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DISPLAY PANEL AND METHOD FOR
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application
claims priority under 35 U.S.C. § 119 to Korean Patent
Application No. 10-2017-0162011, filed on Nov. 29, 2017,
the disclosure of which is incorporated by reference herein
in its entirety.

TECHNICAL FIELD

[0002] Exemplary embodiments of the present invention
relate to a display panel, and more particularly to a method
for manufacturing the same.

DISCUSSION OF RELATED ART

[0003] A display panel may include a plurality of pixels
and a driving circuit (e.g., scan driving circuit or a data
driving circuit) controlling the plurality of pixels. Each of
the plurality of pixels may include a display element and a
driving circuit of the pixel, which may control the display
element. The driving circuit of the pixel may include a
plurality of thin-film transistors that are relatively closely
connected to each other.

[0004] The display panel has been developed from a
flat-type to various shapes such as a bending-type, a rollable-
type, or a foldable-type. As the shape of the display panel is
changed, a panel design may also be changed.

SUMMARY

[0005] An exemplary embodiment of the present inven-
tion provides a display panel having a pixel with increased
speed and reliability, and the display panel may have
increased flexibility.

[0006] An exemplary embodiment of the present inven-
tion provides a method for manufacturing a display panel
with a reduced number of masks used in a manufacturing
process.

[0007] In an exemplary embodiment of the present inven-
tion, a display panel includes a base layer including a first
area and a second area extending from the first area. The
second area is bent from the first area. At least one inorganic
layer overlaps the first area and the second area. The at least
one inorganic layer is disposed on the base layer. A lower
groove overlapping the second area is defined in the at least
one inorganic layer. A first thin-film transistor is disposed on
the at least one inorganic layer. The first thin-film transistor
includes a silicon semiconductor pattern overlapping the
first area. A second thin-film transistor may have a bottom-
gate structure. The second thin-film transistor is disposed on
the at least one inorganic layer. The second thin-film tran-
sistor includes an oxide semiconductor pattern overlapping
the first area. A plurality of insulation layers overlap the first
area and the second area. An upper groove extending from
the lower groove is defined in the plurality of insulation
layers. A signal line is electrically connected to the second
thin-film transistor. An organic layer overlaps the first area
and the second area. The organic layer is disposed in the
lower groove and the upper groove. A light emitting element
is disposed on the organic layer and overlaps the first area.

May 30, 2019

[0008] In an exemplary embodiment of the present inven-
tion, a portion of the signal line, which overlaps the second
area, may be disposed on the organic layer.

[0009] In an exemplary embodiment of the present inven-
tion, the display panel may include a connection electrode
disposed on the organic layer and connected to an output
electrode of the first thin-film transistor through a contact
hole formed in the organic layer.

[0010] In an exemplary embodiment of the present inven-
tion, a passivation layer may be disposed on the organic
layer.

[0011] In an exemplary embodiment of the present inven-
tion, an electrode of the light emitting element may be
connected to the connection electrode through a contact hole
formed in the passivation layer.

[0012] In an exemplary embodiment of the present inven-
tion, the passivation layer may be disposed on the signal
line. A portion of the passivation layer, which overlaps the
second area, may be in direct contact with the signal line.
[0013] 1In an exemplary embodiment of the present inven-
tion, a first insulation layer may substantially cover an upper
surface of the silicon semiconductor pattern of the first
thin-film transistor. A second insulation layer may be dis-
posed on the first insulation layer. The second insulation
layer may substantially cover upper and side surfaces of a
control electrode of the first thin-film transistor. A third
insulation layer may be disposed on the second insulation
layer. The third insulation layer may substantially cover
upper and side surfaces of a control electrode of the second
thin-film transistor. A fourth insulation layer may be dis-
posed on the third insulation layer. The fourth insulation
layer may substantially cover upper and side surfaces of an
input electrode of the second thin-film transistor. The fourth
insulation layer may substantially cover upper and side
surfaces of an output electrode of the second thin-film
transistor. The fourth insulation layer may substantially
cover an upper surface of the oxide semiconductor pattern of
the second thin-film transistor.

[0014] In an exemplary embodiment of the present inven-
tion, a first portion and a second portion of the oxide
semiconductor pattern may be disposed on the input elec-
trode and the output electrode of the second thin-film
transistor, respectively.

[0015] In an exemplary embodiment of the present inven-
tion, the input electrode and the output electrode of the
second thin-film transistor may be disposed above a first
portion and a second portion of the oxide semiconductor
pattern, respectively. A third portion of the oxide semicon-
ductor pattern may be exposed from the input electrode and
the output electrode of the second thin-film transistor.
[0016] In an exemplary embodiment of the present inven-
tion, the display panel may include an upper electrode
disposed between the second insulation layer and the third
insulation layer. The upper electrode may overlap the control
electrode of the first thin-film transistor.

[0017] In an exemplary embodiment of the present inven-
tion, the display panel may include a light blocking pattern
disposed on the organic layer. The light blocking pattern
may overlap the oxide semiconductor pattern of the second
thin-film transistor.

[0018] In an exemplary embodiment of the present inven-
tion, the at least one inorganic layer may include silicon
oxide layers and silicon nitride layers disposed alternately
with the silicon oxide layers.
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[0019] In an exemplary embodiment of the present inven-
tion, a portion of a top surface of the at least one inorganic
layer may be in direct contact with the organic layer.

[0020] In an exemplary embodiment of the present inven-
tion, a method for manufacturing a display panel includes
forming, on a base layer including a first area and a second
area extending from the first area, at least one inorganic layer
overlapping the first area and the second area along a
direction orthogonal to an upper surface of the base layer.
The method includes forming a silicon semiconductor pat-
tern on the at least one inorganic layer to overlap the first
area along the direction orthogonal to the upper surface of
the base layer. The method includes forming a first control
electrode on a first insulation layer to overlap the silicon
semiconductor pattern along the direction orthogonal to the
upper surface of the base layer. The first insulation layer
overlaps the first area and the second area along the direction
orthogonal to the upper surface of the base layer. The
method includes forming a second control electrode spaced
apart from the first control electrode on a second insulation
layer overlapping the first area and the second area along the
direction orthogonal to the upper surface of the base layer.
The second insulation layer substantially covers upper and
side surfaces of the first control electrode. The method
includes forming a third insulation layer overlapping the first
area and the second area along the direction orthogonal to
the upper surface of the base layer. The third insulation layer
substantially covers upper and side surfaces of the second
control electrode. The method includes performing a first
etching partially removing the first, second and third insu-
lation layers to form a first contact hole and a second contact
hole exposing a first portion and a second portion of the
silicon semiconductor pattern, respectively. The first etching
form a first upper groove exposing the at least one inorganic
layer in the second area. The method includes forming an
oxide semiconductor pattern overlapping the second control
electrode on the third insulation layer along the direction
orthogonal to the upper surface of the base layer. The
method includes forming a first input electrode and a first
output electrode, which are connected to the silicon semi-
conductor pattern through the first contact hole and the
second contact hole, respectively, on the third insulation
layer and forming a second input electrode and a second
output electrode, which are connected to the oxide semi-
conductor pattern, on the third insulation layer. The method
includes forming a fourth insulation layer on the third
insulation layer. The fourth insulation layer overlaps the first
area and the second area along the direction orthogonal to
the upper surface of the base layer. The method includes
performing a second etching partially removing the fourth
insulation layer to form a third contact hole exposing the first
output electrode in the fourth insulation layer. The second
etching includes forming a second upper groove exposing
the at least one inorganic layer in the second area. The
method includes performing a third etching removing a
portion of the at least one inorganic layer, which overlaps the
second area, to form a lower groove aligned with the first
upper groove along the direction orthogonal to the upper
surface of the base layer in the at least one inorganic layer.
The method includes forming an organic layer disposed on
the fourth insulation layer within the first area and disposed
in the first upper groove, the second upper groove, and the
lower groove within the second area. The method includes
performing a fourth etching partially removing the organic
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layer to form a fourth contact hole connected to the third
contact hole in the organic layer. The method includes
forming a light emitting element electrically connected to
the first output electrode on the organic layer.

[0021] In an exemplary embodiment of the present inven-
tion, after the forming of the oxide semiconductor pattern,
forming the second input electrode and the second output
electrode, which are spaced apart from each other and each
of which may overlap the oxide semiconductor pattern along
the direction orthogonal to the upper surface of the base
layer.

[0022] In an exemplary embodiment of the present inven-
tion, after the forming of the second input electrode and the
second output electrode, which are spaced apart from each
other, forming the oxide semiconductor pattern partially
overlapping the second input electrode and the second
output electrode along the direction orthogonal to the upper
surface of the base layer.

[0023] In an exemplary embodiment of the present inven-
tion, the method may include forming a connection elec-
trode connected to the first output electrode and a signal line
overlapping the second area on the organic layer along the
direction orthogonal to the upper surface of the base layer.
The method may include forming a passivation layer sub-
stantially covering upper surfaces of the connection elec-
trode and the signal line on the organic layer. The method
may include performing a fifth etching partially removing
the passivation layer to form a fifth contact hole exposing the
connection electrode. The light emitting element may be
connected to the first output electrode through the connec-
tion electrode.

[0024] In an exemplary embodiment of the present inven-
tion, the forming of the light emitting element may include
forming a first electrode of the light emitting element
connected to the connection electrode on the passivation
layer. The forming of the light emitting element may include
forming a pixel defining layer having an opening to expose
the first electrode of the light emitting element on the
passivation layer.

[0025] In an exemplary embodiment of the present inven-
tion, a portion of the passivation layer, which overlaps the
second area along the direction orthogonal to the upper
surface of the base layer. may be in direct contact with the
signal line.

[0026] In an exemplary embodiment of the present inven-
tion, in the forming of the second control electrode, an upper
electrode overlapping the first control electrode along the
direction orthogonal to the upper surface of the base layer
may be formed on the second insulation layer.

[0027] In an exemplary embodiment of the present inven-
tion, the method may include forming a light blocking
pattern overlapping the oxide semiconductor pattern on the
organic layer along the direction orthogonal to the upper
surface of the base layer.

