to the
first wire 121H. In at least a part of the non-display area “NA”
of the flexible substrate 110H formed in a curved shape in a
bending direction, that is, the bending area “BA”, the second
wire 122H includes a first portion 123H formed to extend in
a first direction, and a second portion 124H formed to extend
in a second direction. In this example, the first direction and
the second direction refer to different directions, that is non-
straight angle from the bending direction of the flexible sub-
strate 110H.

[0105] Referring to FIGS. 1H and 11, both of the first direc-
tion that is a direction in which the first portion 123H of the
second wire 122H extends, and the second direction that is a
direction in which the second portion 124H of the second wire
122H extends are different from the bending direction. The
wire 120H is substantially identical to the wires 120A, 120D,
120E, 120F, and 120G shown in FIGS. 1A to 1G, except that
the first direction that is a direction in which the first portion
123H of the second wire 122H extends is different from the
bending direction, and thus repeated description of the wire
120H is omitted for brevity.

[0106] When the flexible substrate is bent in a bending
direction, a tensile force is applied to the wires formed on the
flexible substrate. In particular, among the wires formed on
the flexible substrate, the greatest tensile force may be applied
to the wires extending in the same direction as the bending
direction, thereby causing breaking ofthe wires. Therefore, in
the flexible display substrate 100H according to still another
exemplary embodiment of the present invention, the second
wire 122H is not formed on the bending area “BA”, which is
an area formed in a curved shape in the flexible substrate
110H, to extend in a bending direction, but both of the first
portion 123H and second portion 124H of the second wire
122H may be formed to extend in the second and third direc-
tions which are different from the bending direction, thereby
minimizing the effect of tensile force applied to the wire
120H and minimizing breaking of the wire 120H as well.
Also, in some embodiments, the length of the portions can be
formed differently based on the magnitude of the portion’s
reference angle from the bending direction. For example, the
portion that is oriented in greater reference angle from the
bending direction can be longer than the portion that is ori-
ented in lesser reference angle from the bending direction,
thereby reducing the portion of the wire receiving the
mechanical strength from being bent.

[0107] FIG.1Jis a top view showing an unbent state of the
flexible display substrate according to still another exemplary
embodiment of the present invention. Referring to FIG. 1], a
flexible display substrate 100J includes a flexible substrate
110J and a wire 120]. The flexible substrate 110J is substan-
tially identical to the flexible substrate 110H shown in FIGS.
1H and 11, and thus repeated description of the flexible sub-
strate 1107 is omitted for brevity.

[0108] The wire 120J is formed on the flexible substrate
110J. The wire 120J includes a first wire 121J formed on a
display area “DA” of the flexible substrate 110J, and a second
wire 122] formed on a non-display area “NA” of the flexible
substrate 110J and electrically connected to the first wire
121J. In at least a part of the non-display area “NA” of the
flexible substrate 110J curved in a bending direction, that is,
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the bending area “BA”, the second wire 1227 includes a first
portion 123] formed to extend in a first direction, and a second
portion 1247 formed to extend in a second direction. Here, the
first direction and the second direction refer to predetermined
directions, that is, different directions, on the flexible sub-
strate 110].

[0109] Referring to FIG. 1], the second wire 122] may be
divergent at the boundary of the bending area “BA” of the
flexible substrate 110J so that the first portion 123J of the
second wire 122] can extend in a first direction and the second
portion 124] of the second wire 122]J can extend in a second
direction. The second portion 124] of the second wire 122]
extends from the end of the first portion 1237 of the second
wire 122] divergent at the boundary ofthe bending area “BA”
of the flexible substrate 110J, and the first portion 123J of the
second wire 122] extends from the end of the second portion
124] of the second wire 122] divergent at the boundary of the
bending area “BA” of the flexible substrate 110J to cross the
first portion 1237 of the second wire 122] with the second
portion 124] ofthe second wire 122]. Accordingly, the second
wire 122J may extend along the outline of rhombuses (e.g.,
diamond shapes) connected to each other in a bending area of
the flexible substrate 110J. In this way, the portions of the wire
can form a network, which can provide multiple routes for the
electrical signal via the wire. Even when one portion of the
wire is cracked or otherwise disconnected from the other
portion, the electrical signal can reach from one end to the
other end via the remaining portions of the wire.

[0110] For the sake of convenience of description, FIG. 1J
shows that the second wire 122] is divergent at the boundary
of the bending area “BA” of the flexible substrate 110J, but
the present invention is not limited thereto. For example, the
second wire 122] may be divergent in the bending area “BA”
of the flexible substrate 110J. Also, some portions of the
second wire 122] may be formed in a layer different from the
other portions of the wire. For instance, the portions 124J may
be formed in the first layer (e.g., inner layer) while the por-
tions 123J are formed in the second layer (e.g., outer layer) of
substrate. When the portions formed in the outer layer are
likely to be affected more by the bending stress, the portions
in the outer layer may be formed to extend in greater reference
angle from the bending direction or formed to have greater
width than the portions in the inner layer. Of course, the
length, width and orientation of the wire portions can vary
according to their layer within and/or on the substrate as well
as the curvature of the substrate.

[0111] FIG. 1K shows yetanother embodiment of a flexible
substrate that is illustrate in the unbent state, and FIG. 1L is a
cross-sectional view of the line II-II' shown in FIG. 1K. As
shown in FIGS. 1K and 1L, the flexible substrate 100K com-
prises a wire 120K, planarization members 127K, a buffer
layer 161K and a passivation layer 162K. The primary func-
tion of the buffer layer 161K is to prevent permeation of
moisture or other foreign particles through the substrate
110K. The buffer later 161K may also planarize the substrate
110K. In the example shown in FIG. 1K, the buffer layer
161K is formed between the substrate 110K and the wire
120K. The passivation layer 162K is another type of a pro-
tection layer, which can protect the underlying components
similar to the buffer layer 161K. Depending on the type of
flexible substrate 110K or the components to be disposed on
the flexible substrate 110K, the buffer layer 161K and the
passivation layer 162K may not be necessary in some
embodiments.
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[0112] Some embodiments of the flexible substrate com-
prise one or more planarization members 127K on the same
layer as the wire 120K to create a neutral plane around the
wire 120K by filling the hollow spaces around the wire 120K.
Cracks of the substrate 110K and other layers on the wire
120K can be reduced by smoothening the surfaces of the other
layers around the wire 120K. By smoothening the surfaces of
the other layers, stress concentration in the surfaces can be
reduced, thereby reducing the likelihood of cracks forming on
the other layers formed on the wire 120K. In the example
shown in FIG. 1K, the planarization member 127K having the
same height as the wire 120K is disposed in the hollow space
surrounded by the portions (123K, 124K) of the wire 120K. In
embodiments employing the passivation layer 162K, the pla-
narization member 127K may be formed between the sub-
strate and the passivation layer 162K to reduce the chance of
cracks in the passivation layer.

[0113] Also, the planarization member 127K can be
formed of the same material as the wire 120K, which will
simplify the fabrication process. Further, the planarization
member 127K may be slightly spaced apart from the wire
120K as shown in the FIG. 1K. The distance between the
planarization member 127K and the wire 120K may be
formed so that the strain of the planarization member 127K
will connect the portions of the wire 120K when the substrate
is bent, thereby ensuring the electrical connection throughout
the wire without transferring too much stress to the adjacent
portions of the wire 120K. In some other embodiments, how-
ever, an insulating material may be used between the pla-
narization member 127K and the wire 120K to electrically
insulate the planarization member 127K and the wire 120K.

[0114] FIG. 2A is a top view of a flexible organic light
emitting display device according to one exemplary embodi-
ment of the present invention. Referring to FIG. 24, a flexible
organic light emitting display device 200A includes a flexible
substrate 210A, a wire 220A, and a display unit 230A.

[0115] The flexible substrate 210A refers to a substrate
configured to support various elements of the flexible organic
light emitting display device 200A. Here, the flexible sub-
strate 210A is endowed with flexibility. The flexible substrate
210A may also be referred to as a flexible substrate, a first
flexible substrate, or a flexible member. When the flexible
substrate 210A is formed of a plastic, the flexible substrate
210A formed of a plastic may also be referred to as a plastic
film or a plastic substrate.

[0116] Since a non-display area “NA” of the flexible sub-
strate 210A is positioned on a peripheral or edge portion of a
display area “DA” of the flexible substrate 210A and various
circuits are disposed to display an image, the non-display area
“NA” of the flexible substrate 210A may also be referred to as
a peripheral area, a peripheral circuit area, an edge area, or a
bezel area.

[0117] The non-display area “NA” of the flexible substrate
210A includes a bending area bent in a bending direction. In
FIG. 2A, the bending direction refers to a horizontal direction
of the flexible substrate 210A. For the sake of convenience of
description, FIG. 2A shows that the entire non-display area
“NA” of the flexible substrate 210A corresponds to the bend-
ing area. However, a part of the non-display area “NA” of the
flexible substrate 210A may correspond to the bending area.
The flexible substrate 210A is substantially identical to the
flexible substrate 110A shown in FIGS. 1A to 1C, except that
the entire non-display area “NA” of the flexible substrate
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210A corresponds to the bending area, and thus repeated
description of the flexible substrate 210A is omitted for brev-
ity.

