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(7) ABSTRACT

Disclosed is a flexible display device. The flexible display
device includes a base layer including a first portion in
which an organic light emitting diode is disposed on a first
surface and a second portion which has a bended section
bent toward a second surface which is opposite to the first
surface at the outside of the first portion; and conductive
lines in the bended section, the conductive lines are disposed
on two or more layers, and the conductive lines extend in a

HOIL 27/32 (2006.01) direction which is not parallel to a bending direction of the
HOIL 51/52 (2006.01) bended section.
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FLEXIBLE DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean
Patent Application No. 10-2016-0178884 filed on Dec. 26,
2016, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference.

BACKGROUND
Technical Field
[0002] The present disclosure relates to a flexible display
device.
Description of the Related Art
[0003] An image display device which implements vari-

ous information on a screen is being developed to be thinner,
lighter, more portable, and to have higher performance.
Therefore, an organic light emitting display device which
controls an amount of light emitted from an organic light
emitting element to display an image is gaining popularity.
[0004] The organic light emitting element is a self-emit-
ting element using a thin light emitting layer between
electrodes so that it is advantageous to be manufactured to
be thinner. A general organic light emitting display device
has a structure in which a pixel driving circuit and the
organic light emitting element are formed on the substrate
and light emitted from the organic light emitting element
passes through the substrate or a barrier layer to display an
image.

[0005] The organic light emitting display device is imple-
mented without having a separate light source device, which
makes it possible to be implemented as a flexible display
device. In this case, a flexible material such as plastic or
metal foil is used as a substrate of the organic light emitting
display device.

[0006] In this regard, studies have been carried out to with
respect wrapping or bending various parts of a display
device having flexible properties for the organic light emit-
ting display device implemented as a flexible display device.
New designs and user interface (UT)/user experience (UX)
applications are being developed, and efforts to reduce a size
of an edge or bezel of the display device are being made.

BRIEF SUMMARY

[0007] An aspect of the present disclosure is to suggest a
bending structure of a flexible display device and a design of
conductive lines or wires used therefor. Objects of the
present disclosure are not limited to the above-mentioned
objects, and other objects, which are not mentioned above,
can be clearly understood by those skilled in the art from the
following descriptions.

[0008] The present disclosure provides a flexible display
device that includes: a base layer including a first portion in
which an organic light emitting diode is disposed on a first
surface and a second portion which has a bended section
bent toward a second surface opposite to the first surface at
the outside of the first portion; and conductive lines in the
bended section, the conductive lines being disposed on two
or more layers, and the conductive lines extend in a direction
which is not parallel to a bending direction of the bended
section.
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[0009] Detailed matters of other embodiments are
included in the detailed description and the drawings.
[0010] According to the embodiment of the present dis-
closure, a structure which minimizes failure generated in a
bent portion of the flexible display device may be provided.
More specifically, according to the embodiments of the
present disclosure, a conductive line layout design which is
tolerable to a bending stress and is efliciently disposed in a
limited space may be provided. Therefore, a product reli-
ability of the flexible display device according to the
embodiment of the present disclosure may be improved. The
effects according to the present disclosure are not limited to
the contents exemplified above, and more various effects are
included in the present specification.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] The above and other aspects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0012] FIG. 1 illustrates a flexible display device which
may be incorporated in electronic devices, according to an
embodiment of the present disclosure;

[0013] FIG. 2 illustrates a layout of a flat portion and a
bent portion, according to an embodiment of the present
disclosure;

[0014] FIGS. 3A and 3B illustrate a layout of a display
area of a flexible display device according to an embodiment
of the present disclosure;

[0015] FIG. 4 is a cross-sectional view schematically
illustrating a stack structure of a flexible display device
according to an embodiment of the present disclosure;
[0016] FIG. 5 illustrates some embodiments of strain
reducing designs;

[0017] FIG. 6 illustrates a schematic view of a wire trace
having a plurality of sub traces, according to an embodiment
of the present disclosure;

[0018] FIGS. 7A and 7B are views illustrating an electric
connection between a driving circuit and a pixel;

[0019] FIG. 8 is a view illustrating a conductive line
having a strain reducing design which is different from that
of FIG. 7,

[0020] FIGS. 9A and 9B are views illustrating a strain
reducing conductive line design according to an embodi-
ment of the present disclosure; and

[0021] FIGS. 10A to 10C are views illustrating a flexible
display device according to an embodiment of the present
disclosure and a part of an implementing process of a strain
reducing conductive line design applied thereto.

DETAILED DESCRIPTION

[0022] The effects and characteristics of the present dis-
closure and a method of achieving the effects and charac-
teristics will be clear by referring to the embodiments
described below in detail together with the accompanying
drawings. However, the present disclosure is not limited to
the embodiments disclosed herein but may be implemented
in various forms. The embodiments are provided by way of
example only so that a person of ordinary skilled in the art
can fully understand the features in the present disclosure
and the scope thereof. Therefore, the present disclosure can
be defined by the scope of the appended claims.
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[0023] The shapes, sizes, ratios, angles, numbers, and the
like illustrated in the accompanying drawings for describing
the various embodiments of the present disclosure are
merely examples, and the present disclosure is not limited
thereto. Like reference numerals generally denote like ele-
ments throughout the specification. Further, in the following
description of the present disclosure, a detailed explanation
of known related technologies may be omitted to avoid
unnecessarily obscuring the subject matter of the present
disclosure. The terms such as “including,” “having,” and
“comprising” used herein are generally intended to allow
other components to be added unless the terms are used with
the term “only.” Any references to singular may include
plural unless expressly stated otherwise. Components are
interpreted to include an ordinary error range even if not
expressly stated.

[0024] When the positional relationship between two parts
is described using the terms such as “on,” “above,” “below,”
and “next,” one or more parts may be positioned between the
two parts unless the terms are used with the term “imme-
diately” or “directly” is not used. When an element or layer
is disposed “on” other element or layer, another layer or
another element may be interposed directly on the other
element or therebetween. If it is described that a component
is “connected” or “coupled” to another component, it is
understood that the component is directly connected or
coupled to the other component but another component is
“Interposed” between each component, or each component
may be “connected” or “coupled” via another components.

[0025] Although the terms “first,” “second,” and the like
are used for describing various components, these compo-
nents are not confined by these terms. These terms are
merely used for distinguishing one component from the
other components. Therefore, a first component may be a
second component or vice versa according to the technical
concepts of the present disclosure.

[0026] A size and a thickness of each component illus-
trated in the drawings are illustrated for convenience of
description, and the present disclosure is not limited to the
size and the thickness of the component illustrated. Here-
inafter, various embodiments of the present disclosure will
be described in detail with reference to accompanying
drawings.

[0027] FIG. 1 illustrates a flexible display device which
may be incorporated in electronic devices, according to an
embodiment of the present disclosure.

[0028] The flexible display device refers to a display
device provided with flexibility and may be used as the same
meanings as a bendable display device, a rollable display
device, an unbreakable display device, or a foldable display
device. Referring to FIG. 1, the flexible display device 100
includes at least one display area (i.e., active area), in which
an array of pixels is formed in the display area. One or more
non-display areas (i.e., inactive areas) may be disposed at
the periphery of the display area. That is, the non-display
area may be adjacent to one or more sides of the display
area. In FIG. 1, the non-display area encloses a quadrangular
display area. However, a shape of the display area and a
shape or layout of the non-display area adjacent to the
display area are not limited to an example illustrated in FIG.
1. The display area and the non-display area may have a
shape suitable for a design of an electronic apparatus
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mounted with the flexible display device 100. An exemplary
shape of the display area is a pentagon, a hexagon, a circle,
or an oval.

[0029] Each pixel, which includes a plurality of sub-
pixels, in the display area may be associated with a pixel
circuit. The pixel circuit may include one or more switching
transistors and one or more driving transistors on the back-
plane. Each pixel circuit may be electrically connected to a
gate line(s) and a data line(s) in order to send and receive
signals with one or more driving circuits such as a gate
driver and a data driver located in the non-display area.
[0030] The driving circuit may be implemented with a thin
film transistor (TFT) in the non-display area as illustrated in
FIG. 1. The driving circuit may be referred to as a gate-in-
panel (GIP) due to its implementation in the panel itself.
Further, some components such as a data driver integrated
circuit (IC) are mounted on a separated printed circuit board
and is coupled to the connecting interface (e.g., pads/bumps
or a pins) disposed in the non-display area using a circuit
film such as a flexible printed circuit board (FPCB), a
chip-on-film (COF). or a tape-carrier-package (TCP). The
non-display area may be bent back or away together with the
connecting interface so that the printed circuit (for example,
COF or FPCB) is positioned at the rear side of the flexible
display device 100.

[0031] The flexible display device 100 may include vari-
ous additional components for generating a variety of sig-
nals or otherwise driving the pixels in the display area. The
additional component which drives pixels may include an
inverter circuit, a multiplexer, or an electrostatic discharge
circuit. The flexible display device 100 may further include
additional components associated with functionalities other
than for driving the pixels. For example, the flexible display
device 100 may include additional components which pro-
vide a touch sensing functionality, a user authentication
functionality (for example, finger print scanning), a multi-
level pressure (or force) sensing functionality, or a tactile (or
haptic) feedback functionality. The above-mentioned addi-
tional components may be located in the non-display area
and/or an external circuit which is connected to the con-
necting interface.