[0028] In an exemplary embodiment of the present inven-
tion, a portion of a top surface of the at least one inorganic
layer may be in direct contact with the organic layer.
[0029] In an exemplary embodiment of the present inven-
tion, the method may include bending the second area.
[0030] In an exemplary embodiment of the present inven-
tion, a method for manufacturing a display panel includes
forming, on a base layer comprising a first area and a second
area extending from the first area, at least one inorganic layer
overlapping the first area and the second area along a
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direction orthogonal to an upper surface of the base layer.
The method includes forming first to third insulation layers
overlapping the first area and the second area on the at least
one inorganic layer along the direction orthogonal to the
upper surface of the base layer and a silicon semiconductor
pattern overlapping the first area on the at least one inorganic
layer along the direction orthogonal to the upper surface of
the base layer. The method includes performing a first
etching partially removing the first to third insulation layers
to expose a portion of the silicon semiconductor pattern and
a portion, which overlaps the second area along the direction
orthogonal to the upper surface of the base layer, of the at
least one inorganic layer. The method includes forming an
oxide semiconductor pattern above the first to third insula-
tion layers and a plurality of electrodes connected to the
oxide semiconductor pattern and the silicon semiconductor
pattern. The method includes forming a fourth insulation
layer substantially covering an upper surface of the oxide
semiconductor pattern and upper and side surfaces of the
plurality of electrodes on the first to third insulation layers.
The method includes performing a second etching partially
removing the fourth insulation layer so that at least one
electrode of the plurality of electrodes and the portion of the
at least one inorganic layer, which overlaps the second area
along the direction orthogonal to the upper surface of the
base layer, are exposed. The method includes performing a
third etching partially removing the portion of the at least
one inorganic layer, which overlaps the second area along
the direction orthogonal to the upper surface of the base
layer. The method includes forming an organic layer on the
fourth insulation layer within the first area and disposed in
an area in which the at least one inorganic layer is removed
and an area in which the first to fourth insulation layers are
removed within the second area. The method includes
performing a fourth etching partially removing the organic
layer so that the at least one electrode of the plurality of
electrodes is exposed to the organic layer. The method
includes forming a light emitting element electrically con-
nected to the at least one electrode of the plurality of
electrodes and the signal line on the organic layer. The
method includes bending the second area.

[0031] In anexemplary embodiment of the present inven-
tion, the signal line may be a data line including a first
portion connected to a pixel, a second portion and a third
portion connected to a signal pad. The second portion may
connect the first and third portions to each other.

[0032] In an exemplary embodiment of the present inven-
tion, a bottom surface of the first portion of the data line
facing the base layer may be positioned at a same height
above the base layer as a bottom surface of the third portion
of the data line facing the base layer.

[0033] In an exemplary embodiment of the present inven-
tion, a bottom surface of the first portion of the data line
facing the base layer may be positioned at a different height
above the base layer as a bottom surface of the third portion
of the data line facing the base layer.

[0034] In an exemplary embodiment of the present inven-
tion, the second area may include a curvature area. The
second area may have a smaller thickness than a thickness
of the first area.

[0035] In an exemplary embodiment of the present inven-
tion, the curvature area may be permanently maintained in
a curved state.
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BRIEF DESCRIPTION OF THE FIGURES

[0036] The above and other features of the present inven-
tion will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0037] FIGS.1A and 1B are perspective views of a display
panel according to an exemplary embodiment of the present
invention;

[0038] FIG. 2 is a plan view of a display panel according
to an exemplary embodiment of the present invention;
[0039] FIG. 3Ais an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention;

[0040] FIGS. 3B and 3C are cross-sectional views of a
portion of a pixel according to an exemplary embodiment of
the present invention;

[0041] FIGS. 4A and 4B are cross-sectional views of a
bending area of a display panel according to an exemplary
embodiment of the present invention;

[0042] FIGS. 5A, 3B, 5C, 5D, SE, 5F, 5G, 5H, 51, 51, 5K,
5L, 5M, 5N and 50 are cross-sectional views of a process
for manufacturing a display panel according to an exemplary
embodiment of the present invention;

[0043] FIG. 6 is a cross-sectional view of a display panel
according to an exemplary embodiment of the present
invention;

[0044] FIG. 7 is a cross-sectional view of a display panel
according to an exemplary embodiment of the present
invention;

[0045] FIGS. 8A, 8B, 8C, 8D and 8E are cross-sectional
views illustrating a portion of a display panel according to
an exemplary embodiment of the present invention; and
[0046] FIG. 9 is a cross-sectional view of a portion of a
display panel according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION

[0047] Exemplary embodiments of the present invention
will be described below in more detail with reference to the
accompanying drawings. In this regard, the exemplary
embodiments may have different forms and should not be
construed as being limited to the exemplary embodiments of
the present invention described herein.

[0048] It will be understood that when an element such as
aregion, layer, or portion is referred to as being “on” another
element, it may be directly on the other element or inter-
vening elements may also be present.

[0049] Like reference numerals may refer to like elements
throughout the specification and drawings. Sizes of elements
in the drawings may be exaggerated for clarity of descrip-
tion.

[0050] It will be understood that although the terms “first”
and “second” may be used herein to describe various com-
ponents, these components should not be limited by these
terms.

[0051] FIGS. 1A and 1B are perspective views of a display
panel according to an exemplary embodiment of the present
invention. FIG. 2 is a plan view of the display panel
according to an exemplary embodiment of the present
invention. FIG. 2 schematically illustrates a connection
relationship between pixels PX, a driving circuit GDC, and
a signal line SGL.
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[0052] In an unfolded state, a display panel DP may
include a front surface DP-FS that is parallel to a surface
defined by a first directional axis DR1 and a second direc-
tional axis DR2. As an example, the front surface DP-FS
may have a substantially rectangular shape; however, exem-
plary embodiments of the present invention are not limited
thereto. A normal direction of the front surface DP-FS of the
display surface DS, for example, a thickness direction of the
display panel DP, may extend a third directional axis DR3.
Thus, the third directional axis DR3 may be orthogonal to
the first direction axis DR1 and the second directional axis
DR1. A front surface and a bottom surface (e.g., a rear
surface) of the display panel DP may face along the third
directional axis DR3. Thus, each of a plurality of stacked
layers of the display panel DP may include front and rear
surfaces facing along the third direction axis DR3 (e.g.,
when the display panel DP is in an unfolded state). The first,
second and third directional axes DR1, DR2, and DR3 may
be respectively referred to as first, second and third direc-
tions herein, and may include like reference numerals
herein.

[0053] Referring to FIG. 1A, the display panel DP may
include a display area DP-DA on which the pixels PX are
displayed and a non-display area DP-NDA on the front
surface DP-FS. The non-display area DP-NDA may be an
area on which the pixels are not disposed. Thus, each of the
pixels PX may be positioned in the display area DP-DA. On
the non-display area DP-NDA, a portion of the signal lines
SGL and/or the driving circuit GDC may be disposed.
[0054] The display area DP-DA may have a rectangular
shape. The non-display area DP-NDA may surround the
display area DP-DA (e.g., on four sides of the display area
DP-DA) when viewed in a plan view along the third
direction DR3. However, exemplary embodiments of the
present invention are not limited to particular shapes of the
display area DP-DA or the non-display area DP-NDA. For
example, the shapes of the display area DA and the non-
display area NDA may each be modified, as desired. For
example, the non-display area DP-NDA may be disposed on
only areas facing each other in the first direction DR1.
Alternatively, the non-display area DP-NDA may be dis-
posed on three sides of the display area DP-DA (e.g., not on
a side of the display area DP-DA on which a second area BA
described in more detail below extends from). As an
example, the display area DP-DA may have a circular shape.
[0055] According to an exemplary embodiment of the
present invention, a portion of the non-display area DP-
NDA may have a relatively narrow width (e.g., a length in
the second direction DR2) in comparison with that of the
display area DP-DA. Thus, a surface area of a bending area,
which will be described in more detail below, may be
reduced.

[0056] Referring to FIG. 1B, the display panel DP may be
bent or curved (e.g., to form a ‘C’ shape), and, as it is bent,
the display panel DP may include a first area NBA (e.g., a
non-bending area) and a second area BA (e.g., a bending
area). The second area BA may include a curvature area CA
having a predetermined curvature in a bent state and a facing
area FA facing the first area NBA in a bent state. As an
example, the display panel DP may be bent along a bending
axis BX. The bending axis BX may extend along the second
direction DR2. The second direction DR2 may be perpen-
dicular to each of the first direction DR1 and the third
direction DR3.
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[0057] Referring to FIG. 2, the display panel DP may
include a driving circuit GDC, a plurality of signal lines
SGL (e.g., which may be referred to herein as signal lines),
a plurality of signal pads DP-PD (e.g., which may be
referred to herein as signal pads), and a plurality of pixels
PX (e.g., which may be referred to herein as pixels).
[0058] The pixels PX may be divided into a plurality of
groups according to colors displayed thereon. The pixels PX
may include, e.g., red pixels, green pixels, or blue pixels.
The pixels PX may include white pixels. Although the pixels
may be divided into different groups according to colors
displayed thereon, the pixel driving circuit of the pixels may
be the same as each other.

[0059] The driving circuit GDC may include a scan driv-
ing circuit. The scan driving circuit may generate a plurality
of scan signals (e.g., which may be referred to herein as scan
signals) and may sequentially output the scan signals to a
plurality of scan lines GL (e.g.. which may be referred to
herein as scan lines). The scan driving circuit may further
output another control signal to the driving circuit of the
pixels PX.

[0060] The scan driving circuits may include a plurality of
thin-film transistors that are formed through substantially the
same process as that of the driving circuit of the pixels PX,
e.g., a low temperature polycrystalline silicon (LTPS) pro-
cess or a low temperature polycrystalline oxide process.
[0061] The signal lines SGL may include scan lines GL,
data lines DL, a power line PL, and/or control signal line
CSL. Each of the scan lines GL may be connected to a
corresponding pixel PX of the pixels PX, and each of the
data lines DL may be connected to a corresponding pixel PX
of the pixels PX. The power line PL, may be connected to the
pixels PX. The control signal line CSL may provide control
signals to the scan driving circuit. Each of the signal pads
DP-PD may be connected to the corresponding signal line of
the signal lines SGL.

[0062] A circuit board may be electrically connected to the
display panel DP. The circuit board may be a rigid circuit
board or a flexible circuit board. A driving chip may be
mounted to the circuit board.

