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57 ABSTRACT

A display panel includes a base layer, a first thin film
transistor disposed on the base layer and including a silicon
semiconductor pattern, a first control electrode is spaced
apart from the silicon semiconductor pattern. A first input
electrode is connected to a first side of the silicon semicon-
ductor pattern. A first output electrode is connected to a
second side of the silicon semiconductor pattern. The dis-
play panel includes a second thin film transistor. An organic
light emitting diode includes a first electrode connected to
the first thin film transistor, a second electrode, and an
emission layer. A first insulating layer includes openings
exposing the first side and the second side of the silicon
semiconductor pattern, respectively. The first input electrode
and the first output electrode are positioned in the openings,
respectively.
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DISPLAY PANEL INCLUDING TWO
SEMICONDUCTOR MATERIALS AND
METHOD OF MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This U.S. non-provisional patent application
claims priority under 35 US.C. § 119 to Korean Patent
Application No. 10-2018-0026998, filed on Mar. 7, 2018,
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 display
panel including two semiconductor materials and a method
of manufacturing the same.

DISCUSSION OF RELATED ART

[0003] A display panel may include at least one thin film
transistor. The thin film transistor may include a semicon-
ductor pattern including a semiconductor material. The
display panel may include a plurality of pixels and a driving
circuit for controlling the pixels. The driving circuit may
include at least one thin film transistor. The thin film
transistors of the driving circuit may provide electrical
signals to the pixels. However, misalignment may occur
between a source electrode and a connection electrode.
[0004] Each of the pixels may include a pixel driving
circuit and a display element connected to the pixel driving
circuit. The pixel driving circuit may include at least one thin
film transistor and a capacitor. The thin film transistor and
the capacitor of the pixel driving circuit may control the
display element in response to the electrical signal provided
from the driving circuit.

SUMMARY

[0005] An exemplary embodiment of the present inven-
tion provides a display panel having increased process
reliability and a method of manufacturing the same.

[0006] In an exemplary embodiment of the present inven-
tion, a display panel includes a base layer and a first thin film
transistor disposed on the base layer and including a silicon
semiconductor pattern. A first control electrode is spaced
apart from the silicon semiconductor pattern. A first input
electrode is connected to a first side of the silicon semicon-
ductor pattern. A first output electrode is connected to a
second side of the silicon semiconductor pattern. A second
thin film transistor is disposed on the base layer. The second
thin film transistor includes an oxide semiconductor pattern.
A second control electrode is spaced apart from the oxide
semiconductor pattern. A second input electrode is con-
nected to a first side of the oxide semiconductor pattern. A
second output electrode is connected to a second side of the
oxide semiconductor pattern. An organic light emitting
diode includes a first electrode connected to the first thin film
transistor. A second electrode is disposed on the first elec-
trode. An emission layer is disposed between the first
electrode and the second electrode. A first insulating layer is
disposed between the organic light emitting diode and the
silicon semiconductor pattern. The first insulating layer is
disposed on the silicon semiconductor pattern. The first
insulating layer includes a plurality of openings exposing the
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first side and the second side of the silicon semiconductor
pattern, respectively. The first input electrode and the first
output electrode are each positioned in an opening of the
plurality of openings, respectively.

[0007] In an exemplary embodiment of the present inven-
tion, the first input electrode and the first output electrode
may be disposed on a layer different from a layer on which
the second input electrode and the second output electrode
are disposed.

[0008] In an exemplary embodiment of the present inven-
tion, the display panel may include a first connection elec-
trode connected to the first input electrode, and a second
connection electrode disposed between the first electrode
and the first output electrode and disposed on a same layer
as the first connection electrode. The second connection
electrode may electrically connect the first output electrode
to the first electrode.

[0009] In an exemplary embodiment of the present inven-
tion, the first connection electrode and the second connec-
tion electrode may be disposed on a same layer as the second
input electrode and the second output electrode.

[0010] In an exemplary embodiment of the present inven-
tion, the first input electrode and the first output electrode
may include a different material from that of the second
input electrode and the second output electrode.

[0011] In an exemplary embodiment of the present inven-
tion, the display panel may include a bridge electrode
disposed between the first electrode and the second connec-
tion electrode and connected to the first electrode and the
second connection electrode.

[0012] In an exemplary embodiment of the present inven-
tion, the bridge electrode may have a resistance lower than
a resistance of the second connection electrode.

[0013] In anexemplary embodiment of the present inven-
tion, the display panel may include a second insulating layer
disposed between the first insulating layer and the first
electrode, and an upper electrode disposed on the second
insulating layer. The first control electrode may be disposed
between the first insulating layer and the second insulating
layer, and the upper electrode may overlap with the first
control electrode when viewed in a plan view.

[0014] In an exemplary embodiment of the present inven-
tion, the upper electrode and the first control electrode may
receive a same voltage.

[0015] In an exemplary embodiment of the present inven-
tion, thicknesses of the first input electrode and the first
output electrode may be substantially equal to a thickness of
the first insulating layer.

[0016] In an exemplary embodiment of the present inven-
tion, side surfaces of the first input electrode and the first
output electrode may have inclined shapes when viewed in
a cross-sectional view.

[0017] In an exemplary embodiment of the present inven-
tion, side surfaces of the first input electrode and the first
output electrode need not overlap with the first insulating
layer when viewed in a plan view.

[0018] In an exemplary embodiment of the present inven-
tion, the first input electrode and the first output electrode
may substantially completely fill the openings, respectively.
[0019] In an exemplary embodiment of the present inven-
tion, the first insulating layer may include a plurality of
openings exposing a first side and a second side of the oxide
semiconductor pattern, respectively. The oxide semiconduc-
tor pattern may be disposed on a same layer as the silicon
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semiconductor pattern, and the second input electrode and
the second output electrode may each be positioned in an
opening of the plurality of openings exposing the first side
and the second side of the oxide semiconductor pattern,
respectively.

[0020] In an exemplary embodiment of the present inven-
tion, a display panel includes a base layer and a thin film
transistor disposed on the base layer. The thin film transistor
includes a silicon semiconductor pattern. A control electrode
is spaced apart from the silicon semiconductor pattern. An
input electrode is connected to a first side of the silicon
semiconductor pattern. An output electrode is connected to
a second side of the silicon semiconductor pattern. A first
insulating layer is disposed directly on the silicon semicon-
ductor pattern. The first insulating layer includes a plurality
of openings directly exposing the first side and the second
side of the silicon semiconductor pattern, respectively. A
second insulating layer is disposed on the first insulating
layer and the thin film transistor. An organic light emitting
diode includes a first electrode disposed on the second
insulating layer and connected to the thin film transistor, a
second electrode disposed on the first electrode, and an
emission layer disposed between the first electrode and the
second electrode. A connection electrode is disposed
between the second insulating layer and the first electrode.
The connection electrode penetrates the second insulating
layer to electrically connect the first electrode and the output
electrode. The input electrode and the output electrode are
each disposed in an opening of the plurality of openings,
respectively, to form the same layer with the first insulating
layer on the silicon semiconductor pattern.

[0021] In an exemplary embodiment of the present inven-
tion, top surfaces of the input electrode and the output
electrode may be substantially coplanar with a top surface of
the first insulating layer.

[0022] In an exemplary embodiment of the present inven-
tion, the display panel may include a third insulating layer
disposed on the second insulating layer and the connection
electrode. A bridge electrode may penetrate the third insu-
lating layer to electrically connect the first electrode and the
connection electrode.

[0023] In an exemplary embodiment of the present inven-
tion, the bridge electrode may have a resistance lower than
a resistance of the connection electrode.

[0024] In an exemplary embodiment of the present inven-
tion, the control electrode may overlap with the silicon
semiconductor pattern and may be disposed under the first
insulating layer.