[0118] A plurality of wires 220A is formed on the flexible
substrate 210A. The wires 220A may electrically connect a
display unit, which may be formed on the display area “DA”
of the flexible substrate 210A, with a drive circuit unit, a gate
driver IC, or a data driver IC, which may be formed on the
non-display area “NA” of the flexible substrate 210A, to send
a signal. The wires 220A may be formed of a conductive
material. In particular, the wires 220A may be formed of a
conductive material having excellent flexibility so as to mini-
mize generation of cracks upon bending the flexible substrate
210A. For example, the wires 220A may be formed of a
conductive material having excellent flexibility, such as gold
(Au), silver (Ag), and aluminum (Al). However, the constitu-
ent material of the wires 220A is not particularly limited, and
may be one of various conductive materials used to manufac-
ture the display unit 230A. More particularly, the wires 220A
may be formed of one of various materials used to manufac-
ture a display unit, for example, molybdenum (Mo), chro-
mium (Cr), titanium ('T1), nickel (N1), neodymium (Nd), cop-
per (Cu), and an alloy of silver (Ag) with magnesium (Mg).
[0119] Also, the wires 220A may be formed in a mulitlayer
structure including the various conductive materials as
described above. Forexample, the wires 220A may be formed
in athree-layer structure of titanium (T1), aluminum (Al), and
titanium (Ti), but the present invention is not limited thereto.
The wires 220A may be formed on the display area “DA” and
the non-display area “NA” of the flexible substrate 210A to
electrically connect the display unit 230A with the drive
circuit unit, the gate driver IC, or the “Data driver IC.
[0120] At least parts of the plurality of wires 220A formed
on the bending area of the flexible substrate 210A are formed
in a direction non-parallel with respect to the bending direc-
tion. In the exemplary embodiment, when the bending area of
the flexible substrate 210A corresponds to the entire non-
display area “NA” ofthe flexible substrate 210 A, at least parts
of the plurality of wires 220A formed on the non-display area
“NA” of the flexible substrate 210A may be formed transver-
sal to the bending direction (e.g., in the slanted direction as
shownin FIG. 2a). For the sake of convenience of description,
FIG. 2A shows that the plurality of wires 220A formed onthe
non-display area “NA” of the flexible substrate 210A are
formed in a slanted direction. In this specification, the term
“slanted direction” refers to a direction which is neither par-
allel with a bending direction nor perpendicular to the bend-
ing direction. Since the bending direction refers to a horizon-
tal direction of the flexible substrate 210A as shown in FIG.
2A, the slanted direction means a direction which is neither
parallel with the horizontal direction of the flexible substrate
210A nor perpendicular to the horizontal direction of the
flexible substrate 210A.

[0121] As described above, when the flexible substrate is
bent in a bending direction, a tensile force is applied to the
wires formed on the flexible substrate. In particular, among
the wires formed on the flexible substrate, the greatest tensile
force is applied to the wires extending in the same direction as
the bending direction, thereby causing breaking of the wires.
Therefore, in the flexible organic light emitting display device
200A according to one exemplary embodiment of the present
invention, the wires 220A are not formed on the bending area
of the flexible substrate 210A to extend in a bending direction,
but at least parts of the wires 220A may be formed to extend
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in an slanted direction which is different from the bending
direction, thereby minimizing a tensile stress applied to the
wires 220A and minimizing breaking of the wires 220A as
well.

[0122] The plurality of wires 220A positioned on the bend-
ing area of the flexible substrate 210A may be formed in
various shapes. For example, the plurality of wires 220A
positioned on the bending area of the flexible substrate 210A
may be formed in a trapezoidal wave shape, and also formed
in various shapes such as a chopping wave shape, a sawtooth
wave shape, a sine wave shape, an omega (£2) shape, and a
lozenge shape. Also, the shape of the second wire 222A may
be determined based on the bending direction of the bending
area of the flexible substrate 210A, the width of the bending
area, the radius of curvature of the bending area, the widths of
the wires 220A, and the total length of the wires 220A. Addi-
tional embodiments of the shapes of the wires 220A will be
described with reference to FIG. 2B.

[0123] FIG. 2B is a top view of a flexible organic light
emitting display device according to another exemplary
embodiment of the present invention. Referring to F1G. 2B, a
flexible organic light emitting display device 200B includes a
flexible substrate 210B, a wire 220B, and a display unit 230B.
The flexible substrate 210B and the display unit 230B are
substantially identical to the flexible substrate 210A and the
display unit 230A shown in FIG. 2A, and thus repeated
description of the flexible substrate 210B and the display unit
230B is omitted for brevity.

[0124] A plurality of wires 220B are formed on the flexible
substrate 210B. Referring to FIG. 2B, parts of the plurality of
wires 220B positioned on a bending area of the flexible sub-
strate 210B are formed in an oblique direction. As described
above, when the bending area of the flexible substrate 210B
corresponds to the entire non-display area “NA” of the flex-
ible substrate 210B, parts of the plurality of wires 220B
positioned on the non-display area “NA” of the flexible sub-
strate 210B are formed in a slanted direction.

[0125] Referring againto FIG. 2A, the display unit 230A is
disposed on all or part of the display area “DA” of the flexible
substrate 210A.. The display unit 230A is an element config-
ured to actually display an image, and may also be referred to
as an image display unit or a display panel. The display unit
230A includes an organic light emitting diode 250A and a
thin film transistor 240A. The display unit 230A and the wires
220A will be described in further detail with reference to FIG.
2C.

[0126] FIG. 2C is a cross-sectional view of the flexible
organic light emitting display device according to one exem-
plary embodiment of the present invention, taken along line
He-IIc' of FIG. 2A.

[0127] A buffer layer 261A is formed on the flexible sub-
strate 210A. The buffer layer 261A may serve to prevent
penetration of moisture or impurities through the flexible
substrate 210A and planarize a surface of the flexible sub-
strate 210A. However, the buffer layer 261A is not an essen-
tially required configuration, and may be selected according
to the kind of the flexible substrate 210A or the kind of the thin
film transistor 240A used in the flexible organic light emitting
display device 200A. When the buffer layer 261 A is used as
shown in FIG. 2C, the buffer layer 261 A may be formed of a
silicon oxide film, a silicon nitride film, or a multilayer film
thereof.

[0128] The silicon oxide film and the silicon nitride film
constituting the buffer layer 261 A have poorer flexibility than
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a metal. Therefore, in the flexible organic light emitting dis-
play device according to another exemplary embodiment of
the present invention, the buffer layer 261A may be formed
only on the display area “DA” of the flexible substrate 210A
so as to ensure the flexibility of the non-display area “NA” of
the flexible substrate 210A. However, when the buffer layer
261A is formed only on the display area “DA” of the flexible
substrate 210A, and is not formed on the non-display area
“NA” of the flexible substrate 2104, the elements positioned
on an upper portion of the non-display area “NA” of the
flexible substrate 210A may be susceptible to moisture and
oxygen penetrating from a lower portion of the non-display
area “NA” of the flexible substrate 210A. Therefore, as shown
in FIG. 2C, the buffer layer 261A formed on the non-display
area “NA” of the flexible substrate 210 A may be thinner than
the buffer layer 261A formed on the display area “DA” of the
flexible substrate 210A. In this case, the buffer layers 261 A
may be formed on the display area “DA” and the non-display
area “NA” of the flexible substrate 210A to have the same
thickness, and the buffer layer 261A having a relatively
smaller thickness may then be formed by etching a part of the
bufferlayer 261A formed on the non-display area “NA” of the
flexible substrate 210A.

[0129] Also, the silicon oxide film constituting the buffer
layer 261 A has poorer flexibility than a metal, but exhibits
more excellent flexibility than the silicon nitride film. There-
fore, in the flexible organic light emitting display device
according to another exemplary embodiment of the present
invention, among the materials constituting the buffer layer
261A, only the silicon oxide film may be formed on the
non-display area “NA” of the flexible substrate 210A so as to
protect the elements positioned on an upper portion of the
non-display area “NA” of the flexible substrate 210A from
moisture and oxygen penetrating from a lower portion of the
non-display area “NA” of the flexible substrate 210A.

[0130] An active layer 241A is formed on the flexible sub-
strate 210A. When the buffer layer 261A is not formed, the
active layer 241A may be directly formed on the flexible
substrate 210A. The active layer 241 A may include a channel
region configured to form a channel, a source region, and a
drain region. Here, the source region and the drain region
come in contact with a source electrode 243A and a drain
electrode 244 A, respectively.

[0131] The active layer 241A may include an oxide semi-
conductor. As a constituent material of the oxide semicon-
ductor included in the active layer 241 A, a quaternary metal
oxide such as an indium tin gallium zinc oxide (InSnGaZnO)-
“based material, a ternary metal oxide such as an indium
gallium zinc oxide (InGaZnO)-based material, an indium tin
zine oxide (InSnZn0)-based material, an indium aluminum
zinc oxide (InAlZnO)-based material, an tin gallium zinc
oxide (SnGaZnQ)-based material, an aluminum gallium zinc
oxide (AlGaZnO)-based material, and a tin aluminum zinc
oxide (SnAlZn0O)-based material, or a binary metal oxide
such as an indium zinc oxide (InZnO)-based material, a tin
zine oxide (SnZn0)-based material, an aluminum zinc oxide
(AlZnO)-based material, a zinc magnesium oxide (ZnMgO)-
based material, a tin magnesium oxide (SnMgQO)-based mate-
rial, an indium magnesium oxide (InMgO)-based material, an
indium gallium oxide (InGaQ)-based material, an indium
oxide (InO)-based material, atin oxide (SnO)-based material,
and a zinc oxide (ZnO)-based material may be used. Compo-
sition ratios of elements included in the above-described
material of the oxide semiconductor are not particularly lim-
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ited and may be adjusted to a wide extent. For the sake of
convenience of description, the active layer 241A including
the oxide semiconductor has been described in this specifi-
cation, but the present invention is not limited thereto. For
example, the active layer 241A may include an amorphous
silicon or a polycrystalline silicon.