[0063] The driving chip may be mounted to the display
panel DP. When the driving chip is mounted to the display
panel DP, the design of the signal lines SGL may be
modified. The driving chip may be connected to the data
lines DL, and a signal line connecting the driving chip to the
signal pads DP-PD may be further provided.

[0064] FIG. 3A is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention. FIGS. 3B and 3C are cross-sectional views of a
portion of a pixel PX according to an exemplary embodi-
ment of the present invention. FIGS. 4A and 4B are cross-
sectional views of a bending area of a display panel accord-
ing to an exemplary embodiment of the present invention.
[0065] Referring to FIG. 3A, any one scan line GL, any
one data line DL, and a power line PL. may be connected to
a pixel PX. Although the pixel PX according to an exem-
plary embodiment of the present invention may be a light
emitting type pixel, exemplary embodiments of the present
invention are not limited thereto. For example, the pixel PX
may include, as a light emitting element, an organic light
emitting diode or a quantum dot light emitting diode. A light
emitting layer of the organic light emitting diode may
include an organic light emitting material. A light emitting
layer of the quantum dot light emitting diode may include a
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quantum dot and a quantum rod. Below, as an example, the
pixel PX will be described as an organic light emitting pixel.
[0066] The pixel PX may include an organic light emitting
diode OLED and a pixel driving circuit for driving the
organic light emitting diode OLED. The light emitting diode
OLED may be referred to as a light emitting element herein.
The organic light emitting diode OLED may be a front light
emitting type diode or a rear light emitting type diode. In an
exemplary embodiment of the present invention, the pixel
driving circuit may include a first thin-film transistor T1
(e.g., a driving transistor), a second thin-film transistor T2
(e.g., a switching transistor), and a capacitor Cst. A first
power voltage ELVDD may be provided to the first thin-film
transistor T1, and a second power voltage ELVSS may be
provided to the organic light emitting diode OLED. The
second power voltage ELVSS may be less than the first
power voltage ELVDD.

[0067] The first thin-film transistor T1 may be connected
to the organic light emitting diode OLED. The first thin-film
transistor T1 may control a driving current flowing in the
organic light emitting diode OLED in correspondence to an
electric charge quantity stored in the capacitor Cst. The
second thin-film transistor T2 may output a data signal
applied to the data line DL in response to a scan signal
applied to the scan line GL. The capacitor Cst may hold a
voltage corresponding to the data signal received from the
second thin-film transistor T2.

[0068] Exemplary embodiments of the present invention
are not limited to the configuration of the pixel PX described
with reference to FIG. 3A. The configuration of the pixel PX
may be varied, as desired. For example, the pixel circuit
controlling the organic light emitting diode OLED may
include, e.g., six or seven thin-film transistors. The organic
light emitting diode OLED may be connected between the
power line PL and the second thin-film transistor T2.
[0069] FIG. 3B, which is a partial configuration of the
pixel PX, illustrates a cross-section corresponding to the first
thin-film transistor T1, the second thin-film transistor T2,
and the organic light emitting diode OLED. The first thin-
film transistor T1 may have a top-gate structure. The second
thin-film transistor T2 may have a bottom-gate structure.
Referring to FIG. 3B, the display panel DP may include a
base layer BL, a circuit element layer DP-CL disposed on
the base layer BL, a display element layer DP-OLED, and a
thin-film encapsulation layer TFE. The display panel DP
may include functional layers such as a reflection protective
layer and a refractive index adjusting layer. The circuit
element layer DP-CL may include a plurality of insulation
layers and a circuit element. As an example, the insulation
layers may include an organic layer and/or an inorganic
layer.

[0070] The circuit element may include a signal line and
a driving circuit of a pixel. The circuit element layer may be
formed through a process of forming an insulation layer, a
semiconductor layer, and a conductive layer through coating
and deposition and a process of patterning the insulation
layer, the semiconductor layer, and the conductive layer
through a photolithography process.

[0071] The display element layer DP-OLED may include
a light emitting element. The display element layer DP-
OLED may further include an organic layer such as a pixel
defining layer PDL.

[0072] The base layer BL may include a synthetic resin
film. The synthetic resin layer may include a thermosetting
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resin. For example, although the synthetic resin layer may
include a polyimide-based resin layer, exemplary embodi-
ments of the present invention are not limited thereto. The
synthetic resin layer may include at least one of an acryl-
based resin, a methacryl-based resin, a polyisoprene-based
resin, a vinyl-based resin, an epoxy-based resin, a urethane-
based resin, a cellulose-based resin, a siloxane-based resin,
apolyamide-based resin, or a perylene-based resin. The base
layer BL may include a glass substrate, a metal substrate,
and/or, an organic/inorganic composite substrate.

[0073] The areas of the display panel DP described with
reference to FIGS. 1A, 1B and 2 may be defined in the base
layer BL in substantially the same manner as described
above for the display panel DP. For example, the base layer
BL may include a first area NBA and a second area BA that
is bent from the first area NBA.

[0074] According to an exemplary embodiment of the
present invention, the second area BA may extend from the
first area NBA. The second area BA may include the
curvature area CA. The second area BA may have a smaller
thickness (e.g., in the third direction DR3) than that of the
first area NBA. Thus, bending or curving of the curvature
area CA in the second area BA may be achieved with a
relatively small amount of force applied to the second area
BA, and a stress applied to a connection between the first
area NBA and the second area BA may be relatively low.
The curvature area CA may be permanently maintained in a
curved state, or may remain bendable.

[0075] At least one inorganic layer may be disposed on a
top surface of the base layer BL. The inorganic layer may
include at least one of an aluminum oxide, a titanium oxide,
a silicon oxide, a silicon oxynitride, a zirconium oxide, or
hafnium oxide. The inorganic layer may have a single layer
or a multiple layer structure. The multi-layer inorganic
layers may include a barrier layer BRL and/or a buffer layer
BFL, which will be described in more detail below. The
barrier layer BRL and the buffer layer BFL may be selec-
tively disposed, as desired. Thus, either of the barrier layer
BRL or the buffer layer BFL may be individually referred to
as an inorganic layer. Alternatively, the barrier layer BRL
and the buffer layer BFL may collectively be referred to as
an inorganic layer.

[0076] The barrier layer BRL may prevent foreign sub-
stances from being introduced from the outside. The barrier
layer BRL may include a silicon oxide layer and/or a silicon
nitride layer. The silicon oxide layer and the silicon nitride
layer may be provided in a plurality of layers. The silicon
oxide layers and the silicon nitride layers may be alternately
and repeatedly stacked.

[0077] The buffer layer BFL may be disposed on the
barrier layer BRL. The buffer layer BFL. may increase a
coupling force between the base layer BL and conductive
patterns or semiconductor patterns. The barrier layer BFL
may include a silicon oxide layer and/or a silicon nitride
layer. The silicon oxide layer and the silicon nitride layer
may be alternately and repeatedly stacked.

[0078] A first semiconductor pattern OSP1 may be dis-
posed on the buffer layer BFL. The first semiconductor
pattern OSP1 may include a silicon semiconductor. Thus,
the first semiconductor pattern OSP1 may be referred to as
a silicon semiconductor pattern. The first semiconductor
pattern OSP1 may include a polysilicon semiconductor.
However, exemplary embodiments of the present invention
are not limited thereto. For example, the first semiconductor
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pattern OSP1 may include amorphous silicon. The first
semiconductor pattern OSP1 may include an input area (e.g.,
a first portion), an output area (e.g., a second portion), and
a channel area (e.g., a third portion) defined between the
input area and the output area. The channel area of the first
semiconductor pattern OSP1 may be defined in correspon-
dence to a first control electrode GE1 that will be described
in more detail below. For example, the first control electrode
GE1 and the first semiconductor pattern OSP1 may at least
partially overlap each other (e.g., may be fully aligned with
each other) along the third direction DR3. Each of the input
area and the output area may have a conductivity relatively
higher than that of the channel area because the input area
and the output area are doped with a dopant. The input area
and the output area may be doped with an n-type dopant. In
an exemplary embodiment of the present invention,
although the n-type first thin-film transistor T1 is exemplar-
ily described, the first thin-film transistor T1 may be a p-type
transistor.

[0079] A first insulation layer 10 may be disposed on the
buffer layer BFL. The first insulation layer 10 may overlap
each of the plurality of pixels PX (e.g., along the third
direction DR3, which may be orthogonal to the upper
surface of the base layer BL; see, e.g., FIG. 1A). The first
insulation layer may substantially cover upper and sides
surfaces of the first semiconductor pattern OSP1. The upper
surface of the first semiconductor pattern OSP1 may face
away from the base layer in the third direction DR3 and the
side surfaces of the first semiconductor pattern OSP1 may
face along the first direction DR1 perpendicular to the third
direction DR3. Upper and side surfaces of other layers
described in more detail below may refer to surfaces facing
in the third direction DR3 and the first direction DRI,
respectively. The first insulation layer 10 may include an
inorganic layer and/or an organic layer and may have a
single-layer or multi-layer structure.

[0080] In an exemplary embodiment of the present inven-
tion, the first insulation layer 10 may include the inorganic
layer and may include at least one of an aluminum oxide, a
titanium oxide, a silicon oxide, a silicon oxynitride, a
zirconium oxide, or hafnium oxide. In an exemplary
embodiment of the present invention, the first insulation
layer 10 may be a single-layer including silicon oxide.

[0081] A first control electrode GE1 may be disposed on
the first insulation layer 10. The first control electrode GE1
may overlap the channel area of the first semiconductor
pattern OSP1 (e.g., along the third direction DR3, which
may be orthogonal to the upper surface of the base layer
BL).

[0082] A second insulation layer 20 may substantially
cover upper and side surfaces of the first control electrode
GE1 disposed on the first insulation layer 10. The second
insulation layer 20 may overlap each of the plurality of
pixels PX (e.g., along the third direction DR3, which may be
orthogonal to the upper surface of the base layer BL; see,
e.g., FIG. 1). The second insulation layer 20 may include an
inorganic layer and/or an organic layer and may have a
single-layer or multi-layer structure.