[0025] In an exemplary embodiment of the present inven-
tion, the output electrode may be formed of a different
material from that of the connection electrode.

[0026] In an exemplary embodiment of the present inven-
tion, the output electrode, the connection electrode and the
bridge electrode may all be aligned with each other along a
direction orthogonal to an upper surface of the base layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] 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:

[0028] FIG. 1 is a perspective view of a display panel
according to an exemplary embodiment of the present
invention;
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[0029] FIG. 2 is a plan view of a display panel according
to an exemplary embodiment of the present invention;
[0030] FIG. 3 is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the present
invention;

[0031] FIG. 4 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention;

[0032] FIG. 5 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention;

[0033] FIG. 6 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention;

[0034] FIG. 7 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention;

[0035] FIG. 8 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention; and

[0036] FIGS. 9A, 9B, 9C, 9D, 9E, 9F, 9G, 9H, 91, 9J, 9K
and 9L are cross-sectional views of a method of manufac-
turing a display panel, according to an exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0037] 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. Like reference
numerals may refer to like elements throughout the speci-
fication and drawings.

[0038] It will be understood that when a component, such
as a layer, a film, a region, or a plate, is referred to as being
“on” another component, the component may be directly on
the other component or intervening components may be
present.

[0039] As used herein, the singular forms “a,” “an,” and
“the” may include the plural forms, including “at least one,”
unless the context clearly indicates otherwise. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed itens.

[0040] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, or “upper” may be used herein
for clarity of description to describe one element or feature’s
relationship to another element(s) or feature(s) as described
with reference to the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to
the orientation depicted in the figures. For example, a
described device may be otherwise oriented (e.g., rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0041] 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.

[0042] FIG. 1 is a perspective view of a display panel
according to an exemplary embodiment of the present
invention. FIG. 2 is a plan view of a display panel according
to an exemplary embodiment of the present invention.
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[0043] Referring to FIGS. 1 and 2, a front surface DP-FS
of a display panel DP may extend along a plane defined by
a first direction DR1 and a second direction DR2. As an
example, the first direction DR1 may be perpendicular to the
second direction DR2. The first direction DR1 and the
second direction DR2 may define a plane along which the
display panel extends. A third direction DR3 may be per-
pendicular to the first and second directions DR1 and DR2.
Thus, the third direction DR3 may be orthogonal to a plane
extending in the first and second directions DR1 and DR2.

[0044] A normal direction of the front surface DP-FS of
the display panel DP (e.g., a thickness direction of the
display panel DP) may be indicated by the third direction
DR3. A top surface (e.g., or a front surface) and a bottom
surface (e.g., or a rear surface) of each of layers included in
the display panel DP may be defined by the third direction
DR3.

[0045] The display panel DP may include a display area
DP-DA and a non-display area DP-NDA in the front surface
DP-FS. Pixels PX may be disposed in the display area
DP-DA and the non-display area DP-NDA may be adjacent
to the display area DP-DA. The display area DP-DA may
include a plurality of pixels PX. As an example, the pixels
PX may be spaced apart from each other or may be imme-
diately adjacent to each other. The pixels PX may be
arranged in a plurality of rows and columns on or above an
underlying substrate. Thus, the pixels PX may be arranged
in a matrix configuration.

[0046] The display area DP-DA may have one of various
shapes. For example, the display area DP-DA may have a
quadrilateral shape (e.g., a rectangular shape or a square
shape). Alternatively, the display area DP-DA may have a
circular shape.

[0047] The non-display area DP-NDA may be adjacent to
the display area DP-DA. In an exemplary embodiment of the
present invention, the non-display area DP-NDA may sur-
round the display area DP-DA when viewed in a plan view.
As an example, the non-display region DP-NDA may be
arranged at four sides of the display region DP-DA in a plan
view (e.g., along the third direction DR3); however, exem-
plary embodiments of the present invention are not limited
thereto. For example, the non-display region DP-NDA may
be arranged at less than four sides (e.g., three sides) of the
display region DP-DA in a plan view. The shapes of the
display area DP-DA and the non-display area DP-NDA may
be variously modified, as desired. For example, the non-
display area DP-NDA may be disposed at only one or both
sides of the display area DP-DA.

[0048] FIG. 2 schematically illustrates the connection
relationship of the pixels PX, a driving circuit GDC and
signal lines SGL. FIG. 3 is an equivalent circuit diagram of
a pixel according to an exemplary embodiment of the
present invention. FIG. 4 is a cross-sectional view of a
portion of a pixel according to an exemplary embodiment of
the present invention.

[0049] Referring to FIGS. 1 to 4, the display panel DP may
include a driving circuit GDC, a plurality of signal lines
SGL, a plurality of signal pads DP-PD, and a plurality of the
pixels PX.

[0050] The pixels PX may be divided into a plurality of
groups on the basis of colors of lights emitted from the
pixels PX. For example, the pixels PX may include red
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pixels, green pixels, and blue pixels. In an exemplary
embodiment of the present invention, the pixels PX may
further include white pixels.

[0051] The driving circuit GDC may include a scan driv-
ing circuit. The scan driving circuit may generate a plurality
of scan signals and may sequentially output the scan signals
to a plurality of scan lines GL. The scan driving circuit may
further output other control signals to pixel driving circuits
of the pixels PX.

[0052] The scan driving circuit may be formed together
with the pixel driving circuits of the pixels PX by a same
process.

[0053] The signal lines SGL may include scan lines GL,
data lines DL, a power line PL, and a control signal line
CSL. Fach of the scan lines GL may be connected to
corresponding ones of the pixels PX, and each of the data
lines DL may be connected to corresponding ones 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 a corresponding one of the signal lines
SGL.

[0054] A circuit board may be electrically connected to the
display panel D. The circuit board may be a rigid circuit
board or a flexible circuit board. A driving chip may be
mounted on the circuit board.

[0055] As an example, the driving chip may be mounted
on the display panel DP. In the event that the driving chip is
mounted on the display panel DP, the design of the signal
lines SGL may be changed. For example, the driving chip
may be connected to the data lines DL, and additional signal
lines connecting the driving chip to the signal pads DP-PD
may be disposed.

[0056] According to an exemplary embodiment of the
present invention, one scan line GL, one data line DL, the
power line PL, and the pixel PX connected to lines GL, DL
and PL may be provided. In an exemplary embodiment of
the present invention, the pixel PX may include an organic
light emitting diode or a quantum-dot light emitting diode as
a light emitting element. An emission layer of the organic
light emitting diode may include an organic light emitting
material. An emission layer of the quantum-dot light emit-
ting diode may include quantum dots and/or quantum rods.
The pixel PX corresponding to an organic light emitting
pixel will be described in more detail below as an example;
however, exemplary embodiments of the present invention
are not limited thereto.

[0057] 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 organic light emit-
ting diode OLED may be a front surface light emitting type
diode or a rear surface 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., which may be a driving transistor), a second thin film
transistor T2 (e.g., which may be a switching transistor), and
a capacitor Cst. A first power source voltage ELVDD may be
provided to a terminal of the organic light emitting diode
OLED through the first thin film transistor T1, and a second
power source voltage ELVSS may be provided to another
terminal of the organic light emitting diode OLED. The
second power source voltage ELVSS may be lower than the
first power source voltage ELVDD.
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[0058] 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 through
the organic light emitting diode OLED in response to the
amount of charges stored in the capacitor Cst. The second
thin film transistor T2 may output a data signal of the data
line DL in response to a scan signal applied to the scan line
GL. The capacitor Cst may be charged with a voltage
corresponding to the data signal received from the second
thin film transistor T2.