[0032] Several parts of the flexible display device 100 can
be bent along the (imaginary) bending line BL. The bending
line BL may extend horizontally (e.g., X-axis illustrated in
FIG. 1), vertically (e.g., Y-axis illustrated in FIG. 1) or even
diagonally. Accordingly, the flexible display device 100 may
be bent in any combination of horizontal, vertical and/or
diagonal directions based on the desired design of the
flexible display device 100. Associated with each bending
line will be a bending axis, as shown in FIG. 4, as explained
later herein.

[0033] One or more edges of the flexible display device
100 may be bent back or away from the plane of the central
portion 101 along the bending line BL. Although the bend-
ing line BL is depicted as being located to be close to the
edges of the flexible display device 100, the bending lines
BL may extend across the central portion 101 or extend
diagonally at one or more corners of the flexible display
device 100. Such configurations would allow the flexible
display device 100 to be provided as a foldable display
device or a double-sided display device having display
pixels on both outer sides of a folded display.

[0034] Since one or more parts of the flexible display
device 100 are bendable, the flexible display device 100 may
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be substantially defined as a flat portion and a bent portion.
One part of the flexible display device 100 may be referred
to as a substantially flat central portion 101. Another part of
the flexible display device 100 is bent at a predetermined
angle and this part may be referred to as a bent portion 102.
The bent portion 102 includes a bended section which is
actually bent with a predetermined bending radius.

[0035] A terminology of “substantially flat” includes a
portion which is not completely flat. For example, a concave
central portion 101a and a convex central portion 1015
illustrated in FIG. 2 may be described as a substantially flat
portion in some embodiments. In FIG. 2, one or more bent
portions 102 are provided beside the concave central portion
101a and the convex central portion 1015 and inwardly or
outwardly bent with an angle with respect to a bending axis
along the bending line BL. The bending radius of the bent
portion 102 is smaller than the bending radius of the central
portions 101a and 1015. In other words, the terminology of
“substantially flat portion” refers to a portion having a
curvature which is smaller than that of the adjacent section.
[0036] A portion at one side of the bending line in accor-
dance with the position of the bending line BL is located
toward the center of the flexible display device 100, but a
portion at the other side of the bending line is located toward
the edge of the flexible display device 100. The portion
which is located toward the center of the flexible display
device 100 may be mentioned as a central portion and the
portion which is located toward the edge of the flexible
display device 100 may be mentioned as an edge portion.
The central portion of the flexible display device 100 may be
substantially flat and the edge portion may be a bent portion.
It should be mentioned that the substantially flat portion may
be located also in the edge portion. Further, in some shapes
of the flexible display device 100, the bended section may lie
between two substantially flat portions.

[0037] As mentioned, when the non-display area is bent,
the non-display area is not visible from the front surface of
the display device or is minimally visible. A part of the
non-display area which is visible from the front surface of
the display device may be blocked by a bezel. The bezel may
be formed by an independent structure or housing or other
appropriate component. The part of the non-display area
which is visible from the front surface of the display device
may be hidden below an opaque mask layer made of black
ink material (for example, a polymer which is filled with
carbon black) or the like. The opaque mask layer may be
provided on various layers (a touch sensor layer, a polar-
ization layer, or a cover layer) included in the flexible
display device 100.

[0038] In some embodiments, the bent portion of the
flexible display device 100 may include a display area which
displays an image. Hereinafter, the display area is referred to
as a second display area. That is, the bending line BL may
be located in the display area such that at least some pixels
of the display area are included in the bent portion.

[0039] FIGS. 3A and 3B illustrate an arrangement of a
display area of a flexible display device 100 according to an
embodiment of the present disclosure, respectively.

[0040] In the shape of FIG. 3A, a pixel matrix in the
second display area may continuously extend from the
display area of the central portion 101. Alternatively, in the
shape of FIG. 3B, the second display area in the bent portion
102 and the display area in the central portion 101 may be
separated from each other with the bent section therebe-
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tween. Some components of the central portion 101 and the
bent portion 102 may be electrically connected to each other
through one or more conductive lines 120 which are located
across the bent section.

[0041] The pixel of the second display area and the pixel
in the central display area may be driven by a driving circuit
(for example, a gate driver or a data driver) as if the pixels
are located in the same matrix. In this case, the pixel of the
second display area and the pixel of the central display area
may operate by the same driving circuits. For example, an
N-th row pixel of the central display area and an N-th row
pixel of the second display area may be provided to receive
a gate signal from the same gate driver. As illustrated in FIG.
3B, a part of the gate line which crosses the bent section or
a bridge which connects the gate lines of two display areas
may have a strain reducing shape.

[0042] Depending on a function of the second display
area, the pixels of the second display area may be separated
from the pixels of the central display area to be driven. That
is, the pixels of the second display area may be recognized
by the driving circuit as an independent pixel matrix which
is separated from the pixel matrix of the display area. In this
case, the pixels of the second display area may receive a
signal(s) from one or more driving circuits which are
separated from the driving circuit which supplies a signal(s)
to the pixels of the central display area.

[0043] Regardless of the shape, the second display area of
the bent portion may serve as a secondary display area of the
flexible display device 100. Further, a size of the second
display area is not specifically limited. The size of the
second display area may depend on the function installed in
an electronic device. For example, the second display area
may be used to provide an image and/or a text such as a
graphical user interface (GUI), an icon button, or a text
message. In some cases, the second display area may be used
to provide various color light for various purposes (for
example, displaying the status). In this case, the size of the
second display area does not need to be as large as the
display area in the central portion.

[0044] FIG. 4 is a cross-sectional view schematically
illustrating a stack structure of a flexible display device
according to an embodiment of the present disclosure.
[0045] In FIG. 4, for the convenience of description, it is
illustrated that the central portion 101 is substantially flat
and the bent portion 102 is located at the edge of the flexible
display device 100. As illustrated, one or more bent portions
102 have a bending angle 6 and a bending radius R with
respect to the bending axis and are outwardly bent from the
central portion 101. The sizes of the bent portions 102 do not
need to be the same. That is, lengths to the outer edge of a
base layer 106 from the bending line BL in the respective
bent portions 102 may be different from each other. Further,
the bending angle 6 of a circumference of the bending axis
and the radius R of curvature from the bending axis may be
different in each bent portion 102.

[0046] In the example illustrated in FIG. 4, a right side of
the bent portion 102 has a bending angle 0 and the bent
portion 102 includes a section which is substantially planar.
The bent portion 102 is bent at a larger bending angle 0 so
that a part of the bent portion 102 may be located below the
central portion 101 like a left bent portion 102 of the flexible
display device 100. Further, the bent portion 102 may be
bent at a bending angle 0 which is equal to or smaller than
90°.
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[0047] In some embodiments, the radius of curvature of
the bent portion 102 may be between about 0.1 mm and
about 10 mm, more specifically, between about 0.1 mm and
about 5 mm, more specifically between about 0.1 mm and
about 1 mm, more specifically between about 0.1 mm and
about 0.5 mm. In some embodiments, the radius of curvature
of the bent portion 102 may be smaller than 0.5 mm. Such
different ranges or parameters for the radius of curvature can
accommodate flexible display devices of various size,
shapes, and implementations.

[0048] In order to increase a rigidity and/or firmness at a
specific portion of the flexible display device 100, one or
more support layers 108 may be provided below the base
layer 106. For example, the support layer 108 may be
provided on a lower surface of the central portion 101. The
support layer 108 may be absent in a bended section to allow
for increased flexibility. The support layer 108 may be
provided on the bent portion 102 which is located below the
central portion 101. When a rigidity of a specific portion is
increased, it helps to accurately configure and dispose vari-
ous components in the flexible display device 100. When the
base layer 106 has a larger elasticity than the support layer
108, the support layer 108 may contribute to reduce the
crack (or damage) in the base layer 106.

[0049] The base layer 106 and the support layer 108 may
be formed of a thin plastic film which can be configured by
a combination of polyimide, polyethylene naphthalate
(PEN) polyethylene terephthalate, and other appropriate
polymers. Other appropriate materials used to form the base
layer 106 and the support layer 108 may be thin glass, metal
foil shielded by a dielectric substance, multilayer polymers,
or a polymer film containing a polymer material combined
with nanoparticles or microparticles. However, the support
layer 108 which is provided in various portions of the
flexible display device 100 does not need to be formed of the
same material. For example, a thin glass layer is used for the
support layer 108 in the central portion 101 and a plastic film
may be used for the support layer 108 in the edge portion.
[0050] Thicknesses of the base layer 106 and the support
layer 108 also need to be considered in the design of the
flexible display device 100. According to an aspect, when
the base layer 106 has an excessive thickness, it is difficult
for the base layer 106 to be bent at a small radius of
curvature. The excessive high thickness of the base layer
106 increases a mechanical stress on the components dis-
posed thereon during bending. In contrast, if the base layer
106 is too thin, it may be too weak as a substrate to properly
support the components disposed thereon.