[0083] In an exemplary embodiment of the present inven-
tion, the second insulation layer 20 may include the inor-
ganic layer and may include at least one of an aluminum
oxide, a titanium oxide, a silicon oxide, a silicon oxynitride,
a zirconium oxide, or hafnium oxide. In an exemplary
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embodiment of the present invention, the second insulation
layer 20 may be a single-layer including silicon oxide.
[0084] A second control electrode GE2 may be disposed
on the second insulation layer 20. The second control
electrode GE2 might not overlap the first control electrode
GE1. Thus, the second control electrode GE2 may be spaced
apart from the first control electrode (e.g., along the first
direction DR1). In an exemplary embodiment of the present
invention, an upper electrode UE may be disposed on the
second insulation layer 20. The upper electrode UE may
overlap the first control electrode GE1 (e.g., along the third
direction DR3, which may be orthogonal to the upper
surface of the base layer BL). Since the second control
electrode GE2 and the upper electrode UE may be formed
through the same process as each other, the second control
electrode GE2 and the upper electrode UE may include a
same material as each other and may have the same lami-
nation structure as each other. In an exemplary embodiment
of the present invention, the upper electrode UE may be
omitted.

[0085] A third insulation layer 30 substantially covering
upper and side surfaces of the second control electrode GE2
and the upper electrode UE may be disposed on the second
insulation layer 20. The third insulation layer 30 may
include an inorganic layer and/or an organic layer and may
have a single-layer or multi-layer structure.

[0086] In an exemplary embodiment of the present inven-
tion, the third insulation layer 30 may include the inorganic
layer and may include at least one of an aluminum oxide, a
titanium oxide, a silicon oxide, a silicon oxynitride, a
zircomium oxide, or hafnium oxide. In an exemplary
embodiment of the present invention, the third insulation
layer 30 may be a single-layer include silicon oxide.
[0087] A second semiconductor pattern OSP2 overlapping
the second control electrode GE2 (e.g., along the third
direction DR3, which may be orthogonal to the upper
surface of the base layer BL) may be disposed on the third
insulation layer 30. The second semiconductor pattern OSP2
may include an oxide semiconductor. Thus, the second
semiconductor pattern OSP2 may be referred to as an oxide
semiconductor pattern. The second semiconductor pattern
OSP2 may include a crystalline or non-crystalline oxide
semiconductor. For example, the oxide semiconductor may
include a metal oxide such as zinc (Zn), indium (In), gallium
(Ga), tin (Sn) or titanium (Ti), metal such as zinc (Zn),
indium In), gallium (Ga), tin (Sn), or titanium (Ti), or a
mixture thereof. The oxide semiconductor may include an
indium-tin oxide (ITO), an indium-gallium-zinc oxide
(IGZ0), a zinc oxide (ZnO), an indium-zinc oxide (IZn0),
a zinc-indium oxide (Z10), an indium oxide (InO), a tita-
nium oxide (Ti0O), an indium-zinc-tin oxide (IZTO), or a
zine-tin oxide (ZTO).

[0088] The second semiconductor pattern OSP2 may
include an input area (e.g., a first portion), an output area
(e.g., a second portion), and a channel area (e.g., a third
portion) defined between the input area and the output area.
Each of the input area and the output area may include
impurities. The channel area of the second semiconductor
pattern OSP2 may be defined as an area exposed from a
second input electrode DE2 and a second output electrode
SE2, which will be described in more detail below.

[0089] The impurities of the second semiconductor pattern
OSP2 may be reduced metal materials. Each of the input
area and the output area may include metal materials
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reduced from a metal oxide included in the channel area.
Thus, the second thin-film transistor T2 may reduce a
leakage current and may serve as a switching element
having an on-off characteristic with increased accuracy and
reliability.

[0090] A first input electrode DE1, a first output electrode
SE1, a second input electrode DE2, and a second output
electrode SE2 may be disposed on the third insulation layer
30. Since the first input electrode DE1, the first output
electrode SE1, the second input electrode DE2, and the
second output electrode SE2 may be formed through the
same process as each other, each of the first input electrode
DEL1, the first output electrode SE1, the second input elec-
trode DE2, and the second output electrode SE2 may include
a same material as each other and may have the same
lamination structure as each other.

[0091] The first input electrode DE1 and the first output
electrode SE1 may be respectively connected to the first
semiconductor pattern OSP1 through a first contact hole
CH1 and a second contact hole CH2 exposing the input area
and the output area of the first semiconductor pattern OSP1,
respectively. The first contact hole CH1 and the second
contact hole CH2 may pass through the first insulation layer
10, the second insulation layer 20 and the third insulation
layer 30.

[0092] The second input electrode DE2 and the second
output electrode SE2 may respectively be connected to
opposite ends of the second semiconductor pattern OSP2,
respectively. At least a portion of the second input electrode
DE2 may be directly disposed on the input area of the
second semiconductor pattern OSP2, and at least a portion
of the second output electrode SE2 may be directly disposed
on the output area of the second semiconductor pattern
OSP2.

[0093] The fourth insulation layer 40 substantially cover-
ing upper and sides surfaces of the first input electrode DE1,
the first output electrode SEI1, the second input electrode
DE2, and the second output electrode SE2 may be disposed
on the third insulation layer 30. The fourth insulation layer
40 may include an inorganic layer and/or an organic layer
and may have a single-layer or multi-layer structure.
[0094] In an exemplary embodiment of the present inven-
tion, the fourth insulation layer 40 including the inorganic
layer and may include at least one of an aluminum oxide, a
titanium oxide, a silicon oxide, a silicon oxynitride, a
zirconium oxide, or hafnium oxide. The fourth insulation
layer 40 may include a silicon oxide layer.

[0095] The fifth insulation layer 50 may be disposed on
the fourth insulation layer 40. The fifth insulation layer 50
may include an organic layer. A connection electrode CNE
may be disposed on the fifth insulation layer 50. The
connection electrode CNE may be connected to the first
output electrode SE1 through a third contact hole CH3
passing through the fourth insulation layer 40 and the fifth
insulation layer 50. The sixth insulation layer 60 substan-
tially covering upper and side surfaces of the connection
electrode CNE may be disposed on the fifth insulation layer
50. The sixth insulation layer 60 may be referred to as a
passivation layer. The sixth insulation layer 60 may include
an organic layer and may have a single-layer or multi-layer
structure.

[0096] In an exemplary embodiment of the present inven-
tion, each of the fifth insulation layer 50 and the sixth
insulation layer 60 may have a single-layer structure includ-
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ing a polyimide-based resin layer. However, exemplary
embodiments of the present invention are not limited
thereto. For example, each of the fifth insulation layer 50 and
the sixth insulation layer 60 may include at least one of an
acryl-based resin, a methacryl-based resin, a polyisoprene-
based resin, a vinyl-based resin, an epoxy-based resin, a
urethane-based resin, a cellulose-based resin, a siloxane-
based resin, a polyamide-based resin, or a perylene-based
resin

[0097] The organic light emitting diode OLED may be
disposed on the sixth insulation layer 60. An anode AE of the
organic light emitting diode OLED may be disposed on the
sixth insulation layer 60. The anode AE may be connected
to the connection electrode CNE through a fourth contact
hole CH4 passing through the sixth insulation layer 60. A
pixel defining layer PDL may be disposed on the sixth
insulation layer 60.

[0098] An opening of the pixel defining layer PDL may
expose at least a portion of the anode AE. The opening OP
of the pixel defining layer PDL may define a light emitting
area PXA of the pixel. For example, the plurality of pixels
PX (see, e.g., FIG. 1A) may be arranged under a predeter-
mined rule on a plane of the display panel DP (see, e.g., FIG.
1A). For example, the plurality of pixels PX may be
arranged in a matrix configuration having rows and columns
extending along the first and second directions DR1 and
DR2. An area on which the plurality of pixels PX are
disposed may be defined as a pixel area, and one pixel area
may include a light emitting area PXA and a non-light
emitting area NPX A adjacent to the light emitting area PXA.
The non-light emitting area NPXA may surround the light
emitting area PXA (e.g., when viewed in a plan view along
the third direction DR3, which may be orthogonal to the
upper surface of the base layer BL).

[0099] The display area DP-DA (see, e.g., FIGS. 1A and
1B) may include a plurality of pixel areas. For example, the
display area DP-DA may include a plurality of the light
emitting areas PXA and the non-light emitting area sur-
rounding the plurality of the light emitting areas PXA.

[0100] A hole control layer HCL may be disposed on the
light emitting area PXA and the non-light emitting area
NPXA in common. A common layer such as the hole control
layer HCL may connect two or more pixels of the plurality
of pixels PX to each other. The hole control layer HCL may
include a hole transporting layer and a hole injection layer.
[0101] An organic light emitting layer EML may be dis-
posed on the hole control layer HCL. The organic light
emitting layer EML may be disposed on only an area
corresponding to the opening. The organic light emitting
layer EML may be separately provided on each of the
plurality of pixels PX.

[0102] The organic light emitting layer EML may be
disposed on two or more pixels of the plurality of pixels
PXn. The organic light emitting layer EML may generate
white light. The organic light emitting layer EML may have
a multi-layer structure.

[0103] An electron control layer ECL may be disposed on
the organic light emitting layer EML. The electron control
layer ECL may include an electron transporting layer and an
electron injection layer. A cathode CE may be disposed on
the electron control layer ECL. The electron control layer
ELC and the cathode CE may be disposed on the plurality
of pixels PX in common.
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[0104] The thin-film encapsulation layer TFE may be
disposed on the cathode. The thin-film encapsulation layer
TFE may be disposed on two or more pixels of the plurality
of pixels PX. According to an exemplary embodiment of the
present invention, the thin-film encapsulation layer TFE
may substantially cover an upper surface of the cathode CE.
In an exemplary embodiment of the present invention, a
capping layer may also substantially cover the upper surface
of the cathode CE. The capping layer may include an organic
layer. In an exemplary embodiment of the present invention,
an inorganic layer may be formed on the capping layer
through a sputtering method. In an exemplary embodiment
of the present invention, the lamination structure of the
organic light emitting diode OLED may have a structure that
is upside down from the structure described with reference
to FIG. 3B.

