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(54) DISPLAY DEVICE

(57) A display device includes a substrate (SUB) in-
cluding a bent area (BA) and a flat area (FA1, FA2), a
plurality of island-shaped inorganic insulating patterns
(IIP) arranged on the substrate (SUB) in the bent area
(BA) to be separate from each other, an organic insulating

layer (INS1) including a concavo-convex surface cover-
ing the inorganic insulating patterns (IIP) in the bent area
(BA), and wiring lines (L2) arranged on the organic insu-
lating layer (INS1) and overlapping the inorganic insulat-
ing patterns (IIP).



EP 3 333 896 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

1. Field

[0001] Aspects of embodiments of the present inven-
tion relate to a display device.

2. Description of the Related Art

[0002] Recently, flexible display devices that may be
bent or folded when users desire to curve or fold the
display devices are being developed.
[0003] When the display devices are bent or folded,
bent or folded areas of the display devices are vulnerable
to stress such that the display devices may be trans-
formed or damaged. In particular, when stress associat-
ed with transformation is applied to wiring lines of the
bent or folded areas, the wiring lines may be broken.
[0004] Therefore, characteristics and reliability of the
display devices may deteriorate.

SUMMARY

[0005] According to an aspect of embodiments of the
present invention, a display device is capable of prevent-
ing or substantially preventing wiring lines from being bro-
ken when the wiring lines are bent and preventing or sub-
stantially preventing a characteristic and reliability of the
display device from deteriorating.
[0006] A display device according to one or more em-
bodiments of the present invention includes: a substrate
including a bent area and a flat area; a plurality of island-
shaped inorganic insulating patterns arranged on the
substrate in the bent area to be separate from each other;
an organic insulating layer including a concavo-convex
surface covering the inorganic insulating patterns in the
bent area; and wiring lines arranged on the organic in-
sulating layer and overlapping the inorganic insulating
patterns. When used herein, the term concavo-convex
surface especially means that the respective part or layer
has a upper surface, i.e. a surface facing away from the
substrate on which elevations or projections alternate
with valleys or recesses in a regular or irregular manner.
Especially the elevations and valleys alternate with each
other in one direction, e.g. the extension direction of the
wiring lines. The other surface of the organic insulating
layer, which is the lower surface facing the substrate
might have a complementary form to the upper surface
which means that on the opposite side of an elevation
on the upper surface there is a valley on the lower surface
and on the opposite side of a valley on the upper surface
there is an elevation on the lower surface. When used
herein, the term concavo-convex surface shall not re-
quire that respective elevations or projections and valleys
or recesses have a curved surface. Rather, the surface
may have elevations and/or recesses with plane or in a

cross section linear side walls and/or base lines (the latter
corresponding to the bottom line of a recess and a roof
line of an elevation).
[0007] The wiring lines may include a concavo-convex
part over the concavo-convex surface of the organic in-
sulating layer. The above definition regarding the conca-
vo-convex surface also applies for the concavo-convex
part. The form of the wiring lines in a cross-sectional view
may be also described as a meander form.
[0008] The inorganic insulating patterns may include
at least two sequentially stacked inorganic insulating lay-
ers.
[0009] The display device may further include a tran-
sistor provided on the substrate in the flat area and an
emission element connected to the transistor. The tran-
sistor may include a buffer layer provided on the sub-
strate, an active pattern provided on the buffer layer, a
gate electrode provided on a gate insulating layer on the
active pattern, an interlayer insulating layer provided on
the gate electrode, an insulating layer provided on the
interlayer insulating layer, and a source electrode and a
drain electrode provided on the insulating layer. The buff-
er layer, the gate insulating layer, and the interlayer in-
sulating layer may include openings that expose the sub-
strate in the bent area. The insulating layer may be called
a first insulating layer even in the case there is only a
single insulating layer. However, in other cases, there is
a plurality of insulating layers, for example a first and a
second insulating layer or a first, a second and a third
insulating layer. The invention is not limited to the number
of insulating layers. The first insulating layer which might
positioned on the interlayer insulating layer may accord-
ing to one embodiment of the invention form the organic
insulating layer including the concavo-convex surface
covering the inorganic insulating patterns in the bent ar-
ea. According to an alternative embodiment the insulat-
ing layer is provided additional to the organic insulating
layer and for example comprises an inorganic material.
For example the insulating layer or first insulating layer
may extend from the organic insulating layer and/or may
be a fill insulating layer as disclosed below.
[0010] The inorganic insulating patterns provided in
the openings may include a first inorganic insulating layer
provided on the substrate and a second inorganic insu-
lating layer provided on the first inorganic insulating layer.
[0011] The first inorganic insulating layer may include
a same material as the buffer layer. The second inorganic
insulating layer may include a same material as the gate
insulating layer.
[0012] The inorganic insulating patterns may further
include a third inorganic insulating layer provided on the
second inorganic insulating layer.
[0013] The third inorganic insulating layer may include
a same material as the interlayer insulating layer.
[0014] The organic insulating layer may extend from
the insulating layer and fill the openings.
[0015] The insulating layer may include an inorganic
material and expose the substrate to correspond to the
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openings.
[0016] The organic insulating layer may be a fill insu-
lating layer including an organic material, which fills the
openings.
[0017] The inorganic insulating patterns may further
include a fourth inorganic insulating layer provided on
the third inorganic insulating layer.
[0018] The fourth inorganic insulating layer may in-
clude a same material as the insulating layer.
[0019] In a direction perpendicular to a direction in
which the wiring lines extend, a width of the inorganic
insulating patterns may be not more than a width of the
wiring lines. When used herein, the direction perpendic-
ular to a direction in which the wiring lines extend, espe-
cially means a direction parallel to the substrate respec-
tively to the main surface of the substrate on which the
different layer are provided. Correspondingly, also the
wiring lines may be positioned within a plane parallel or
coplanar to the substrate respectively to the main surface
of the substrate on which the different layer are provided.
[0020] In the direction in which the wiring lines extend,
a first distance between the adjacent inorganic insulating
patterns may be not more than 50% of a sum of the width
of the wiring lines in the direction perpendicular to the
direction in which the wiring lines extend and the width
of the inorganic insulating patterns. According to an al-
ternative embodiment, in the direction perpendicular to
a direction in which the wiring lines extend, a width of the
inorganic insulating patterns is equal or larger than a
width of the wiring lines.
[0021] In the direction perpendicular to the direction in
which the wiring lines extend, a second distance between
the adjacent inorganic insulating patterns may be sub-
stantially equal to the first distance.
[0022] A thickness of the organic insulating layer may
be not more than 1.5 times a thickness of the inorganic
insulating patterns. This thickness may refer to a part of
the organic insulating layer which directly covers the in-
organic insulating patterns. This means that this part is
arranged on or above the respective inorganic insulating
pattern.
[0023] The thickness of the inorganic insulating pat-
terns may be not less than 10% of the width of the wiring
lines and the width of the inorganic insulating patterns.
[0024] The thickness of the inorganic insulating pat-
terns may be not less than 0,8 mm (8,000 Å).
[0025] In a direction in which the wiring lines extend,
each of the inorganic insulating patterns may overlap one
of the wiring lines. This especially means that the wiring
lines extend over a plurality of inorganic insulating pat-
terns arranged one behind in one direction. For example
the wiring lines are aligned with a center line of the inor-
ganic insulating patterns.
[0026] In a direction perpendicular to the direction in
which the wiring lines extend, each of the inorganic in-
sulating patterns may overlap one of the wiring lines. This
especially means that in the direction perpendicular to
the extension direction of the wiring lines the inorganic

insulating patterns are arranged one behind another and
are aligned with each other, whereby one inorganic in-
sulating pattern is provided per wiring line.
[0027] In a direction perpendicular to the direction in
which the wiring lines extend, each of the inorganic in-
sulating patterns may overlap a plurality of the wiring
lines.
[0028] The inorganic insulating patterns may include
a first inorganic insulating pattern provided on the sub-
strate and at least one second inorganic insulating pat-
tern provided on the first inorganic insulating pattern.
[0029] The at least one inorganic insulating pattern
may include at least two second inorganic insulating pat-
terns. In the direction in which the wiring lines extend,
the at least two second inorganic insulating patterns may
be separate from each other.
[0030] The at least one second inorganic insulating
pattern may include at least two inorganic insulating lay-
ers.
[0031] A display device according to one or more em-
bodiments of the present invention includes: a substrate
including a bent area and a flat area; a buffer layer pro-
vided on the substrate; an active pattern provided on the
buffer layer in the flat area; a gate insulating layer pro-
vided on the active pattern; a gate electrode provided on
the gate insulating layer in the flat area; an interlayer
insulating layer provided on the gate electrode; a first
insulating layer provided on the interlayer insulating lay-
er; a source electrode and a drain electrode arranged on
the first insulating layer to be separate from each other
and connected to the active pattern in the flat area; a
second insulating layer provided on the drain electrode
and including an organic material; an emission element
provided on the second insulating layer and connected
to the drain electrode in the flat area; an opening through
areas of the buffer layer, the gate insulating layer, and
the interlayer insulating layer, which correspond to the
bent area; a plurality of island-shaped inorganic insulat-
ing patterns arranged in the opening to be separate from
each other; an organic insulating layer configured to fill
the opening and to cover the inorganic insulating pat-
terns; and wiring lines arranged on the organic insulating
layer, the organic insulating layer including a concavo-
convex surface due to the inorganic insulating patterns,
and the wiring lines including a concavo-convex part over
the concavo-convex surface of the organic insulating lay-
er.
[0032] In the display device according to aspects of
the present invention, the wiring lines may be prevented
from being broken when the wiring lines are bent, and,
therefore, the characteristic and reliability of the display
device may be prevented from deteriorating.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Some example embodiments will be described
more fully herein with reference to the accompanying
drawings; however, they may be embodied in different
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forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
are provided so that this disclosure will be thorough and
complete, and will full convey the scope of the example
embodiments to those skilled in the art.
[0034] In the drawing figures, dimensions may be ex-
aggerated for clarity of illustration. Like reference numer-
als refer to like elements throughout.