[0051] In order to ease the bending of the substrate while
providing sufficient support, a thickness of the base layer
106 is about 5 pm to about 50 pm. More specifically, the
thickness of the base layer 106 may be in the range of about
5 um to about 30 um, and more specifically about 5 um to
about 16 pm. The thickness of the support layer 108 may
have a thickness from about 100 um to about 125 pm, from
about 50 um to about 150 um, from about 75 pm to about
200 pm, less than 150 wm or more than 100 pm. Such
different ranges or parameters for the base layer thickness
can accommodate flexible display devices of various size,
shapes, and implementations.

[0052] In one embodiment, a polyimide layer having a
thickness between about 10 um and about 16 wm is used as
the base layer 106 and a polyethylene terephthalate (PET)
layer having a thickness between about 50 um and about 125
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um is used as the support layer 108. In another embodiment,
a polyimide layer having a thickness between about 10 pam
and about 16 pum is used as the base layer 106 and thin glass
having a thickness between about 50 pm and about 200 pm
is used as the support layer 108. In another embodiment, the
thin glass is used as the base layer 106 and the base layer 106
has a polyimide layer which serves as the support layer 108
to reduce the damage.

[0053] During the manufacturing process, some parts of
the flexible display device 100 may be undesirably exposed
to the light. The material used to manufacture the compo-
nents or the components may undergo unwanted status
changes (for example, threshold voltage transition in a TFT)
due to light exposure while manufacturing the flexible
display device 100. Some parts of the flexible display device
100 are excessively exposed to the light as compared with
other parts, which may cause display non-uniformity (for
example, mura or shadow defects). In order to reduce the
above-mentioned problem, the base layer 106 and/or the
support layer 108 may include one or more materials which
may reduce an amount of light or the affects thereof.
[0054] For example, a light shielding material such as
chlorinated carbon black can be mixed into a constituent
material (polyimide or other polymer) of the base layer 106.
As described above, the base layer 106 may be formed from
polyimide having a shade characteristic which provides a
light blocking functionality. The base layer 106 reduces
reflection of the light which is incident from the front surface
of the flexible display device 100, to improve visibility.
[0055] Instead of the base layer 106, the support layer 108
itself may include a light blocking material to reduce the
amount of light which is incident from a rear surface (that is,
a surface on which the support layer 108 is attached) of the
flexible display device 100. The constituent material of the
support layer 108 may be mixed with one or more light
blocking materials, similarly to those described above.
Moreover, both the base layer 106 and the support layer 108
may include one or more light blocking materials. Here,
there is no need to use the same light blocking material for
the base layer 106 and the support layer 108.

[0056] When the base layer 106 and the support layer 108
block the unnecessary external light, the display uniformity
is improved and reflection is reduced. However, in this case,
it may be difficult to recognize an alignment mark that can
be used as a reference to accurately dispose components
during the manufacturing process. For example, since the
arrangement of layers is determined by comparing outer
peripheries of the overlapping part, it may be further difficult
to accurately dispose the components on the base layer 106
or align the components during the bending of the flexible
display device 100. In addition, when the base layer 106
and/or the support layer 108 blocks an optical spectrum in an
excessive range (that is, wavelengths of visible light, ultra-
violet light, and infrared spectrum), there may be a problem
to identify debris or foreign matter in the flexible display
device 100.

[0057] Therefore, in some embodiments, the light block-
ing material included in the base layer 106 and/or the
support layer 108 is configured to pass specific polarization
and/or light within a specific wavelength range used during
one or more manufacturing/inspection process. For
example, the support layer 108 may pass light (for example,
UV or IR) used during a quality inspection and/or alignment
process but block light in a wavelength range of visible light.
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When the base layer 106 includes the light blocking mate-
rial, the wavelength in the limited range may help to reduce
a non-uniformity problem of the display device which is
caused by a shade generated by a printed circuit film
attached on the base layer 106.

[0058] Both the base layer 106 and the support layer 108
may perform together to block or pass specific type of light.
For example, the support layer 108 may change the polar-
ization of light so that the light does not pass through the
base layer 106. As described above, a specific type of light
may pass through the support layer 108 for various purposes
while manufacturing the flexible display device 100, but
does not pass through the base layer 106 so as not to
unnecessarily affect components disposed on an opposite
surface of the base layer 106.

[0059] The backplane of the flexible display device 100 is
implemented on the base layer 106. In some embodiments,
the backplane of the flexible display device 100 is imple-
mented together with a TFT which uses a low temperature
poly silicon (LTPS) semiconductor layer as an active layer.
In an example, pixel circuits and driving circuits (for
example, a GIP) on the base layer 106 may be implemented
by an NMOS LTPS TFT. In another example, the backplane
of the flexible display device 100 may be implemented by a
combination of an NMOS LTPS TFT and a PMOS LTPS
TFT. For example, the driving circuit (for example, a GIP)
on the base layer 106 may include one or more CMOS
circuits to reduce the number of traces controlling a scan
signal on a gate line.

[0060] Furthermore, in some embodiments, the flexible
display device 100 may employ various types of TFTs to
implement driving circuits in the pixel circuit in the non-
display area and/or the display area. That is, in order to
implement the backplane of the flexible display device 100,
a combination of an oxide semiconductor TFT and the LTPS
TFT may be used. In the backplane, a type of the TFT may
be selected in accordance with an operating condition and/or
a TFT requirement in the related circuit.

[0061] Since the LTPS TFT generally exhibits an excellent
carrier mobility in a small profile, the LTPS TFT is suitable
to be implemented an integrated driving circuit. The carrier
mobility allows the LTPS TFT to be suitable for a compo-
nent which has a high operating speed. In spite of the
above-mentioned advantage, initial threshold voltages may
be different between LTPS TFTs due to a grain boundary of
a polycrystalline silicon semiconductor layer.

[0062] A TFT which employs an oxide based semicon-
ductor layer such as an indium gallium zinc oxide (IGZO)
semiconductor layer (hereinafter, referred to as an oxide
TFT) is different from the LTPS TFT in many aspects. In
spite of the low mobility as compared with the LTPS TFT,
the oxide TFT is more advantageous in power efficiency
than the LTPS TFT. In an off state, a low leakage current of
the oxide TFT may maintain an active state longer. When a
high frame rate is not necessary to drive the pixels, this may
be advantageous in driving the pixels at a reduced frame
rate.

[0063] For example, the flexible display device 100 may
have a characteristic in that all or some pixels of the display
area are driven at a reduced frame rate under a specific
condition. In this situation, the pixel may be refreshed at a
reduced rate depending on contents displayed on the flexible
display device 100. Further, a partial display area which
displays still image data (for example, a user interface or
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text) may be refreshed at a lower rate than other display area
which displays image data (for example, a movie) which is
quickly changed. In the pixel which is driven at a reduced
refreshed rate, a blank period in which a data signal is not
supplied to the pixel may be increased, which may minimize
the consumed power by supplying the same image data to
the pixels. In this embodiment, some TFTs which implement
the pixel circuit and/or the driving circuit may be formed as
an oxide TFT to minimize a leakage current during the blank
period. The pixel may achieve a more stable brightness level
even when the display is refreshed at a reduced rate by
reducing the leakage current in the pixel circuit and/or the
driving circuit.

[0064] Another characteristic of the oxide TFT is that the
initial threshold voltage between transistors is not changed
as much as the UTPS TFT. This characteristic may be
advantageous when the size of the flexible display device
100 is increased. Further, movement of the threshold value
is different between the LTPS TFTs and the oxide TFTs
under a bias stress.

[0065] In consideration of the above-mentioned charac-
teristics of the LTPS TFT and the oxide TFT, according to
some embodiments of the flexible display device 100, the
LTPS TFT and the oxide TFT are combined to be applied to
one backplane. Specifically, some embodiments of the flex-
ible display device 100 may employ the LTPS TFT to
implement the driving circuit (for example, GIP) in the
display area and apply the oxide TFT to implement the pixel
circuit in the display area. Due to carrier mobility of the
LTPS TFT, the driving circuit implemented by the LTPS
TFT may operate at a higher speed as compared with the
driving circuit implemented by the oxide TFTs. In addition,
a more integrated driving circuit may be provided by the
LTPS TFT and thus the size of the non-display area may be
reduced. The leakage current may be reduced in the pixel by
an improved voltage holding ratio of the oxide TFT which
1s used for the pixel circuit. Further, the pixel may be driven
at a reduced frame rate in a specific portion of the display
area or under a predetermined condition (for example, when
a still image is displayed) while minimizing a display defect
caused by the leakage current.

[0066] In some embodiments, the pixel circuit is imple-
mented by the oxide TFT and the driving circuit is imple-
mented by a combination of an N type LTPS TFT and a P
type LTPS TFT. For example, the N type LTPS TFT and the
P type LTPS TFT may be used to implement a CMOS gate
driver (for example, a CMOS GIP or a data driver). In
contrast, the oxide TFT may be applied to at least some
portions of the pixel circuit. Differently from the GIP which
is entirely formed of a P type or N type LTPS TFT, a gate
output signal from the CMOS gate driver may be controlled
by a DC signal or a logic high/low signal. By doing this, the
gate line is more stably controlled during the blank period to
suppress current leakage from the pixel circuit and activa-
tion of unintended pixels.