[0132] A gateinsulation layer 245A is formed on the active
layer 241A. The gate insulation layer 245A serves to insulate
the active layer 241A from a gate electrode 242A. The gate
insulation layer 245A may be formed of a silicon oxide film,
a silicon nitride film, or a multilayer film thereof, but the
present invention is not limited thereto. For example, the gate
insulation layer 245A may be formed of various materials.
The gate insulation layer 245A may be formed on an entire
front surface of the flexible substrate 210A including the
active layer 241A. However, the gate insulation layer 245A
may be formed only on the active layer 241A since the gate
insulation layer 245A serves only to insulate the active layer
241A from the gate electrode 242A. Also, the gate insulation
layer 245A may be formed on an entire front surface of the
flexible substrate 210A. Also, as shown in FIG. 2C, the gate
insulation layer 245 A may be formed only on the display area
“DA” of the flexible substrate 210A. In this case, the gate
insulation layer 245A may be formed to have a contact hole
configured to open a part of the active layer 241A, and the
contact hole may serve to open parts of source and drain
regions of the active layer 241A.

[0133] The silicon oxide film constituting the gate insula-
tion layer 245A has poorer flexibility than a metal, but exhib-
its more excellent flexibility than the silicon nitride film.
Therefore, in the flexible organic light emitting display device
according to still another exemplary embodiment of the
present invention, among the materials constituting the gate
insulation layer 245A, only the silicon oxide film may be
formed on the non-display area “NA” of the flexible substrate
210A so as to protect the elements positioned on an upper
portion of the non-display area “NA” of the flexible substrate
210A from moisture and oxygen penetrating from a lower
portion of the non-display area “NA” of the flexible substrate
210A.

[0134] The gate electrode 242A is formed on the gate insu-
lation layer 245A.. The gate electrode 242A overlaps at leasta
part of the active layer 241A, particularly, a channel region of
the active layer 241A. The gate electrode 242A may be
formed of at least one selected from the group consisting of
molybdenum (Mo), aluminum (Al), chromium (Cr), gold
(Au), titanium (T1), nickel (Ni), neodymium (Nd), copper
(Cu), and an alloy thereof, but the present invention is not
limited thereto. For example, the gate electrode 242A may be
formed of various materials. Also, the gate electrode 242A
may be composed of multiple layers formed of at least one
selected from the group consisting of molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Au), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), and an alloy
thereof.

[0135] An interlayer insulation film 246 A is formed on the
gate electrode 242A. The interlayer insulation film 246 A may
be formed of the same material as that of the gate insulation
layer 245A, and may be formed of a silicon oxide film, silicon
nitride film, or amultilayer film thereof, but the present inven-
tion is not limited thereto. For example, the interlayer insu-
lation film 246A may be formed of various materials. The
interlayer insulation film 246A may be formed to have a
contact hole configured to open a part of the active layer
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241A, and the contact hole may serve to open parts of source
and drain regions of the active layer 241A. The interlayer
insulation film 246 A may be formed only on the display area
“DA” of the flexible substrate 210 A as shown in FIG. 2C, but
may also be formed on both the display area “DA” and the
non-display area “NA” of the flexible substrate 210A like the
buffer layer 261A and the gate insulation layer 245A. Among
the materials constituting the interlayer insulation film 246 A,
only the material having excellent flexibility, such as a silicon
oxide film, may be formed on the non-display area “NA” of
the flexible substrate 210A.

[0136] The source electrode 243A and the drain electrode
244A are formed on the interlayer insulation film 246 A. The
source electrode 243A and the drain electrode 244 A may be
electrically connected respectively to the source and drain
regions of the active layer 241A through the contact hole
formed in the interlayer insulation film 246A and/or gate
insulation layer 245A. The source electrode 243A and the
drain electrode 244A may be formed of at least one selected
from the group consisting of molybdenum (Mo), aluminum
(Al), chromium (Cr), gold (Au), titanium (i), nickel (Ni),
neodymium (Nd), copper (Cu), and an alloy thereof, but the
present invention is not limited thereto. For example, the
source electrode 243A and the drain electrode 244 A may be
formed of various materials. Also, the source electrode 243 A
and the drain electrode 244 A may be composed of multiple
layers formed of at least one selected from the group consist-
ing of molybdenum (Mo), aluminum (Al), chromium (Cr),
gold (Au), titanium (Ti), nickel (Ni), neodymium (Nd), cop-
per (Cu), and an alloy thereof.

[0137] A passivation film 262A is formed on the source
electrode 243 A and the drain electrode 244 A. The passivation
film 262 A may be formed to have a contact hole configured to
expose the source electrode 243A or the drain electrode
244A. The passivation film 262A is a protective layer that
may be formed of the same material as that of the interlayer
insulation film 246 A and/or the gate insulation layer 245A,
and may be composed of a single layer or multiple layers
formed of at least one selected from the group consisting of a
silicon oxide film and a silicon nitride film, but the present
invention is not limited thereto. For example, the passivation
film 262A may be formed of various materials. FIG. 2C
shows that the flexible organic light emitting display device
200A includes the passivation film 262 A, but it is possible to
exclude the passivation film 262A since the passivation film
262A is not an essentially required configuration. The passi-
vation film 262A may be formed on both the display area
“DA” and the non-display area “NA” of the flexible substrate
210A as shown in FIG. 2C, and also be formed on the wires
220A to protect the wires 220A from the outside.

[0138] An overcoat layer 264A may be formed on the
source electrode 243A and the drain electrode 244A. The
overcoat layer 264A may also be referred to as a planarization
film. When the passivation film 262A is formed, the overcoat
layer 264 A may be formed on the passivation film 262A. The
overcoat layer 264A serves to planarize an upper surface of
the flexible substrate 210A. Also, the overcoat layer 264 A
may be formed to have a contact hole configured to expose the
source electrode 243 A or the drain electrode 244A. The over-
coat layer 264A may be formed of at least one material
selected from the group consisting of an acrylic resin, an
epoxy resin, a phenolic resin, a polyamide-based resin, a
polyimide-based resin, an unsaturated polyester-based resin,
a polyphenylene-based resin, a polyphenylenesulfide-based
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resin, and benzocyclobutene, but the present invention is not
limited thereto. For example, the overcoat layer 264 A may be
formed of various materials.

[0139] The thin film transistor 240A includes the active
layer 241A, the gate insulation layer 245A, the gate electrode
242A, the interlayer insulation film 246A, the source elec-
trode 243 A, and the drain electrode 244A, all of which are
formed as described above. The thin film transistor 240 A may
be formed on every pixel or sub-pixel region of the display
area “DA” of the flexible substrate 210A, and each pixel or
sub-pixel region may be independently driven. A configura-
tion of the thin film transistor 240A is not limited to the
exemplary embodiments as described above, and may be
widely modified and changed into the known configurations
which may be readily practiced by those skilled in the related
art.

[0140] The thin film transistor 240A may be formed on the
flexible substrate 210A to allow an organic light emitting
layer 254 A of the organic light emitting diode 250A to emit
light. In general, a switching thin film transistor and a driving
thin film transistor are used to allow the organic light emitting
layer 254A to emit light using image information of an input
data signal according to a scan signal.

[0141] The switching thin film transistor serves to send a
data signal from a data wire to a gate electrode of the driving
thin film transistor when a scan signal is applied from the gate
wire. The driving thin film transistor serves to send an electric
current, which is transmitted through a power wire by the data
signal received from the switching thin film transistor, to an
anode, and control light emission of the organic light emitting
layer of the corresponding pixels or sub-pixels by the electric
current transmitted to the anode.

[0142] The flexible organic light emitting display device
200A may further include a thin film transistor for compen-
sation circuits, which is designed to prevent abnormal driving
of the flexible organic light emitting display device 200A.
[0143] In this specification, among various thin film tran-
sistors that may be included in the flexible organic light
emitting display device 200A, only the driving thin film tran-
sistor 240A is shown for the sake of convenience of descrip-
tion.

[0144] Structures of the thin film transistor 240A may be
divided into an inverted-staggered structure and a coplanar
structure according to positions of the elements constituting
the thin film transistor 240A. The thin film transistor having
an inverted-staggered structure refers to a thin film transistor
having a structure in which a gate electrode is positioned
opposite to a source electrode and a drain electrode based on
an active layer, and the thin film transistor having a coplanar
structure refers to a thin film transistor having a structure in
which a gate electrode is positioned on the same plane as a
source electrode and a drain electrode based on an active
layer. In this specification, the thin film transistor 240A hav-
ing a coplanar structure is shown for the sake of convenience
of description, but the present invention is not limited thereto.
For example, the thin film transistor having an inverted-stag-
gered structure may also be used herein.

[0145] The organic light emitting diode 250 A including an
anode 251A, the organic light emitting layer 254A, and a
cathode 255A is formed on the flexible substrate 210A. The
organic light emitting diode 250A is driven to form an image
on a principle that holes provided in the anode 251A and
electrons provided in the cathode 255A are combined at the
organic light emitting layer 254A to emit light.
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[0146] The flexible organic light emitting display device
200A is an independent drive display device which is driven
per each sub-pixel region of the display area “DA”. There-
fore, the thin film transistor 240 A and the organic light emit-
ting diode 250A as described above may be disposed on each
sub-pixel region of the display area “DA” to allow thin film
transistor 240A disposed on each sub-pixel region to inde-
pendently drive the organic light emitting diode 250A.
[0147] The anode 251A is formed on the overcoat layer
264A. The anode 251 A may also be referred to as a positive
pole, a pixel electrode, or a first electrode. The anode 251 A
may be formed separately on each sub-pixel region of the
display area “DA”. The anode 251 A may be connected to the
source electrode 243 A of the thin film transistor 240A viathe
contact hole formed in the overcoat layer 264A. In this speci-
fication, under the assumption that the thin film transistor
240A is an N-type thin film transistor, it is described that the
anode 251A is connected to the source electrode 243A. How-
ever, when the thin film transistor 240A is a P-type thin film
transistor, the anode 251 A may also be connected to the drain
electrode 244A. The anode 251 A may come in direct contact
with the organic light emitting layer 254A, or may be in
contact and electrically connected to the organic light emit-
ting layer 254A with a conductive material positioned ther-
ebetween.