FIG. 1 is a perspective view illustrating a display de-
vice according to an embodiment of the present in-
vention;
FIG. 2 is a plan view illustrating the display device
of FIG. 1, shown in a state of not being bent;
FIG. 3 is an equivalent circuit diagram illustrating that
a pixel is an emission element according to an em-
bodiment of the present invention;
FIG. 4 is a cross-sectional view taken along the line
I-I’ of FIG. 2;
FIG. 5 is an enlarged view of a region "EA1" of FIG. 2;
FIG. 6 is a cross-sectional view taken along the line
II-II’ of FIG. 5;
FIG. 7 is a cross-sectional view taken along the line
III-III’ of FIG. 5;
FIGS. 8 and 9 are cross-sectional views illustrating
a display device according to another embodiment
of the present invention, taken along lines corre-
sponding to the lines II-II’ and III-III’ of FIG. 5, re-
spectively;
FIGS. 10 through 12 are views illustrating a display
device according to another embodiment of the
present invention;
FIGS. 13 through 15 are views illustrating a display
device according to another embodiment of the
present invention; and
FIGS. 16 and 17 are cross-sectional views illustrat-
ing a display device according to other embodiments
of the present invention, taken along a line corre-
sponding to the line I-I’ of FIG. 2.

DETAILED DESCRIPTION

[0035] The present invention may be modified in vari-
ous ways and may have various embodiments, some
particular examples of which are illustrated in the draw-
ings and described in further detail herein. However, it is
to be understood that the present invention is not limited
to a specific disclosed form, but includes all modifica-
tions, equivalents, and substitutions without departing
from the scope of the present invention.
[0036] In describing drawings, like numbers refer to
like elements. In the accompanying drawings, dimen-
sions of structures may be exaggerated to clarify the
present invention. While terms such as "first" and "sec-
ond," etc., may be used to describe various elements,
such elements are not to be understood as being limited
to the above terms. The above terms are used only to
distinguish one component from another. For example,

a first component may be referred to as a second com-
ponent without departing from the scope of the present
invention, and, likewise, a second component may be
referred to as a first component. As used herein, the sin-
gular forms "a," "an," and "the" are intended to include
the plural forms as well, unless the context clearly indi-
cates otherwise.
[0037] In the present application, it is to be understood
that the terms such as "including" or "having," etc., are
intended to indicate the existence of the features, num-
bers, operations, actions, elements, parts, or combina-
tions thereof disclosed in the specification, and are not
intended to preclude the possibility that one or more other
features, numbers, operations, actions, elements, parts,
or combinations thereof may exist or may be added. It is
to be understood that when an element is referred to as
being "between" two elements, it may be the only element
between the two elements, or one or more intervening
elements may also be present. In addition, it is to be
understood that when an element, such as a layer, a film,
an area, or a substrate, is referred to as being "on" an-
other element, it may be directly on the other element,
or one or more intervening elements may also be present.
Also, it is to be understood that when an element, such
as a layer, a film, an area, or a substrate, is referred to
as being "beneath" another element, it may be directly
on or beneath the other element, or intervening elements
may also be present.
[0038] Herein, some embodiments of the present in-
vention will be described in further detail with reference
to the accompanying drawings.
[0039] FIG. 1 is a perspective view illustrating a display
device according to an embodiment of the present inven-
tion.
[0040] Referring to FIGS. 1 and 2, a display device
according to an embodiment of the present invention in-
cludes a substrate SUB, pixels PXL provided on the sub-
strate SUB, and a wiring line unit including wiring lines
LP connected to the pixels PXL.
[0041] The substrate SUB may include a display area
DA and a non-display area NDA provided at least at one
side of the display area DA.
[0042] The substrate SUB may be approximately rec-
tangular (e.g., square). According to an embodiment of
the present invention, the substrate SUB may include a
pair of short sides that run parallel to each other in a first
direction DR1 and a pair of long sides that run parallel to
each other in a second direction DR2. According to the
present embodiment, for the sake of convenience, the
four sides of the substrate SUB that are sequentially con-
nected, beginning with one of the pair of short sides, are
referred to as first through fourth sides S1 through S4.
[0043] However, a shape of the substrate SUB is not
limited thereto, and the substrate SUB may have any of
various shapes. For example, the substrate SUB may be
a closed polygon including straight sides, a circle or an
ellipse including a curved side, or a semi-circle or a semi-
ellipse including straight and curved sides. According to
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an embodiment of the present invention, when the sub-
strate SUB has the straight sides, at least parts of edges
of the respective shapes may be formed of curved lines.
For example, when the substrate SUB is rectangular,
each part at which adjacent straight sides meet may be
replaced by a curved line having a curvature (e.g., a pre-
determined curvature). For example, each vertex of the
rectangle may be formed of a curved side with a curvature
(e.g., a predetermined curvature), in which both ends ad-
jacent to each other are connected to two adjacent
straight sides. The curvature may be set to vary in ac-
cordance with a position. For example, the curvature may
vary in accordance with the position at which the curved
line starts and a length of the curved line.
[0044] In the display area DA, the pixels PXL are pro-
vided, and an image may be displayed. The display area
DA may have a shape corresponding to the shape of the
substrate SUB. For example, the display area DA may
be a closed polygon including straight sides, a circle or
an ellipse including a curved side, or a semi-circle or a
semi-ellipse including straight and curved sides, like the
substrate SUB. According to an embodiment of the
present invention, when the display area DA has the
straight sides, at least parts of edges of the respective
shapes may be formed of curved lines.
[0045] The pixels PXL are provided on the display area
DA of the substrate SUB. The plurality of pixels PXL may
be provided as units (e.g., minimum units) that display
an image. The pixels PXL may emit white light compo-
nents and/or color light components. Each of the pixels
PXL may emit one of red light, green light, blue light, and
white light. However, the present invention is not limited
thereto. For example, the pixel PXL may emit one of cyan
light, magenta light, and yellow light.
[0046] The pixels PXL may be emission elements in-
cluding organic light emitting layers. However, the
present invention is not limited thereto. The pixels PXL
may be implemented by any of various elements, such
as any of liquid crystal elements, electrophoretic ele-
ments, and electrowetting elements.
[0047] FIG. 3 is an equivalent circuit diagram illustrat-
ing that a pixel is an emission element according to an
embodiment of the present invention.
[0048] Referring to FIG. 3, each of the pixels (refer to
"PXL" of FIG. 2) may include a thin film transistor (TFT)
connected to the wiring lines (refer to "LP" of FIG. 2) of
the wiring line unit, an emission element EL connected
to the TFT, and a capacitor Cst.
[0049] The TFT may include a driving TFT TR2 for con-
trolling the emission element EL and a switching TFT
TR1 for switching the driving TFT TR2. According to an
embodiment of the present invention, it is illustrated that
one pixel PXL includes the two TFTs TR1 and TR2. How-
ever, the present invention is not limited thereto. For ex-
ample, one pixel PXL may include one TFT and a capac-
itor or no less than three TFTs and no less than two ca-
pacitors. For example, one pixel PXL may include seven
TFTs, an emission element, and a storage capacitor.

[0050] The switching TFT TR1 may include a gate elec-
trode, a source electrode, and a drain electrode. In the
switching TFT TR1, the gate electrode is connected to a
gate wiring line GL and the source electrode may be con-
nected to a data wiring line DL. The drain electrode may
be connected to a gate electrode of the driving TFT TR2.
The switching TFT TR1 may transmit a data signal ap-
plied to the data wiring line DL to the driving TFT TR2 in
accordance with a scan signal applied to the gate wiring
line GL.
[0051] The driving TFT TR2 may include a gate elec-
trode, a source electrode, and a drain electrode. In the
driving TFT TR2, the gate electrode is connected to the
switching TFT TR1, the source electrode is connected
to a first power source wiring line ELVDD, and the drain
electrode may be connected to the emission element EL.
[0052] The emission element EL may include a light
emitting layer and a first electrode and a second electrode
that face each other with the light emitting layer inter-
posed therebetween. The first electrode may be connect-
ed to the drain electrode of the driving TFT TR2. The
second electrode is connected to a second power source
wiring line ELVSS so that a common voltage may be
applied to the second electrode of the emission element
EL. The light emitting layer emits light or does not emit
light in accordance with an output signal of the driving
TFT TR2 and may display an image. Here, the light emit-
ted from the light emitting layer may vary in accordance
with a material of the light emitting layer and may be color
light or white light.
[0053] The capacitor Cst is connected between the
gate electrode and the source electrode of the driving
TFT TR2 and may charge and maintain the data signal
input to the gate electrode of the driving TFT TR2.
[0054] Referring to FIGS. 1 through 3, according to an
embodiment of the present invention, the plurality of pix-
els PXL may be arranged in a row that extends in the
first direction DR1 and in a column that extends in the
second direction DR2. However, the arrangement of the
pixels PXL is not limited thereto and the pixels PXL may
be arranged in any of various forms. For example, the
pixels PXL may be arranged in a row direction or in a
direction oblique to the row direction.
[0055] In the non-display area NDA, the pixels PXL are
not provided, and an image may not be displayed.
[0056] In the non-display area NDA, the wiring lines
LP connected to the pixels PXL, and a driver (not shown)
connected to the wiring lines LP to drive the pixels PXL
may be provided.
[0057] The wiring lines LP may be connected to the
pixels PXL. The wiring lines LP may provide signals to
the pixels PXL. The wiring lines LP may be the gate wiring
line GL, the data wiring line DL, the first power source
wiring line ELVDD, and the second power source wiring
line ELVSS.
[0058] The wiring lines LP may be provided in the dis-
play area DA and the non-display area NDA.
[0059] The wiring lines LP may be connected to the
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driver. The driver provides the signals to the pixels PXL
through the wiring lines LP and may control driving of the
pixels PXL.
[0060] The driver may include a scan driver (not
shown) for providing scan signals to the pixels PXL along
the gate wiring line GL, a data driver (not shown) for pro-
viding data signals to the pixels PXL along the data wiring
line DL, and a timing controller (not shown) for controlling
the scan driver and the data driver.
[0061] According to an embodiment of the present in-
vention, the scan driver may be directly mounted on the
substrate SUB. When the scan driver is directly mounted
on the substrate SUB, the scan driver may be formed in
a process of forming the pixels PXL. However, a position
of the scan driver and a method of forming the scan driver
are not limited thereto. In an embodiment, the scan driver
is formed in a separate chip and may be provided on the
substrate SUB in the form of chip on glass or is mounted
on the substrate SUB and may be connected to the sub-
strate SUB through a connection member.
[0062] According to an embodiment of the present in-
vention, the data driver may be directly mounted on the
substrate SUB. However, the present invention is not lim-
ited thereto. In an embodiment, the data driver is formed
in a separate chip and may be connected onto the sub-
strate SUB. According to an embodiment of the present
invention, when the data driver is formed in the separate
chip and is connected onto the substrate SUB, the data
driver may be provided in the form of chip on glass or
chip on plastic or is mounted on the substrate SUB and
may be connected to the substrate SUB through the con-
nection member. According to an embodiment of the
present invention, the data driver is in the form of a chip
on film (COF) and may be connected to the substrate
SUB.
[0063] According to an embodiment of the present in-
vention, the non-display area NDA may further include
an additional area ADA that protrudes from a part thereof.
The additional area ADA may protrude from the sides
that form the non-display area NDA. According to an em-
bodiment of the present invention, the additional area
ADA is illustrated as protruding from one of short sides
of the substrate SUB. However, the additional area ADA
may protrude from one of long sides or no less than two
sides among the four sides. According to an embodiment
of the present invention, the data driver may be provided
in or connected to the additional area ADA. However, the
present invention is not limited thereto, and any of various
elements may be arranged in the additional area ADA.
[0064] According to an embodiment of the present in-
vention, at least a part of the display device may be flex-
ible and the flexible part may be folded or bent. That is,
the display device may include a bent area BA having
flexibility and folded or bent in a direction and a flat area
that is provided at least at one side of the bent area BA
and that is not folded and is flat. The flat area may have
flexibility or may not have flexibility.
[0065] According to an embodiment of the present in-