[0067] The CMOS gate driver or an inverter circuit on the
backplane may be implemented by a combination of the
LTPS TFT and the oxide TFT. For example, the P type LTPS
TFT and the N type oxide TFT may be used to implement
the CMOS circuit. Further, the pixel circuit of the display
area may be implemented using both the LTPS TFT and the
oxide TFT. When two types of TFTs are applied to the pixel
circuit and/or the driving circuit, the LTPS TFT may be
tactically located in the circuit in order to remove bias
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remaining in a node between the oxide TFTs and minimize
the bias stress (for example, PBTS and NBTS) during the off
state. Additionally, a TFT which is connected to a storage
capacitor in the circuit may be formed as an oxide TFT to
reduce the leakage current.

[0068] An organic light emitting diode (OLED) layer is
disposed on the base layer 106. The organic light emitting
diode layer 150 includes a plurality of OLED elements. The
OLED element is controlled by a pixel circuit and a driving
circuit implemented on the base layer 106 and other external
driving circuit which is connected to a connecting interface
on the base layer 106. The OLED layer includes an organic
light emitting material layer which emits light with specific
color (for example, red, green, and blue). In some embodi-
ment, the organic light emitting material layer may have a
stack-up structure which may emit white light (essentially, a
combination of various color light).

[0069] An encapsulation layer 104 is provided to protect
the organic light emitting diode layer 150 from air and
moisture. The encapsulation layer 104 may include various
material layers to reduce penetration of air and moisture. In
some embodiments, the encapsulation layer 104 may be
provided as one or more thin films.

[0070] The flexible display device 100 may include a
polarization layer 110 to control a display characteristic (for
example, external light reflection, color accuracy, and lumi-
nance). Further, the cover layer 114 may be used to protect
the flexible display device 100.

[0071] An electrode for sensing touch inputs of a user may
be formed on one surface of the cover layer 114 and/or in at
least one surface of the polarization layer 110. If necessary,
an independent layer (hereinafier, referred to as a touch
sensor layer 112) equipped with a touch sensing electrode
and/or other component related to touch input sensing may
be provided in the flexible display device 100. The touch
sensing electrode (for example, a touch driving/sensing
electrode) may be formed of a transparent conductive mate-
rial such as indium tin oxide, a carbon based material
including graphene, a carbon nanotubes, conductive poly-
mer, or a hybrid material made of a mixture of various
conductive/non-conductive materials. Further, a metal mesh,
for example, aluminum mesh or silver mesh may be used for
the touch sensing electrode.

[0072] The touch sensor layer 112 may include one or
more modified dielectric materials. One or more electrodes
may be interfaced with the touch sensor layer 112 or located
in the vicinity of the touch sensor layer 112 or read a signal
for measuring an electric change on the electrode. The
measuring is analyzed so that an amount of a pressure input
to the flexible display device 110 is evaluated at several
levels.

[0073] In some embodiments, the touch sensing electrode
is utilized to identify a position of a user input and evaluate
a pressure of the user input. The touch input position
identification and the touch pressure measurement may be
performed by measuring a change in a capacitance of the
touch sensing electrode on one surface of the touch sensor
layer 112. The touch sensing electrode and/or other electrode
may be used to measure a signal indicating an amount of
pressure on the flexible display device 100 by the touch
input. The signal is obtained from the touch sensing elec-
trode at the same timing or at a different timing with the
touch signal.
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[0074] The modified material included in the touch sensor
layer 112 may be an electro-active material and an amplitude
and/or a frequency of the material is controlled by an electric
signal and/or an electric field. The modified material
includes piezo-ceramic and electro-active polymer. There-
fore, the touch sensing electrode and/or a separate electrode
activates the modified material to bend the flexible display
device 100 in a desired direction. Additionally, the electro-
active material is activated to vibrate at a desired frequency
to provide a tactile and/or texture feedback on the flexible
display device 100. The flexible display device 100 employs
a plurality of electro-active materials to provide the bending
or vibration of the flexible display device 100 at the same
timing or at a different timing.

[0075] Some components may make bending or folding of
the flexible display device 100 along the bending line BL
difficult. Some components such as the support layer 108,
the touch sensor layer 112, and the polarization layer 110
may add strength to the flexible display device 100. Further,
the thickness of the components move a neutral plane of the
flexible display device 100 and some of the components
create a bending stress larger than the other components.
[0076] For the purpose of easier bending/folding and
reliability improvement of the flexible display device 100,
configuration of the components in the bent portion 102 is
different from that in the central portion 101. Some com-
ponents provided in the central portion 101 are not disposed
in the bent portion 102 or provided with a different thick-
ness. The support layer 108, the polarization layer 110, the
touch sensor layer 112, a color filter layer and/or other
components which hinder the bending of the flexible display
device 100 may not be provided in the bent portion 102.
When the bent portion 102 is not visible or accessible to the
user, the above-mentioned components are unnecessary.
[0077] In order to provide information to the user, the
second display area can be provided in the bent portion 102.
However, some of the above-mentioned components are
unnecessary depending on the purpose and/or the form of
the information provided by the second display area. For
example, when the second display area displays text or a
simple GUI by simply emitting color light or simple light
and darkness combinations (for example, a black colored
text or icon on a white background), the polarization layer
110 and/or the color filter layer are unnecessary for the bent
portion 102. Further, when the touch function is unnecessary
for the bent portion 102, the touch sensor layer 112 may not
be provided. Even though an auxiliary display area for
displaying information is not provided in the bent portion
102, if necessary, the bent portion 102 may include the touch
sensor layer 112 and/or the electro-active material layer.
[0078] Since the bended section is most affected by the
bending stress, various stress reducing structures are applied
to the component on the bended section. To this end, some
of the components in the central portion 101 are not pro-
vided in at least a part on the bent portion 102. The
components are selectively removed from the bended sec-
tion so that components in the central portion 101 and the
bent portion 102 are separated. Therefore, the bended sec-
tion is free from certain components that are prone to
bending stress.

[0079] As illustrated in FIG. 4, since the support layer 108
is not provided in the bended section 1025, the support layer
108 in the central portion 101 and the support layer 108 in
the bent portion 102 may be spaced apart from each other.
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Instead of the support layer 108 attached onto the base layer
106, a supporting member 116 with a rounded end portion
may be disposed in the bended section below the base layer
106. Various other components, for example, the polariza-
tion layer 110 and the touch sensor layer 112 may not be
provided in the bended section. The components may be
removed by cutting, etching (wet etching or dry etching),
scribing, and other appropriate method. Instead of the cut-
ting or other removing method, a divided piece of the
component is formed in the selected portion (for example,
the central portion and the bent portion) so that the compo-
nent may not be formed in the bended section. Instead of
being completely removed from the bent portion 102, some
components may have a bending pattern along the bending
line and/or one part in the bended section to reduce the
bending stress.

[0080] As mentioned above, the support layer 108 is not
provided in the bended section for the purpose of each
bending of the base layer 106. However, due to the absence
of the support layer 108, the curvature of the bended section
is easily deformed by external force. In order to support the
base layer 106 and maintain the curvature of the bended
section, the flexible display device 100 includes a supporting
member 116. The supporting member may be referred to as
a mandrel. The supporting member 116 illustrated in FIG. 2
includes a body portion and an end portion. The base layer
106 and the supporting member 116 are disposed such that
the rounded end portion is located on the lower surface of
the base layer 106 corresponding to the bended section.

[0081] In an embodiment in which the bent portion 102 is
provided at the edge of the flexible display device 100, the
supporting member 116 may be located at the edge of the
flexible display device 100. In the above-described setting,
as illustrated in FIG. 2, a part of the base layer 106 is located
on the lower surface of the supporting member 116 while
enclosing the end portion of the supporting member 116.
Various circuits and components (a driving IC, a connecting
interface with a connecting component, such as a chip on
film (COF), and a printed circuit board) provided in the
non-display area may be provided on the base layer 106
located at the back of the flexible display device 100.
According to this manner, even though a component is not
a flexible component, the component may be located below
the display area.

[0082] The supporting member 116 may be formed of a
plastic material such as polycarbonate (PC), polyimide (PI),
polyethylene naphthalate (PEN), and polyethylene
terephthalate (PET). A strength of the supporting member
116 formed of the plastic material may be controlled by
additives which increases a thickness and/or a strength of the
supporting member 116. The supporting member 116 may
be formed with a desired color (for example, black or white).
Further, the supporting member 116 may be formed of a
solid material such as glass, ceramic, or metal or a combi-
nation thereof.

[0083] The size and shape of the end portion of the
supporting member 116 may vary depending on a minimum
curvature desired for the bended section. In some embodi-
ments, the thicknesses of the end portion and the body
portion may be substantially the same. In another embodi-
ment, the planar body portion may be thinner than the end
portion. The supporting member 116 may support the
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bended section 1025 while avoiding further increasing the
thickness of the flexible display device 100, by a thinner
body portion.