[0148] The anode 251A is formed of a conductive material
having a high work function since the anode 251A provides
holes. The anode 251 A may include a transparent conductive
layer 253 A having a high work function, and the transparent
conductive layer 253A may be formed of a transparent con-
ductive oxide (TCO), for example, indium tin oxide (ITO),
indium zine oxide (IZ0), indium tin zinc oxide (ITZO), zinc
oxide, or tin oxide,

[0149] Asshownin FIG. 2C, when the flexible organic light
emitting display device 200A is an organic light emitting
display device with a top emission mode, the anode 251A
includes a reflective layer 252 A formed under the transparent
conductive layer 253 A. The organic light emitting layer 254 A
emits light in all directions. However, in the case of the
organic light emitting display device with a top emission
mode, light emitted from the organic light emitting layer
254A should be radiated from an upper portion of the organic
light emitting display device. However, when the anode 251 A
is composed only of the transparent conductive layer 253 A as
described above, the light emitted from the organic light
emitting layer 254A toward the anode 251A is reflected
upward on the other elements positioned below the anode
251A, but may be lost as the light radiates downward to the
flexible substrate 210A. In this case, optical efficiency of the
organic light emitting display device may be lowered. There-
fore, the anode 251A may include a separate low-resistive
reflective layer 252 A so as to radiate the light emitted from the
organic light emitting layer 254A toward the anode 251A
from an upper portion of the organic light emitting display
device.

[0150] The reflective layer 252A may be formed of a con-
ductive layer having excellent reflexibility, for example, sil-
ver (Ag), nickel (Ni), gold (Au), platinum (Pt), aluminum
(Al), copper (Cu), or molybdenum/aluminum neodymium
(Mo/AINd). In this specification, it is defined that the anode
251A includes the transparent conductive layer 253 A and the
reflective layer 252A, but it may also be defined that the anode
251A is composed only of the transparent conductive layer
253 A and the reflective layer 252A has a separate configura-
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tion. In this specification, it is also described that the anode
251A is composed of a reflective metal layer and a transparent
conductive material having a high work function. However,
the anode 251A may be formed of a conductive material
having a high work function and exhibiting excellent reflex-
ibility.

[0151] Although not shown in FIG. 2C, when the flexible
organic light emitting display device 200A is an organic light
emitting display device with a bottom emission mode, the
anode 251 A may be formed of only a transparent conductive
material having a high work function, or may also be formed
of the transparent conductive material having a high work
function and a semi-transmissive metal layer positioned
under the transparent conductive material so as to embody
microcavities.

[0152] Among the transparent conductive layer 253A and
the reflective layer 252A, both of which constitute the anode
251A, the transparent conductive layer 253A may be electri-
cally connected to the source electrode 243A. Referring to
FIG. 2C, the reflective layer 252A is formed on the overcoat
layer 264 A, and a contact hole is formed in the overcoat layer
264A to electrically connect the transparent conductive layer
253A with the drain electrode 244A. For the sake of conve-
nience of description, FIG. 2C shows that the transparent
conductive layer 253A is electrically connected to the source
electrode 243A. However, the reflective layer 252A may be
electrically connected to the source electrode 243A via the
contact hole formed in the overcoat layer 264A, and the
transparent conductive layer 253A may be formed on the
reflective layer 252A to be electrically connected to the
source electrode 243 A through the reflective layer 252A.
[0153] Abank layer 265A is formed on the anode 251A and
the overcoat layer 264A. The bank layer 265A serves to
distinguish adjacent sub-pixel regions from each other so that
the bank layer 265A can be disposed between the adjacent
sub-pixel regions. Also, the bank layer 265A may be formed
to open a part of the anode 251A. The bank layer 265A may
be formed of an organic insulation material, for example, one
material selected from the group consisting of polyimide,
photoacryl, and benzocyclobutene (BCB). The bank layer
265A may be formed in a tapered shape. When the bank layer
265A is formed in a tapered shape, the bank layer 265A may
be formed using a positive-type photoresist. The bank layer
265A may be formed with a predetermined thickness so as to
distinguish the adjacent sub-pixel regions from each other.
[0154] As a method of displaying an image, the flexible
organic light emitting display device 200A uses a method of
forming an organic light emitting layer that autonomously
emits red, green, and blue lights on every sub-pixel region,
and a method of forming an organic light emitting layer
emitting a white light on all sub-pixel regions and simulta-
neously applying color filters. In the case of the organic light
emitting display device manufactured using the organic light
emitting layer autonomously emitting the red, green, and blue
lights from each of the sub-pixel regions, an organic light
emitting layer emitting one of red, green, and blue lights may
be formed on the anode formed on each of a red sub-pixel
region, a green sub-pixel region, and a blue sub-pixel region,
all of which are opened by the bank layer.

[0155]  Also, the organic light emitting layers formed on the
red sub-pixel region, the green sub-pixel region, and the blue
sub-pixel region may be separated. In the case of the organic
light emitting display device manufactured using the white
organic light emitting layer and the color filter, a white
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organic light emitting layer may be formed on the anode
formed on each of the red sub-pixel region, the green sub-
pixel region, and the blue sub-pixel region, all of which are
opened by the bank layer. The organic light emitting layers
formed on the red sub-pixel region, the green sub-pixel
region, and the blue sub-pixel region may be connected to or
separated from each other. For the sake of convenience of
description, the flexible organic light emitting display device
200A manufactured using the organic light emitting layer
254A autonomously emitting the red, green, and blue lights
from each of the sub-pixel regions is shown in FIG. 2C. It is
also shown that the organic light emitting layers 254 A of the
respective sub-pixel regions are not connected to each other,
but the present invention is not limited thereto.

[0156] The cathode 255A is formed on the organic light
emitting layer 254A. The cathode 255A may also be referred
to as a negative pole, a common electrode, or a second elec-
trode. The cathode 255A may be connected to a separate
voltage wire 220A to apply the same voltage to all the sub-
pixel regions of the display area “DA”.

[0157] Sincethe cathode 255A provides electrons, the cath-
ode 255A is formed of a material having high electric con-
ductivity and low work function, that is, a material for cath-
odes. Specific materials constituting the cathode 255A may
be differently selected according to an emission mode of the
organic light emitting display device.

[0158] Asshownin FIG. 2C, when the flexible organic light
emitting display device 200A is an organic light emitting
display device with a top emission mode, the cathode 255A
may be formed of a metallic material having a very small
thickness and a low work function. For example, when the
cathode 255A is formed of a metallic material having a low
work function, a metallic material such as silver (Ag), tita-
nium (Ti), aluminum (Al), molybdenum (Mo), or an alloy of
silver (Ag) with magnesium (Mg) may be formed into a thin
film having a thickness of several hundreds of A or less, for
example, 200 A or less 50 as to form the cathode 255A., In this
case, the cathode 255A becomes a substantially semi-trans-
missive layer and then is used as a substantially transparent
cathode. Although a material constituting the cathode 255A is
a metal which is opaque and has a high reflection coefficient,
the cathode 255A has such a thickness that the cathode 255A
can become transparent at a certain point of time as the
cathode 255A gets thinner to a thickness equal to or less than
apredetermined thickness (for example, 200 A). The cathode
255A having such a thickness may be referred to as a sub-
stantially transparent cathode. Also, carbon nanotube and
graphene coming into the spotlight as new materials may also
be used as the material for cathodes.

[0159] As a sealing member covering the organic light
emitting diode 250A, an encapsulation unit 270A is formed
on the organic light emitting diode 250A including the cath-
ode 255A.. The encapsulation unit 270A may serve to protect
internal elements, such as a thin film transistor 240A and an
organic light emitting diode 250A, of the flexible organic
light emitting display device 200A from moisture, air, and
impact provided from the outside. The encapsulation umt
270A may be formed on a display area “DA” of the flexible
organic light emitting display device 200A to protect the
internal elements of the flexible organic light emitting display
device 200A.

[0160] Theencapsulation unit 270A may have various con-
figurations according to a method of sealing the internal ele-
ments, such as a thin film transistor 240A and an organic light
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emitting diode 250A, of the flexible organic light emitting
display device 200A. For example, the method of sealing the
flexible organic light emitting display device 200A includes
methods such as metal can encapsulation, glass can encapsu-
lation, thin film encapsulation (TFE), and face sealing.
[0161] A pad portion 266A is formed on the flexible sub-
strate 210A. The pad portion 266A may be formed on the
display area “DA” of the flexible substrate 210A. For the sake
of convenience of description, FIG. 2C shows that the pad
portion 266A is formed on the gate insulation layer 245A in
the display area “DA” of the flexible substrate 2104, but the
present invention is not limited thereto. For example, the pad
portion 266 A may be formed on the flexible substrate 210A or
the buffer layer 261A.

[0162] The pad portion 266A shown in FIG. 2C is config-
ured to connect a gate wire with a gate driver IC configured to
apply a gate signal to the gate wire, and is formed on the same
plane as the gate electrode 242A and made of the same mate-
rial as that of the gate electrode 242A. In some exemplary
embodiments, when the pad portion 266A is configured to
connect the data wire with the data driver IC configured to
apply the data signal to the data wire, the pad portion 266 A
may be formed on the same plane as the source electrode
243A and the drain electrode 244A and made of the same
material as that of the source electrode 243A and the drain
electrode 244A.