[0059] However, the configuration of the pixel PX is not
limited to the examples described above (e.g., with respect
to FIG. 3) but may be variously modified, as desired. In an
exemplary embodiment of the present invention, the pixel
driving circuit for controlling the organic light emitting
diode OLED may include three or more thin film transistors.
In an exemplary embodiment of the present invention, the
organic light emitting diode OLED may be connected
between the power line PL and the second thin film tran-
sistor T2.

[0060] FIG. 4 illustrates a cross-sectional view corre-
sponding to the first thin film transistor T1, the second thin
film transistor T2 and the organic light emitting diode
OLED, which may be included in the pixel PX.

[0061] The display panel DP may include a base layer BL,
a circuit element layer DP-CL, and a display element layer
DP-EL. The display panel DP may further include functional
layers such as an anti-reflection layer and/or a refractive
index adjusting layer. The circuit element layer DP-CL may
include the first thin film transistor T1, the second thin film
transistor T2, a plurality of insulating layers 10, 20, 30, 40,
50 and 60, an upper electrode DE, connection electrodes
CL1 and CL2, and a bridge electrode CNE. The circuit
element layer DP-CL may be formed through coating and/or
deposition processes of forming an insulating layer, a semi-
conductor layer and a conductive layer and processes of
patterning the insulating layer, the semiconductor layer and
the conductive layer using photolithography processes. Each
of the insulating layers 10, 20, 30, 40, 50 and 60 may include
an organic layer and/or an inorganic layer. The display
element layer DP-EL may include the organic light emitting
diode OLED, a pixel defining layer PDL, and a thin film
encapsulation layer TFE.

[0062] The first thin film transistor T1, the second thin film
transistor T2 and the capacitor Cst may be disposed on the
base layer BL. The base layer BL may include a synthetic
resin film. The synthetic resin film may include a thermo-
setting resin. For example, the synthetic resin film may be a
polyimide-based resin film. However, exemplary embodi-
ments of the present invention are not limited to a synthetic
resin film including a particular material. In an exemplary
embodiment of the present invention, the synthetic resin film
may include at least one of an acrylic-based resin, a meth-
acrylic-based resin, polyisoprene, 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. In an exemplary embodiment of the
present invention, the base layer BL may include a glass
substrate, a metal substrate, or an organic/inorganic com-
posite material substrate.

[0063] An inorganic layer BFL may be disposed on a top
surface of the base layer BL (e.g., a surface of the base layer
BL facing the first thin film transistor T1). The inorganic
layer BFL may include a barrier layer and/or a buffer layer.
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The inorganic layer BFL may include at least one of alu-
minum oxide, titanium oxide, silicon oxide, silicon oxyni-
tride, zirconium oxide, or hafnium oxide. The inorganic
layer BFL may have a multi-layered structure. The multi-
layered inorganic layer BFL may have the barrier layer and
the buffer layer, as described above. The barrier layer and the
buffer layer may be selectively disposed. Alternatively, the
inorganic layer BFL may have a single layer structure.
[0064] The barrier layer may prevent a foreign material
from permeating from the outside. The barrier layer may
include a silicon oxide layer and a silicon nitride layer. The
silicon oxide layer and the silicon nitride layer may be
alternately stacked. For example, the silicon oxide layer and
the silicon nitride layer may be alternately and repeatedly
stacked.

[0065] The buffer layer may increase bonding strength
between components disposed on and under the buffer layer.
The buffer layer may include a silicon oxide layer and a
silicon nitride layer. The silicon oxide layer and the silicon
nitride layer may be alternately stacked. For example, the
silicon oxide layer and the silicon nitride layer may be
alternately and repeatedly stacked.

[0066] The first thin film transistor T1 may include a first
input electrode SE1, a first output electrode DE1, a first
control electrode GEI, and a first semiconductor pattern
OSP1. The second thin film transistor T2 may include a
second input electrode SE2, a second output electrode DE2,
a second control electrode GE2, and a second semiconductor
pattern OSP2.

[0067] The first semiconductor pattern OSP1 may be
disposed on the inorganic layer BFL. For example, the first
semiconductor pattern OSP1 may be in direct contact with
the inorganic layer BFL. The first semiconductor pattern
OSP1 may include a crystalline semiconductor material. For
example, the first semiconductor pattern OSP1 may include
a poly-crystalline semiconductor material such as poly-
crystalline silicon. Thus, the first semiconductor pattern
OSP1 may be interchangeably referred to herein as a silicon
semiconductor pattern. Since the poly-crystalline silicon
layer has a high field effect mobility, it may be applied to a
relatively high-speed operation circuit. Thus, performance
speed and reliability of the display panel DP may be
increased.

[0068] However, exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, the first semiconductor pat-
tern OSP1 may include amorphous silicon. The first semi-
conductor pattern OSP1 may include an input region (e.g.,
or a first portion), an output region (e.g., or a second
portion), and a channel region (e.g., or a third portion)
defined between the input region and the output region. In an
exemplary embodiment of the present invention (see, e.g,,
FIG. 4), the input region and the output region may have
slanted side surfaces.

[0069] The channel region of the first semiconductor pat-
tern OSP1 may be defined to overlap with the first control
electrode GE1 (e.g., along the third direction DR3). The
input region and the output region may be doped with
dopants and may have conductivity higher than that of the
channel region. The input region and the output region may
be doped with N-type dopants. In an exemplary embodiment
of the present invention, the first thin film transistor T1 may
be an N-type transistor. However, exemplary embodiments
of the present invention are not limited thereto. In an
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exemplary embodiment of the present invention, the first
thin film transistor T1 may be a P-type transistor.

[0070] A first insulating layer 10 may be disposed on the
inorganic layer BFL. The first insulating layer 10 may
overlap (e.g., along the third direction DR3) with the plu-
rality of pixels PX (see, e.g., FIG. 1). The first insulating
layer may substantially cover the first semiconductor pattern
OSP1. The first insulating layer 10 may include an inorganic
layer and/or an organic layer and may have a single-layered
or multi-layered structure. The first insulating layer 10 may
include at least one of aluminum oxide, titanium oxide,
silicon oxide, silicon oxynitride, zirconium oxide, or haf-
nium oxide. In an exemplary embodiment of the present
invention, the first insulating layer 10 may be a single-
layered silicon oxide layer.

[0071] The first insulating layer 10 may have a plurality of
openings PO exposing a first side and a second side of the
first semiconductor pattern OSP1, respectively. The first side
of the first semiconductor pattern OSP1 may be opposite the
second side (e.g., along the first direction DR1). As an
example, a portion of the first side and a portion of the
second side of the first semiconductor pattern OSP 1 may be
exposed by the openings PO in the first insulating layer 10.
The first input electrode SE1 and the first output electrode
DE1 may be positioned (e.g., embedded) in the openings
PO, respectively. Herein, the term ‘embedded’ may mean
that the first input electrode SE1 and the first output elec-
trode DE1 are disposed in the openings PO, respectively, to
not overlap with a top surface of the first insulating layer 10
in a plan view. As an example, top surfaces of the first input
electrode SE1 and the first output electrode DE1 do not
extend onto the top surface of the first insulating layer 10.
Further, top surfaces of the first input electrode SE1 and the
first output electrode DE1 may be spaced apart from the top
surfaces of the first insulating layer 10. Thus, a portion of the
openings PO may separate the top surfaces of the first input
electrode SE1 and the first output electrode DE1 from the
top surfaces of the first insulating layer 10 (see, e.g., FIG. 4).
[0072] Thicknesses of the first input electrode SE1 and the
first output electrode DE1 in the third direction DR3 from
the first semiconductor pattern OSP1 may be substantially
equal to a thickness of the first insulating layer 10. Thus, the
top surfaces of the first input electrode SE1 and the first
output electrode DE1 which are embedded may be substan-
tially coplanar (e.g., along the first and/or second directions
DR1 and/or DR2) with the top surface of the first insulating
layer 10. A tolerance occurring in an embedding process
according to an exemplary embodiment of the present
invention will be described in more detail below. As an
example, an exemplary embodiment of the present invention
may include a case in which the thicknesses of the first input
electrode SE1 and the first output electrode DE1 are slightly
less or greater than the thickness of the first insulating layer
10 (e.g., along the third direction DR3). In an exemplary
embodiment of the present invention, side surfaces of the
first input electrode SE1 and the first output electrode DE
may be inclined (e.g., when viewed in a cross-sectional
view).