[0084] Since the bended section is supported by the end
portion of the supporting member 116, the body portion
extending toward the central portion 101 of the flexible
display device 100 does not need to extend to the display
area. When the body portion extends below the display area
for various reasons, a length of the body portion extending
from the end portion to the opposite end is sufficient to reach
the surface area which supports the supporting member 116.
[0085] In order to safely provide the supporting member
116 in the flexible display device 100, an adhesive layer 118
may be provided on a surface of the supporting member 116.
The adhesive layer 118 may include a pressure sensitive
adhesive, a foam type adhesive, a liquid adhesive, a light
cured adhesive, or other appropriate adhesive material. In
some embodiments, the adhesive layer 118 may be formed
of a compressible material or include the compressible
material to serve as a cushioning material for a portion
adhered by the adhesive layer 118. For example, a constitu-
ent material of the adhesive layer 118 is compressible. The
adhesive layer 118 may have a multilayered structure and
the multilayered structure includes a cushioning layer (for
example, polyolefin foam) disposed between upper and
lower layers of the adhesive material layer.

[0086] The adhesive layer 118 may be located on one or
more of upper and lower surfaces of the body portion of the
supporting member 116. When the bent portion 102 of the
flexible display device 100 encloses the end portion of the
supporting member, the adhesive layer 118 may be provided
on both the lower surface (that is, a surface facing the rear
surface) and the upper surface (that is, a surface facing the
front surface) of the body portion. If necessary, the adhesive
layer 118 may be provided between the end portion of the
supporting member 116 and an inner surface of the base
layer 106.

[0087] During bending, a part of the flexible display
device 100 on one surface of the supporting member 116
may be pulled toward the supporting member 116 and the
base layer 106 may be impacted by uppermost and lower-
most edges of the end portion. Therefore, the height of the
adhesive layer 118 and the height of the support layer 108
between the supporting member 116 and the base layer 106
is equal to or larger than a vertical distance between the
uppermost edge of the end portion and a surface of the body
portion in which the adhesive layer 118 is located. In other
words, a height of a space created due to the difference of the
thicknesses of the end portion and the body portion is equal
to or smaller than the added thicknesses of the supporting
layer 108 and the adhesive layer 118.

[0088] The thickness of the adhesive layer 118 on the
upper and lower surfaces of the body portion may vary
depending on the type of the supporting member 116. For
example, the body portion which is thinner than the end
portion may not be provided at the center of the end portion.
In this case, the space on one side of the supporting member
116 may be larger than a space on the opposite side.
[0089] In another example, a lowest edge of the end
portion is located inside of a bottom line of the body portion
so that a space is created only on one side of the body
portion. In this case, the adhesive layer 118 on one side of
the body portion may be thicker than that on the opposite
side.
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[0090] A plurality of conductive lines is included in the
flexible display device 100 to electrically connect various
components. Circuits located in the display area and the
non-display area transmit various signals through one or
more conductive lines to provide various functions. Some
conductive lines may be used to interconnect the circuit
and/or other components in the central portion and the bent
portion.

[0091] The conductive line refers to a conductive path via
which an electric signal, power and/or voltage can be
transferred from one point to another point in the flexible
display device 100. The conductive line may include a gate
line/data line, a source/drain electrode of a TFT which
transmits a signal from a display driving circuit (for
example, a gate driver and a data driver) of the non-display
area to a pixel circuit in the display area. Similarly, conduc-
tive lines such as a touch sensing electrode, a pressure
sensing electrode, or a fingerprint sensing electrode may
provide a signal for sensing touch input or recognizing a
fingerprint on the flexible display device 100. Further, the
conductive lines may provide interconnections between
components of the display area of the central portion and
components of the second display area of the bent portion.
[0092] A trace design of the conductive line is an impor-
tant factor which may affect electrical/mechanical properties
of the conductive line. In order to satisfy the electrical/
mechanical requirements, a part of the conductive line may
be configured to be different from other parts thereof. A
structure for accommodating the bending stress is provided
in one part of the conductive line provided in the bended
section or in the vicinity of the bended section of the flexible
display device 100.

[0093] Adjustment or relaxing of the bending stress of the
insulating layer in the vicinity of the conductive line is as
important as the adjustment of the strain of the conductive
line. Various insulating layers such as the buffer layer, the
protective layer, a gate insulating layer GI, and an interlayer
insulating layer ILD provided on and/or below the conduc-
tive line 120 may include inorganic materials. A layer
formed of an inorganic material, for example, a silicon oxide
layer or a silicon nitride layer is generally more prone to
crack than a metal layer of the conductive line. Even when
the conductive line has a sufficient flexibility to withstand
the bending stress without cracks, some of the cracks
initiated from the insulating layer can propagate into the
conductive line to cause poor electrical connection.

[0094] As a trace design which reduces the bending stress
of the conductive line, some insulating layers on and/or
below the conductive line 120 may be patterned to reduce
the cracks. Various insulating layer patterning techniques
such as wet etching and/or dry etching may be used to create
a shape of the insulating layer corresponding to the wire
trace. When an insulating layer, specifically, an inorganic
material based insulating layer in the vicinity of the con-
ductive line is omitted, chances of cracking are reduced and
a propagation path is removed. For the convenience of
description, a layout configuration of the conductive line
120 and the insulating layers which cover at least a part of
the conductive line 120 is referred to as a “wire trace.”
[0095] As mentioned above, a design for a conductive line
and an insulating layer which covers the conductive line
plays an important role to increase durability of the wire
trace. Various factors from a thickness and a width to an
unfolding angle of a trace piece with respect to the bending
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direction are associated with the design of the wire trace. In
addition, many other factors related to the arrangement of
the conductive line 120 and an insulating layer are specifi-
cally tuned based on the installation and direction of the
trace.

[0096] The more the distance in which the wiring structure
is extended is adjusted to the tangent vector of the curvature,
the greater the deformation of the trace due to bending
stress. In other words, when a length of the trace piece
parallel to the tangent vector of the curvature is reduced, the
wire trace may withstand the bending stress more. Regard-
less of the extending direction of the wire trace, there is
always a portion which is measured in the bending direction
in the wire trace. The bending direction will always be
orthogonal to the bending axis, therefore as the display is
bent, the bending direction may vary, depending on the
location of the axis and the radius of curvature of the axis.
However, by applying the strain reducing design to the wire
trace, a length of a portion (that is, a piece) which is aligned
to be parallel to the bending direction and continuously
measured may be reduced.

[0097] FIG. 5 illustrates some examples of strain reducing
trace designs.
[0098] One or more designs of a sine-wave, a square-

wave, a sawtooth, a wave, and a shaded shapes illustrated in
FIG. 5 may be used for the wire trace. When the strain
reducing design is applied, a trace portion which is aligned
in a direction oblique to the tangent vector of the curvature
is increased, which may limit the length of the trace piece
linearly extending to be parallel to the bending direction.
[0099] Since the crack in the wire trace caused by bending
the flexible display device generally starts from an inorganic
insulating layer, it is also important to minimize a length of
the insulating layer which is parallel to the tangent vector of
the curvature. In the strain reducing design of one line, not
only a width of the patterned inorganic insulating layer
which meets the surface of the conductive line, but also the
width and the shape of the conductive line need to be
maintained to a minimum,

[0100] The strain reducing layout design illustrated in
FIG. 5 is merely illustrative. Other layout designs which
reduce a trace piece parallel to the bending direction may be
used in various embodiments of the flexible display device
100. Further, some wire traces may employ a strain reducing
layout design which is different from that of other wire trace
in the flexible display device 100 in accordance with elec-
trical and/or mechanical requirements. For example, a strain
reducing layout design used for a data signal line may be
different from a strain reducing layout design of a power
line.

[0101] In order to further improve the durability, the wire
trace may use an layout design which is repeatedly divided
and gathered at a specific interval. In other words, the wire
trace includes at least two sub traces to form a trace similar
to a chain in which connection links are connected. Divided
and gathered angles define a shape of each link and the shape
of each link limits the length of the trace piece which can be
measured at a straight line parallel to the bending direction.
[0102] Referring to FIG. 6, the conductive line 120
includes a sub trace A and a sub trace B which are divided
and gathered at each joint X. A part of the sub trace A
extends by a predetermined distance in the first direction at
an angle away from the tangent vector of the curvature and
another part of the sub trace A extends to a second direction
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between the first joint X1 and a second joint X2. The sub
trace B is folded to the opposite direction with respect to the
tangent vector of the curvature similarly to the sub trace A.
The distance and the direction where the sub traces are
disposed between two adjacent joints defines not only an
open area enclosed by the sub traces but also a shape and a
size of the link of the chain. In this example, the shape of the
conductive line 120 between the first joint X1 and the second
joint X2, that is, between links is a diamond shape which is
enclosed by the sub trace A and the sub trace B and has an
open area. The conductive line 120 forms a chain with a
diamond shaped link together with an additional joint X and
the trace may be referred to as a diamond trace. There are
portions of conductive line 120 that extend in directions that
are not along or parallel to the tangent vector at that
particular point of the bending portion. The bending direc-
tion can be understood to mean the direction of the tangent
vector at any particular point in the curvature of the bending
substrate. The line 120 therefore has many different portions
that extend in a direction that is not parallel to the bending
direction.