[0163] The wires 220A may electrically connect the pad
portion 266A formed on the display area “DA” of the flexible
substrate 210A with a drive circuit unit, a gate driver IC, or a
data driver IC to send a signal. The wires 220A are formed of
the same material as that of one of the gate electrode 242A,
the source electrode 243A, the drain electrode 244A, the
reflective layer 252A, and the cathode 255A. FIG. 2C shows
that the wires 220A are formed of the same material as that of
the source electrode 243A and the drain electrode 244A.
However, the wires 220A may be formed of the same material
as that of the gate electrode 242A, and also be integrally
formed on the same plane as the pad portion 266A.

[0164] Although FIG. 2C illustrates that a wire 220A is
formed of a single conductive material, the wire 220A may be
formed in a multi-layer structure including various conduc-
tive materials. For example, the wire 220A may be formed in
a three-layer structure of titanium (Ti)/aluminum (Al)/tita-
nium (Ti). Further, in FIG. 2C, since the wire 220A is formed
of the same material as a source electrode 243 A and a drain
electrode 244A, each of the source electrode 243A and the
drain electrode 244A may also be formed in a three-layer
structure of Ti/AUTi.

[0165] In some embodiments, the wire 220A may be
formed in a four-layer structure in which Al/Ti/Al/Ti are
sequentially stacked from a top of the wire 220A to further
increase ductility of the wire 220A. Young’s modulus is a
value indicating ductility of a material, and is referred to as
elasticity. As Young’s modulus of an arbitrary material is
increased, the material may be brittle. When Ti and Al are
used as a configuration material of the wire 2204, since
Young’s modulus of Ti is larger than that of Al, the ductility of
the wire 220A may be more improved when Al is located in
the outermost layer of the wire 220A than when Ti is located
in the outermost layer of the wire 220A. Therefore, to further
increase the ductility of the wire 220, the wire 220A may be
formed in a four-layer structure in which Al/Ti/Al/Ti may be
sequentially stacked from a top of the wire 220A. Further, in
FIG. 2C, since the wire 220A is formed of the same material
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as the source electrode 243 A and the drain electrode 244A,
each of the source electrode 243A and the drain electrode
244 A may be formed in a four-layer structure of AVTi/AVTi.
[0166] In some embodiments, to further increase the duc-
tility of the wire 220A, copper (Cu) may be disposed in at
least one side of the top and bottom of Al in the three-layer
structure of Ti/Al/Ti. Specifically, the wire 220A may be
formed in a five-layer structure of Ti/Cu/Al/Cu/Ti, or in a
four-layer structure of Ti/Cu/Al/Ti/ or TI/AI/Cw/Ti. Cu is a
material having low Young’s modulus, and significantly good
ductility, and thus Cu may be disposed in at least one side of
the top and bottom of Al to further increase ductility of the
wire 220A. Further, in FIG. 2C, the wire 220A may be formed
of the same material as the source electrode 243A and the
drain electrode 244A.

[0167] Insome embodiments, when the wire 220A is open
in bending to prevent defusion with external environments, Ti
located in the uppermost layer of the wire 220A having the
thee-layer structure of Ti/Al/Ti may be replaced with titanium
nitride (TiNx). Further, in FIG. 2C, since the wire 220A may
be formed of the same material as the source electrode 243 A
and the drain electrode 244A, each of the source electrode
243A and the drain electrode 244A may be formed in a
three-layer structure of TiNx/Al/Ti. At this time, the TiNx
located in the uppermost layer may function as a passivation
layer, and thus formation of a separate passivation layer may
be omitted.

[0168] FIG. 2C shows that the flexible organic light emit-
ting display device 200A is an organic light emitting display
device with a top emission mode. However, when the flexible
organic light emitting display device 200A is an organic light
emitting display device with a bottom emission mode, the
wires 220 A may be formed of the same material as that of one
of the gate electrode 242A, the source electrode 243 A, the
drain electrode 244 A, the semi-transmissive metal layer, and
the cathode 255A.

[0169] FIG. 2D is a cross-sectional view of the flexible
organic light emitting display device according to still
another exemplary embodiment of the present invention.
Referring to FIG. 2D, awire 220D may be formed of the same
material as that of one of a gate electrode 242D, a source
electrode 243D, a drain electrode 244D, a reflective layer
252D, and a cathode 255D. FIG. 2D shows that the wire 220D
is formed of the same material as that of the reflective layer
252D. In general, a metal material used for the reflective layer
may have excellent flexibility, compared with a metal mate-
rial used for the gate electrode, the source electrode, the drain
electrode, and the cathode. Therefore, in the flexible organic
light emitting display device 200D according to still another
exemplary embodiment of the present invention, the wire
220D may be formed of the same material as that of the
reflective layer 252D to ensure flexibility of the flexible
organic light emitting display device 200D, thereby reducing
a risk of breaking the wire 220D. When the wire 220D is
formed of the same material as that of the reflective layer
252D as shown in FIG. 2D, a bank layer 265D may be formed
on the wire 220D to protect the wire 220D formed on a
non-display area “NA” of a flexible substrate 210D.

[0170] FIG. 2E is a cross-sectional view of the flexible
organic light emitting display device according to still
another exemplary embodiment of the present invention.
Referring to FIG. 2E, a metal layer 267E may be formed
between a source electrode 243E and an anode 251E. The
metal layer 267E may be formed of a conductive material
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having excellent flexibility. The metal layer 267E may be
formed between the source electrode 243E and the anode
251E, and come in contact with the source electrode 243E and
the anode 251F to provide electrical connection between the
source electrode 243F and the anode 251F. As the metal layer
267E is further formed, a flexible organic light emitting dis-
play device 200F includes a first passivation film 262F and a
second passivation film 263E.

[0171] A wire 220E may be formed of the same material as
that of the metal layer 267E. In the case of a gate electrode
242K, a source electrode 243E, and a drain electrode 244E
used in a thin film transistor 240E, and a reflective layer 252F,
a semi-transmissive metal layer, and cathode 255E used in an
organic light emitting diode 250E, since functions of the
corresponding configuration should be executed at the thin
film transistor 240F or the organic light emitting diode 250E,
a constituent material is restrictedly selected, and the other
factors including flexibility should be considered to select the
constituent material. Accordingly, in the flexible organic light
emitting display device 200 according to still another exem-
plary embodiment of the present invention, the metal layer
267E made of a conductive material having excellent flex-
ibility may be separately formed, and the wire 220E formed
of the same material as that of the metal layer 267E may be
used to reduce a risk of breaking the wire 220E. As the wire
220FE is formed of the same material as that of the additional
metal layer 267E, the second passivation film 263E may be
formed on the wire 220F at the non-display area “NA” of the
flexible substrate 210F.

[0172] Since a case in which the thin film transistor 240E is
an N-type thin film transistor is shown in FIG. 2, it is noted
that the metal layer 267F is formed between the source elec-
trode 243E and the anode 251E. However, when the thin film
transistor 240F is a P-type thin film transistor, the metal layer
267E may be formed between the drain electrode 244E and
the anode 251E.

[0173] FIG.2F is an exploded diagram of a flexible organic
light emitting display device according to still another exem-
plary embodiment of the present invention. FIG. 2F is a planar
exploded diagram of a bending area of a flexible substrate
210F.

[0174] Referring to FIG. 2F, a conductive line 220F formed
to contact with at least some portions of wires 226F posi-
tioned on a curved portion of the flexible substrate 210F. In a
flexible organic light emitting display device 200F according
to another exemplary embodiment of the present invention,
the conductive line 220F coming in contact with the wires
226F may be used together with the wires 220F, some of
which are formed transversal to the bending direction, to send
the same signal through the wires 220F and the conductive
line 226F. In this case, even when one of the wires 226F and
the conductive line 220F is broken, a signal may be sent
through the other.

[0175] The conductive line 220F may be formed to extend
in various directions. The conductive line 220F may be
formed to extend in a bending direction, as shown in F1G. 2F.
However, the conductive line 220F may also be formed trans-
versal to the bending direction, and formed in other various
shapes. When the conductive line 220F is formed to extend in
a direction different from the bending direction, the effect of
the tensile force caused by the bending of the substrate and the
strain of the conductive line 220F may be reduced so as to
minimize the risk of breaking the conductive line 220F.

Mar. 17, 2016

[0176] The conductive line 220F may be formed of the
same material as the conductive material included in the
display unit 230F formed on the flexible substrate 210F. For
example, the conductive line 220F may be formed of the same
material as that of one of the gate electrode 242F, the source
electrode 243F, the drain electrode 244F, the reflective layer
252F, and the semi-transmissive layer.

[0177] For the sake of convenience of description, FIG. 2F
shows that the wire 226F is directly formed on the conductive
line 220F, but the present invention is not limited thereto. For
example, the wire 226F may be formed after an insulation
layer is formed on the conductive line 220F and a contact hole
is formed in the insulation layer. In this case, the wire 226F
may come in contact with the conductive line 220F through
the contact hole formed in the insulation layer.

[0178] FIG.2Gisan exploded diagram of an area X of FIG.
2C according to yet another exemplary embodiment of the
present invention.

[0179] Referring to FIG. 2G, crack prevention layers 280G
may be disposed on the top and bottom surfaces of a wire
220G. More particularly, the crack prevention layers 280G
may be disposed between the wire 220G and a substrate or an
insulation layer formed under the wire 220G at a non-display
area “NA” of a flexible substrate 210G, and between the wire
220G and the insulation layer formed on the wire 220G at the
non-display area “NA” of the flexible substrate 210G. For the
sake of convenience of description, FIG. 2G shows that a
buffer layer 261G is formed as the insulation layer between
the wire 220G and the flexible substrate 210G and a passiva-
tion film 262G is formed on a top surface of the wire 220G,
but the present invention is not limited thereto. For example,
various insulation layers may be formed. FIG. 2G shows that
the crack prevention layers 280G are disposed on both the top
and bottom surfaces of the wire 220G, but the present inven-
tion is not limited thereto. For example, the crack prevention
layer 280G may be formed on one of the top and bottom
surfaces of the wire 220G.