[0105] The thin-film encapsulation layer TFE may include
at least an inorganic layer or an organic layer. In an exem-
plary embodiment of the present invention, the thin-film
encapsulation layer TFE may include two inorganic layers
with an organic layer disposed therebetween. In an exem-
plary embodiment of the present invention, the thin-film
encapsulation layer may include a plurality of inorganic
layers and a plurality of organic layers, which are alternately
and repeatedly stacked.

[0106] The encapsulation inorganic layer protects the
organic light emitting diode OLED from moisture/oxygen,
and the encapsulation organic layer protects the organic light
emitting diode OLED from foreign substances such as dust
particles. Although the encapsulation inorganic layer may
include a silicon nitrite layer, a silicon oxynitride layer, a
silicon oxide layer, a titanium oxide layer, or an aluminum
oxide layer, exemplary embodiments of the present inven-
tion are not limited thereto. Although the encapsulation
organic layer may include an acryl-based organic layer,
exemplary embodiments of the present invention are not
limited thereto.

[0107] According to an exemplary embodiment of the
present invention, the first thin-film transistor TI may
include a silicon semiconductor, for example, a polysilicon
semiconductor, and thus the first thin-film transistor T1 may
have a relatively high electron mobility. The first thin-film
transistor T1 may have an increased voltage-current accu-
racy and reliability. The second thin-film transistor T2 may
include an oxide semiconductor, and thus an occurrence of
a leakage current may be reduced. Thus, the driving voltage
of the pixel PX (see, e.g., FIG. 3A) may be reduced, and an
occurrence of a malfunction thereof may be reduced or
prevented.

[0108] As the input electrode DE1 and the output elec-
trode SE1 of the first thin-film transistor T1, which are
disposed on the same layer as that of the input electrode DE2
and the output electrode SE2 of the second thin-film tran-
sistor T2, may be respectively directly connected to the
silicon semiconductor pattern OSP1 through the first and
second contact holes CH1 and CH2 passing through the first
to third insulation layers 10 to 30, misalignment may
decrease. When the input electrode DE1 and the output
electrode SE1 are disposed on the same layer as that of the
upper electrode UE (e.g., in a display panel according to a
comparative example), a process of forming connection
electrodes on the same layer as that of the input electrode
DE2 and the output electrode SE2 of the second thin-film
transistor T2 may be performed. The connection electrodes
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may be connected to the input electrode DE1 and the output
electrode SE1, which are disposed on the same layer as that
of the upper electrode UE. Thus, while the connection
electrodes are formed, the misalignment may occur. Since
the input electrode DE2 and the output electrode SE2 of the
second thin-film transistor T2 and the input electrode DE1
and the output electrode SE1 of the first thin-film transistor
T1 are formed through separated processes, the number of
masks used in the manufacturing process may increase.
[0109] Referring to FI1G. 3C, the display panel according
to an exemplary embodiment of the present invention may
further include the capacitor Cst formed through the same
process as that of the components of the first thin-film
transistor T1.

[0110] A first electrode E1 of the capacitor Cst may be
disposed on the first insulation layer 10. The first electrode
E1 may be formed through the same process as that of the
first control electrode GE1. The first electrode E1 may be
connected to the first control electrode GEI.

[0111] The second insulation layer 20 may substantially
cover upper and side surfaces of the first electrode E1. A
second electrode E2 of the capacitor Cst may be disposed on
the second insulation layer 20. In an exemplary embodiment
of the present invention, the upper electrode UE may be
electrically connected to the second electrode E2. The upper
electrode UE and the second electrode E2 may be formed
through the same process as each other, and thus the upper
electrode UE and the second electrode E2 may include a
same material as each other and may include a same
structure (e.g., a single or multilayered structure) as each
other. The third insulation layer 30 substantially covering the
second electrode E2 and the upper electrode UE may be
disposed on the second insulation layer 20.

[0112] FIGS. 4A and 4B are views illustrating a cross-
section in the first direction DR1 of the curvature area CA
in FIG. 2. FIG. 4A illustrates a cross-section overlapping the
signal line DL, and FIG. 4B illustrates a cross-section of an
area on which the signal line is not disposed. In FIG. 4A, the
data line DL illustrated as the signal line DL.

[0113] Referring to FIGS. 4A and 4B, the second area BA
may have a lamination structure that is similar to that of the
first area NBA (see, e.g., FIGS. 1A, 1B and 2), for example,
the display area DP-DA (see, e.g., FIGS. 1A, 1B and 2), in
a cross-section. The barrier layer BRL, the buffer layer BFL,
and the first to sixth insulation layers 10 to 60 may be
sequentially arranged from the top surface of the base layer
BL (e.g., along the third direction DR3, which may be
orthogonal to the upper surface of the base layer BL).
[0114] A groove GV-1 (e.g., which may be referred to
herein as a lower groove) overlapping the second area BA
(e.g., along the third direction DR3, which may be orthogo-
nal to the upper surface of the base layer BL) may define the
barrier layer BRL and/or the buffer layer BFL. The lower
groove GV-1 may be defined in the curvature area CA.
Referring to FIGS. 1A, 1B and 2, the inorganic layers BRL
and BFL disposed below the first semiconductor pattern
OSP1 may overlap the display area DP-DA (e.g., along the
third direction DR3, which may be orthogonal to the upper
surface of the base layer BL) and may extend to the second
area BA. The lower groove GV-1 may be formed by
removing portions of the inorganic layers BRL and BFL so
that at least a portion of the inorganic layers BRL and BFL
overlaps the second area BA (e.g., along the third direction
DR3, which may be orthogonal to the upper surface of the
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base layer BL). The base layer BL exposed by the lower
groove GV-1 may have a width in the first direction DR1,
which is less than that of the curvature area CA in the first
direction DR1.

[0115] A groove GV-2 (e.g., which may be referred to
herein as an upper groove) overlapping the second area BA
(e.g., along the third direction DR3, which may be orthogo-
nal to the upper surface of the base layer BL.) may be defined
in the first to fourth insulation layers 10 to 40. The upper
groove GV-2 may be defined in the curvature area CA. Atop
surface of an uppermost inorganic layer of the inorganic
layers included in the barrier layer BRL and the buffer layer
BFL may be exposed from the first to fourth insulation
layers 10 to 40.

[0116] Each of side surfaces, which define the lower
groove GV-1, of the barrier layer BRL and the buffer layer
BFL may have a predetermined slope in a cross-section.
Each of side surfaces, which define the upper groove GV-2,
of the first to fourth insulation layers 10 to 40 may have a
predetermined slope in a cross-section.

[0117] In an exemplary embodiment of the present inven-
tion, a width of the upper groove GV-2 in the first direction
DR1, which corresponds to the fourth insulation layer 40,
may be greater than that of the curvature area CA in the first
direction DR1.

[0118] The fifth insulation layer 50 including an organic
layer may be disposed in the upper groove GV-2 and the
lower groove GV-1. Thus, the fifth insulation layer 50 may
be referred to as an organic layer. The fifth insulation layer
50 may be in direct contact with a top surface of the base
layer BL, an inclined surface of the lower groove GV-1, and
an inclined surface of the upper groove GV-2. The fifth
insulation layer 50 may be in direct contact with a portion of
the top surface of the buffer layer BFL, which may be
exposed from the first to fourth insulation layers 10 to 40.
[0119] As the grooves GV-1 and GV-2 are defined in the
inorganic layers BRL, BFL, and insulation layers 10 to 40 of
the curvature area CA, and the organic layer 50 is disposed
in the grooves GV-1 and GV-2, the bending area BA may
have increased flexibility. As the organic layer 50 is disposed
on the bending area BA and the non-bending area NBA, the
display panel DP may have a simplified structure. Thus, a
relatively lower number of masks may be used in forming
the organic layer 50. For example, the organic layer 50 may
be formed by a single continuous process in the bending area
BA and the non-bending area NBA. Thus, manufacturing
costs may be reduced and an occurrence of defects may be
reduced.

[0120] At least one portion of the signal line DL may be
disposed on the fifth insulation layer 50. The sixth insulation
layer 60 may substantially cover an upper surface of the
signal line DL, which may protect the signal line DL.
Another portion of the signal line DL, for example, another
portion disposed on the display area DP-DA, may be dis-
posed on a different layer from the sixth insulation layer 60.
For example, another portion of the signal line DL may be
disposed on the third insulation layer 30. The at least one
portion and the another portion of the signal line DL may be
connected through the contact hole passing through the
fourth insulation layer 40 and the fifth insulation layer 50.
The contact hole may be disposed on the non-display area
DP-NDA of the first area NBA.

[0121] In an exemplary embodiment of the present inven-
tion, a layer extending from the layer disposed on the display
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area DP-DA may be further disposed on a top surface of the
sixth insulation layer 60. In an exemplary embodiment of the
present invention, the sixth insulation layer 60 might not be
disposed in the curvature area CA.

[0122] FIGS. 5A, 5B, 5C, 5D, 5E, 5F, 5G, 5H, 51, 57, 5K,
5L, 5M, 5N and 50 are cross-sectional views of a process of
manufacturing a display panel according to an exemplary
embodiment of the present invention t. Each of FIGS. 5A to
50 comparatively illustrates areas corresponding to those
described above with reference to FIGS. 3B and 4A. Thus,
duplicative descriptions of components that are the same or
substantially the same as those described above with refer-
ence to FIGS. 1A, 1B, 2, 3A, 3B, 3C, 4A and 4B may be
omitted below.

[0123] Referring to FIG. 5A, at least one inorganic layer
may be formed on the first area NBA and the second area BA
of the base layer BL. The base layer BL may be disposed on
a working substrate during the manufacturing process. The
working substrate may be removed after the display panel is
manufactured.

[0124] The inorganic layers may be formed by depositing,
coating, or printing an inorganic material. The barrier layer
BRL may be formed by sequentially forming a silicon oxide
layer and a silicon nitride layer. The buffer layer BFL may
be formed by sequentially forming a silicon oxide layer and
a silicon nitride layer on the barrier layer BRL.

[0125] A first preliminary semiconductor pattern OSP1-P
may be formed on the inorganic layer. The first preliminary
semiconductor pattern OSP1-P may include a silicon semi-
conductor material. The semiconductor layer may be formed
and then patterned to form the first preliminary semicon-
ductor pattern OSP1-P. The semiconductor layer may be
crystallized. For example, the semiconductor layer may be
crystallized either before or after patterning the semicon-
ductor layer to form the first preliminary semiconductor
pattern OSP1-P. A doping process may be performed on the
first preliminary semiconductor pattern OSP1-P.