[0073] The first control electrode GE1 may be disposed on
the first insulating layer 10. The first control electrode GE1
may overlap with the channel region of the first semicon-
ductor pattern OSP (e.g., along the third direction DR3).
[0074] A second insulating layer 20 may be disposed on
the first insulating layer 10. The second insulating layer 20
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may substantially cover the first insulating layer 10 and the
first control electrode GE1. The second insulating layer 20
may overlap (e.g., along the third direction DR3) with the
plurality of pixels PX (see, e.g., FIG. 1). The second
insulating layer 20 may be disposed on the first input
electrode SE1 and the first output electrode DE1. In an
exemplary embodiment of the present invention, the first
input electrode SE1 and the first output electrode DE1 may
be substantially covered by the second insulating layer 20.
[0075] The second insulating layer 20 may include an
inorganic layer and/or an organic layer and may have a
single-layered or multi-layered structure. The second insu-
lating layer 20 may include at least one of aluminum oxide,
titanium oxide, silicon oxide, silicon oxynitride, zirconium
oxide, or hafnium oxide. In an exemplary embodiment of the
present invention, the second insulating layer 20 may be a
single-layered silicon oxide layer.

[0076] The upper electrode DE may be disposed on the
second insulating layer 20. The upper electrode DE may
overlap with the first control electrode GF1 (e.g., along the
third direction DR3). The upper electrode DE may receive
an electrical signal different from an electrical signal applied
to the first control electrode GE1. At this time, the first
control electrode GE1 and the upper electrode DE may form
an electric field.

[0077] However, exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, the upper electrode DE and
the first control electrode GE1 may receive a same electrical
signal. In this case, the first thin film transistor T1 may have
a double gate structure. The upper electrode DE and the first
control electrode GE1 may control an on-off voltage of the
channel region.

[0078] A third insulating layer 30 may be disposed on the
second insulating layer 20 and may substantially cover the
upper electrode DE. The third insulating layer 30 may
include an inorganic layer and/or an organic layer and may
have a single-layered or multi-layered structure. The third
insulating layer 30 may include at least one of aluminum
oxide, titanium oxide, silicon oxide, silicon oxynitride,
zirconium oxide, or hafnium oxide. In an exemplary
embodiment of the present invention, the third insulating
layer 30 may be a single-layered silicon oxide layer.
[0079] The second semiconductor pattern OSP2 may be
disposed on the third insulating layer 30. The second semi-
conductor pattern OSP2 may include an oxide semiconduc-
tor. Thus, the second semiconductor pattern OSP2 may be
interchangeably referred to as an oxide semiconductor pat-
tern. The second semiconductor pattern OSP2 may include
a crystalline or amorphous oxide semiconductor. For
example, the oxide semiconductor may include a metal
oxide of zinc (Zn), indium (In), gallium (Ga), tin (Sn),
and/or titanium (Ti) or may include a mixture of a metal
(e.g., zinc (Zn), indium (In), gallium (Ga), tin (Sn), and/or
titanium (T1)) and an oxide thereof. For example, the oxide
semiconductor may include indium-tin oxide (ITO), indium-
gallium-zinc oxide (IGZ0), zinc oxide (ZnO), indium-zinc
oxide (1Z0), zinc-indium oxide (ZO1), indium oxide (InO),
titanium oxide (TiO), indium-zinc-tin oxide (IZTO), or
zine-tin oxide (ZTO).

[0080] The second semiconductor pattern OSP2 may
include an input region (e.g., or a first portion), an output
region (e.g., or a second portion), and a channel region (e.g,,
or a third portion) defined between the input region and the
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output region. Electrical conductivities of the input and
output regions of the second semiconductor pattern OSP2
may be higher than that of the channel region of the second
semiconductor pattern OSP2. The channel region of the
second semiconductor pattern OSP2 may be defined to
overlap with the second control electrode GE2 to be
described later.

[0081] The input region and the output region may include
a reduced metal material of the second semiconductor
pattern OSP2. As an example, the input region and the
output region may include the metal material reduced from
the metal oxide forming the channel region. Thus, a leakage
current of the second thin film transistor T2 may be lowered.
As a result, the second thin film transistor T2 may function
as a switching element with on-off characteristics having
increased accuracy and reliability.

[0082] An insulating pattern GIP may be disposed on the
channel region of the second semiconductor pattern OSP2.
The second control electrode GE2 may be disposed on the
insulating pattern GIP. The second control electrode GE2
may overlap with at least the insulating pattern GIP (e.g.,
along the third direction DR3). An edge of the insulating
pattern GIP may be aligned with an edge of the second
control electrode GE2 (e.g., along the third direction DR3).
The second control electrode GE2 may have the same shape
as the insulating pattern GIP (e.g., when viewed in a plan
view and/or when viewed in a cross-sectional view). A
boundary between the channel region and the input region
and a boundary between the channel region and the output
region may be substantially aligned with the edge of the
insulating pattern GIP.

[0083] The fourth insulating layer 40 may be disposed on
the third insulating layer 30 and may substantially cover the
second semiconductor pattern OSP2 and the second control
electrode GE2. The fourth insulating layer 40 may include
an inorganic layer and/or an organic layer and may have a
single-layered or multi-layered structure. The fourth insu-
lating layer 40 may include at least one of aluminum oxide,
titanium oxide, silicon oxide, silicon oxynitride, silicon
nitride, zirconium oxide, or hafnium oxide. In an exemplary
embodiment of the present invention, the fourth insulating
layer 40 may include a silicon oxide layer and a silicon
nitride layer. In an exemplary embodiment of the present
invention, the fourth insulating layer 40 may include silicon
oxide layers and silicon nitride layers, which are alternately
stacked.

[0084] A first connection electrode CL1, a second connec-
tion electrode CL2, the second input electrode SE2 and the
second output electrode DE2 may be disposed on the fourth
insulating layer 40. The fourth insulating layer 40 may
include a plurality of contact holes CH1, CH2, CH3 and
CH4 penetrating the fourth insulating layer 40. The first
connection electrode CL1 may be connected to the first input
electrode SE1 and the input region of the first semiconductor
pattern OSP1 through a first contact hole CH1. The second
connection electrode CL2 may be connected to the first
output electrode DE1 and the output region of the first
semiconductor pattern OSP1 through a second contact hole
CH2.

[0085] The second input electrode SE2 and the second
output electrode DE2 may be connected to the second
semiconductor pattern OSP2 through a third contact hole
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CH3 and a fourth contact hole CH4, which expose the input
region and the output region of the second semiconductor
pattern OSP2, respectively.

[0086] The connection electrodes CL1 and CL2 may be
components connecting the first thin film transistor T1 to
external components. The first connection electrode CL1
may connect the first input electrode SE1 to an external
component (e.g., the capacitor Cst described with reference
to FIG. 2), and the second connection electrode CL2 may
connect the first output electrode DE1 to the bridge electrode
CNE.

[0087] The first and second connection electrodes CL1
and CL.2 may each include at least one of Ti, Mo, Al, Cu, or
a combination thereof. Alternatively, the first and second
connection electrodes CL1 and CL2 may each include at
least one of ITO, 1Z0, ZnO, In,0;, SnO,, AlZnO,, or a
combination thereof.