vention, the bent area BA is illustrated as being provided
in the additional area ADA. According to an embodiment
of the present invention, a first flat area FA1 and a second
flat area FA2 separate from each other with the bent area
BA interposed therebetween may be provided, and the
first flat area FA1 may include the display area DA. Ac-
cording to an embodiment of the present invention, the
bent area BA may be separate from the display area DA.
[0066] In the bent area BA, when a line on which the
display device is folded is referred to as a fold line, the
fold line may be provided in the bent area BA. Here, the
term "folded" means that the display device is not fixed
to one form but may be transformed from one to another.
The display device may be folded, curved, or rolled along
no less than one specific line, that is, the fold line. Ac-
cording to an embodiment of the present invention, it is
illustrated that the display device is folded such that the
surfaces of the two flat areas FA1 and FA2 are positioned
to run parallel with each other and face each other. How-
ever, the present invention is not limited thereto. The dis-
play device may be folded such that the surfaces of the
two flat areas FA1 and FA2 form an angle (e.g., a pre-
determined angle, for example, an acute angle, a right
angle, or an obtuse angle) with the bent area BA inter-
posed therebetween.
[0067] According to an embodiment of the present in-
vention, the additional area ADA may be bent along the
fold line. In this case, since the additional area ADA is
bent, a width of a bezel may be reduced.
[0068] FIG. 4 is a cross-sectional view taken along the
line I-I’ of FIG. 2 and illustrates some pixels of the display
area and the non-display area. FIG. 4 conceptually illus-
trates a display device according to an embodiment of
the present invention. For the sake of convenience, some
elements may be exaggerated or contracted.
[0069] A part of the display device according to an em-
bodiment of the present invention is bent as illustrated in
FIG. 1. However, in FIG. 4, for the sake of convenience,
the display device is illustrated as not being bent. For
reference, in cross-sectional views or plan views accord-
ing to embodiments herein, for the sake of convenience,
the display device is illustrated as not being bent.
[0070] Hereinafter, referring to FIGS. 1 through 4, the
display device according to an embodiment of the
present invention will be described in further detail.
[0071] First, the display area DA will be described.
Then, the non-display area NDA will be described.
[0072] According to an embodiment of the present in-
vention, the plurality of pixels PXL may be provided in
the display area DA. Each of the pixels PXL includes a
transistor connected to a corresponding wiring line LP
among the wiring lines LP, the emission element EL con-
nected to the transistor, and the capacitor Cst. The tran-
sistor may include the driving transistor TR2 for control-
ling the emission element EL and the switching transistor
TR1 for switching the driving transistor TR2.
[0073] In FIG. 3, for the sake of convenience, it is illus-
trated that one pixel PXL includes two transistors and
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one capacitor. However, the present invention is not lim-
ited thereto. One pixel PXL may include no less than two
transistors and at least one capacitor or no less than three
transistors and no less than two capacitors.
[0074] The pixels PXL according to an embodiment of
the present invention may be provided on the substrate
SUB.
[0075] The substrate SUB may include an insulating
material such as glass or resin. In addition, the substrate
SUB may include a flexible material so as to be curved
or folded and may have a single layer structure or a mul-
tilayer structure.
[0076] For example, the substrate SUB may include at
least one among polystyrene, polyvinyl alcohol, polyme-
thyl methacrylate, polyethersulfone, polyacrylate, poly-
etherimide, polyethylene naphthalate, polyethylene
terephthalate, polyphenylene sulfide, polyarylate, poly-
imide, polycarbonate, triacetate cellulose, and cellulose
acetate propionate. The material that forms the substrate
SUB may be any of various materials and may include
fiber reinforced plastic (FRP).
[0077] A buffer layer BF may be provided on the sub-
strate SUB. The buffer layer BF may prevent or substan-
tially prevent impurities from being diffused into the
switching and driving transistors. The buffer layer BF may
be provided as a single layer or a multilayer formed of
no less than two layers.
[0078] The buffer layer BF may be an inorganic insu-
lating layer including an inorganic material. For example,
the buffer layer BF may be formed of a silicon nitride, a
silicon oxide, or a silicon oxynitride. When the buffer layer
BF is provided as the multilayer, the respective layers
may be formed of the same material or different materials.
The buffer layer BF may be omitted in accordance with
a material and a process condition of the substrate SUB.
[0079] An active pattern ACT may be provided on the
buffer layer BF. The active pattern ACT may be formed
of a semiconductor material. The active pattern ACT may
include a source area, a drain area, and a channel area
provided between the source area and the drain area.
The active pattern ACT may be a semiconductor pattern
formed of polysilicon, amorphous silicon, and oxide sem-
iconductor. The channel area as a semiconductor pattern
that is not doped with impurities may be intrinsic semi-
conductor. The source area and the drain area may be
semiconductor patterns doped with impurities. The im-
purities may be n-type impurities, p-type impurities, or
other metals.
[0080] A gate insulating layer GI may be provided on
the buffer layer BF provided with the active pattern ACT.
The gate insulating layer GI may be an inorganic insu-
lating layer including an inorganic material or an organic
insulating layer including an organic material. The inor-
ganic material may be an inorganic insulating material,
such as polysiloxane, a silicon nitride, a silicon oxide, or
a silicon oxynitride. The organic material may be an or-
ganic insulating material, such as a polyacryl based com-
pound, a polyimide based compound, a fluorine based

carbon compound such as Teflon, or a benzocyclobutene
compound.
[0081] A gate electrode GE and a capacitor lower elec-
trode LE may be provided on the gate insulating layer
GI. The gate electrode GE may cover an area corre-
sponding to the channel area of the active pattern ACT.
[0082] The gate electrode GE and the capacitor lower
electrode LE may be formed of metal. For example, the
gate electrode GE may be formed of at least one among
gold (Au), silver (Ag), aluminum (Al), molybdenum (Mo),
chromium (Cr), titanium (Ti), nickel (Ni), neodymium
(Nd), and copper (Cu), or an alloy of the above metals.
In addition, the gate electrode GE may be formed of a
single layer. However, the present invention is not limited
thereto. The gate electrode GE may be formed of a mul-
tilayer obtained by stacking no less than two materials
among the above metals and alloys.
[0083] According to an embodiment of the present in-
vention, although not shown, other wiring lines including
gate wiring lines may be formed of the same material in
the same layer as the gate electrode GE and the capac-
itor lower electrode LE. Here, the other wiring lines such
as the gate wiring lines may be directly or indirectly con-
nected to a part of a transistor in each of the pixels PXL.
[0084] An interlayer insulating layer IL may be provided
on the gate insulating layer GI on which the gate electrode
GE and the capacitor lower electrode LE are provided.
The interlayer insulating layer IL may be an inorganic
insulating layer including an inorganic material. The in-
organic material may be polysiloxane, a silicon nitride, a
silicon oxide, or a silicon oxynitride.
[0085] A capacitor upper electrode UE may be provid-
ed on the interlayer insulating layer IL. The capacitor up-
per electrode UE may be formed of metal. For example,
the capacitor upper electrode UE may be formed of at
least one among Au, Ag, Al, Mo, Cr, Ti, Ni, Nd, and Cu,
or an alloy of the above metals. In addition, the capacitor
upper electrode UE may be formed of a single layer. How-
ever, the present invention is not limited thereto. The ca-
pacitor upper electrode UE may be formed of a multilayer
obtained by stacking no less than two materials among
the above metals and alloys.
[0086] The capacitor lower electrode LE and the ca-
pacitor upper electrode UE may form the capacitor Cst
with the interlayer insulating layer IL interposed therebe-
tween. According to an embodiment of the present in-
vention, it is illustrated that the capacitor Cst is formed
of the capacitor lower electrode LE and the capacitor
upper electrode UE. However, the present invention is
not limited thereto. The capacitor Cst may be implement-
ed by any of various methods.
[0087] A first insulating layer INS1 may be provided on
the interlayer insulating layer IL on which the capacitor
upper electrode UE is provided. The first insulating layer
INS1 may be an organic insulating layer including an or-
ganic insulating material, such as a polyacryl based com-
pound, a polyimide based compound, a fluorine based
carbon compound such as Teflon, or a benzocyclobutene
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compound.
[0088] A source electrode SE and a drain electrode
DE may be provided on the first insulating layer INS1.
The source electrode SE and the drain electrode DE may
respectively contact a source area and a drain area of
the active pattern ACT through contact holes formed in
the first insulating layer INS1, the interlayer insulating
layer IL, and the gate insulating layer GI.
[0089] The source electrode SE and the drain elec-
trode DE may be formed of metal. For example, the
source electrode SE and the drain electrode DE may be
formed of at least one among Au, Ag, Al, Mo, Cr, Ti, Ni,
Nd, and Cu, or an alloy of the above metals. In addition,
the source electrode SE and the drain electrode DE may
be formed of a single layer. However, the present inven-
tion is not limited thereto. The source electrode SE and
the drain electrode DE may be formed of a multilayer
obtained by stacking no less than two materials among
the above metals and alloys.
[0090] According to an embodiment of the present in-
vention, although not shown, data wiring lines or first pow-
er source wiring lines may be formed of the same material
in the same layer as the source electrode SE and the
drain electrode DE. Here, the data wiring lines or the first
power source wiring lines may be directly or indirectly
connected to a part, for example, the source electrode
SE and/or the drain electrode DE of a transistor in each
of the pixels PXL.
[0091] A second insulating layer INS2 may be provided
on the first insulating layer INS1 on which the source
electrode SE and the drain electrode DE are provided.
That is, the second insulating layer INS2 may cover the
transistor.
[0092] The second insulating layer INS2 may be an
organic insulating layer including an organic insulating
material, such as a polyacryl based compound, a poly-
imide based compound, a fluorine based carbon com-
pound such as Teflon, or a benzocyclobutene compound.
[0093] The emission element EL may be provided on
the second insulating layer INS2. The emission element
EL may include a first electrode EL1, an organic light
emitting layer OL, and a second electrode EL2.
[0094] The first electrode EL1 may be provided on the
second insulating layer INS2. The first electrode EL1 may
be connected to the drain electrode DE through a contact
hole that passes through the second insulating layer
INS2.
[0095] A pixel defining layer PDL that partitions off an
emission area to correspond to each of the pixels PXL
may be provided on the second insulating layer INS2 on
which the first electrode EL1 is provided. The pixel de-
fining layer PDL exposes an upper surface of the first
electrode EL1 and may protrude from the second insu-
lating layer INS2 along a circumference of the pixel PXL.
[0096] The organic light emitting layer OL is provided
on the first electrode EL1 exposed by the pixel defining
layer PDL, and the second electrode EL2 may be pro-
vided on the organic light emitting layer OL.