[0126] Referring to FIG. 5B, the first insulation layer 10
may be formed on the first area NBA and the second area BA
of the inorganic layer. The first insulation layer 10 may be
formed through deposition, coating, or printing. Insulation
layers disposed on the first insulation layer 10 may be also
formed through deposition, coating, or printing.

[0127] The first control electrode GE1 may be formed on
the first insulation layer 10. The first control electrode GE1
may be formed by forming a conductive layer on the first
insulation layer 10 and then pattering the same. The first
electrode E1 (see, e.g., FIG. 3C) of the capacitor Cst may be
formed through the same process as that of the first control
electrode GE1.

[0128] The first preliminary semiconductor pattern
OSP1-P may be doped by using the first control electrode
GE1 as a mask. An area (e.g., which may be referred to
herein as a channel area) overlapping the first control
electrode GE1 (e.g.. along the third direction DR3, which
may be orthogonal to the upper surface of the base layer BL)
might not be doped, and opposite side areas (e.g., an input
area and an output area) of the channel area may be doped.
In an exemplary embodiment of the present invention, the
doping may be performed by using an n-type dopant, e.g,,
pentad. Thus, the first semiconductor pattern OSP1 may be
formed.

[0129] Referring to FIG. 5C, the second insulation layer
20 may be formed on the first area NBA and the second area
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BA of the first insulation layer 10 to substantially cover the
first control electrode GE1. The second control electrode
GE2 non-overlapping the first control electrode GE1 (e.g.,
along the third direction DR3, which may be orthogonal to
the upper surface of the base layer BL) may be formed on
the second insulation layer 20. The upper electrode UE may
be formed in the same process as that of the second control
electrode GE2. The second electrode E2 (see, e.g., FIG. 3C)
of the capacitor Cst may be formed through the same process
as that of the upper electrode UE.

[0130] Referring to FIG. 5D, the third insulation layer 30
substantially covering the second control electrode GE2 and
the upper electrode UE may be formed on the first area NBA
and the second area BA of the second insulation layer 20. A
second preliminary semiconductor pattern OSP2-P may be
formed on the third insulation layer 30. The second prelimi-
nary semiconductor pattern OSP2-P may be formed from the
semiconductor layer through a photolithography process.
[0131] Referring to FIG. SE, a portion of the insulation
layers 10 to 30 may be removed (e.g., which may be referred
to herein as a first etching process). The contact holes CH1
and CH2 respectively exposing the input area and the output
area of the first semiconductor pattern OSP1 may be defined.
In the same process, a first upper groove GV-21 may be
formed by partially removing the second area BA of the first
to third insulation layers 10 to 30. As a process of forming
the contact hole of the first area NBA and a process of
forming the groove of the second area BA are performed in
a single process, the number of masks used in the manu-
facturing process may be reduced.

[0132] Referring to FIG. 5F, a second preliminary semi-
conductor pattern OSP2-P may be formed on the third
insulation layer 30. The second preliminary semiconductor
pattern OSP2-P may include a metal oxide semiconductor
material. The second preliminary semiconductor pattern
OSP2-P may be formed from the metal oxide semiconductor
layer through a photolithography process.

[0133] According to an exemplary embodiment of the
present invention, a sequence of performing a process
described with reference to FIG. SE and a process described
with reference to FIG. 5F may be reversed. In an exemplary
embodiment of the present invention, after the second pre-
liminary semiconductor pattern OSP2-P is formed, the sec-
ond contact holes CH1 and CH2 and the first upper groove
GV-21 may be defined.

[0134] Referring to FIG. 5G, the electrodes DE1, SE1,
SE2, and DE2 may be formed on the third insulation layer
30 (e.g., which may be referred to herein as an electrode
forming process). After the conductive layer is formed
through a deposition process, the electrodes DE1, SE1, SE2,
and DE2 may be formed through a patterning process.
[0135] The process of patterning the conductive layer may
be performed by an etching gas including plasma. The
etching gas may include plasma containing oxygen. The
etching gas may decrease a hydrogen concentration of an
area of the second preliminary semiconductor pattern OSP2-
P, which is exposed from the second input electrode DE2
and the second output electrode SE2. Thus, the area of the
second preliminary semiconductor pattern OSP2-P, which is
exposed from the second input electrode DE2 and the
second output electrode SE2, may be changed into the
channel area having a semiconductor feature while having a
resistance greater than that of the areas covered by the
second input electrode DE2 and the second output electrode
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SE2. Thus, the second semiconductor pattern OSP2 includ-
ing the input area and the output area, which are spaced apart
from each other with a channel area therebetween may be
formed from the second preliminary semiconductor pattern
OSP2-P.

[0136] Referring to FIG. 5H, the fourth insulation layer 40
substantially covering the electrodes DE1, SE1, SE2, and
DE2 may be formed on the third insulation layer 30. A
portion of the fourth insulation layer 40 may be disposed in
the first upper groove GV-21.

[0137] Referring to FIG. 5I, a portion of the fourth insu-
lation layers 40 may be removed (e.g., which may be
referred to herein as a second etching process). A contact
hole CH3-40 exposing the first output electrode SE1 may be
formed. In the same process, a second upper groove GV-22
may be formed by partially removing the second area BA of
the fourth insulation layer 40. As a process of forming the
contact hole of the first area NBA and a process of forming
the groove of the second area BA are performed in a single
process, the number of masks used in the manufacturing
process may be reduced.

[0138] Although an inner surface of the second upper
groove GV-22 and an inner surface of the first upper groove
GV-21 may be aligned with each other, exemplary embodi-
ments of the present invention are not limited thereto. For
example, a top surface of the third insulation layer 30 may
be exposed from the fourth insulation layer 40. For example,
the inner surface of the second upper groove GV-22 may be
spaced apart from the inner surface of the first upper groove
GV-21 along the first direction DR1 to expose the top
surface of the third insulation layer 30 facing away from the
base layer BL.

[0139] Referring to FIG. 5], a portion of the inorganic
layers BRL and BFL may be removed (e.g., which may be
referred to herein as a third etching process). The lower
groove GV-1 may be formed by partially removing the
second area BA of the barrier layer BRL and the buffer layer
BFL by using an etching gas. The top surface of the
uppermost inorganic layer of the inorganic layers included in
the barrier layer BRL and the buffer layer BFL may be
exposed from the first to fourth insulation layers 10 to 40. In
an exemplary embodiment of the present invention, an inner
surface of the lower groove GV-1 may be aligned with the
inner surface of the first upper groove GV-21.

[0140] Referring to FIG. 5K, the fifth insulation layer 50
may be formed on the fourth insulation layer 40. The fifth
insulation layer 50 may overlap the first area NBA and the
second area BA (e.g., along the third direction DR3, which
may be orthogonal to the upper surface of the base layer
BL). The fifth insulation layer 50 is disposed in the lower
groove GV-1 and the upper groove GV-2. The fifth insula-
tion layer 50 may partially fill the contact hole CH3-40.
[0141] Referring to FIG. 5L, a portion of the fifth insula-
tion layers 50 may be removed (e.g., which may be referred
to herein as a fourth etching process). A contact hole CH-50
may be formed in the fifth insulation layer 50 to expose the
first output electrode SE1 substantially covered by the fifth
insulation layer 50. A contact hole CH3-50 of the fifth
insulation layer 50 may be aligned with the contact hole
CH3-40 of the fourth insulation layer 40. Thus, the contact
holes CH3-40 and CH3-50 may define a third contact hole
CH3.

[0142] Referring to FIG. 5M, the connection electrode
CNE may be formed on the fifth insulation layer 50. A
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portion overlapping the second area BA (e.g., along the third
direction DR3, which may be orthogonal to the upper
surface of the base layer BL) may be formed through the
same process as that of the connection electrode CNE.
[0143] Referring to FIG. 5N, the sixth insulation layer 60
substantially covering the portion overlapping the second
area BA of the connection electrode CNE and the signal line
DL may be formed on the fifth insulation layer 50. A fourth
contact hole CH4 exposing a top surface of the connection
electrode CNE may be formed in the sixth insulation layer
60.

[0144] Referring to FIG. 50, the organic light emitting
diode OLED may be formed on the sixth insulation layer 60.
The anode AE connected to the connection electrode CNE
through a fourth contact hole CH4 may be formed on the
sixth insulation layer 60. The pixel defining layer PDL
exposing a central portion of the anode AE may be forming
on the sixth insulation layer 60. After a preliminary pixel
defining layer is formed on the sixth insulation layer 60, the
opening OP may be formed in the preliminary pixel defining
layer.

[0145] The hole control layer HCL, the light emitting
layer EML, the electron control layer ECL, and the cathode
CE may be sequentially formed on the first area NBA of the
pixel defining layer PDL. The hole control layer HCL, the
light emitting layer EML, the electron control layer ECL,
and the cathode CE may overlap at least the display area
DP-DA ((e.g., along the third direction DR3, which may be
orthogonal to the upper surface of the base layer BL; see,
e.g., FIG. 2).

[0146] The thin-film encapsulation layer TFE may be
formed on the cathode CE. The encapsulation organic layer
and/or the encapsulation inorganic layer may be formed
through a deposition or inkjet printing process. Although the
thin-film encapsulation layer TFE may be formed on the first
area NBA and might not be formed on the second area BA,
exemplary embodiments of the present invention are not
limited thereto.

[0147] FIG. 6 is a cross-sectional view of a display panel
according to an exemplary embodiment of the present
invention. FIG. 7 is a cross-sectional view of a display panel
according to an exemplary embodiment of the present
invention. FIGS. 8A, 8B, 8C, 8D and 8E are cross-sectional
views illustrating a portion of a display panel according to
an exemplary embodiment of the present invention. FIG. 9
is a cross-sectional view of a portion of a display panel
according to an exemplary embodiment of the present
invention.

[0148] Duplicative descriptions of components that are the
same or substantially the same as those described above with
reference to FIGS. 1, 2, 3A, 3B, 3C, 4A, 4B, 5A, 5B, 5C, 5D,
5E, 5F, 5G, SH, 51, 57, 5K, 5L, 5M, 5N and 50 may be
omitted below.