[0088] The connection electrodes CL1 and CL2 may be
disposed on a same layer as the second input electrode SE2
and the second output electrode DE2. The connection elec-
trodes CL1 and CL2 may include a same material as the
second input electrode SE2 and the second output electrode
DE2.

[0089] Thus, according to an exemplary embodiment of
the present invention, the second input electrode SE2 and the
second output electrode DE2 of the second thin film tran-
sistor T2 may be formed by a same processes as the first and
second connection electrodes CL1 and CL2, and thus manu-
facturing processes may be simplified and a process cost
may be reduced.

[0090] However, exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, the connection electrodes
CL1 and CL2 may be disposed on a layer different from a
layer on which the second input electrode SE2 and the
second output electrode DE2 are disposed. In addition, the
connection electrodes CL1 and CL2 may include a material
different from that of the second input electrode SE2 and the
second output electrode DE2 and may be formed by pro-
cesses independent of processes of forming the second input
electrode SE2 and the second output electrode DE2. Since
the first input electrode SE1 and the first output electrode
DE1 of the first thin film transistor T1 are disposed in the
openings PO of the first insulating layer 10, the first input
electrode SE1 and the first output electrode DE1 may
include a material different from that of the second input
electrode SE2 and the second output electrode DE2.

[0091] A fifth insulating layer 50 may be disposed on the
fourth insulating layer 40 and may substantially cover the
second input electrode SE2, the second output electrode
DE2, the first connection electrode CL1, and the second
connection electrode CL.2. The fifth insulating layer 50 may
include an organic layer and may have a single-layered or
multi-layered structure.

[0092] The bridge electrode CNE may be disposed on the
fifth insulating layer 50. The bridge electrode CNE may be
connected to the second connection electrode CL2 through
a fifth contact hole CHS penetrating the fifth insulating layer
50. The bridge electrode CNE may include a material having
a resistance lower than that of the second connection elec-
trode CL2. Thus, the second connection electrode CL2 may
be connected to a first electrode AE described in more detail
below.
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[0093] Asixth insulating layer (e.g., or a passivation layer)
60 may be disposed on the fifth insulating layer 50 and may
substantially cover the bridge electrode CNE. The sixth
insulating layer 60 may include an organic layer and may
have a single-layered or multi-layered structure.

[0094] In an exemplary embodiment of the present inven-
tion, each of the fifth and sixth insulating layers 50 and 60
may be a single-layered polyimide-based resin layer. How-
ever, exemplary embodiments of the present invention are
not limited thereto. In an exemplary embodiment of the
present invention, each of the fifth and sixth insulating layers
50 and 60 may include at least one of an acrylic-based resin,
a methacrylic-based resin, polyisoprene, 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.

[0095] The organic light emitting diode OLED may be
disposed on the sixth insulating layer 60. The organic light
emitting diode OLED may include a first electrode AE, a
first charge control layer HCL, an emission layer EML, a
second charge control layer ECL, and a second electrode
CE. In an exemplary embodiment of the present invention,
the first electrode AE, the first charge control layer HCL, the
emission layer EML, the second charge control layer ECL
and the second electrode CE may correspond to an anode
electrode, a hole control layer, an emission layer, an electron
control layer, and a cathode electrode, respectively.

[0096] However, exemplary embodiments of the present
invention are not limited thereto. In an exemplary embodi-
ment of the present invention, the first electrode AFE, the first
charge control layer HCL, the emission layer EML, the
second charge control layer ECL and the second electrode
CE may be the cathode electrode, the electron control layer,
the emission layer, the hole control layer and the anode
electrode, respectively.

[0097] The first electrode AE may be connected to the
bridge electrode CNE through a sixth contact hole CH6
penetrating the sixth insulating layer 60. Thus, according to
an exemplary embodiment of the present invention, the first
electrode AE may be electrically connected to the output
region of the first semiconductor pattern OSP1 through the
bridge electrode CNE and the second connection electrode
CL2 connected to the bridge electrode CNE.

[0098] The pixel defining layer PDL may be disposed on
the sixth insulating layer 60. An opening OP of the pixel
defining layer PDL may expose at least a portion of the first
electrode AE. The opening OP of the pixel defining layer
PDL may define a light emitting area PXA of the pixel. For
example, the pixels PX (see, e.g., FIG. 1) may be regularly
arranged in the display panel DP (e.g., when viewed in a
plan view). An area in which each of the pixels PX is
disposed may be defined as a pixel area, and the pixel area
may include the 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 when viewed in a plan view.

[0099] The first charge control layer I-CL may be disposed
on and may substantially cover the first electrode AE
exposed by the opening OP of the pixel defining layer PDL.
The first charge control layer HCL may be disposed in
common in the light emitting area PXA and the non-light
emitting areca NPXA. A common layer such as the first
charge control layer HCL may be formed in common in the
plurality of pixels PX. The first charge control layer HCL
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may control movement of holes. For example, the first
charge control layer HCL may include a hole transfer layer
and a hole injection layer.

[0100] The emission layer EML may be disposed on the
first charge control layer HCL. The emission layer EML may
be locally disposed in an area substantially corresponding to
the opening OP. The emission layers EML respectively
included in the pixels PX may be separated from each other.

[0101] In an exemplary embodiment of the present inven-
tion, a patterned emission layer EML is described as an
example. However, in an exemplary embodiment of the
present invention, the emission layer EML may be disposed
in common in the plurality of pixels PX. In this case, the
emission layer EML may generate white light. In an exem-
plary embodiment of the present invention, the emission
layer EML may have a multi-layered structure.

[0102] The second charge control layer ECL may be
disposed on the emission layer EML. The second charge
control layer ECL may control movement of electrons. For
example, the second charge control layer ECL may include
an electron transfer layer and an electron injection layer. The
second electrode CE may be disposed on the second charge
control layer ECL. The second charge control layer ECL and
the second electrode CE may be in direct contact with each
other in the plurality of pixels PX.

[0103] The thin film encapsulation layer TFE may be
disposed on the second electrode CE. The thin film encap-
sulation layer TFE may be disposed in common in the
plurality of pixels PX. In an exemplary embodiment of the
present invention, the thin film encapsulation layer TFE may
be in direct contact with and may substantially cover the
second electrode CE. In an exemplary embodiment of the
present invention, a capping layer covering the second
electrode CE may further be disposed.

[0104] The thin film encapsulation layer TFE may include
at least one inorganic layer and/or at least one organic layer.
In an exemplary embodiment of the present invention, the
thin film encapsulation layer TFE may include two inorganic
layers and an organic layer disposed between the two
inorganic layers. In an exemplary embodiment of the present
invention, the thin film encapsulation layer TFE may include
inorganic layers and organic layers, which are alternately
stacked.

[0105] The inorganic layer of the thin film encapsulation
layer TFE may protect the organic light emitting diode
OLED from moisture/oxygen, and the organic layer of the
thin film encapsulation layer TFE may protect the organic
light emitting diode OLED from a foreign material such as
dust particles. The inorganic layer of the thin film encapsu-
lation layer TFE may include at least one of, but not limited
to, a silicon nitride layer, a silicon oxynitride layer, a silicon
oxide layer, a titanium oxide layer, or an aluminum oxide
layer. The organic layer of the thin film encapsulation layer
TFE may include, but not limited to, an acrylic-based
organic layer.

[0106] According to an exemplary embodiment of the
present invention, the first thin film transistor T1 may
include the silicon semiconductor (e.g., the poly-crystalline
silicon semiconductor) and thus may have a relatively high
electron mobility. In addition, since the second thin film
transistor T2 includes the oxide semiconductor, the leakage
current of the second thin film transistor T2 may be reduced.
As a result, a driving voltage of the pixel PX (see, e.g., FIG.
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3) may be reduced and an occurrence of a malfunction of the
pixel PX may be reduced or eliminated.