[0103] As compared with the strain reducing trace design
which is not divided as illustrated in FIG. 5, the strain
reducing trace design illustrated in FIG. 6 may provide an
important advantage to the electrical property. For example,
the wire trace with a divided/gathered trace design has an
electrical resistance which is much lower than the wire trace
to which a strain reducing design of a mountain trace, a sine
wave trace, or other single conductive line type is applied.
In addition, when one trace is damaged, the sub trace may
function as a preliminary path.

[0104] The insulating layer which covers a surface of the
conductive line 120 is patterned by a layout design corre-
sponding to the wire trace of the conductive line 120. In this
case, the open area enclosed by the sub trace A and the sub
trace B may not include an inorganic insulating layer or
include an inorganic insulating layer which is thinner than an
area below and/or above the structure of the conductive line
120. In this case, the length of the insulating layer which
may be measured at a straight line parallel to the bending
direction may be limited to reduce the cracking and propa-
gation.

[0105] Various additional factors for the strain reducing
design based on the plurality of sub traces need to be
considered. The dividing and gathering angles, and the
length of the sub traces between two adjacent joints X need
to provide an offset for the inorganic insulating layer at an
outer corner at which the joint X and the sub traces change
a direction between two adjacent joints X. In other words,
the open area enclosed by the sub traces between two joints
X needs to have a size and a shape which minimize a length
of the inorganic insulating layer structure of the trace
extending to be parallel to the bending direction.

[0106] In the diamond trace design illustrated in FIG. 6,
the buffer layer and the protective layer which cover the
conductive line 120 are patterned with a predetermined
margin from an outer structure (that is, an outer edge) of the
conductive line 120. There is no insulating layer in the open
area FA2 surrounded by the sub traces A and B other than the
remaining insulating layer which covers the conductive line
120 with a predetermined margin. As described above, the
layout structure of the insulating layer is formed correspond-
ingly to the layout design of the conductive line 120. The
length of the open area having no insulating layer which is
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measured in a direction perpendicular to the bending direc-
tion 1s larger than a width of the structure of the inorganic
insulating layer at the joint X measured in the same direc-
tion. In this setting, not only the area beside the joint X but
also the open area FA2 enclosed by the sub traces A and B
may not have an inorganic insulating layer or may have a
reduced number of inorganic insulating layers.

[0107] Referring to FIG. 6, the area FA1 which does not
have an insulating layer suppresses the insulating layer of
the sub trace A and the sub trace B between the two joints
X1 and X2 from extending as a continuous straight line.
Similarly, the area FA2 which does not have an insulating
layer suppresses the insulating layer between the two joints
X1 and X2 from extending as a continuous straight line.
Accordingly, the length of the insulating layer arrangement
piece aligned to the tangent vector of the curvature is
minimized. The length of the insulating layer arrangement
piece aligned to the tangent vector of the curvature may be
further reduced by reducing a margin of the insulating layer
over the width of the conductive line 120 and the edge of the
conductive line 120.

[0108] The larger dividing/gathering angle with respect to
the bending direction of the sub traces significantly reduces
the lengths of the conductive line 120 extending along the
tangent vector of the curvature and the insulating layer
structure. Therefore, the dividing/gathering angle of the sub
traces in an area with a high bending stress is selectively
increased, so that a possibility of cracking in the wire trace
is further lowered.

[0109] The dividing angle of the sub trace may affect the
distance between two adjacent joints X in the diamond trace
design. The distance between the joints X does not need to
be uniform over the entire trace. The dividing and gathering
interval of the trace may vary in one trace based on a degree
of bending stress which is applied to a specific portion of the
wire trace. The distance between the joints X may be
gradually reduced in the specific portion of the trace directed
to an area (for example, an area having a smaller bending
radius or an area having a larger bending angle) to which a
larger bending stress is applied. In contrast, when the
specific portion of the trace directed to an area to which a
smaller bending stress is applied, the distance between the
joints X may be gradually increased.

[0110] Even though the strain reducing trace design is
provided, an inevitable bending stress remains at one point
(that is, a stress point) of the trace. A position of the stress
point largely depends on the bending direction and the shape
of the trace. Therefore, the wire trace may be designed such
that the remaining bending stress is concentrated to a desired
portion in a predetermined bending direction. When the
stress point in the trace is known, a cracking stop area may
be provided at the stress point so that the wire trace
withstands the bending stress longer.

[0111] Referring to FIG. 6 again, when the wire trace
having a diamond trace design is bent in a bending direction,
the bending stress tends to be concentrated at angular
corners (that is, vertices of diamond shaped link). The
angular corners are represented by a stress point A and a
stress point B. As described above, the crack starts between
an inside and an outside of the wire trace and easily expands.
For example, the crack may start from an inner trace 120(IN)
and proceed to an outer trace 120(OUT) at the stress point
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A. Similarly, the crack may start from an outer trace 120
(OUT) and proceed to an inner trace 120(IN) at the stress
point B.

[0112] Accordingly, the width of the conductive line 120
may be selectively increased to serve as a cracking stop area,
at the stress point A. As described with reference to FIG. 6,
the widths WA and WB of the conductive line 120 at the
stress points A and B which are measured perpendicularly to
the bending direction may be larger than the width W of the
conductive line 120 between the stress points A and B. The
added width at the stress point may allow the conductive line
120 to last longer until the crack at the stress point is
increased and thus completely broken.

[0113] A length of a continuous portion of the insulating
layer structure aligned to the bending direction needs to be
maintained to a minimum. When the width of the conductive
line 120 is increased at the stress points A and B, the width
of the insulating layer structure is inevitably increased,
which makes the insulating layer aligned to be parallel to the
bending direction longer.

[0114] Therefore, in some embodiments, the width of the
conductive line 120 which is measured in a vertical direction
to the tangent vector of the curvature at the stress point A
may be between about 2.5 pm and about 8 pm, more
specifically, between about 3.5 pm and about 6 pm, more
specifically between about 4.5 pm and about 8.5 um, and
more specifically between about 4.0 um. The width of the
conductive line 120 at the stress point B needs to be
maintained to be similar to the width of the conductive line
120 at the stress point A. As described above, the width of
the conductive line 120 at the stress point B may be between
about 2.5 pm and about 8 pm, more specifically, between
about 3.5 pm and about 6 um, more specifically between
about 4.5 um and about 8.5 pm, and more specifically
between about 4.0 um. Since the sub trace A and the sub
trace B are gathered at the stress point B, the width of the
conductive line 120 at the stress point B may be longer than
the width of the conductive line 120 at the stress point A.

[0115] In some embodiments, one of the inner trace 120
(IN) and the outer trace 120(0OUT) may not be sharply
folded as other trace at the stress point A to minimize the
occurrence of the crack on both sides. In the embodiment
described with reference to FIG. 6, the inner trace 120(IN)
is more sharply folded than the outer trace 120(OUT) at the
stress point A. However, in another embodiment, the outer
trace 120(0UT) may be more sharply folded than the inner
trace 120(IN) at the stress point A. As illustrated in FIG. 6,
in two cases, the less sharply folded trace may be more
rounded than the straight line like the outer trace 120(OUT).
Further, both the inner trace 120(IN) and the outer trace
120(0OUT) at the stress point A may be rounded.

[0116] FIGS. 7A and 7B are views illustrating an electric
connection between a driving circuit and a pixel.

[0117] In FIG. 7A, a conductive line 120 having a strain
reducing design which is disposed in the bended section is
illustrated. The illustrated conductive lines 120 are conduc-
tive lines to which a diamond shaped strain reducing design
described with reference to FIG. 6 is applied. The conduc-
tive lines 120 may be traces which transfer a control signal
generated in the driving circuit to the pixel. In this case, the
driving circuit is located in an interface area or is mounted
on the circuit board to be connected to the interface area. In
the meantime, the conductive lines 120 pass through a
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routing area to be connected to the pixel circuit in an upper
direction and are connected to the driving circuit in the lower
direction.

[0118] FIG. 7B is a view enlarging one part A of FIG. 7A.
As illustrated in FIG. 7B, the conductive line 120 having a
strain reducing structure which is disposed to cross the
bended section 1025 may be connected to the driving circuit
230. The driving circuit may be a data driving circuit, a gate
driving circuit, and a touch driving circuit. Alternatively, the
conductive line 120 may be connected to the driving circuit
mounted on the circuit board through a connecting interface
(a pad, a bump, or a pin). Left and right widths of the
conductive line, a shape/size of a pattern shape (for example,
a diamond), a pitch between conductive lines may be
designed in accordance with the characteristic of the display
device. For example, a display device (for example, a small
display device) having a relatively small number of pixels
requires a small number of data lines, so that the conductive
line pitch may be designed to be relatively wide. In this case,
since a degree of freedom of design is high, an expanding
angle of the diamond shape may be designed to be larger or
the width of each conductive line (data line) may be
designed to be thicker.