[0149] Referring to FIG. 6, an arrangement relationship
between the second semiconductor pattern OSP2 and both
the second input electrode DE2 and the second output
electrode SE2 may be varied. As the second semiconductor
pattern OSP2 may be formed after the second input elec-
trode DE2 and the second output electrode SE2 are formed,
opposite ends of the second semiconductor pattern OSP2
may be directly disposed on the second input electrode DE2
and the second output electrode SE2.

[0150] Referring to FIG. 7, the connection electrode CNE
and the sixth insulation layer 60 may be omitted. The anode
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AE may be directly disposed on the fifth insulation layer 50
and connected to the first output electrode SE1 through the
third contact hole CH3. The portion of the signal line DL
overlapping the second area BA (e.g., along the third direc-
tion DR3, which may be orthogonal to the upper surface of
the base layer BL) may be directly disposed on the fifth
insulation layer 50.

[0151] The portion of the data line DL overlapping the
second area BA may be formed through the same process as
that of the anode AE. Thus, the portion of the data line DL
overlapping the second area BA and the anode AE may
include a same material and may have a same layer structure
as each other.

[0152] FIGS. 8A, 8B, 8C, 8D and 8E illustrate display
panels DP corresponding to the display panel DP described
with reference to FIG. 50. The display panels DP described
with reference to FIGS. 8A to 8E and the display panel DP
described with reference to FIG. 50 may be different in a
shape of the signal line DL.

[0153] Referring to FIGS. 8A to 8E, the signal line (e.g.,
data lines DL) may include a first portion DL-P1, a second
portion DL-P2, and a third portion DL-P3. The first portion
DL-P1 may be connected to the pixel PX (see, e.g., FIG. 2),
and the third portion DL-P3 may be connected to the
corresponding signal pad DP-PD (see, e.g., FIG. 2) or a
driving chip. The second portion DL-P2 may connect the
first portion DL-P1 to the third portion DL-P3 through the
fifth contact hole CHS and the sixth contact hole CH6. The
second portion DL-P2 may overlap the curvature area CA
(e.g., along the third direction DR3, which may be orthogo-
nal to the upper surface of the base layer BL).

[0154] Referring to FIGS. 8A to 8E, according to an
exemplary embodiment of the present invention, the fifth
contact hole CHS may extend to substantially a same depth
as the sixth contact hole CH6 along the direction orthogonal
to the upper surface of the base layer BL. A bottom surface
of the first portion DL-P1 of the signal line facing the base
layer BL may be positioned at a first depth above the base
layer BL which is substantially the same as a depth of a
bottom surface of the third portion DL-P3 of the signal line
facing the base layer BL.

[0155] Alternatively, according to an exemplary embodi-
ment of the present invention, the bottom surface of the first
portion DL-P1 of the signal line facing the base layer BL
may be positioned at depth above the base layer BL that is
different from a depth of a bottom surface of the third
portion DL-P3 of the signal line facing the base layer BL.
[0156] Referring to FIG. 8A, the first portion DL-P1 and
the third portion DL-P3 may be formed through the same
process as that of the input electrodes and the output
electrodes DE1, SE1, SE2, and DE2 and may be disposed on
the same layer as that of the input electrodes and the output
electrodes DE1, SE1, SE2, and DE2. Each of the fifth
contact hole CH5 and the sixth contact hole CH6 may pass
through the fourth insulation layer 40 and the fifth insulation
layer 50. Each of the fifth contact hole CHS and the sixth
contact hole CH6 may be formed through the same process
as that of the third contact hole CH3.

[0157] Referring to FIG. 8B, the first portion DL-P1 and
the third portion DL-P3 may be formed through the same
process as that of the upper electrode UE and may be
disposed on the same layer as that of the upper electrode UE.
Each of the fifth contact hole CHS5 and the sixth contact hole
CH6 may pass through the third insulation layer 30, the
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fourth insulation layer 40, and the fifth insulation layer 50.
Each of the fifth contact hole CH5 and the sixth contact hole
CH6 may be formed through the same process as that of the
third contact hole CH3 and may further pass through the
third insulation layer 30. In an exemplary embodiment of the
present invention, a photolithography process for forming
the fifth contact hole CH5 and the sixth contact hole CH6
may be performed.

[0158] Referring to FIG. 8C, the first portion DL-P1 and
the third portion DL-P3 may be formed through the same
process as that of the first control electrode GE1 and may be
disposed on the same layer as that of the first control
electrode GE1. Each of the fifth contact hole CH5 and the
sixth contact hole CH6 may pass through the second insu-
lation layer 20, the third insulation layer 30, the fourth
insulation layer 40, and the fifth insulation layer 50. Each of
the fifth contact hole CH5 and the sixth contact hole CH6
may be formed through the same process as that of the third
contact hole CH3 and may further pass through the second
and third insulation layers 20 and 30. In an exemplary
embodiment of the present invention, the photolithography
process for forming the fifth contact hole CH5 and the sixth
contact hole CH6 may be performed.

[0159] One of the first portion DL-P1 and the third portion
DL-P3 may be formed through the same process of that of
one of the first input electrode DE1, the upper electrode UE,
and the first control electrode GE1 and may be disposed on
the same layer as that of the first input electrode DE1, the
upper electrode UE, or the first control electrode GE1, and
the other of the first portion DL-P1 and the third portion
DL-P3 may be formed through the same process of that of
one of the first input electrode DE1, the upper electrode UE,
and the first control electrode GE1 and disposed on the same
layer as that of the first input electrode DEI1, the upper
electrode UE, or the first control electrode GE1. According
to the position of each of the first portion DL-P1 and the
third portion DL-P3, the insulation layers through which
each of the fifth contact hole CH5 and the sixth contact hole
CHS6 passes may be changed. Each of the fifth contact hole
CHS and the sixth contact hole CH6 may be formed through
the same process as that of the third contact hole CH3. Thus,
depths of the fifth contact hole CH5 and the sixth contact
hole CH6 may be differently controlled.

[0160] For example, referring to FIG. 8D, the first portion
DL-P1 may be formed through the same process as that of
the upper electrode UE and may be disposed on the same
layer as that of the upper electrode UE. The third portion
DL-P3 may be formed through the same process as that of
the first input electrode DFE1 and may be disposed on the
same layer as that of the s first input electrode DE1. The fifth
contact hole CH5 may pass through the third insulation layer
30, the fourth insulation layer 40, and the fifth insulation
layer 50, and the sixth contact hole CH6 may pass through
the fourth insulation layer 40 and the fifth insulation layer
50.

[0161] Referring to FIG. 8E, the first portion DL-P1 may
be formed through the same process as that of the first
control electrode GE1 and may be disposed on the same
layer as that of the first control electrode GE1. The third
portion DL-P3 may be formed through the same process as
that of the upper electrode UE and may be disposed on the
same layer as that of the upper electrode UE. The fifth
contact hole CH5 may pass through the second insulation
layer 20, the third insulation layer 30, the fourth insulation
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layer 40, and the fifth insulation layer 50, and the sixth
contact hole CH6 may pass through the third insulation layer
30, the fourth insulation layer 40, and the fifth insulation
layer 50.

[0162] Although the second portion DL-P2 may be formed
through the same process as that of the connection electrode
CNE and may be disposed on the same layer as that of the
connection electrode CNE, exemplary embodiments of the
present invention are not limited thereto. Referring to FIG.
7, the second portion EL1-P2 may be formed through the
same process as that of the anode AE and may be disposed
on the same layer as that of the anode AE. Referring to FIG.
9, the display panel DP may include a light blocking pattern
LSP disposed between the fifth insulation layer 50 and the
sixth insulation layer 60 and overlapping the second semi-
conductor pattern OSP2 (e.g., along the third direction DR3,
which may be orthogonal to the upper surface of the base
layer BL).

[0163] The light blocking pattern LSP may include a
material having a relatively high light absorption rate or a
relatively high light reflection rate. The light blocking pat-
tern LSP may be disposed above the second semiconductor
pattern OSP2 to block light that is generated from the
organic light emitting diode OLED and then reflected from
being incident into the second semiconductor pattern OSP2.
[0164] The light blocking pattern LSP may include a same
material as that of the connection electrode CNE. For
example, the light blocking pattern LSP may include a
metal.

[0165] As described above, the leakage current of the
switching transistor may decrease. Thus, the accuracy and
reliability of the voltage-current of the driving transistor
may be increased. As the input electrode and the output
electrode of the driving transistor, which are disposed on the
same layer as that of the input electrode and the output
electrode of the switching transistor, may be directly con-
nected to the silicon semiconductor pattern through the
contact hole passing through the insulation layers, an occur-
rence of a misalignment may be reduced or eliminated.

[0166] As the groove may be defined in the inorganic
layers of the bending area, and the organic layer may be
disposed in the corresponding groove, the bending area of
the display panel may have increased flexibility. As the
organic layer may be disposed in each of the bending area
and the non-bending area, the display panel may have a
simplified structure (e.g., may be manufactured using a
relatively lower number of etching masks).

[0167] As the process of forming the contact hole expos-
ing a portion of the semiconductor pattern disposed on the
display area and the process of removing the insulation layer
of the bending area may be performed in the single process,
the number of masks used in the manufacturing process may
decrease. As the input electrode and the output electrode of
the switching transistor and the input electrode and the
output electrode of the driving transistor may be formed by
the single process, the manufacturing process may be sim-
plified.

[0168] While the present invention has been shown and
described with reference to the exemplary embodiments
thereof, it will be apparent to those of ordinary skill in the
art that various changes in form and detail may be made
thereto without departing from the spirit and scope of the
present invention.
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What is claimed is:

1. A display panel comprising:

a base layer comprising a first area and a second area
extending from the first area and bent from the first
area;

at least one inorganic layer overlapping the first area and
the second area, wherein the at least one inorganic layer
is disposed on the base layer, and wherein the at least
one inorganic layer comprises a lower groove overlap-
ping the second area;

a first thin-film transistor disposed on the at least one
inorganic layer and comprising a silicon semiconductor
pattern overlapping the first area;

a second thin-film transistor disposed on the at least one
inorganic layer, and wherein the second thin-film tran-
sistor comprises an oxide semiconductor pattern over-
lapping the first area;

a plurality of insulation layers overlapping the first area
and the second area, wherein the plurality of insulation
layers comprises an upper groove extending from the
lower groove;

a signal line electrically connected to the second thin-film
transistor;

an organic layer overlapping the first area and the second
area, wherein the organic layer is disposed in the lower
groove and the upper groove; and

a light emitting element disposed on the organic layer and
overlapping the first area.