[0180] The crack prevention layer 280G may include a
crack preventing material 281G such as a porous material or
nanoparticles. The crack prevention layer 280G may have an
interlayer structure in which the porous material or nanopat-
ticles are dispersed in a packing layer made of an insulation
material. Here, when the crack prevention layer 280G is
formed with an interlayer structure including a porous mate-
rial, the crack prevention layer 280G may be formed with an
interlayer structure including a silica gel. On the other hand,
when the crack prevention layer 280G is formed with an
interlayer structure in which nanoparticles are dispersed, the
crack prevention layer 280G may be formed with an inter-
layer structure including various nanoparticles such as silver
(Ag). FIG. 2G shows that the crack prevention layer 280G is
formed with an interlayer structure in which the porous mate-
rial or nanoparticles are dispersed in the packing layer made
of the insulation material. However, the crack prevention
layer 280G may include only the nanoparticles, and may be
formed with a structure in which the nanoparticles are dis-
persed between the wire 220G and the insulation layer.
[0181] Whenanon-display area of the flexible organic light
emitting display device is bent, more cracks are caused at the
other elements formed on upper and lower portion of the wire
formed of the insulation material, compared with the wire
formed of a metal. As a result, the wires may be cracked.
Accordingly, in a flexible organic light emitting display
device 200G according to still another exemplary embodi-
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ment of the present invention, the crack prevention layer
280G including the porous material or nanoparticles may be
disposed on the top surface and/or the bottom surface of the
wire 220G to allow the crack prevention layer 280G to absorb
stress transferred from an upper or lower portion of the crack
prevention layer 280G. Also, when the elements positioned
on or under the crack prevention layer 280G are cracked, a
crack direction is changed to other directions other than a
direction perpendicular to the wire 220G to prevent the wire
220G from being cracked by cracks caused at the elements.
[0182] FIG.2His a top view showing an unbent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
Referring to FIG. 2H, a flexible organic light emitting display
device 200H includes a flexible substrate 210H, a wire 220H,
aseparation layer 268H, and a display unit 230H. The flexible
substrate 210H and the display unit 230H are substantially
identical to the flexible substrate 210A and the display umt
230A shown in FIG. 2A, and thus repeated description of the
flexible substrate 210H and the display unit 230H is omitted
for brevity.

[0183] A plurality of wires 220H are formed on the flexible
substrate 210H. When at least parts of the plurality of wires
220H are formed in an oblique direction and a bending area of
the flexible substrate 210H corresponds to the entire non-
display area “NA” of the flexible substrate 210H, the plurality
of wires 220H formed on the non-display area “NA” of the
flexible substrate 210H are formed in an oblique direction.
Among the plurality of wires 220H positioned on the non-
display area “NA” of the flexible substrate 210H, a first group
of wires 220H may be formed in a first oblique direction, and
a second group of wires 220H may be formed in a second
oblique direction. Referring to FIG. 2H, the four wires 220H
among the plurality of wires 220H positioned on the non-
display area “NA” may be formed in a first oblique direction
in which the four wires 220H are directed downward the
flexible substrate 210H as shown in FIG. 2H, and the four
wires 220H among the plurality of wires 220H positioned
under the non-display area “NA” may be formed in a second
slanted direction in which the four wires 220H are directed
upward the flexible substrate 210H as shown in FIG. 2H.
[0184] In the flexible organic light emitting display device
200H according to still another exemplary embodiment of the
present invention, the first group of wires 220H among the
plurality of wires 220H is formed in a first oblique direction,
and the second group of wires 220H among the plurality of
wires 220H is formed in a second slanted direction, so that the
wires 220H cannot extend toward a certain direction. There-
fore, it is possible to facilitate connection between the wires
220H and the gate driver IC or the data driver IC and design
the wires 220H more easily in the flexible organic light emit-
ting display device 200H. For the sake of convenience of
description, FIG. 2H shows that the first group of wires 220H
are formed on the non-display area “NA” of the flexible
substrate 210H, the second group of wires 220H are formed
under the non-display area “NA” of the flexible substrate
210H, and the number of the wires 220H in each group is
restricted to four (4), but the present invention is not limited
thereto.

[0185] The same signal or different signals may be applied
to a plurality of wires 220H. The same signal or different
signals may be applied to first group wires 220H, and the
same signal or different signals may be applied to second
group wires 220H. That is, although the same numeral is
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assigned to the plurality of wires 220H, it is merely described
that their own characteristics such as a configuration material
or a formation location are the same, but it does not mean that
the same signal is applied to all the plurality of wires 220H to
transmit the same signal.

[0186] Referring to FIG. 2H, among the plurality of wires
220H, the first group of wire 220Hs may be crossed with the
second group of wires 220H, as viewed from the top view.
However, since the first group of wires 220H and the second
group of wires 220H each independently transfer a signal, the
first group of wires 220H should not be in contact with the
second group of wires 220H. Therefore, in the flexible
organic light emitting display device 200H according to yet
another exemplary embodiment of the present invention, a
separation layer 268H may be formed between the first group
of wires 220H and the second group of wires 220H to insulate
the first group of wires 220H from the second group of wires
220H. FIG. 2H shows that the wires 220H formed under the
separation layer 268H among the wires 220H are indicated by
dotted line, and the wires 220H formed on the separation
layer 268H among the wires 220H are indicated by solid line.
[0187] FIG. 21is atop view showing an unbent state of the
flexible organic light emitting display device according to yet
another exemplary embodiment of the present invention.
Referring to FIG. 2I, a flexible organic light emitting device
200 includes a flexible substrate 2101, a wire 2201, a separa-
tion layer 2681, and a display 2301. The flexible substrate
2101, the separation layer 2681, and the display 2301 are
substantially the same as the flexible substrate 210H, the
separate layer 268H, and the display 230H of FIG. 2H, and
thus repeated description thereof will be omitted.

[0188] A plurality of wires 220 may be formed on the
flexible substrate 2101. Referring to FIG. 21, the plurality of
wires 2201 may be formed in various shapes including a
triangular wave shape in anon-display area NA of the flexible
substrate 2101 The plurality of wires 2201 may be formed in
a triangular wave shape including a portion extending to an
oblique direction or in a repeated triangular wave shape as
illustrated in FIG. 2I. For convenience of description,
although FIG. 2l illustrates that the plurality of wires 2201 are
formed in a triangular wave shape, this is not limited thereto,
and the plurality of pads 2201 may be formed in various
shapes such as a sawtooth wave shape, a square wave shape,
a sinusoidal wave shape, an omega () shape, or a diamond
shape.

[0189] The wires 2201 includes first group wires 2201
formed on the separation layer 2681, and second group wires
2201 formed below the separation layer 2681. In FIG. 2I, the
first group wires 2201 are indicated as a solid line, and the
second group wires 2201 are indicated as a dotted line. The
first group wires 2201 and the second group wires 2201 are
alternately disposed in the non-display area NA of the flexible
substrate 2101. The first group wires 2201 and the second
group wires 2201 are electrically insulated by the separation
layer 2681, and the first group wires 2201 and formed so that
triangular wave shapes of the first group wires 2201 and
triangular wave shapes of the second group wires 2201 cross
each other. Since the triangular wave shapes of the first group
wires 2201 and the triangular wave shapes of the second group
wires 2201 are formed to cross each other, a pitch between the
wires 2201 may be minimized, and high resolution of the
flexible organic light emitting device 2001 may be realized.
[0190] The same signal or different signals may be applied
to the plurality of wires 2201. The same signal or different
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signals may be applied to the first group wires 2201, and the
same signal or different signals may be applied to the second
group wires 2201. That is, although the same numeral is
assigned to the plurality of wires 2201, it is merely described
that their own characteristics such as a configuration material
or a formation location are the same, but it does not mean that
the same signal is applied to all the plurality of wires 2201 to
transmit the same signal.

[0191] FIG. 2] is a top view showing an unbent state of the
flexible organic light emitting display device according to yet
another exemplary embodiment of the present invention.
Referring to FIG. 2], a flexible organic light emitting display
device 2001 includes a flexible substrate 210J, a wire 2201,
and a display unit 230]. The flexible substrate 210] and the
display unit 230J are substantially identical to the flexible
substrate 210A and the display unit 230A shown in FIG. 24,
and thus repeated description of the flexible substrate 210]
and the display unit 230] is omitted for brevity.

[0192] A plurality of wires 2207 are formed on the flexible
substrate 210J. When at least parts of the plurality of wires
220] are formed in a slanted direction and a bending area of
the flexible substrate 210J corresponds to the entire non-
display area “NA” of the flexible substrate 210], the plurality
of wires 220J positioned on the non-display area “NA” of the
flexible substrate 210J are formed in an slanted direction.
[0193] Referring to FIG. 2], the plurality of wires 220] may
be formed in various shapes such as a chopping wave shape at
the non-display area “NA” of the flexible substrate 210J. The
plurality of wires 220] may be formed in a chopping wave
shape. which has a portion extending in aslanted direction. As
shown in FIG. 27, the plurality of wires 220] may be formed
in a series of chopping wave shapes. For the sake of conve-
nience of description, FIG. 2J shows that the plurality of wires
220] are formed in a chopping wave shape, but the present
invention is not limited thereto. For example, the plurality of
wires 220J may be formed in various shapes such as a saw-
tooth wave shape, a square wave shape, a sine wave shape, an
omega (£2) shape, and a lozenge shape.