[0119] In a large-area/high-resolution display device in
recent years, the number of conductive lines (gate lines or
data lines) necessary for transferring control information is
greatly increased. Accordingly, there are several restrictions
to design a trace for reducing a strain as illustrated in FIG.
7. Specifically, in order to dispose a large number of
conductive lines in a limited space, the pitch between
conductive lines needs to be narrowed. In this case, since the
diamond shaped strain reducing design illustrated in FIGS.
6 and 7 has a large left and right width, it is difficult to apply
the diamond shaped strain reducing design illustrated in
FIGS. 6 and 7 to the narrow pitch.

[0120] FIG. 8 is a view illustrating a conductive line
having a strain reducing design which is different from that
of FIG. 7.

[0121] A conductive line layout structure illustrated in
FIG. 8 is a strain reducing structure (pattern) designed in a
parallelogram shape instead of a diamond shape, which is
designed in consideration of a narrow conductive line pitch.
The conductive line to which the strain reducing structure is
applied extends so as not to be parallel to the bending
direction in order to distribute stress applied at the time of
bending. That is, the conductive line 120 extends with a
zigzag pattern at a particular angle with respect to the
bending direction. Further, the conductive line is configured
by two sub traces connected to each other. In FIG. 8, three
conductive lines in which two sub traces are paired so as to
form respective conductive lines are illustrated. According
to the above-described structure, when one sub trace is
damaged, the remaining sub trace may serve as a prelimi-

nary path.

[0122] In spite of the layout design, difficulty caused by
the narrow space where the conductive lines are disposed
still remains. An angle 01 of the extending direction of the
conductive line with respect to the bending direction is one
which is smaller than an angle 02 in the design structure
which will be described below with reference to FIG. 9A.
This is because the smaller the angle 01 with respect to the
bending direction, the lower the ability to withstand a stress.



US 2018/0182838 Al

The disadvantage may cause damage (e.g., cracks) to the
conductive line due to the bending to result in electrical and
mechanical failure.

[0123] FIGS. 9A and 9B are views illustrating a strain
reducing conductive line design according to an embodi-
ment of the present disclosure.

[0124] A design for compensating the disadvantage of the
conductive line design illustrated in FIG. 8 is applied to the
conductive lines illustrated in FIGS. 9A and 9B. That is, the
conductive lines disposed in the bended section according to
an embodiment of the present disclosure have a multilayered
(multi plane) structure to avoid a spatial restriction. FIG. 9A
is a cross-sectional view of the conductive line structure and
FIG. 9B is a plan view of the conductive line structure.
[0125] In FIGS. 9A and 9B, conductive lines 120-1 and
120-2 which are disposed on two layers (planes) are illus-
trated. Hach of the conductive lines include two sub traces
120-1a and 120-15 and 120-2a¢ and 120-25. The first con-
ductive line 120-1 is disposed on a first layer and the second
conductive line 120-2 is disposed on a second layer. For
example, the first conductive line 120-1 is located on the
base layer 106, the insulating layer 107 is located over the
first conductive line 120-1, and the second conductive line
120-2 is located on the insulating layer 107. The conductive
lines (or the sub traces) may be covered by the protective
layers 128-1 and 128-2 and the insulating layer 107 is
disposed between the first conductive line 120-1 and the
second conductive line 120-2. The insulating layer 107 may
be configured by an inorganic layer or an organic layer such
as photo acryl and provide an electrical insulation between
the first conductive line 120-1 and the second conductive
line 120-2. The thickness of the insulating layer 107 may be
determined in consideration of coupling between adjacent
conductive lines. When the insulating layer 107 is config-
ured by the same material (for example, photo acryl) as the
planarization layer in the display area, the insulating layer
may be formed by the same process. In the meantime, a
buffer layer may be provided below the first conductive line
120-1 and/or the second conductive line 120-2.

[0126] The sub traces of the first conductive line 120-1
and the second conductive line 120-2 may extend to be
parallel to each other. Referring to FIG. 9B, it is understood
that each of the first conductive line 120-1 and the second
conductive line 120-2 is configured by two sub traces and
the sub traces are parallel to each other. Further, the sub
traces may be formed such that a portion extending in a first
direction (for example, a left downward (") direction) and
a portion extending in a second direction (for example, a
right downward (™) direction) are alternately connected.
The first conductive line 120-1 and the second conductive
line 120-2 may include a joint which connects different sub
traces at a portion (from the first direction to the second
direction and/or from the second direction to the first direc-
tion) where directions extending the sub traces are changed.
The sub traces are gathered at one conductive line at the start
and end portions. According to another aspect, one conduc-
tive line is divided into two sub traces at the start and end
portions.

[0127] A protective coating layer 132 may be disposed
above the second conductive line 120-2. When several
layers are not provided in a bent portion of the flexible
display device 100, a protective layer may be necessary for
conductive lines, specifically, wire traces in the bended
section. Further, since an inorganic insulating layer may be
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etched at the bent portion of the flexible display device 100,
conductive lines of the bent portion may be susceptible to
moisture or other foreign matters. Specifically, various pads
and conductive lines for testing components during the
manufacturing process of the flexible display device 100
may be chamfered, which may remain a conductive line
extending to a dug edge of the flexible display device 100.
The conductive lines may be easily corroded by moisture
and the corrosion may expand to adjacent conductive lines.
Accordingly, a protective coating layer which may also be
referred to as a “micro-coating layer” may be provided on
the conductive line and/or the wire trace of the bent portion.
[0128] The protective coating layer 132 may be coated on
a bended section with a thickness which is determined to
adjust a neutral plane of the flexible display device 100 in
the bent portion. A thickness added to the protective coating
layer 132 in the bent portion may move the plane of the
conductive line and/or the wire trace to be closer to the
neutral plane.

[0129] Since two conductive lines which are adjacent to
each other on the plane are disposed to be divided onto the
upper and lower layers as illustrated in FIGS. 9A and 9B, a
sufficient interval between the adjacent conductive lines is
provided, so that interference may be reduced. Therefore, a
degree of freedom of a conductive line layout design is
increased. Therefore, in the conductive line layout design of
FIG. 9B, the conductive lines may obliquely extend at a
larger angle (62>61) with respect to the bending direction as
compared with a design of FIG. 8. This structure has a
stronger characteristic for the bending stress.

[0130] FIGS. 10A to 10C are views illustrating a flexible
display device according to an embodiment of the present
disclosure and a part of an implementing process of a
conductive line design applied thereto.

[0131] The flexible display device may include a base
layer 106, a polarization layer 110, a protective coating layer
132, and a printed circuit board. If necessary, the flexible
display device may further include a support layer 108
which supports the base layer 106 and a supporting member
(for example, a mandrel). When the base layer 106 is formed
of plastic, the base layer may also be referred to as a plastic
film or a plastic substrate. For example, the base layer 106
may be a film type layer including one selected from a group
consisting of a polyimide based polymer, a polyester based
polymer, a silicon based polymer, an acrylic polymer, a
polyolefin based polymer, and a copolymer thereof. Among
these materials, polyimide may be applied to a high tem-
perature process and may be coated and thus is widely used
for a plastic substrate.

[0132] The base layer 106 of the flexible display device
may include a first portion 101 and a second portion 102. In
FIGS. 3A, 4, and 10A, it is illustrated that the second portion
102 extends to the outside of the first portion 101, but the
spirit of the present disclosure is not limited thereto. The first
portion 101 includes a display area A/A in which the organic
light emitting diode and the polarization layer 110 are
disposed. In this case, the organic light emitting diode and
the polarization layer 110 are disposed on a first surface (a
top surface) of the first portion 101. In the organic light
emitting diode, a first electrode, an organic light emitting
layer, and a second electrode are sequentially disposed. That
is, the organic light emitting diode may be configured by the
first electrode which is electrically connected to the driving
thin film transistor (driving TFT), the organic light emitting
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layer which is disposed on the first electrode, and the second
electrode which is disposed on the organic light emitting
layer. An encapsulation layer is disposed on the organic light
emitting diode and the polarization layer 110 may be located
on the encapsulation layer. An adhesive layer is disposed on
the polarization layer 110, and a cover layer (for example, a
cover glass) may be disposed thereon.

[0133] In the meantime, the second portion 102 may be a
non-display area at the outside of the first portion and has a
portion (a bended section) which is bent toward a second
surface (a lower surface, an opposite side to the first surface)
of the first portion 101. In this case, the second portion 102
may be provided to extend to the outside of the first portion
101. The second portion 102 may include a bended section
1025 which is bent at a predetermined curvature and a flat
section (a section supported by the support layer 108) which
is not bent.

[0134] Conductive lines having a strain reducing structure
are disposed in a section B corresponding to the bended
section. The conductive lines are connected to the pixels in
the first portion (101) direction and are connected to the
driving circuit (a data driving circuit and a gate driving
circuit) in the second portion (102) direction.

[0135] The B section may be the same as the bended
section. However, if necessary, the B section may be slightly
larger than or smaller than the bended section.