[0097] One of the first electrode EL1 and the second
electrode EL2 may be an anode electrode, and the other
of the first electrode EL1 and the second electrode EL2
may be a cathode electrode. For example, the first elec-
trode EL1 may be the anode electrode, and the second
electrode EL2 may be the cathode electrode.
[0098] In addition, at least one of the first electrode EL1
and the second electrode EL2 may be a transmissive
electrode. For example, when the emission element EL
is a rear surface emission type emission element, the
first electrode EL1 is a transmissive electrode and the
second electrode EL2 may be a reflective electrode.
When the emission element EL is a front surface emis-
sion type emission element, the first electrode EL1 is the
reflective electrode and the second electrode EL2 may
be the transmissive electrode. When the emission ele-
ment EL is a both side emission type emission element,
both the first electrode EL1 and the second electrode
EL2 may be transmissive electrodes. According to the
present embodiment, it is illustrated that the emission
element EL is the front surface emission type emission
element and the first electrode EL1 is the anode elec-
trode.
[0099] The first electrode EL1 may include a reflecting
layer (not shown) capable of reflecting light and a trans-
parent conductive layer (not shown) arranged on or under
the reflecting layer. At least one of the transparent con-
ductive layer and the reflecting layer may be connected
to the drain electrode DE.
[0100] The reflecting layer may include a material ca-
pable of reflecting light. For example, the reflecting layer
may include at least one among Al, Ag, Cr, Mo, platinum
(Pt), Ni, and an alloy of the above metals.
[0101] The transparent conductive layer may include
a transparent conductive oxide. For example, the trans-
parent conductive layer may include at least one trans-
parent conductive oxide among indium tin oxide (ITO),
indium zinc oxide (IZO), aluminum zinc oxide (AZO), gal-
lium doped zinc oxide (GZO), zinc tin oxide (ZTO), gal-
lium tin oxide (GTO), and fluorine doped tin oxide (FTO).
[0102] The pixel defining layer PDL may include an
organic insulating material. For example, the pixel defin-
ing layer PDL may include at least one among polysty-
rene, polymethylmethacrylate (PMMA), polyacrylonitrile
(PAN), polyamide (PA), polyimide (PI), polyarylether
(PAE), heterocyclic polymer, parylene, epoxy, benzocy-
clobutene (BCB), siloxane based resin, and silane based
resin.
[0103] The organic light emitting layer OL may be ar-
ranged on the exposed surface of the first electrode EL1.
The organic light emitting layer OL may have a multilayer
thin film structure including at least a light generation lay-
er LGL. For example, the organic light emitting layer OL
may include a hole injection layer HIL for injecting holes,
a hole transport layer HTL with high transportability of
holes for preventing or substantially preventing electrons
that are not combined in the light generation layer LGL
from moving and increasing recombination probability of
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holes and electrons, the light generation layer LGL for
emitting light by recombination of the injected electrons
and holes, a hole blocking layer HBL for preventing or
substantially preventing holes that are not combined in
the light generation layer LGL from moving, an electron
transport layer ETL for smoothly transporting electrons
to the light generation layer LGL, and an electron injection
layer EIL for injecting electrons. Here, the hole injection
layer HIL, the hole transport layer HTL, the hole blocking
layer HBL, the electron transport layer ETL, and the elec-
tron injection layer EIL may be common layers commonly
arranged in adjacent pixels PXL.
[0104] The light generation layer LGL may include a
low or high molecular material. The low molecular mate-
rial may include copper phthalocyanine, N,N’-Di(naph-
thalene-1-yl)-N,N’-diphenyl-benzidine(NPB), or tris-8-
hydroxyquinoline aluminum(Alq3). The above materials
may be formed by vacuum deposition. The high molec-
ular material may be PEDOT, poly-phenylenevi-
nylene(PPV) based material, or polyfluorine based ma-
terial.
[0105] A color of light generated by the light generation
layer LGL may be one of red, green, blue, and white.
However, the present invention is not limited thereto. For
example, a color of light generated by the light generation
layer LGL may be one of magenta, cyan, and yellow.
[0106] The second electrode EL2 may be a semi-trans-
missive reflecting layer. For example, the second elec-
trode EL2 may be a thin metal layer having a thickness
at which the light emitted from the organic light emitting
layer OL may be transmitted. The second electrode EL2
transmits a part of the light emitted from the organic light
emitting layer OL and may reflect the remaining light emit-
ted from the organic light emitting layer OL.
[0107] The second electrode EL2 may include a ma-
terial with a lower work function than the transparent con-
ductive layer. For example, the second electrode EL2
may include at least one among Mo, tungsten (W), Ag,
magnesium (Mg), Al, Pt, palladium (Pd), Au, Ni, Nd, irid-
ium (Ir), Cr, Ca, and an alloy of the above metals.
[0108] A part of the light emitted from the organic light
emitting layer OL does not pass through the second elec-
trode EL2 and the light reflected from the second elec-
trode EL2 may be reflected again from a reflecting layer.
That is, the light emitted from the organic light emitting
layer OL may resonate between the reflecting layer and
the second electrode EL2. Light extraction efficiency of
the organic emission element EL may improve due to the
resonance of the light.
[0109] A distance between the reflecting layer and the
second electrode EL2 may vary in accordance with the
color of the light emitted from the organic light emitting
layer OL. That is, the distance between the reflecting
layer and the second electrode EL2 may be controlled
to be suitable for a resonance distance in accordance
with the color of the light emitted from the organic light
emitting layer OL.
[0110] An encapsulation layer SL may be provided on

the second electrode EL2. The encapsulation layer SL
may be formed of a single layer or a multilayer. According
to an embodiment of the present invention, the encap-
sulation layer SL may be formed of first through third
encapsulation layers SL1 through SL3. The first through
third encapsulation layers SL1 through SL3 may include
an organic material and/or an inorganic material. The
third encapsulation layer SL3 positioned at the outermost
part may include an inorganic material.
[0111] According to an embodiment of the present in-
vention, the first encapsulation layer SL1 may include an
inorganic material, the second encapsulation layer SL2
may include an organic material or an inorganic material,
and the third encapsulation layer SL3 may include an
inorganic material. The inorganic material is less vulner-
able to moisture or oxygen than the organic material.
However, since the inorganic material has small elasticity
or flexibility, the inorganic material may be vulnerable to
cracking. It is possible to prevent a crack from expanding
by forming the first encapsulation layer SL1 and the third
encapsulation layer SL3 of the inorganic material and by
forming the second encapsulation layer SL2 of the or-
ganic material. Here, when the second encapsulation lay-
er SL2 includes the organic material, an end of the sec-
ond encapsulation layer SL2 may be completely covered
with the third encapsulation layer SL3 so as not to be
exposed to the outside.
[0112] According to an embodiment of the present in-
vention, the organic material may be an organic insulat-
ing material such as a polyacryl based compound, a poly-
imide based compound, a fluorine based carbon com-
pound such as Teflon, or a benzocyclobutene compound.
The inorganic material may be polysiloxane, a silicon ni-
tride, a silicon oxide, or a silicon oxynitride. When the
second encapsulation layer SL2 includes the inorganic
material instead of the organic material, one of various
silicon based insulating materials, such as hexamethyl-
disiloxane (HMDSO), octamethylcyclotetrasiloxane
(OMCTSO), tetramethyldisiloxane (TMDSO), and tetra-
ethyleorthosilicate (TEOS) may be used as the second
encapsulation layer SL2. According to an embodiment
of the present invention, the organic light emitting layer
OL that forms the emission element EL may be easily
damaged by external moisture or oxygen. The encapsu-
lation layer SL may protect the organic light emitting layer
OL by covering the organic light emitting layer OL. The
encapsulation layer SL covers the display area DA and
may extend to the outside of the display area DA.
[0113] Next, the non-display area NDA will be de-
scribed. Herein, in describing the non-display area NDA,
description of previously described elements may not be
repeated.
[0114] According to an embodiment of the present in-
vention, the wiring lines LP are provided in the non-dis-
play area NDA, and the bent area BA in which the sub-
strate SUB is folded may be provided in the non-display
area NDA.
[0115] The wiring lines LP may connect the driver and
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the pixels PXL. The wiring lines LP may include gate
wiring lines, data wiring lines, and power source wiring
lines. According to an embodiment of the present inven-
tion, the data wiring lines may be included in the wiring
lines LP. However, the gate wiring lines or the power
source wiring lines may also be included in the wiring
lines LP.
[0116] The wiring lines LP according to an embodiment
of the present invention may respectively connect the
pixels PXL and the driver and may extend from the pixels
PXL approximately in a second direction DR2. The wiring
lines LP may extend to an end of the additional area ADA
in the second direction DR2 and contact electrodes CTE
may be provided at the end of the additional area ADA.
The pixels PXL may be connected to the driver imple-
mented in the form of COF through the contact electrodes
CTE connected to the wiring lines LP.
[0117] Each of the wiring lines LP may include first
through third connection wiring lines L1 through L3. The
first connection wiring line L1 and the second connection
wiring line L2 may be connected one to one, and the
second connection wiring line L2 and the third connection
wiring line L3 may be connected one to one. In FIG. 4,
for the sake of convenience, only parts of the first through
third connection wiring lines L1 through L3 are schemat-
ically illustrated.
[0118] The buffer layer BF may be provided on the non-
display area NDA of the substrate SUB.
[0119] The gate insulating layer GI may be provided
on the buffer layer BF.
[0120] The first connection wiring line L1 and the third
connection wiring line L3 may be provided on the gate
insulating layer GI. The first connection wiring line L1 is
provided in the first flat area FA1, and the third connection
wiring line L3 may be provided in the second flat area
FA2. In an embodiment, the first connection wiring line
L1 and the third connection wiring line L3 may be formed
of the same material in the same process as the gate
electrode GE.
[0121] The interlayer insulating layer IL may be provid-
ed on the first connection wiring line L1 and the third
connection wiring line L3.
[0122] Areas of the buffer layer BF, the gate insulating
layer GI, and the interlayer insulating layer IL, which cor-
respond to the bent area BA, may be removed. That is,
the buffer layer BF, the gate insulating layer GI, and the
interlayer insulating layer IL may have openings OPN
that expose the substrate SUB in the areas correspond-
ing to the bent area BA.
[0123] According to an embodiment, in parts of the
buffer layer BF, the gate insulating layer GI, and the in-
terlayer insulating layer IL, the areas corresponding to
the bent area BA may not be removed. For example, in
the buffer layer BF, the area corresponding to the bent
area BA may not be removed and, in the remaining in-
sulating layers, that is, the gate insulating layer GI and
the interlayer insulating layer IL, the areas corresponding
to the bent area BA are removed and openings OPN may