[0194] Among the plurality of wires 220] formed on the
non-display area “NA” of the flexible substrate 2101J, the first
group of wires 220] and the second group of wires 220J may
be formed so that the first group of wires 220] can be sym-
metrical to the second group of wires 220J. Referring to FIG.
2], the four wires 220] among the plurality of wires 220J]
positioned on the non-display area “NA” may be formed in a
first slanted direction in which the four wires 220] are
directed upward the flexible substrate 210J from the boundary
between the display area “DA” and the non-display area
“NA” of the flexible substrate 210J as shown in FIG. 2], and
the four wires 220] among the plurality of wires 220] posi-
tioned under the non-display area “NA” may be formed in a
second oblique direction in which the four wires 220] are
directed downward the flexible substrate 210J from the
boundary between the display area “DA” and non-display
area “NA” of the flexible substrate 210J as shown in FIG. 2].
Therefore, the chopping wave shape in which the four wires
220J among the plurality of wires 220 positioned under the
non-display area “NA” are formed may be inverted, or sym-
metrical to the chopping wave shape in which the four wires
220] among the plurality of wires 220] positioned on the
non-display area “NA” are formed. For the sake of conve-
nience of description, FIG. 2] shows that the first group of
wires 220J are formed on the non-display area “NA” of the
flexible substrate 210], the second group of wires 220] are
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formed under the non-display area “NA” of the flexible sub-
strate 210J, and the number of the wires 220J in each group is
restricted to four (4), but the present invention is not limited
thereto.

[0195] FIG. 3A is a top view showing an unbent state of the
flexible organic light emitting display device according to
another exemplary embodiment of the present invention.
FIG. 3B is a cross-sectional view of the flexible organic light
emitting display device, taken along line IITb-IIIb' shown in
FIG. 3A. FIG. 3C is a cross-sectional view showing a bent
state of the flexible organic light emitting display device
according to still another exemplary embodiment of the
present invention, taken along line Illc-IIlc' shown in FIG.
3A. Referring to FIGS. 3A to 3C, a flexible organic light
emitting display device 300A includes a flexible substrate
310A, a wire 320A, and a display unit 330A. The display umt
330A is substantially identical to the display units 2304,
230D, 230E, and 230H shown in FIGS. 2A to 2H, and thus
repeated description of the display unit 330A is omitted for
brevity.

[0196] Theflexible substrate 310A is asubstrate configured
to support various elements of the flexible organic light emit-
ting display device 300A. Here, the flexible substrate 310A is
endowed with flexibility. The flexible substrate 310A
includes a display area “DA” and a bending area “BA” that is
a non-display area. The display area “DA” of the flexible
substrate 310A refers to an area on which an image is actually
displayed, and the bending area “BA” ofthe flexible substrate
310A refers to an area on which no image is displayed and is
actually bent.

[0197] The bending area “BA” of the flexible substrate
310A is an area extending from the display area “DA” of the
flexible substrate 310A. The bending area “BA” of the flex-
ible substrate 310 A extends from one side of the display area
“DA” of the flexible substrate 310A. For example, the display
area “DA” of the flexible substrate 310A may be formed in a
polygonal shape, and the bending area “BA” of the flexible
substrate 310A may extend from one side of the display area
“DA” of the flexible substrate 310A. For the sake of conve-
nience of description, FIG. 3A shows that the bending area
“BA” of the flexible substrate 310A extends from one side of
the display area “DA” of the flexible substrate 310A, but the
present invention is not limited thereto. For example, the
bending area “BA” of the flexible substrate 310A may extend
from a plurality of sides of the display area “DA” of the
flexible substrate 310A.

[0198] Since the bending area “BA” of the flexible sub-
strate 310A is positioned on a peripheral or edge portion of
the display area “DA” of the flexible substrate 310A and
various circuits for displaying an image are disposed on the
bending area “BA” of the flexible substrate 310 A, the bending
area “BA” of'the flexible substrate 310A may also be referred
to as a peripheral area, a peripheral circuit area, an edge area,
or a bezel area.

[0199] The wire 320A is formed on the flexible substrate
310A. The wire 320A may electrically connect the display
unit 330A formed on the display area “DA” of the flexible
substrate 310A with a drive circuit unit, a gate driver IC, or a
data driver IC, which may be formed on the bending area
“BA” of the flexible substrate 310A, to send a signal. The wire
320A may be formed of the same material as one of the
conductive materials constituting the display unit 330A.
Since the wire 320A includes a portion extending from the
bending area “BA” in a direction different from a bending
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direction, the wire 320A may be formed in various shapes as
described above. For the sake of convenience of description,
FIG. 3A shows that the wire 320A is formed in a trapezoidal
wave shape. However, the wire 320A may be formed in vari-
ous shapes such as a chopping wave shape, a sawtooth wave
shape. a square wave shape, a sine wave shape, an omega (€2)
shape, and a lozenge shape, and may also be formed in an
oblique shape.

[0200] Alength L1 of the wire 320A formed on the bending
area “BA” is greater than a width W1 of the bending area
“BA”. Thelength L1 of the wire 320A formed on the bending
area “BA” refers to a length of the wire 320A as measured in
an extension direction of the wire 320A, and the width W1 of
the bending area “BA” refers to a width of the bending area
“BA” in a bending direction. Therefore, referring to FIGS. 3A
to 3C, since the bending area “BA” of the flexible substrate
310A is bent in a horizontal direction of the flexible substrate
310A, the width W1 of the bending area “BA” refers to a
width of the bending area “BA” in a horizontal direction, and
the length L1 of the wire 320A formed on the bending area
“BA” refers to a length of the wire 320A as measured in an
extension direction of the wire 320A, that is, a length of the
wire 320A formed on the bending area “BA” in the cross-
sectional view of the flexible organic light emitting display
device 300A shown in FIG. 3B. In the flexible organic light
emitting display device 300 A according to another exemplary
embodiment of the present invention, a length L1 of the wire
320A formed on the bending area “BA” is greater than a width
W1 of the bending area “BA”. That is, since the wire 320A
formed on the bending area “BA” includes a portion extend-
ing in a direction different from a bending direction, the
length L1 of the wire 320A formed on the bending area “BA”
is greater than the width W1 of the bending area “BA”. As a
result, a tensile force applied to the wire 320A formed on the
bending area “BA” may be lowered to reduce a risk of break-
ing the wire 320A.

[0201] A width of the bending area “BA” of the flexible
substrate 310A is proportional to a bending radius of curva-
ture. The relationship between the width of the bending area
“BA” and the bending radius of curvature will be described in
further detail with reference to FIGS. 3D and 3E.

[0202] FIG.3Disatop view showing an unbent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
FIG. 3E is a cross-sectional view showing a bent state of the
flexible organic light emitting display device according to
still another exemplary embodiment of the present invention.
[0203] Referring to FIGS. 3D and 3E, a width W2 of a
bending area “BA” of a flexible substrate 310D is greater than
the width W1 of the bending area “BA” of the flexible sub-
strate 310D shown in FIGS. 3A to 3C. As aresult, the flexible
substrate 310D, a wire 320D, and a display unit 330D are
substantially identical to the flexible substrate 310A, the wire
320A, and the display unit 330A shown in FIGS. 3A 10 3C,
except that the wire 320D has a greater length, and thus
repeated description of the flexible substrate 310D, the wire
320D, and the display unit 330D is omitted for brevity.
[0204] The widths of the bending areas “BA” of the flexible
substrates 310A and 310D are proportional to the bending
radius of curvature. In this specification, the term “bending
radius of curvature” refers to an outer radius spanning from
the center of a circle to each of the outermost elements of the
flexible organic light emitting display devices 300A and
300D when the flexible organic light emitting display devices
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300A and 300D are bent along a circular shape. Referring to
FIG. 3C, for example, a bending radius of curvature R1 of the
flexible organic light emitting display device 300A shown in
FIG. 3Crefers to a distance between the center of a circle and
the outermost portion of the wire 320A at the bending area
“BA”. Referring to FIG. 3E, a bending radius of curvature R2
of the flexible organic light emitting display device 300D
shown in FIG. 3E refers to a distance between the center of a
circle and the outermost portion of the wire 320D at the
bending area “BA”.

[0205] Since the bending radius of curvature refers to the
distances between the center of the circle and the outermost
portions of the wires 320A and 320D at the bending area
“BA”, an arc portion of the bending area “BA” increases in
arc length with an increase in bending radius of curvature. As
a result, the bending area “BA” corresponding to the arc
portion of the bending area “BA” also increases in width.
Also, since the arc portion of the bending area “BA”
decreases in arc length with a decrease in bending radius of
curvature, the bending area “BA” corresponding to the arc
portion of the bending area “BA” also decreases in width.
Therefore, since the bending radius of curvature R1 of the
flexible organic light emitting display device 300A shown in
FIGS. 3A to 3C is smaller than the bending radius of curva-
ture R2 of the flexible organic light emitting display device
300D shown in FIGS. 3D and 3E, the width W1 of the bend-
ing area “BA” of the flexible substrate 310A in the flexible
organic light emitting display device 300A shown in FIGS.
3Ato3Cisalso smaller than the width W2 of the bending area
“BA” of the flexible substrate 310D in the flexible organic
light emitting display device 300D shown in FIGS. 3D and
3E.

[0206] FIG. 3F is a cross-sectional view showing a bent
state of the flexible organic light emitting display device
according to yet another exemplary embodiment of the
present invention. Referring to FIG. 3F, a flexible organic
light emitting display device 300F include a support film
390F, a flexible substrate 310F, a wire 320F, and a display unit
330F. The flexible substrate 310F, the wire 320F, and the
display unit 330F are substantially identical to the flexible
substrate 310A, the wire 320A, and the display unit 330A
shown in FIGS. 3A to 3C, and thus repeated description of the
flexible substrate 310F, the wire 320F, and the display unit
330F is omitted for brevity.