[0107] According to an exemplary embodiment of the
present invention, a first electrode and a second electrode of
the capacitor Cst may be formed by a same processes as at
least some components of the first thin film transistor T1.
[0108] According to an exemplary embodiment of the
present invention, the input and output electrodes disposed
on the input and output regions of the semiconductor pattern
(e.g., the first semiconductor pattern) may be embedded in
the openings of the insulating layer, and thus it is possible to
minimize or prevent misalignment which may occur when a
contact hole is formed by etching different insulating layers.
This may be because the contact hole is formed at a position
corresponding to a position of the embedded electrode and
is thus formed at a desired position. According to an
exemplary embodiment of the present invention, reliability
of electrical connection between the electrodes in the display
panel may be increased.

[0109] In an exemplary embodiment of the present inven-
tion, a display panel may include the base layer BL and the
thin film transistor T1 disposed on the base layer BL. The
thin film transistor T1 may include the silicon semiconduc-
tor pattern OSP1, the input electrode SE1 and the output
electrode DE1. An insulating layer (e.g., insulating layers 10
and 20) may substantially cover upper and side surfaces of
each of the input electrode SE1 and the output electrode
DE1. Thus, the insulating layer may include a plurality of
insulating layers. The organic light emitting diode OLED
may include the first electrode AE positioned above the thin
film transistor T1. The connection electrode CL2 may pen-
etrate the insulating layer. The connection electrode CL.2
may be directly connected with the output electrode DE1.
The bridge electrode CNE may be disposed between the
connection electrode CL2 and the first electrode AE. The
bridge electrode CNE may electrically connect the connec-
tion electrode CL2 and the first electrode AE to each other.
[0110] In an exemplary embodiment of the present inven-
tion, the output electrode DE1, the connection electrode CL2
and the bridge electrode CNE may all be aligned with each
other along a direction orthogonal to an upper surface of the
base layer BL (e.g., along the third direction DR3).

[0111] Descriptions of technical features or aspects of an
exemplary embodiment of the present invention should
typically be considered as available and applicable to other
similar features or aspects in another exemplary embodi-
ment of the present invention. Accordingly, technical fea-
tures described herein according to one exemplary embodi-
ment of the present invention may be applicable to other
exemplary embodiments of the present invention, and thus
duplicative descriptions may be omitted herein.

[0112] FIG. 5 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention.

[0113] Referring to FIG. 5, in an exemplary embodiment
of the present invention, a circuit element layer DP-CL1
may include a first thin film transistor T1-1, a second thin
film transistor T2-1, connection electrodes CL1-1 and CL2-
1, and a plurality of insulating layers 10-1, 20-1, 40-1 and
60-1. A display element layer DP-EL1 may include an
organic light emitting diode OLED-1, a pixel defining layer
PDL-1, and a thin film encapsulation layer TFE-1.

[0114] The first thin film transistor T1-1, the second thin
film transistor T2-1, the connection electrodes CL1-1 and
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CL2-1 and the display element layer DP-EL1 described with
reference to FIG. 5 may correspond to the first thin film
transistor T1, the second thin film transistor T2, the connec-
tion electrodes CL1 and CL2 and the display element layer
DP-EL described with reference to FIG. 4, respectively.
Thus, duplicative descriptions may be omitted below.
[0115] The upper electrode DE, the third insulating layer
30, the bridge electrode CNE and the fifth insulating layer 50
may be omitted in a display panel according to an exemplary
embodiment of the present invention, and other components
of the display panel according to an exemplary embodiment
of the present invention described with reference to FIG. 5
may correspond to corresponding components of the display
panel described with reference to FIG. 4.

[0116] According to an exemplary embodiment of the
present invention, a first output electrode DE1-1 of the first
thin film transistor T1-1 may be connected to the second
connection electrode CL2-1 which is disposed on the fourth
insulating layer 40-1 and extends into the second contact
hole CH2 penetrating the fourth insulating layer 40-1. The
second connection electrode CL2-1 may be connected
directly to a first electrode AE-1 of the organic light emitting
diode OLED-1, which extends into the sixth contact hole
CHS6 of the sixth insulating layer 60-1. Thus, according to an
exemplary embodiment of the present invention, the first
electrode AE-1 may be electrically connected to a first
semiconductor pattern OSP1-1 of the first thin film transistor
T1-1 through the second connection electrode CL2-1.
[0117] In an exemplary embodiment of the present inven-
tion, the second connection electrode CL2-1 may be con-
nected directly to the first electrode AE-1. As a result, the
fifth insulating layer between the fourth and sixth insulating
layers 40-1 and 60-1 may be omitted, and thus a thickness
of the display panel (e.g., along the third direction DR3) may
be reduced and manufacturing processes may be simplified.
[0118] FIG. 6 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention.

[0119] Referring to FIG. 6, in an exemplary embodiment
of the present invention, a circuit element layer DP-CL2
may include a first thin film transistor T1-2, a second thin
film transistor T2-2, a second connection electrode CL.2-2,
and a plurality of insulating layers 10-2, 40-2 and 60-2. A
display element layer DP-EL.2 may include an organic light
emitting diode OLED-2, a pixel defining layer PDL-2, and
a thin film encapsulation layer TFE-2.

[0120] The first thin film transistor T1-2, the second
connection electrode CI.2-2 and the display element layer
DP-EL2 described with reference to FIG. 6 may correspond
to the first thin film transistor T1, the second connection
electrode CL2 and the display element layer DP-EL
described with reference to FIG. 4, respectively. Thus,
duplicative descriptions may be omitted below.

[0121] The bridge electrode CNE and the second, third
and fifth insulating layers 20, 30 and 50 may be omitted in
a display panel according to an exemplary embodiment of
the present invention.

[0122] A first semiconductor pattern OSP1-2 of the first
thin film transistor T1-2 and a second semiconductor pattern
OSP2-2 of the second thin film transistor T2-2 may be
formed on a same layer (e.g., an inorganic layer BFL-2).
[0123] A first input electrode SE1-2 and a first output
electrode DE1-2 of the first thin film transistor T1-2 may be
disposed in first openings PO1 which are defined in the first
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insulating layer 10-2 to expose a first side and a second side
of the first semiconductor pattern OSP1-2, respectively. The
first input electrode SE1-2 and the first output electrode
DE1-2 may be respectively embedded in the first openings
PO1 and may be electrically connected to the first semicon-
ductor pattern OSP1-2.

[0124] A second input electrode SE2-2 and a second
output electrode DE2-2 of the second thin film transistor
T2-2 may be disposed in second openings PO2 which are
defined in the first insulating layer 10-2 to expose a first side
and a second side of the second semiconductor pattern
OSP2-2, respectively. The second input electrode SE2-2 and
the second output electrode DE2-2 may be respectively
embedded in the second openings PO2 and may be electri-
cally connected to the second semiconductor pattern OSP2-
2.

[0125] According to an exemplary embodiment of the
present invention, the input electrodes and the output elec-
trodes of the thin film transistors may be formed on a same
layer and may have structures embedded in the insulating
layer. The input electrodes and the output electrodes embed-
ded in the same layer in an exemplary embodiment of the
present invention may be formed through a photolithogra-
phy process using the same mask.

[0126] According to an exemplary embodiment of the
present invention, the first thin film transistor T1-2 and the
second thin film transistor T2-2 may be formed on a same
layer, and thus a relatively thin display panel may be
provided.