be formed.
[0124] That the openings OPN correspond to the bent
area BA means that the openings OPN overlap the bent
area BA. An area of the opening OPN may be larger than
an area of the bent area BA. According to an embodiment
of the present invention, for the sake of convenience, it
is illustrated that a width of the opening OPN is equal to
a width of the bent area BA. However, the width of the
opening OPN may be larger than the width of the bent
area BA.
[0125] For reference, in FIG. 4, it is illustrated that in-
ternal surfaces of the buffer layer BF, the gate insulating
layer GI, and the interlayer insulating layer IL coincide
with each other and are arranged on a straight line. How-
ever, the present invention is not limited thereto. For ex-
ample, an area of the opening OPN of the buffer layer
BF may be larger than an area of the openings OPN of
the gate insulating layer GI and the interlayer insulating
layer IL. According to an embodiment of the present in-
vention, the area of the opening OPN of the buffer layer
BF may be smaller than an area of the opening of the
gate insulating layer GI and an area of the opening OPN
of the interlayer insulating layer IL.
[0126] A plurality of inorganic insulating patterns IIP
may be provided on the substrate SUB in the bent area
BA. The inorganic insulating patterns IIP may be island-
shaped. The inorganic insulating patterns IIP may include
sequentially stacked no less than two inorganic insulating
layers. For example, the inorganic insulating patterns IIP
may include a first inorganic insulating layer IP1 provided
on the substrate SUB, a second inorganic insulating layer
IP2 provided on the first inorganic insulating layer IP1,
and a third inorganic insulating layer IP3 provided on the
second inorganic insulating layer IP2, as shown in FIGS.
6 and 7. The first inorganic insulating layer IP1 may in-
clude the same material as the buffer layer BF. The sec-
ond inorganic insulating layer IP2 may include the same
material as the gate insulating layer GI. The third inor-
ganic insulating layer IP3 may include the same material
as the interlayer insulating layer IL. The inorganic insu-
lating patterns IIP may be arranged to be separate from
each other.
[0127] The first insulating layer INS1 may be provided
on the substrate SUB on which the interlayer insulating
layer IL and the inorganic insulating patterns IIP are pro-
vided. That is, the first insulating layer INS1 extends from
the first flat area FA1 to the bent area BA and may fill the
opening OPN. In addition, a surface of the first insulating
layer INS1 may include a concavo-convex part due to
the inorganic insulating patterns IIP.
[0128] The second connection wiring line L2 may be
provided on the first insulating layer INS1. In addition,
the contact electrodes CTE may be provided on the first
insulating layer INS1. In an embodiment, the second con-
nection wiring line L2 and the contact electrodes CTE
may be formed of the same material in the same process
as the source electrode SE and the drain electrode DE.
The second connection wiring line L2 may extend from
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the first flat area FA1 to the second flat area FA2 through
the bent area BA. The second connection wiring line L2
may be connected to the first connection wiring line L1
and the third connection wiring line L3 through contact
holes that pass through the interlayer insulating layer IL
and the first insulating layer INS1.
[0129] In addition, the second connection wiring line
L2 may have a concavo-convex part due to the concavo-
convex surface of the first insulating layer INS1. That is,
the second connection wiring line L2 is convex in areas
corresponding to the inorganic insulating patterns IIP and
may be concave in areas separate or spaced from the
inorganic insulating patterns IIP.
[0130] As described above, in FIG. 4, it is illustrated
that the display device is not curved. However, the display
device according to an embodiment of the present inven-
tion may be bent in the bent area BA. The display device
according to an embodiment of the present invention is
manufactured to be flat and may be bent after being man-
ufactured.
[0131] According to an embodiment of the present in-
vention, for the sake of convenience, it is illustrated that
the bent area BA coincides with a part from which inor-
ganic insulating layers are removed. However, the bent
area BA and the part from which the inorganic insulating
layers are removed may not coincide with each other.
For example, the bent area BA approximately corre-
sponds to the parts from which the inorganic insulating
layers are removed. However, as occasion demands, the
bent area BA may be wider or narrower than the part
from which the inorganic insulating layers are removed.
In addition, according to an embodiment of the present
invention, it is illustrated that the bent area BA is posi-
tioned only in the non-display area NDA. However, the
present invention is not limited thereto. For example, the
bent area BA may be provided over the non-display area
NDA and the display area DA or only in the display area
DA.
[0132] The second insulating layer INS2 may be pro-
vided on the first insulating layer INS1 on which the sec-
ond connection wiring line L2 is provided. The second
insulating layer INS2 may be an organic insulating layer
including an organic material. The organic material may
be an organic insulating material, such as a polyacryl
based compound, a polyimide based compound, a fluo-
rine based carbon compound such as Teflon, or a ben-
zocyclobutene compound.
[0133] The pixel defining layer PDL of the display area
DA may be arranged to extend on the second insulating
layer INS2. Here, the second insulating layer INS2 and
the pixel defining layer PDL may not cover and expose
the contact electrodes CTE.
[0134] FIG. 5 is an enlarged view of a region "EA1" of
FIG. 2; FIG. 6 is a cross-sectional view taken along the
line II-II’ of FIG. 5; and FIG. 7 is a cross-sectional view
taken along the line III-III’ of FIG. 5.
[0135] Referring to FIGS. 1 through 5 and 7, in the bent
area BA, the display device may include the substrate

SUB, the plurality of inorganic insulating patterns IIP pro-
vided on the substrate SUB and separate from each oth-
er, the first insulating layer INS1 provided on the sub-
strate SUB on which the inorganic insulating patterns IIP
are provided, the wiring lines LP provided on the first
insulating layer INS1, and the second insulating layer
INS2 provided on the first insulating layer INS1 on which
the wiring lines LP are provided.
[0136] The inorganic insulating patterns IIP may be is-
land-shaped. The inorganic insulating patterns IIP may
be arranged in a matrix. However, the present invention
is not limited thereto. The inorganic insulating patterns
IIP may be arranged in any of various forms.
[0137] The inorganic insulating patterns IIP may in-
clude sequentially stacked no less than two inorganic
insulating layers. For example, the inorganic insulating
patterns IIP may include the first inorganic insulating lay-
er IP1 provided on the substrate SUB, the second inor-
ganic insulating layer IP2 provided on the first inorganic
insulating layer IP1, and the third inorganic insulating lay-
er IP3 provided on the second inorganic insulating layer
IP2. Each of the first inorganic insulating layer IP1, the
second inorganic insulating layer IP2, and the third inor-
ganic insulating layer IP3 may include the same material
as one of the buffer layer BF, the gate insulating layer
GI, and the interlayer insulating layer IL. For example,
the first inorganic insulating layer IP1 may include the
same material as the buffer layer BF. The second inor-
ganic insulating layer IP2 may include the same material
as the gate insulating layer GI. The third inorganic insu-
lating layer IP3 may include the same material as the
interlayer insulating layer IL.
[0138] The first insulating layer INS1 may cover the
inorganic insulating patterns IIP. The first insulating layer
INS1 may be an organic insulating layer including an or-
ganic material. In addition, the surface of the first insu-
lating layer INS1 may include the concavo-convex part
due to the inorganic insulating patterns IIP.
[0139] The wiring lines LP may include the concave-
convex part due to the concavo-convex surface of the
first insulating layer INS1. That is, the wiring lines LP are
convex in the areas corresponding to the inorganic insu-
lating patterns IIP and may be concave in the areas sep-
arate or spaced from the inorganic insulating patterns IIP.
[0140] According to the present embodiment, in a di-
rection in which the wiring lines LP extend and in a di-
rection perpendicular to the direction in which the wiring
lines LP extend, each of the inorganic insulating patterns
IIP may overlap one wiring line LP.
[0141] In an embodiment, since the first insulating layer
INS1 includes the organic insulating material, the conca-
vo-convex part generated by a step difference of a lower
structure may be removed and the first insulating layer
INS1 may be planarized. According to the present em-
bodiment, in order for the inorganic insulating patterns
IIP to form the concavo-convex part on the surface of the
first insulating layer INS1, a thickness and a width of the
inorganic insulating patterns IIP may be limited and a
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distance between adjacent inorganic insulating patterns
IIP may be limited. In addition, a thickness of the first
insulating layer INS1 and a width of the wiring lines LP
may be limited.
[0142] For example, in the direction perpendicular to
the direction in which the wiring lines LP extend, a first
width W1 of the wiring lines LP may be no more than a
second width W2 of the inorganic insulating patterns IIP.
In an embodiment, in the direction in which the wiring
lines LP extend, a first distance D1 between adjacent
inorganic insulating patterns IIP may be no more than
50% of the sum of the first width W1 and the second width
W2. In an embodiment, in the direction perpendicular to
the direction in which the wiring lines LP extend, a second
distance D2 between adjacent inorganic insulating pat-
terns IIP may be equal to the first distance D1. In an
embodiment, a thickness T2 of a part of the first insulating
layer INS1 covering a respective inorganic insulating pat-
tern IIP respectively located above the inorganic insulat-
ing pattern IIP when seen in a cross sectional view as
shown for example in FIGs. 6 and 7 may be no more than
1.5 times a thickness T1 of the inorganic insulating pat-
terns IIP. In an embodiment, the thickness T1 of the in-
organic insulating patterns IIP may be no less than 10%
of the sum of the first width W1 and the second width
W2. In an embodiment, the thickness T1 of the inorganic
insulating patterns IIP may be no less than 0,8 mm (8,000
Å).
[0143] With the thickness and width of the inorganic
insulating patterns IIP, the distance between the adjacent
inorganic insulating patterns IIP, the thickness of the first
insulating layer INS1, and the width of the wiring lines LP
deviate as described above, the concavo-convex part
may be advantageously be formed on the surface of the
first insulating layer INS1.
[0144] The wiring lines LP may include the concavo-
convex part due to the concavo-convex surface of the
first insulating layer INS1. When the wiring lines LP in-
clude the concavo-convex part, a contact area between
the first insulating layer INS1 and the wiring lines LP in-
creases and a length of the wiring lines LP may increase.
The wiring lines LP may include a material having mal-
leability and ductility. Therefore, when the contact area
between the first insulating layer INS1 and the wiring lines
LP increases and a length of the wiring lines LP increas-
es, it is possible to prevent the wiring lines LP from being
broken when the display device is bent. In addition, since
it is possible to prevent the wiring lines LP from being
broken when the display device is bent, it is possible to
improve reliability of the display device.
[0145] Herein, display devices according to other em-
bodiments of the present invention will be described with
reference to FIGS. 8 through 17. In FIGS. 8 through 17,
same elements as the elements of FIGS. 1 through 7 are
denoted by the same reference numerals and description
thereof may be omitted. In addition, in order not to give
repeated description, in FIGS. 8 through 17, elements
different from the elements of FIGS. 1 through 7 will be