[0136] Hereinafter, it is assumed that the B section is the
same as the bended section, but the spirit of the present
disclosure is not limited thereto. In the B section, conductive
lines 120-1 and 120-2 may be disposed on two or more
layers. The conductive lines extend in a direction which is
not parallel to a bending direction (a bending direction and
a tangent vector of the curvature) of the bended section. As
described above, this is to minimize the stress applied to the
conductive lines due to the bending.

[0137] The conductive lines 120-1 and 120-2 in the
bended section are disposed on two layers as illustrated in
FIG. 9A. In this case, the conductive lines include a first
conductive line 120-1 on a first layer and a second conduc-
tive line 120-2 on a second layer and an insulating layer is
located between the first conductive line 120-1 and the
second conductive line 120-2. The first layer may be the base
layer 106 and the second layer may be the insulating layer
107. That is, the first conductive line 120-1 may be disposed
on the base layer and the second conductive line 120-2 may
be disposed on the insulating layer. In the meantime, a first
protective layer which covers the first conductive line, a
second protective layer which covers the second conductive
line, and a protective coating layer which covers the second
protective layer and the insulating layer may be further
provided.

[0138] Each of the first conductive line 120-1 and the
second conductive line 120-2 may include two or more sub
traces. In this case, the sub traces may extend to be parallel
to each other. Referring to FIG. 104, it is understood that
each of the first conductive line 120-1 and the second
conductive line 120-2 is configured by two sub traces ina B
section and the sub traces are parallel to each other. Further,
the sub traces may be formed such that a portion extending
in a first direction (for example, a left downward («")
direction) and a portion extending in a second direction (for
example, a right downward (™) direction) are alternately
connected. The first conductive line 120-1 and the second
conductive line 120-2 may include a joint (bridge) which
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connect different sub traces at a portion (from the first
direction to the second direction or from the second direc-
tion to the first direction) where directions extending the sub
traces are changed. By means of the connection, when one
sub trace is damaged, the remaining sub trace may function
as a preliminary path. The sub traces are gathered at an end
portion (C1 and/or C2) of the insulating layer as one
conductive line. According to another aspect, one conduc-
tive line is divided into two sub traces at the C1 and/or C2.
[0139] The insulating layer may be provided only in a
section where the conductive lines are made of a plurality of
layers. In FIG. 10A, the insulating layer may be provided
only in the B section. In this case, the first conductive line
120-1 is disposed on the first layer and the second conduc-
tive line 120-2 is disposed on the second layer in the bended
section B and is disposed on the first layer in a section other
than the bended section. That is, in the first conductive line
120-1, the sub trace and a routing trace (a trace connecting
the sub trace and the pixel/driving circuit) are disposed on
the first layer (for example, a base layer). In contrast, in the
second conductive line 120-2, the sub trace is disposed on
the second layer (for example, on the insulating layer) and
the routing trace is disposed on the first layer. This design is
designed because the sub trace is a redundancy structure and
occupies a wider space.

[0140] The above-described design is illustrated in FIGS.
10B and 10C. As seen from the drawings, an upper trace and
a lower trace are connected at an end C1 of the insulating
layer 107. In FIG. 10B, the second conductive line 120-2 is
formed to rise along a side wall of the insulating layer 107.
In this case, when the photo resist 300 is not completely
removed in some areas during the patterning process so that
a remaining film 300' remains, a part 120-2' of the conduc-
tive line which needs to be etched remains in that portion to
cause failure (for example, a short circuit between adjacent
lines).

[0141] In order to avoid the above-described problem, the
sub trace 120-2 of the second conductive line and the routing
trace 120-2' may be connected as illustrated in FIG. 10C.
That is, in the second conductive line, a portion 120-2
disposed on the second layer and a portion 120-2' disposed
on the first layer are connected through a contact hole which
passes through the insulating layer 107. In this case, the
insulating layer 107 encloses the contact hole. In the above-
described connection, even though the above-described
remaining film 300" and the metallic residue 120-2' are
generated, a risk of a short circuit between adjacent lines is
reduced by the insulating layer 107 and the protective layer
128. The portion 120-2' disposed on the first layer may be
formed of the same material as the first conductive line
120-1 by the same process. Further, the portion 120-2'
disposed on the first layer may be configured by a different
material from the portion 120-2 disposed on the second
layer.

[0142] The embodiments ofthe present disclosure can also
be described as follows:

[0143] According to an aspect of the present disclosure.
The flexible display device includes a base layer including
a first portion in which an organic light emitting diode is
disposed on a first surface and a second portion which has
a bended section bent toward a second surface opposite to
the first surface at the outside of the first portion; and
conductive lines in the bended section, the conductive lines
being disposed two or more layers, wherein the conductive
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lines extend in a direction which is not parallel to a bending
direction of the bended section.

[0144] The conductive lines may include a first conductive
line on a first layer and a second conductive line on a second
layer and an insulating layer may be located between the first
conductive line and the second conductive line.

[0145] The first conductive line may be disposed on the
base layer and the second conductive line may be disposed
on the insulating layer.

[0146] The flexible display device may further include a
first protective layer covering the first conductive line, a
second protective layer covering the second conductive line,
and a protective coating layer covering the second protective
layer and the insulating layer.

[0147] Each of the first conductive line and the second
conductive line may include two or more sub traces and the
sub traces extend to be parallel to each other.

[0148] The sub traces may be formed such that a portion
extending to a first direction and a portion extending to a
second direction are alternately connected.

[0149] The first conductive line and the second conductive
line may include joints connecting different sub traces at a
portion where the extending directions of the sub traces are
changed.

[0150] The sub traces may be gathered at an end portion
of the insulating layer as one conductive line.

[0151] The first conductive line may be disposed on the
first layer and the second conductive line may be disposed
on the second layer in the bended section and disposed on
the first layer in a section other than the bended section.
[0152] In the second conductive line, a portion disposed
on the second layer and a portion disposed on the first layer
may be connected at an end of the bended section.

[0153] In the second conductive line, the portion disposed
on the second layer and the portion disposed on the first
layer may be connected through a contact hole which passes
through the insulating layer.

[0154] The contact hole may be enclosed by the insulating
layer.
[0155] Although the exemplary embodiments of the pres-

ent disclosure have been described in detail with reference
to the accompanying drawings, the present disclosure is not
limited thereto and may be embodied in many different
forms without departing from the technical concept of the
present disclosure. Accordingly, the embodiments disclosed
herein are intended to not limit but describe the technical
aspects of the present disclosure and the scope of the present
disclosure is not restricted by the embodiments. The features
of various embodiments of the present disclosure can be
partially or entirely bonded to or combined with each other
and can be interlocked and operated in technically various
ways by those skilled in the art, and the embodiments can be
carried out independently of or in association with each
other. The protective scope of the present disclosure should
be construed based on the following claims, and all the
technical concepts in the equivalent scope thereof should be
construed as falling within the scope of the present disclo-
sure.

[0156] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
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herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

[0157] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

What is claimed is:

1. A flexible display device, comprising:

a base layer including a first portion in which an organic
light emitting diode is disposed on a first surface and a
second portion which has a bended section bent toward
a second surface opposite to the first surface at the
outside of the first portion; and

conductive lines in the bended section, the conductive
lines being disposed on two or more layers, the con-
ductive lines having portions that extend in a direction
which is not parallel to a bending direction of the
bended section.

2. The flexible display device according to claim 1,
wherein the conductive lines include a first conductive line
on a first layer and a second conductive line on a second
layer, and further comprising;

an insulating layer located between the first conductive
line and the second conductive line.

3. The flexible display device according to claim 2,
wherein the first conductive line is disposed on the base
layer and the second conductive line is disposed on the
insulating layer.

4. The flexible display device according to claim 3, further
comprising:

a first protective layer covering the first conductive line;

a second protective layer covering the second conductive
line; and

a protective coating layer covering the second protective
layer and the insulating layer.

5. The flexible display device according to claim 2,
wherein each of the first conductive line and the second
conductive line includes two or more sub traces, and the sub
traces extend to be parallel to each other.

6. The flexible display device according to claim 5,
wherein the sub traces are formed such that a portion
extending to a first direction and a portion extending to a
second direction are alternately connected.

7. The flexible display device according to claim 5,
wherein the first conductive line and the second conductive
line include joints connecting different sub traces at a portion
where the extending directions of the sub traces are changed.

8. The flexible display device according to claim 5,
wherein the sub traces are gathered at an end portion of the
insulating layer as one conductive line.

9. The flexible display device according to claim 2,
wherein the first conductive line is disposed on the first layer
and the second conductive line is disposed on the second
layer in the bended section and disposed on the first layer in
a section other than the bended section.

10. The flexible display device according to claim 9,
wherein in the second conductive line, a portion disposed on
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the second layer and a portion disposed on the first layer are
connected at an end of the bended section.

11. The flexible display device according to claim 10,
wherein in the second conductive line, the portion disposed
on the second layer and the portion disposed on the first
layer are connected through a contact hole which passes
through the insulating layer.

12. The flexible display device according to claim 11,
wherein the contact hole is enclosed by the insulating layer.
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