2. The display panel of claim 1, wherein a portion of the
signal line, which overlaps the second area, is disposed on
the organic layer.

3. The display panel of claim 1, further comprising a
connection electrode disposed on the organic layer and
connected to an output electrode of the first thin-film tran-
sistor through a contact hole formed in the organic layer.

4. The display panel of claim 3, further comprising a
passivation layer disposed on the organic layer.

5. The display panel of claim 4, wherein an electrode of
the light emitting element is connected to the connection
electrode through a contact hole formed in the passivation
layer.

6. The display panel of claim 4, wherein the passivation
layer is disposed on the signal line, and a portion of the
passivation layer, which overlaps the second area, is in direct
contact with the signal line.

7. The display panel of claim 1, wherein the insulation
layers comprise:

a first insulation layer substantially covering an upper
surface of the silicon semiconductor pattern of the first
thin-film transistor;

a second insulation layer disposed on the first insulation
layer and substantially covering upper and side surfaces
of a control electrode of the first thin-film transistor;

a third insulation layer disposed on the second insulation
layer and substantially covering upper and side surfaces
of a control electrode of the second thin-film transistor;
and

a fourth insulation layer disposed on the third insulation
layer and substantially covering upper and side surfaces
of an input electrode of the second thin-film transistor,
substantially covering upper and side surfaces of an
output electrode of the second thin-film transistor, and
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substantially covering an upper surface of the oxide
semiconductor pattern of the second thin-film transis-
tor.

8. The display panel of claim 7, wherein a first portion and
a second portion of the oxide semiconductor pattern are
disposed on the input electrode and the output electrode of
the second thin-film transistor, respectively.

9. The display panel of claim 7, wherein the input
electrode and the output electrode of the second thin-film
transistor are disposed above a first portion and a second
portion of the oxide semiconductor pattern, respectively, and
a third portion of the oxide semiconductor pattern is exposed
from the input electrode and the output electrode of the
second thin-film transistor.

10. The display panel of claim 7, further comprising an
upper electrode disposed between the second insulation
layer and the third insulation layer and overlapping the
control electrode of the first thin-film transistor.

11. The display panel of claim 1, further comprising a
light blocking pattern disposed on the organic layer and
overlapping the oxide semiconductor pattern of the second
thin-film transistor.

12. The display panel of claim 1, wherein the at least one
inorganic layer comprises silicon oxide layers and silicon
nitride layers disposed alternately with the silicon oxide
layers.

13. The display panel of claim 1, wherein a portion of a
top surface of the at least one inorganic layer is in direct
contact with the organic layer.

14. A method for manufacturing a display panel, com-
prising:
forming, on a base layer comprising a first area and a
second area extending from the first area, at least one
inorganic layer overlapping the first area and the sec-
ond area along a direction orthogonal to an upper
surface of the base layer;

forming a silicon semiconductor pattern on the at least
one inorganic layer to overlap the first area along the
direction orthogonal to the upper surface of the base
layer;

forming a first control electrode on a first insulation layer
to overlap the silicon semiconductor pattern along the
direction orthogonal to the upper surface of the base
layer, wherein the first insulation layer overlaps the first
area and the second area along the direction orthogonal
to the upper surface of the base layer;

forming a second control electrode spaced apart from the
first control electrode on a second insulation layer
overlapping the first area and the second area along the
direction orthogonal to the upper surface of the base
layer, wherein the second insulation layer substantially
covers upper and side surfaces of the first control
electrode;

forming a third insulation layer overlapping the first area
and the second area along the direction orthogonal to
the upper surface of the base layer, wherein the third
insulation layer substantially covers upper and side
surfaces of the second control electrode;

performing a first etching partially removing the first,
second and third insulation layers to form a first contact
hole and a second contact hole exposing a first portion
and a second portion of the silicon semiconductor
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pattern, respectively, and to form a first upper groove
exposing the at least one inorganic layer in the second
area;

forming an oxide semiconductor pattern overlapping the

second control electrode on the third insulation layer
along the direction orthogonal to the upper surface of
the base layer;
forming a first input electrode and a first output electrode,
which are connected to the silicon semiconductor pat-
tern through the first contact hole and the second
contact hole, respectively, on the third insulation layer
and forming a second input electrode and a second
output electrode, which are connected to the oxide
semiconductor pattern, on the third insulation layer;

forming a fourth insulation layer on the third insulation
layer, wherein the fourth insulation layer overlaps the
first area and the second area along the direction
orthogonal to the upper surface of the base layer;

performing a second etching partially removing the fourth
insulation layer to form a third contact hole exposing
the first output electrode in the fourth insulation layer,
and to form a second upper groove exposing the at least
one inorganic layer in the second area;

performing a third etching removing a portion of the at

least one inorganic layer, which overlaps the second
area, to form a lower groove aligned with the first upper
groove along the direction orthogonal to the upper
surface of the base layer in the at least one inorganic
layer;

forming an organic layer disposed on the fourth insulation

layer within the first area and disposed in the first upper
groove, the second upper groove, and the lower groove
within the second area;
performing a fourth etching partially removing the
organic layer to form a fourth contact hole connected to
the third contact hole in the organic layer; and

forming a light emitting element electrically connected to
the first output electrode on the organic layer.
15. The method of claim 14, wherein, after the forming of
the oxide semiconductor pattern, forming the second input
electrode and the second output electrode, which are spaced
apart from each other and each of which overlaps the oxide
semiconductor pattern along the direction orthogonal to the
upper surface of the base layer.
16. The method of claim 14, wherein, after the forming of
the second input electrode and the second output electrode,
which are spaced apart from each other, forming the oxide
semiconductor pattern partially overlapping the second
input electrode and the second output electrode along the
direction orthogonal to the upper surface of the base layer.
17. The method of claim 14, further comprising:
forming a connection electrode connected to the first
output electrode and a signal line overlapping the
second area on the organic layer along the direction
orthogonal to the upper surface of the base layer;

forming a passivation layer substantially covering upper
surfaces of the connection electrode and the signal line
on the organic layer; and

performing a fifth etching partially removing the passi-

vation layer to form a fifth contact hole exposing the
connection electrode,

wherein the light emitting element is connected to the first

output electrode through the connection electrode.
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18. The method of claim 17, wherein the forming of the
light emitting element comprises:

forming a first electrode of the light emitting element

connected to the connection electrode on the passiva-
tion layer; and

forming a pixel defining layer having an opening expos-

ing the first electrode of the light emitting element on
the passivation layer.

19. The method of claim 17, wherein a portion of the
passivation layer, which overlaps the second area along the
direction orthogonal to the upper surface of the base layer,
is in direct contact with the signal line.

20. The method of claim 14, wherein, in the forming of
the second control electrode, an upper electrode overlapping
the first control electrode along the direction orthogonal to
the upper surface of the base layer is formed on the second
insulation layer.

21. The method of claim 14, further comprising forming
a light blocking pattern overlapping the oxide semiconduc-
tor pattern on the organic layer along the direction orthogo-
nal to the upper surface of the base layer.

22. The method of claim 14, wherein a portion of a top
surface of the at least one inorganic layer is in direct contact
with the organic layer.

23. The method of claim 14, further comprising bending
the second area.

24. A method for manufacturing a display panel, com-
prising:

forming, on a base layer comprising a first area and a

second area extending from the first area, at least one
inorganic layer overlapping the first area and the sec-
ond area along a direction orthogonal to an upper
surface of the base layer;

forming first to third insulation layers overlapping the first

area and the second area on the at least one inorganic
layer along the direction orthogonal to the upper sur-
face of the base layer and a silicon semiconductor
pattern overlapping the first area on the at least one
inorganic layer along the direction orthogonal to the
upper surface of the base layer;

performing a first etching partially removing the first to

third insulation layers to expose a portion of the silicon
semiconductor pattern and a portion, which overlaps
the second area along the direction orthogonal to the
upper surface of the base layer, of the at least one
inorganic layer;

forming an oxide semiconductor pattern above the first to

third insulation layers and a plurality of electrodes
connected to the oxide semiconductor pattern and the
silicon semiconductor pattern;

forming a fourth insulation layer substantially covering an

upper surface of the oxide semiconductor pattern and
upper and side surfaces of the plurality of electrodes on
the first to third insulation layers;

performing a second etching partially removing the fourth

insulation layer so that at least one electrode of the
plurality of electrodes and the portion of the at least one
inorganic layer, which overlaps the second area along
the direction orthogonal to the upper surface of the base
layer, are exposed,

performing a third etching partially removing the portion

of the at least one inorganic layer, which overlaps the
second area along the direction orthogonal to the upper
surface of the base layer;
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forming an organic layer on the fourth insulation layer
within the first area and disposed in an area in which the
at least one inorganic layer is removed and an area in
which the first to fourth insulation layers are removed
within the second area;
performing a fourth etching partially removing the
organic layer so that the at least one electrode of the
plurality of electrodes is exposed to the organic layer;

forming a light emitting element electrically connected to
the at least one electrode of the plurality of electrodes
and a signal line on the organic layer; and

bending the second area.

25. The display panel of claim 1, wherein the signal line
is a data line including a first portion connected to a pixel
and a third portion connected to a signal pad, wherein a
second portion connects the first and third portions to each
other.
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26. The display panel of claim 25, wherein a bottom
surface of the first portion of the data line facing the base
layer is positioned at a same height above the base layer as
a bottom surface of the third portion of the data line facing
the base layer.

27. The display panel of claim 25, wherein a bottom
surface of the first portion of the data line facing the base
layer 1s positioned at a different height above the base layer
as a bottom surface of the third portion of the data line facing
the base layer.

28. The display panel of claim 1, wherein the second area
includes a curvature area, and wherein the second area has
a smaller thickness than a thickness of the first area.

29. The display panel of claim 28, wherein the curvature
area is permanently maintained in a curved state.
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