mainly described.
[0146] FIGS. 8 and 9 are views illustrating a display
device according to another embodiment of the present
invention. FIG. 8 is a cross-sectional view taken along a
line corresponding to the line II-II’ of FIG. 5; and FIG. 9
is a cross-sectional view taken along a line corresponding
to the line III-III’ of FIG. 5.
[0147] Referring to FIGS. 1 through 5, 8, and 9, in the
bent area BA, the display device may include the sub-
strate SUB, the plurality of inorganic insulating patterns
IIP provided on the substrate SUB and separate from
each other, the first insulating layer INS1 provided on the
substrate SUB on which the inorganic insulating patterns
IIP are provided, the wiring lines LP provided on the first
insulating layer INS1, and the second insulating layer
INS2 provided on the first insulating layer INS1 on which
the wiring lines LP are provided.
[0148] The inorganic insulating patterns IIP may be ar-
ranged in a matrix. The inorganic insulating patterns IIP
may include sequentially stacked no less than two inor-
ganic insulating layers. For example, the inorganic insu-
lating patterns IIP may include the first inorganic insulat-
ing layer IP1 provided on the substrate SUB and the sec-
ond inorganic insulating layer IP2 provided on the first
inorganic insulating layer IP1. Each of the first inorganic
insulating layer IP1 and the second inorganic insulating
layer IP2 may include the same material as one of the
buffer layer BF, the gate insulating layer GI, and the in-
terlayer insulating layer IL. For example, the first inor-
ganic insulating layer IP1 may include the same material
as the buffer layer BF. The second inorganic insulating
layer IP2 may include the same material as one of the
gate insulating layer GI and the interlayer insulating layer
IL, for example, the same material as the interlayer insu-
lating layer IL.
[0149] The first insulating layer INS1 may cover the
inorganic insulating patterns IIP. The first insulating layer
INS1 may be an organic insulating layer including an or-
ganic material. In addition, the surface of the first insu-
lating layer INS1 may include the concavo-convex part
due to the inorganic insulating patterns IIP.
[0150] The wiring lines LP may be provided on the first
insulating layer INS1. The wiring lines LP may include
the concave-convex part due to the concavo-convex sur-
face of the first insulating layer INS1. When the wiring
lines LP include the concave-convex part, the contact
area between the first insulating layer INS1 and the wiring
lines LP increases and the length of the wiring lines LP
may increase. Therefore, it is possible to prevent the wir-
ing lines LP from being broken when the display device
is bent and to improve reliability of the display device.
[0151] FIGS. 10 through 12 are views illustrating a dis-
play device according to another embodiment of the
present invention. FIG. 10 is an enlarged view of a region
corresponding to the region EA1 of FIG. 2. FIG. 11 is a
cross-sectional view taken along the line IV-IV’ of FIG.
10; and FIG. 12 is a cross-sectional view taken along the
line V-V’ of FIG. 10.
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[0152] Referring to FIGS. 1 through 4 and 10 through
12, in the bent area BA, the inorganic insulating patterns
IIP may be provided on the substrate SUB. The inorganic
insulating patterns IIP may be arranged in a matrix.
[0153] The inorganic insulating patterns IIP may in-
clude sequentially stacked no less than two inorganic
insulating layers. For example, the inorganic insulating
patterns IIP may include the first inorganic insulating lay-
er IP1 provided on the substrate SUB and the second
inorganic insulating layer IP2 provided on the first inor-
ganic insulating layer IP1. Each of the first inorganic in-
sulating layer IP1 and the second inorganic insulating
layer IP2 may include the same material as one of the
buffer layer BF, the gate insulating layer GI, and the in-
terlayer insulating layer IL. For example, the first inor-
ganic insulating layer IP1 may include the same material
as the buffer layer BF. The second inorganic insulating
layer IP2 may include the same material as the gate in-
sulating layer GI or the interlayer insulating layer IL. In
an embodiment, the second inorganic insulating layer
IP2 may include the same material as the gate insulating
layer GI, and the inorganic insulating patterns IIP may
further include the third inorganic insulating layer IP3 pro-
vided on the second inorganic insulating layer IP2, and
the third inorganic insulating layer IP3 may include the
same material as the interlayer insulating layer IL.
[0154] The first insulating layer INS1 may be provided
on the substrate SUB on which the inorganic insulating
patterns IIP are provided. The first insulating layer INS1
may cover the inorganic insulating patterns IIP. In addi-
tion, due to the inorganic insulating patterns IIP, the sur-
face of the first insulating layer INS1 may include the
concavo-convex part.
[0155] The wiring lines LP may be provided on the first
insulating layer INS1. The wiring lines LP may include
the concave-convex part due to the concavo-convex sur-
face of the first insulating layer INS1. That is, the wiring
lines LP are convex in the areas corresponding to the
inorganic insulating patterns IIP and are concave in the
areas separate or spaced from the inorganic insulating
patterns IIP.
[0156] When the wiring lines LP include the concave-
convex part, the contact area between the first insulating
layer INS1 and the wiring lines LP increases and the
length of the wiring lines LP may increase. Therefore, it
is possible to prevent the wiring lines LP from being bro-
ken when the display device is bent and to improve reli-
ability of the display device.
[0157] According to the present embodiment, in the
bent area BA, the plurality of inorganic insulating patterns
IIP may be provided on the substrate SUB. The inorganic
insulating patterns IIP may be island-shaped. The inor-
ganic insulating patterns IIP may be arranged in a matrix.
However, the present invention is not limited thereto. The
inorganic insulating patterns IIP may be arranged in any
of various forms.
[0158] According to the present embodiment, in the
direction in which the wiring lines LP extend, each of the

inorganic insulating patterns IIP may overlap one wiring
line LP. In addition, in the direction perpendicular to the
direction in which the wiring lines LP extend, each of the
inorganic insulating patterns IIP may overlap a plurality
of wiring lines LP. For example, in the direction perpen-
dicular to the direction in which the wiring lines LP extend,
each of the inorganic insulating patterns IIP may overlap
two wiring lines LP.
[0159] FIGS. 13 through 15 are views illustrating a dis-
play device according to another embodiment of the
present invention.
[0160] FIG. 13 is an enlarged view of a region corre-
sponding to the region EA1 of FIG. 2. FIG. 14 is a cross-
sectional view taken along the line VI-VI’ of FIG. 13; and
FIG. 15 is a cross-sectional view taken along the line VII-
VII’ of FIG. 13.
[0161] Referring to FIGS. 1 through 4 and 13 through
15, in the bent area BA, the display device may include
the substrate SUB, the plurality of inorganic insulating
patterns IIP provided on the substrate SUB and separate
from each other, the first insulating layer INS1 provided
on the substrate SUB on which the inorganic insulating
patterns IIP are provided, the wiring lines LP provided on
the first insulating layer INS1, and the second insulating
layer INS2 provided on the first insulating layer INS1 on
which the wiring lines LP are provided.
[0162] The inorganic insulating patterns IIP may be is-
land-shaped. The inorganic insulating patterns IIP may
include a first inorganic insulating layer IIP1 provided on
the substrate SUB and at least one second inorganic
insulating layer IIP2 provided on the first inorganic insu-
lating layer IIP1.
[0163] In the direction in which the wiring lines LP ex-
tend and in the direction perpendicular to the direction in
which the wiring lines LP extend, the first inorganic insu-
lating pattern IIP1 may overlap one wiring line LP. The
first inorganic insulating pattern IIP1 may include the
same material as the buffer layer BF. An area of the first
inorganic insulating pattern IIP1 may be larger than an
area of the second inorganic insulating pattern IIP2. For
example, the area of the first inorganic insulating pattern
IIP1 may be twice the area of the second inorganic insu-
lating pattern IIP2. Therefore, the no less than two second
inorganic insulating patterns IIP2 may be arranged on
the first inorganic insulating pattern IIP1.
[0164] In the direction in which the wiring lines LP ex-
tend, the second inorganic insulating patterns IIP2 may
be arranged to be separate from each other. The second
inorganic insulating patterns IIP2 may include sequen-
tially stacked no less than two inorganic insulating layers.
For example, the second inorganic insulating patterns
IIP2 may include the first inorganic insulating layer IP1
provided on the substrate SUB and the second inorganic
insulating layer IP2 provided on the first inorganic insu-
lating layer IP1. Each of the first inorganic insulating layer
IP1 and the second inorganic insulating layer IP2 may
include the same material as one of the gate insulating
layer GI and the interlayer insulating layer IL. For exam-
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ple, the first inorganic insulating layer IP1 may include
the same material as the gate insulating layer GI. The
second inorganic insulating layer IP2 may include the
same material as the interlayer insulating layer IL.
[0165] The first insulating layer INS1 may cover the
inorganic insulating patterns IIP. The first insulating layer
INS1 may be an organic insulating layer including an or-
ganic material. In addition, the surface of the first insu-
lating layer INS1 may include the concavo-convex part
due to the inorganic insulating patterns IIP.
[0166] The wiring lines LP may be provided on the first
insulating layer INS1. The wiring lines LP may include
the concave-convex part due to the concavo-convex sur-
face of the first insulating layer INS1. When the wiring
lines LP include the concave-convex part, the contact
area between the first insulating layer INS1 and the wiring
lines LP increases and the length of the wiring lines LP
may increase. Therefore, it is possible to prevent the wir-
ing lines LP from being broken when the display device
is bent and to improve reliability of the display device.
[0167] FIGS. 16 and 17 are views illustrating a display
device according to another embodiment of the present
invention.
[0168] Referring to FIGS. 1 through 3, 16, and 17, the
display device may include the display area DA and the
non-display area NDA.
[0169] Herein, the display area DA will be first de-
scribed and, then, the non-display area NDA will be de-
scribed.
[0170] The plurality of pixels PXL may be provided in
the display area DA. Each of the pixels PXL includes a
transistor connected to a corresponding wiring line LP
among the wiring lines LP, the emission element EL con-
nected to the transistor, and the capacitor Cst. The tran-
sistor may include the driving transistor TR2 for control-
ling the emission element EL and the switching transistor
TR1 for switching the driving transistor TR2.
[0171] The pixels PXL may be provided on the sub-
strate SUB. Herein, a stack structure of the pixels PXL
will be described.
[0172] The buffer layer BF may be provided on the sub-
strate SUB. The buffer layer BF may prevent or substan-
tially prevent impurities from being diffused into the
switching and driving transistors TR1 and TR2.
[0173] The active pattern ACT may be provided on the
buffer layer BF.
[0174] The gate insulating layer GI may be provided
on the buffer layer BF on which the active pattern ACT
is provided.
[0175] The gate electrode GE and the capacitor lower
electrode LE may be provided on the gate insulating layer
GI.
[0176] The interlayer insulating layer IL may be provid-
ed on the gate insulating layer GI on which the gate elec-
trode GE and the capacitor lower electrode LE are pro-
vided.
[0177] The capacitor upper electrode UE may be pro-
vided on the interlayer insulating layer IL.