[0127] FIG. 7 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention. Descriptions of features or components that are
the same or substantially the same as those described above
with reference to FIGS. 1 to 4 may be omitted below.
[0128] Referring to FIG. 7, a first control electrode GE1-3
of a first thin film transistor T1-3 may be disposed directly
on an inorganic layer BFL-3. A first insulating layer 10-3
may be disposed on the first control electrode GE1-3. A first
semiconductor pattern OSP1-3 may be disposed on the first
insulating layer 10-3. A second insulating layer 20-3 in
which openings PO are defined may be disposed on the first
semiconductor pattern OSP1-3. The openings PO may
expose a first side and a second side of the first semicon-
ductor pattern OSP1-3, respectively. A first input electrode
SE1-3 and a first output electrode DE1-3 may be embedded
in the openings PO, respectively. A fourth insulating layer
40-3 may substantially cover the second insulating layer
20-3 and the first input electrode SE1-3 and the first output
electrode DE1-3 exposed by the second insulating layer
20-3. A first connection electrode CL1-3 and a second
connection electrode CL.2-3 may be connected to the first
input electrode SE1-3 and the first output electrode DE1-3
through contact holes penetrating the fourth insulating layer
40-3, respectively. The structure described above according
to an exemplary embodiment of the present invention may
be applied to the second thin film transistor T2 as well as the
first thin film transistor T1-3.

[0129] FIG. 8 is a cross-sectional view of a portion of a
pixel according to an exemplary embodiment of the present
invention. Descriptions of features or components that are
the same or substantially the same as those described above
with reference to FIGS. 1 to 4 may be omitted below.
[0130] Referring to FIG. 8, a first input electrode SE1-4
and a first output electrode DE1-4 of a first thin film
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transistor T1-4 may be disposed in openings PO which are
defined in a first insulating layer 10-4 to expose a first side
and a second side of a first semiconductor pattern OSP1-4,
respectively. The first input electrode SE1-4 and the first
output electrode DE1-4 may be respectively embedded in
the openings PO and may be electrically connected to the
first semiconductor pattern OSP1-4.

[0131] According to an exemplary embodiment of the
present invention, the first input electrode SE1-4 and the first
output electrode DE1-4 may substantially completely fill the
openings PO, respectively. Thus, side surfaces of the first
input electrode SE1-4 and the first output electrode DE1-4
may be in direct contact with side surfaces of the first
insulating layer 10-4. In addition, the first input electrode
SE1-4 and the first output electrode DE1-4 might not
overlap with the first insulating layer 10-4 when viewed in
a plan view (e.g., along the third direction DR3).

[0132] FIGS. 9A, 9B, 9C, 9D, 9E, 9F, 9G, 9H, 91, 9J, 9K
and 9L are cross-sectional views of a method of manufac-
turing a display panel, according to an exemplary embodi-
ment of the present invention. For example, FIGS. 9A to 9L
illustrate an exemplary method of manufacturing the display
panel DP described with reference to F1G. 4. Descriptions of
features or components that are the same or substantially the
same as those described above with reference to FIGS. 1 to
4 may be omitted below.

[0133] Referring to FIGS. 9A to 9C, an inorganic layer
BFL may be formed on a base layer BL. The inorganic layer
BFL may be formed by depositing, coating or printing an
inorganic material on the base layer BL. A barrier layer may
be formed between the base layer BL and the inorganic layer
BFL.

[0134] An initial first semiconductor pattern OSPA may be
formed on the base layer BL or the inorganic layer BFL. A
crystalline semiconductor material may be deposited, and
the deposited crystalline semiconductor material may be
patterned to form the initial first semiconductor pattern
OSPA.

[0135] A first insulating layer 10 may be formed to sub-
stantially cover the initial first semiconductor pattern OSPA
and the inorganic layer BFL (see, e.g., FIG. 9D). The first
insulating layer 10 may be formed by depositing, coating or
printing an inorganic material and/or an organic material on
the inorganic layer BFL.

[0136] Referring to FIGS. 9E and 9F, a mask MSK may be
disposed on the first insulating layer 10 to overlap with the
initial first semiconductor pattern OSPA (e.g., along the third
direction DR3). The initial first semiconductor pattern OSPA
may be doped with dopants. The dopants may be injected
into the initial first semiconductor pattern OSPA by, for
example, a diffusion process or an ion implantation process.
However, exemplary embodiments of the present invention
are not limited to a specific method.

[0137] A region (e.g., a channel region) of the initial first
semiconductor pattern OSPA, which overlaps with the mask
MSK (e.g., along the third direction DR3), need not be
doped with the dopants. Regions (e.g., an input region and
an output region) of the initial first semiconductor pattern
OSPA, which are disposed at opposite sides of the channel
region, may be doped with the dopants. In an exemplary
embodiment of the present invention, the input region and
the output region may be doped with N-type dopants, (e.g.,
a pentavalent element). As a result, a first semiconductor
pattern OSP1 may be formed.



US 2019/0280068 A1

[0138] The first insulating layer 10 may be etched to form
openings PO which expose the input region and the output
region of the first semiconductor pattern OSP1, respectively
(see, e.g., FIG. 9G).

[0139] A first input electrode SE1 and a first output
electrode DE1 may be formed from a conductive layer MO
(see, e.g., FIGS. 9H and 9I). The conductive layer MO may
be deposited on the first insulating layer 10, and then, a
polishing process may be performed on the conductive layer
MO to form the first input electrode SE1 and the first output
electrode DE1. The conductive layer MO may be polished to
expose a top surface of the first insulating layer 10, and thus
portions of the conductive layer MO may be confinedly
embedded in the openings PO.

[0140] Thicknesses of the first input electrode SE1 and the
first output electrode DE1 embedded in the openings PO
may be substantially equal to a thickness of the first insu-
lating layer 10 adjacent thereto (e.g., along the third direc-
tion DR3). However, exemplary embodiments of the present
invention are not limited thereto. Exemplary embodiments
of the present invention may include a tolerance of a
thickness which may occur in a process. Thus, the thick-
nesses described herein may vary slightly. As an example,
the thicknesses of the first input electrode SE1 and the first
output electrode DE1 may be slightly less or greater than the
thickness of the first insulating layer 10.

[0141] Referring to FIG. 91, a conductive layer may be
patterned to form a first control electrode GE1 of a first thin
film transistor T1. The first control electrode GE1 and one of
electrodes of the capacitor Cst (see, e.g., FIG. 3) may be
formed at substantially the same time by a patterning
process using the same mask.

[0142] Referring to FIGS. 9K and 9L, a second insulating
layer 20 may be formed to substantially cover the first
insulating layer 10 and the first thin film transistor T1. The
second insulating layer 20 may be formed by depositing,
coating or printing an inorganic material and/or an organic
material. A fourth insulating layer 40 may be formed on the
second insulating layer 20. The fourth insulating layer 40
may include an inorganic layer and/or an organic layer and
may have a single-layered or multi-layered structure. The
fourth insulating layer 40 may be etched to form contact
holes CH1 and CH2 which overlap with the first input
electrode SE1 and the first output electrode DE1, respec-
tively (e.g., along the third direction DR3).

[0143] A first connection electrode CL1 and a second
connection electrode CL.2 may be formed. The first connec-
tion electrode CL1 and the second connection electrode CL2
may be connected to the first input electrode SE1 and the
first output electrode DE1 through the first contact hole CH1
and the second contact hole CH2, respectively.

[0144] The process of forming the contact holes CH1 and
CH2 in an exemplary embodiment of the present invention
may use the same mask as a mask used to form the openings
PO of the first insulating layer 10, in which the first input
electrode SE1 and the first output electrode DE1 are embed-
ded. Thus, the contact holes CH1 and CH2 may be formed
to be accurately aligned with positions at which the first
input electrode SE1 and the first output electrode DE1 are
embedded. As a result, misalignment which may occur in an
etching process may be reduced or eliminated. Accordingly,
connection reliability between the electrodes in the display
panel may be increased. In addition, since the number of
masks is reduced, a process cost may be reduced.
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[0145] 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.