[0207] The support film 390F is disposed to come in con-
tact with the flexible substrate 310F. When it is assumed that
one surface of the flexible substrate 310F on which the dis-
play unit 330F is disposed is a top or front surface of the
flexible substrate 310F, one surface of the flexible substrate
310F with which the support film 390F comes in contact may
be referred to as a bottom or rear surface of the flexible
substrate 310F. Accordingly, the support film 390F may be
referred to as a support substrate, a back film, a rear film, a
second flexible substrate, or a protective film.

[0208] The support film 390F serves to support the flexible
substrate 310F. As described above, the flexible substrate
310F is in the form of a flexible plastic thin film. However,
when the flexible substrate 310F is formed of a plastic film,
the flexible substrate 310F is vulnerable to penetration of
moisture and air from the outside. As a result, there is a
possibility of the elements including the display unit 330F
formed on the flexible substrate 310F becoming damaged.
Therefore, in the flexible organic light emitting display device
300F according to still another exemplary embodiment of the



US 2016/0079336 A1l

present invention, the support film 390F may be disposed on
a rear surface of the flexible substrate 310F to minimize
damage of the elements including the display unit 330F
caused by penetration of moisture and air from the outside.
The support film 390F may be formed of substantially the
same material as that of the flexible substrate 310F, but may
have a relatively greater thickness than the flexible substrate
310F. The support film 390F may be formed in a shape and
size corresponding to those of the flexible substrate 310F.

[0209] FIG. 4 is a flowchart illustrating a method of manu-
facturing a flexible organic light emitting display device
according to one exemplary embodiment of the present inven-
tion. First, a flexible substrate including a display area and a
non-display area extending from the display area is prepared
(S40). Preparation of the flexible substrate is substantially
identical to preparation of the flexible substrate shown in
FIGS. 1A to 3F, and thus repeated description of the prepa-
ration of the flexible substrate is omitted for brevity.

[0210] Next, a display unit including an organic light emit-
ting diode and a thin film transistor is formed on the display
area of the flexible substrate (S41). Formation of the display
unit is substantially identical to formation of the display unit
shown in FIGS. 1A to 3H, and thus repeated descriptionof the
formation of the display unit is omitted for brevity.

[0211] Insomeexemplary embodiments, the forming of the
display unit may include forming a first wire on the display
area of the flexible substrate, and forming a second wire,
which is electrically connected to the first wire, on the non-
display area of the flexible substrate. Since the first and sec-
ond wires are formed of the same material as one of the
conductive materials used to form the display unit, the first
and second wires may be formed together with a process of
forming a display unit. In some exemplary embodiments, the
forming of the second wire may include forming a second
wire, which includes a first portion extending in a first direc-
tion and a second portion extending in a second direction, on
at least a part of the non-display area of the flexible substrate.
Here, the second wire formed on at least a part of the non-
display area of the flexible substrate may include a wire
portion formed in at least one shape selected from the group
consisting of a chopping wave shape, a sawtooth wave shape,
a square wave shape, a sine wave shape, an omega () shape,
a trapezoidal wave shape, and a lozenge shape, and also
include a wire portion formed in an oblique direction. Sub-
sequently, at least a part of the non-display area of the flexible
substrate is curved in a bending direction (S42).

[0212] According to the present invention, a flexible dis-
play substrate and a flexible organic light emitting display
device capable of minimizing breaking of wires caused by
stress concentrating on a bending portion, and a method of
manufacturing the same can be provided.

[0213] According to the present invention, a flexible dis-
play substrate and a flexible organic light emitting display
device capable of ensuring high flexibility and simplifying a
process as the same metal as a metal included in a display unit
is used for wires, and a method of manufacturing the same can
be provided.

[0214] According to the present invention, a flexible dis-
play substrate and a flexible organic light emitting display
device capable of minimizing transfer of breaking of wires
caused at a portion having low flexibility to other portions,
and a method of manufacturing the same can also be pro-
vided.
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[0215] The above-described effects according to the
present invention are not intended to limit the contents used
herein, and further effects may be encompassed in this speci-
fication.

[0216] Tt will be apparent to those skilled in the art that
various modifications can be made to the above-described
exemplary embodiments of the present invention without
departing from the scope of the invention. Thus, it is intended
that the present invention covers all such modifications pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A flexible display device comprising:

a flexible substrate including:

a substantially flat area extending along a plane, and
a curved bending area adjacent to the substantially flat
area and bending away from the plane;

aplurality of thin film transistors on the flexible substrate to

operate pixels on the flexible substrate; and

awire on the bending area, the wire including a plurality of

first portions extending in a first direction forming a first
angle relative to a boundary line between the substan-
tially flat area and the curved bending area, and a plu-
rality of second portions extending in a second direction
forming a second angle relative to the boundary line, the
second angle different from the first angle, the first por-
tions and the second portions providing multiple routes
for an electrical signal via the wire,

wherein the first portions include an inner layer and the

second portions include an outer layer having a greater
radius of curvature than the inner layer, wherein the
inner layer is formed of one of molybdenum (Mo), alu-
minum (Al), chromim (Cr), gold (Ag), titanium (Ti),
nickel (Ni), neodymium (Nd), copper (Cu), and the outer
layer is formed of another of molybdenum (Mo), alumi-
num (Al), chromium (Cr), gold (Ag), titanium (Ti),
nickel (Ni), neodymium (Nd), and copper (Cu).

2. The flexible display device of claim 1, wherein each of
the pixels comprises organic light emitting diode (OLED).

3. The flexible display device of claim 1, wherein the first
angle is an acute angle.

4. The flexible display device of claim 3, wherein the first
portions and the second portions have a same length.

5. The flexible display device of claim 1, further compris-
ing:

a crack prevention layer between the wire and the flexible

substrate; and

a planarization member to smoothen a surface of at least

one layer formed on the wire.

6. The flexible display device of claim 1, wherein the first
and second portions form a series of connected diamond
shapes.

7. The flexible display device of claim 1, further compris-
ing a conductive line extending across the bending area to
carry the same signal as the wire, the wire is placed in a first
layer of the bending area and the conductive line is placed in
a second layer in the bending area different from the first
layer.

8. The flexible display device of claim 1, further compris-
ing:

a separation layer formed on the wire; and

another wire formed on the separation layer and intersect-

ing with the wire over the separation layer, the other wire
carrying a signal different from the wire.
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9. The flexible display device of claim 1, wherein each of
the thin film transistors comprises a gate, a drain and a source,
wherein the wire is made of a same material as at least one of
the gate, the drain and the source.

10. A flexible organic light emitting diode (OLED) display
device comprising:

a flexible substrate having a curved portion bent in a bend-

ing direction; and

a wire electrically coupled between at least two compo-

nents of the flexible organic light emitting display
device, the wire includes a plurality of the first portions
and second portions forming a series of diamond shapes
connected to each other and disposed on the curved
portion of the flexible substrate, wherein the portion of
the wire disposed on the curved portion has a greater
length than a length of the curved portion of the flexible
substrate,

wherein each of the first and second portions of the wire

includes an inner layer and an outer layer having a
greater radius of curvature than the inner layer, wherein
the inner layer is formed of one of molybdenum (Mo),
aluminum (Al), chromim (Cr), gold (Ag), titanium (T1),
nickel (N1), neodymium (Nd), copper (Cu), and the outer
layer is formed of another of the molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Ag), titanium
(Ti), nickel (Ni), neodymium (Nd) and copper (Cu).

11. The flexible OLED display device of claim 10, wherein
the first angle is an acute angle.

12. The flexible OLED display device of claim 10, wherein
the first portions and the second portions have a same length.

13. The flexible OLED display device of claim 10, further
comprising:

a crack prevention layer between the wire and the flexible

substrate; and

a planarization member to smoothen a surface of at least

one layer formed on the wire.

14. The flexible OLED display device of claim 1, further
comprising a conductive line extending across the bending
area to carry the same signal as the wire, the wire is placed in
a first layer of the bending area and the conductive line is
placed in a second layer in the bending area different from the
first layer.
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15. The flexible OLED display device of claim 1, further
comptrising:

a separation layer formed on the wire; and

another wire formed on the separation layer and intersect-

ing with the wire over the separation layer, the other wire
carrying a signal different from the wire.

16. A flexible organic light emitting diode (OLED) display
device comprising:

a flexible substrate having a curved portion and a flat por-

tion;

aplurality of thin film transistors on the flexible substrate to

operate pixels on the flexible substrate; and

a wire electrically coupling at least two components of the

flexible organic light emitting display device, the wire
having portions disposed on the curved portion of the
flexible substrate, wherein the portions of the wire dis-
posed on the curved portion has a length longer than an
arc length of the curved portion taken along a section of
the curved portion perpendicular to a boundary line
between the flat portion and the curved portion.

17. The flexible OLED display device of claim 16, further
comprises one or more electrodes on the substrate, wherein
the wire is made of a same material as the one or more
electrodes.

18. The flexible OLED display device of claim 16, wherein
the portions form a series of diamond shapes connected to
each other.

19. The flexible OLED display device of claim 16, wherein
each of the portions of the wire includes an inner layer and an
outer layer having a greater radius of curvature than the inner
layer, wherein the inner layer is formed of one of molybde-
num (Mo), aluminum (Al), chromim (Cr), gold (Ag), tita-
nium (Ti), nickel (Ni), neodymium (Nd), copper (Cu), and the
outer layer is formed of another of the molybdenum (Mo),
aluminum (Al), chromium (Cr), gold (Ag), titanium (Ti),
nickel (Ni), neodymium (Nd) and copper (Cw).

20. The flexible OLED display device of claim 16, wherein
a plurality of pixels are provided on the flexible substrate and
the wire extends across a portion of the flexible substrate in
which the plurality of pixels are not provided.
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