[0178] The first insulating layer INS1 may be provided
on the interlayer insulating layer IL on which the capacitor
upper electrode UE is provided.
[0179] According to the present embodiment, the buff-
er layer BF, the gate insulating layer GI, the interlayer
insulating layer IL, and the first insulating layer INS1 may
be inorganic insulating layers including inorganic mate-
rials.
[0180] The source electrode SE and the drain elec-
trode DE may be provided on the first insulating layer
INS1. The source electrode SE and the drain electrode
DE may respectively contact the source area and the
drain area of the active pattern ACT through the contact
holes formed in the first insulating layer INS1, the inter-
layer insulating layer IL, and the gate insulating layer GI.
[0181] The protective layer PSV may be provided on
the first insulating layer INS1 on which the source elec-
trode SE and the drain electrode DE are provided. The
protective layer PSV may be an inorganic insulating layer
including an inorganic material. The inorganic material
may be polysiloxane, a silicon nitride, a silicon oxide, or
a silicon oxynitride. The protective layer PSV may be
omitted according to an embodiment.
[0182] The second insulating layer INS2 may be pro-
vided on the protective layer PSV. The second insulating
layer INS2 may be an organic insulating layer including
an organic material.
[0183] The emission element EL may be provided on
the second insulating layer INS2. The emission element
EL may include the first electrode EL1, the organic light
emitting layer OL, and the second electrode EL2.
[0184] The first electrode EL1 may be provided on the
second insulating layer INS2. The first electrode EL1 may
be connected to the drain electrode DE through the con-
tact hole that passes through the second insulating layer
INS2.
[0185] The pixel defining layer PDL for partitioning off
the emission area to correspond to each of the pixels
PXL may be provided on the second insulating layer INS2
on which the first electrode EL1 is provided. The pixel
defining layer PDL exposes the upper surface of the first
electrode EL1 and may protrude from the second insu-
lating layer INS2 along the circumference of the pixel
PXL.
[0186] The organic light emitting layer OL is provided
on the first electrode EL1 exposed by the pixel defining
layer PDL, and the second electrode EL2 may be pro-
vided on the organic light emitting layer OL.
[0187] One of the first electrode EL1 and the second
electrode EL2 may be the anode electrode, and the other
of the first electrode EL1 and the second electrode EL2
may be the cathode electrode. For example, the first elec-
trode EL1 may be the anode electrode, and the second
electrode EL2 may be the cathode electrode.
[0188] According to an embodiment, as illustrated in
FIG. 17, the third insulating layer INS3 may be provided
between the second insulating layer INS2 and the emis-
sion element EL. The third insulating layer INS3 may be
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an organic insulating layer including an organic material.
The organic material may be an organic insulating ma-
terial, such as a polyacryl based compound, a polyimide
based compound, a fluorine based carbon compound
such as Teflon, or a benzocyclobutene compound.
[0189] The first electrode EL1 of the emission element
EL is provided on the third insulating layer INS3 and may
be electrically connected to the drain electrode DE
through a connection pattern CNP provided on the sec-
ond insulating layer INS2. The connection pattern CNP
may be connected to the drain electrode DE through the
contact holes that pass through the second insulating
layer INS2 and the protective layer PSV. The connection
pattern CPN may be formed of at least one among Au,
Ag, Al, Mo, Cr, Ti, Ni, Nd, and Cu, or an alloy of the above
metals. In addition, the connection pattern CNP may be
formed of a single layer. However, the present invention
is not limited thereto. The connection pattern CNP may
be formed of a multilayer obtained by stacking no less
than two materials among the metals and alloy.
[0190] In addition, the first electrode EL1 may be con-
nected to the connection pattern CNP through the contact
hole that passes through the third insulating layer INS3.
Therefore, the first electrode EL1 may be electrically con-
nected to the drain electrode DE through the connection
pattern CNP.
[0191] The encapsulation layer SL may be provided
on the second electrode EL2. The encapsulation layer
SL may be formed of a single layer or a multilayer. Ac-
cording to an embodiment of the present invention, the
encapsulation layer SL may be formed of the first through
third encapsulation layers SL1 through SL3. The first
through third encapsulation layers SL1 through SL3 may
include an organic material and/or an inorganic material.
The third encapsulation layer SL3 positioned at the out-
ermost part may include an inorganic material.
[0192] Next, the non-display area NDA will be de-
scribed. In describing the non-display area NDA, in order
not to give repeated description, description of the pre-
viously described elements may not be repeated.
[0193] According to an embodiment of the present in-
vention, the wiring lines LP are provided in the non-dis-
play area NDA and the bent area BA in which the sub-
strate SUB is folded may be provided in the non-display
area NDA.
[0194] The wiring lines LP may connect the driver and
the pixels PXL. For this purpose, the wiring lines LP may
extend approximately in the second direction DR2.
[0195] The wiring lines LP may extend to the end of
the additional area ADA in the second direction DR2 and
contact electrodes CTE may be provided at the end of
the additional area ADA. The pixels PXL may be con-
nected to the driver implemented in the form of COF
through the contact electrodes CTE connected to the wir-
ing lines LP.
[0196] Each of the wiring lines LP may include the first
through third connection wiring lines L1 through L3. The
first connection wiring line L1 and the second connection

wiring line L2 may be connected one to one, and the
second connection wiring line L2 and the third connection
wiring line L3 may be connected one to one.
[0197] The buffer layer BF may be provided on the non-
display area NDA of the substrate SUB.
[0198] The gate insulating layer GI may be provided
on the buffer layer BF.
[0199] The first connection wiring line L1 and the third
connection wiring line L3 may be provided on the gate
insulating layer GI. The first connection wiring line L1 is
provided in the first flat area FA1, and the third connection
wiring line L3 may be provided in the second flat area
FA2.
[0200] The interlayer insulating layer IL may be provid-
ed on the first connection wiring line L1 and the third
connection wiring line L3.
[0201] The first insulating layer INS1 may be provided
on the interlayer insulating layer IL.
[0202] Areas of the buffer layer BF, the gate insulating
layer GI, the interlayer insulating layer IL, and the first
insulating layer INS1, which correspond to the bent area
BA, may be removed. That is, the buffer layer BF, the
gate insulating layer GI, the interlayer insulating layer IL,
and the first insulating layer INS1 may have openings
OPN that expose the substrate SUB in the areas corre-
sponding to the bent area BA.
[0203] The plurality of inorganic insulating patterns IIP
may be provided on the substrate SUB in the bent area
BA. The inorganic insulating patterns IIP may be island-
shaped. The inorganic insulating patterns IIP may be ar-
ranged to be separate from each other.
[0204] The inorganic insulating patterns IIP may in-
clude sequentially stacked no less than two inorganic
insulating layers. For example, the inorganic insulating
patterns IIP may include the first inorganic insulating lay-
er IP1 provided on the substrate SUB, the second inor-
ganic insulating layer IP2 provided on the first inorganic
insulating layer IP1, the third inorganic insulating layer
IP3 provided on the second inorganic insulating layer IP2,
and a fourth inorganic insulating layer IP4 provided on
the third inorganic insulating layer IP3. The first inorganic
insulating layer IP1 may include the same material as
the buffer layer BF. The second inorganic insulating layer
IP2 may include the same material as the gate insulating
layer GI. The third inorganic insulating layer IP3 may in-
clude the same materials as the interlayer insulating layer
IL. The fourth inorganic insulating layer IP4 may include
the same material as the first insulating layer INS1.
[0205] A fill insulating layer INS_B may be provided in
the opening OPN. The fill insulating layer INS_B fills at
least a part of the opening OPN and may concurrently or
simultaneously cover an area adjacent to the opening
OPN, for example, a part of a top of the first insulating
layer INS1 corresponding to the first and/or second flat
areas FA1 and/or FA2. The fill insulating layer INS_B
may be an organic insulating layer including an organic
material. The organic material may be an organic insu-
lating material, such as a polyacryl based compound, a
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polyimide based compound, a fluorine based carbon
compound such as Teflon, or a benzocyclobutene com-
pound.
[0206] The fill insulating layer INS_B may cover the
inorganic insulating patterns IIP. In addition, a surface of
the fill insulating layer INS_B may include a concavo-
convex part due to the inorganic insulating patterns IIP.
[0207] The second connection wiring line L2 may be
provided on the fill insulating layer INS_B and the first
insulating layer INS1. In addition, the contact electrodes
CTE may be provided on the first insulating layer INS1.
In an embodiment, the second connection wiring line L2
and the contact electrodes CTE may be formed of the
same material in the same process as the source elec-
trode SE and the drain electrode DE.
[0208] The second connection wiring line L2 may ex-
tend from the first flat area FA1 to the second flat area
FA2 through the bent area BA. In the first flat area FA1
and the second flat area FA2, the second connection
wiring line L2 may be connected to the first connection
wiring line L1 and the third connection wiring line L3
through the contact holes that pass through the interlayer
insulating layer IL and the first insulating layer INS1.
[0209] In addition, the second connection wiring line
L2 may have the concavo-convex part due to the conca-
vo-convex surface of the fill insulating layer INS_B. That
is, the second connection wiring line L2 may be convex
in the areas corresponding to the inorganic insulating pat-
terns IIP and may be concave in the areas separate or
spaced from the inorganic insulating patterns IIP.
[0210] When the wiring lines LP include the concave-
convex part, a contact area between the fill insulating
layer INS_B and the wiring lines LP increases and the
length of the wiring lines LP may increase. Therefore, it
is possible to prevent the wiring lines LP from being bro-
ken when the display device is bent and to improve reli-
ability of the display device.
[0211] The second insulating layer INS2 may be pro-
vided on the first insulating layer INS1 and the fill insu-
lating layer INS_B on which the second connection wiring
line L2 is provided. The second insulating layer INS2 may
be an organic insulating layer including an organic ma-
terial.
[0212] The pixel defining layer PDL of the display area
DA may be arranged to extend on the second insulating
layer INS2. Here, the second insulating layer INS2 and
the pixel defining layer PDL may not cover and expose
the contact electrodes CTE.
[0213] According to an embodiment, as illustrated in
FIG. 17, the third insulating layer INS3 may be provided
between the second insulating layer INS2 and the pixel
defining layer PDL. The third insulating layer INS3 may
be an organic insulating layer including an organic ma-
terial. The organic material may be an organic insulating
material, such as a polyacryl based compound, a poly-
imide based compound, a fluorine based carbon com-
pound such as Teflon, or a benzocyclobutene compound.
[0214] When the third insulating layer INS3 is provided