What is claimed is:

1. A display panel comprising:

a base layer;

a first thin film transistor disposed on the base layer and
comprising: a silicon semiconductor pattern; a first
control electrode spaced apart from the silicon semi-
conductor pattern; a first input electrode connected to a
first side of the silicon semiconductor pattern; and a
first output electrode connected to a second side of the
silicon semiconductor pattern;

a second thin film transistor disposed on the base layer
and comprising: an oxide semiconductor pattern; a
second control electrode spaced apart from the oxide
semiconductor pattern; a second input electrode con-
nected to a first side of the oxide semiconductor pat-
tern; and a second output electrode connected to a
second side of the oxide semiconductor pattern;

an organic light emitting diode comprising: a first elec-
trode connected to the first thin film transistor; a second
electrode disposed on the first electrode; and an emis-
sion layer disposed between the first electrode and the
second electrode; and

a first insulating layer disposed between the organic light
emitting diode and the silicon semiconductor pattern,
wherein the first insulating layer is disposed on the
silicon semiconductor pattern, wherein the first insu-
lating layer includes a plurality of openings exposing
the first side and the second side of the silicon semi-
conductor pattern, respectively,

wherein the first input electrode and the first output
electrode are each positioned in an opening of the
plurality of openings, respectively.

2. The display panel of claim 1, wherein the first input
electrode and the first output electrode are disposed on a
layer different from a layer on which the second input
electrode and the second output electrode are disposed.

3. The display panel of claim 2, further comprising;

a first connection electrode connected to the first input

electrode; and

a second connection electrode disposed between the first
electrode and the first output electrode and disposed on
a same layer as the first connection electrode, wherein
the second connection electrode electrically connects
the first output electrode to the first electrode.

4. The display panel of claim 3, wherein the first connec-
tion electrode and the second connection electrode are
disposed on a same layer as the second input electrode and
the second output electrode.

5. The display panel of claim 2, wherein the first input
electrode and the first output electrode include a different
material from that of the second input electrode and the
second output electrode.

6. The display panel of claim 3, further comprising:

a bridge electrode disposed between the first electrode and
the second connection electrode and connected to the
first electrode and the second connection electrode.
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7. The display panel of claim 6, wherein the bridge
electrode has a resistance lower than a resistance of the
second connection electrode.

8. The display panel of claim 1, further comprising:

a second insulating layer disposed between the first insu-

lating layer and the first electrode; and

an upper electrode disposed on the second insulating

layer,

wherein the first control electrode is disposed between the

first insulating layer and the second insulating layer,
and the upper electrode overlaps with the first control
electrode when viewed in a plan view.

9. The display panel of claim 6, further comprising:

an upper electrode spaced apart from the first control

electrode and overlapping with the first control elec-
trode when viewed in a plan view,

wherein the upper electrode and the first control electrode

receive a same voltage.
10. The display panel of claim 1, wherein thicknesses of
the first input electrode and the first output electrode are
substantially equal to a thickness of the first insulating layer.
11. The display panel of claim 1, wherein side surfaces of
the first input electrode and the first output electrode have
inclined shapes when viewed in a cross-sectional view.
12. The display panel of claim 1, wherein side surfaces of
the first input electrode and the first output electrode do not
overlap with the first insulating layer when viewed in a plan
view.
13. The display panel of claim 1, wherein the first input
electrode and the first output electrode substantially com-
pletely fill the openings, respectively.
14. The display panel of claim 1, wherein the first
insulating layer further includes a plurality of openings
exposing a first side and a second side of the oxide semi-
conductor pattern, respectively,
wherein the oxide semiconductor pattern is disposed on a
same layer as the silicon semiconductor pattern, and

wherein the second input electrode and the second output
electrode are each disposed in an opening of the
plurality of openings exposing the first side and the
second side of the oxide semiconductor pattern, respec-
tively.

15. A display panel comprising:

a base layer,

a thin film transistor disposed on the base layer,

the thin film transistor comprising: a silicon semiconduc-

tor pattern; a control electrode spaced apart from the
silicon semiconductor pattern; an input electrode con-
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nected to a first side of the silicon semiconductor
pattern; and an output electrode connected to a second
side of the silicon semiconductor pattern;

a first insulating layer disposed directly on the silicon
semiconductor pattern, the first insulating layer includ-
ing a plurality of openings directly exposing the first
side and the second side of the silicon semiconductor
pattern, respectively;

a second insulating layer disposed on the first insulating
layer and the thin film transistor;

an organic light emitting diode comprising: a first elec-
trode disposed on the second insulating layer and
connected to the thin film transistor; a second electrode
disposed on the first electrode; and an emission layer
disposed between the first electrode and the second
electrode; and

a connection electrode disposed between the second insu-
lating layer and the first electrode, the connection
electrode penetrating the second insulating layer to
electrically connect the first electrode and the output
electrode,

wherein the input electrode and the output electrode are
each disposed in an opening of the plurality of open-
ings, respectively, to form the same layer with the first
insulating layer on the silicon semiconductor pattern.

16. The display panel of claim 15, wherein top surfaces of
the input electrode and the output electrode are substantially
coplanar with a top surface of the first insulating layer.

17. The display panel of claim 15, further comprising:

a third insulating layer disposed on the second insulating
layer and the connection electrode; and

a bridge electrode penetrating the third insulating layer to
electrically connect the first electrode and the connec-
tion electrode.

18. The display panel of claim 17, wherein the bridge
electrode has a resistance lower than a resistance of the
connection electrode.

19. The display panel of claim 15, wherein the control
electrode overlaps with the silicon semiconductor pattern
and is disposed under the first insulating layer.

20. The display panel of claim 15, wherein the output
electrode includes a different material from that of the
connection electrode.

21. The display panel of claim 17, wherein the output
electrode, the connection electrode and the bridge electrode
are all aligned with each other along a direction orthogonal
to an upper surface of the base layer.

* #* * #* #®



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

KRN

LR
S EREESE

BEG®)

—RMETHR , @FER K RETERLHCREEYSHERENE—F
BRa4E  F—2HERE5ELSEERAERT. F-aABRERS
EXSHEENE M. F-AHaRERIEFSERENE=M,
ETRERSEF-EEEEE, AIAX-RECRERIE SRS
HENFE B, FoBRARKE F-LEEAEIFNRBEEXS
HEEENFE-—MME_MHFO. E—HABRMNE—fHBRD3

FFHAF,

patsnap

BREMIE S AN ERERR A ES

US20190280068A1 NI(AE)R 2019-09-12
US16/294193 RiEH 2019-03-06
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

SHIN YOONJEE
BAEK KYUNGHYUN
CHO YOON JONG

SHIN, YOONJEE
BAEK, KYUNGHYUN
SEONG, SEOKJE
JEONG, WOOHO
CHO, YOON-JONG

HO1L27/32

HO1L27/1288 HO1L2227/323 HO1L27/3248 G09G3/3225 HO1L27/1251 HO1L27/1225 HO1L29/78675
HO1L27/3258 G09G2300/0426 HO1L27/3262 HO1L29/7869 HO1L27/1222 HO1L27/3244 G09G3/3233
G09G2300/0842

1020180026998 2018-03-07 KR

Espacenet USPTO

NPXA PXA NPXA

727,
o
50 T W 5 .18



https://share-analytics.zhihuiya.com/view/3e7d83ab-f638-4d20-b67d-8e48e8f49862
https://worldwide.espacenet.com/patent/search/family/067843503/publication/US2019280068A1?q=US2019280068A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220190280068%22.PGNR.&OS=DN/20190280068&RS=DN/20190280068