between the second insulating layer INS2 and the pixel
defining layer PDL, the contact electrode CTE may in-
clude a lower contact electrode CTEa provided on the
first insulating layer INS1 and an upper contact electrode
CTEb provided on the lower contact electrode CTEa.
[0215] In an embodiment, the lower contact electrode
CTEa may be formed of the same material in the same
process as the second connection wiring line L2 and the
source electrode SE and the drain electrode DE. The
upper contact electrode CTEb may be formed of the
same material in the same process as the second con-
nection wiring line L2.
[0216] Some example embodiments have been dis-
closed herein, and although specific terms are employed,
they are used and are to be interpreted in a generic and
descriptive sense only and not for purpose of limitation.
In some instances, as would be apparent to one of ordi-
nary skill in the art as of the filing of the present applica-
tion, features, characteristics, and/or elements described
in connection with a particular embodiment may be used
singly or in combination with features, characteristics,
and/or elements described in connection with other em-
bodiments, unless otherwise specifically indicated. Ac-
cordingly, it will be understood by those of skill in the art
that various changes in form and details may be made
without departing from the scope of the present invention
as set forth in the following claims.

Claims

1. A display device comprising:

a substrate (SUB) including a bent area (BA)
and a flat area (FA1, FA2);
a plurality of island-shaped inorganic insulating
patterns (IIP) arranged on the substrate (SUB)
in the bent area (BA) to be separate from each
other;
an organic insulating layer including a concavo-
convex surface covering the inorganic insulating
patterns (IIP) in the bent area (BA); and
wiring lines (LP, L2) arranged on the organic in-
sulating layer and overlapping the inorganic in-
sulating patterns (IIP).

2. The display device of claim 1, wherein the wiring
lines (LP, L2) have a concavo-convex part over the
concavo-convex surface of the organic insulating
layer.

3. A display device comprising:

a substrate (SUB) including a bent area (BA)
and a flat area (FA1, FA2);
a buffer layer (BF) on the substrate(SUB);
an active pattern (ACT) on the buffer layer (BF)
in the flat area (FA1, FA2);

29 30 



EP 3 333 896 A1

17

5

10

15

20

25

30

35

40

45

50

55

a gate insulating layer (GI) on the active pattern
(ACT);
a gate electrode (GE) on the gate insulating lay-
er (GI) in the flat area (FA1, FA2);
an interlayer insulating layer (IL) on the gate
electrode (GE);
a first insulating layer (INS1) on the interlayer
insulating layer (IL);
a source electrode (SE) and a drain electrode
(DE) arranged on the first insulating layer (INS1)
to be separate from each other and connected
to the active pattern (ACT) in the flat area (FA1,
FA2);
a second insulating layer (INS2) on the drain
electrode (DE) and including an organic mate-
rial;
an emission element (EL) on the second insu-
lating layer (INS2) and connected to the drain
electrode (DE) in the flat area (FA1, FA2);
an opening (OPN) through areas of the buffer
layer (BF), the gate insulating layer (GI), and the
interlayer insulating layer (IL), which correspond
to the bent area (BA);
a plurality of island-shaped inorganic insulating
patterns (IIP) arranged in the opening (OPN) to
be separate from each other;
an organic insulating layer covering the inorgan-
ic insulating patterns (IIP); and
wiring lines (LP, L2) arranged on the organic in-
sulating layer,
wherein the organic insulating layer comprises
a concavo-convex surface, and
wherein the wiring lines (LP, L2) comprise a con-
cavo-convex part over the concavo-convex sur-
face of the organic insulating layer.

4. The display device of at least one of claims 1 to 3,
wherein the inorganic insulating patterns (IIP) com-
prise at least two sequentially stacked inorganic in-
sulating layers (IP1, IP2, IP3, IP4).

5. The display device of claim 1, 2 or 4, further com-
prising:

a transistor on the substrate (SUB) in the flat
area (FA1) and
an emission element (EL) connected to the tran-
sistor,
wherein the transistor comprises:

a buffer layer (BF) on the substrate (SUB);
an active pattern (ACT) on the buffer layer
(BF);
a gate electrode (GE) on a gate insulating
layer (GI) on the active pattern (ACT);
an interlayer insulating layer (IL) on the gate
electrode (GE);
a first insulating layer (INS1) on the inter-

layer insulating layer (IL); and
a source electrode (SE) and a drain elec-
trode (DE) on the first insulating layer
(INS1), and

wherein the buffer layer (BF), the gate insulating
layer (GI), and the interlayer insulating layer (IL)
comprise openings (OPN) that expose the sub-
strate (SUB) in the bent area (BA).

6. The display device of claim 3, 4 or 5, wherein the
inorganic insulating patterns (IIP) provided in the
openings (OPN) comprise:

a first inorganic insulating layer (IP1) on the sub-
strate (SUB); and
a second inorganic insulating layer (IP2) on the
first inorganic insulating layer (IP1).

7. The display device of claim 6,
wherein the first inorganic insulating layer (IP1) com-
prises a same material as the buffer layer (BF), and
wherein the second inorganic insulating layer (IP2)
comprises a same material as the gate insulating
layer (GI).

8. The display device of claim 6 or 7, wherein the inor-
ganic insulating patterns (IIP) further comprise a third
inorganic insulating layer (IP3) on the second inor-
ganic insulating layer (IP2).

9. The display device of claim 8, wherein the third in-
organic insulating layer (IP3) comprises a same ma-
terial as the interlayer insulating layer (IL).

10. The display device of at least one of claims 3 to 9,
wherein the organic insulating layer extends from
the first insulating layer (INS1) and fills the openings
(OPN).

11. The display device of at least one of claims 3 to 10,
wherein the first insulating layer (INS1) comprises
an inorganic material and exposes the substrate
(SUB) to correspond to the openings (OPN).

12. The display device of at least one of claims 3 to 11,
wherein the organic insulating layer is a fill insulating
layer (INS_B) including an organic material which
fills the openings (OPN).

13. The display device of at least one of claims 8 to 12,
wherein the inorganic insulating patterns (IIP) further
comprise a fourth inorganic insulating layer (IP4) on
the third inorganic insulating layer (IP3).

14. The display device of claim 13, wherein the fourth
inorganic insulating layer (IP4) comprises a same
material as the first insulating layer (INS1).
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15. The display device of at least one of claims 1 to 14,
wherein, in a direction perpendicular to a direction
in which the wiring lines (LP, L2) extend, a width
(W1) of the wiring lines (LP, L2) is not more than a
width (W2) of the inorganic insulating patterns (IIP).

16. The display device of claim 15, wherein, in the direc-
tion in which the wiring lines (LP, L2) extend, a first
distance (D1) between adjacent inorganic insulating
patterns (IIP) of the inorganic insulating patterns (IIP)
is not more than 50% of a sum of the width of the
wiring lines (LP, L2) in the direction perpendicular to
the direction in which the wiring lines (LP, L2) extend
and the width of the inorganic insulating patterns
(IIP).

17. The display device of claim 16, wherein, in the direc-
tion perpendicular to the direction in which the wiring
lines (LP, L2) extend, a second distance (D2) be-
tween the adjacent inorganic insulating patterns (IIP)
is substantially equal to the first distance.

18. The display device of at least one of claims 1 to 17,
wherein a thickness of a part of the organic insulating
layer covering a respective inorganic insulating pat-
tern (IIP) is not more than 1.5 times a thickness of
the inorganic insulating patterns (IIP).

19. The display device of claim 18, wherein the thickness
of the inorganic insulating patterns (IIP) is not less
than 10% of the width (W1) of the wiring lines (LP,
L2) and the width (W2) of the inorganic insulating
patterns (IIP).

20. The display device of claim 18 or 19, wherein the
thickness (T1) of the inorganic insulating patterns
(IIP) is not less than 0.8 mm.

21. The display device of at least one of claims1 to 20,
wherein, in a direction in which the wiring lines (LP,
L2) extend, each of the inorganic insulating patterns
(IIP) overlaps one of the wiring lines (LP, L2).

22. The display device of at least one of claims 1 to 21,
wherein, in a direction perpendicular to the direction
in which the wiring lines (LP, L2) extend, each of the
inorganic insulating patterns (IIP) overlaps one of
the wiring lines (LP, L2).

23. The display device of at least one of claims 1 to 21,
wherein, in a direction perpendicular to the direction
in which the wiring lines (LP, L2) extend, each of the
inorganic insulating patterns (IIP) overlaps a plurality
of the wiring lines (LP, L2).

24. The display device of at least one of claims 1 to 23,
wherein the inorganic insulating patterns (IIP) com-
prise:

a first inorganic insulating pattern (IIP1) on the
substrate (SUB); and
at least one second inorganic insulating pattern
(IIP2) on the first inorganic insulating pattern
(IIP1).

25. The display device of claim 24,
wherein, in the direction in which the wiring lines (LP,
L2) extend, at least two second inorganic insulating
patterns (IIP2) are provided separate from each oth-
er on the first inorganic insulation pattern (IIP1).

26. The display device of claim 24 or 25, wherein the at
least one second inorganic insulating pattern (IIP2)
comprises at least two inorganic insulating layers
(IP1, IP2).
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