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7) ABSTRACT

Disclosed is an organic light-emitting diode display panel,
which may effectively reduce or prevent spreading of the
peeling of an organic light-emitting layer by using a bar-
shaped reversed spacer, regardless of the direction in which
the organic layer peels off. The organic light-emitting diode
display panel may include a reversed spacer, which is
disposed on a bank insulation layer having an opening and
includes a reversed-trapezoidal cross section, the reversed
spacer having a bar shape when viewed from the front side
of the organic light-emitting diode display panel.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY PANEL

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0191573, filed on 31. Dec.
2015, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND OF THE INVENTION

[0002] Field of the Invention

[0003] The present invention relates to an organic light-
emitting diode display and a method of manufacturing the
same, and more particularly, to an organic light-emitting
diode display panel, which can reduce or prevent peeling of
an organic light-emitting layer by using a reversed spacer.
[0004] Discussion of the Related Art

[0005] An image display device, which realizes various
kinds of information through a screen, is a core technology
in information communication, and is being developed to be
thinner, lighter, and more portable, with higher performance
As a flat-panel display device, which is capable of reducing
the weight and volume of a cathode ray tube (CRT), an
organic light-emitting diode (OLED) display device, which
displays an image by controlling the amount of lumines-
cence of an organic light-emitting layer, is in the spotlight.
Such an OLED display device is a self-emissive device
using a thin light-emitting layer between electrodes, and has
an advantage of slim profile.

[0006] In an active matrix OLED (AMOLED) display
device, pixels each typically including sub-pixels of three
colors (red, green, and blue) are arranged in a matrix to
display an image. Each sub-pixel includes an organic elec-
troluminescent (OEL) cell, and a cell-driving unit for inde-
pendently driving the OEL cell.

[0007] The OEL cell typically includes a first electrode
connected to the cell-driving unit, a bank insulation layer
having an opening for exposing the first electrode, an
organic layer including a light-emitting layer disposed on
the top of the first electrode, and a second electrode formed
over the organic layer. At this time, a spacer is provided on
the top of the bank insulation layer.

[0008] To drive the OEL cell, the cell-driving unit typi-
cally includes a gate line for supplying a scan signal, a data
line for supplying a video data signal, a common power line
for supplying a common power signal, and at least two
thin-film transistors and a storage capacitor provided
between these lines to connect the two thin-film transistors.
[0009] Recently, various types of foldable display devices
using OLEDs have been proposed. However, in the case of
a conventional OLED display device, the organic layer
including the light-emitting layer may peel off near a folding
area due to a low adhesive force of the organic layer.
[0010] In order to address the aforementioned problem,
the applicant has disclosed an OLED device including a
reversed spacer having a reverse trapezoidal shape.

[0011] A foldable OLED device having a dot-shaped
reversed spacer may show variation in ability to reduce or
prevent peeling of the organic layer depending on the
direction in which the peeling of the organic layer begins.
Thus, the foldable OLED device having the dot-shaped
reversed spacer may have limitations in reducing or pre-
venting peeling of the organic layer when the device is
folded in a particular direction.
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SUMMARY

[0012] Accordingly, the present invention is directed to an
organic light-emitting diode display and a method of manu-
facturing the same that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

[0013] An advantage of the present invention is to provide
an organic light-emitting diode display panel, which may
effectively reduce or prevent spreading of peeling of an
organic layer by changing the shape of a reversed spacer.
[0014] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0015] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, an organic light-emitting
diode display panel includes a reversed spacer, which is
disposed on a bank insulation layer having openings and
includes a reversed-trapezoidal vertical cross-section, the
reversed spacer having a bar shape when viewed from a
direction perpendicular to the substrate.

[0016] The openings are located in a diamond shape to
define respective sub-pixels, and the openings, which are
adjacent to each other in a vertical direction, are shifted from
each other by a width of each opening. Each reversed spacer
is located between the adjacent openings.

[0017] A plurality of reversed spacers may include dis-
continuous areas, which are formed in bent portions at a
constant interval so as to form a zigzag shape. Different
reversed spacers may be alternately arranged in a first
diagonal direction and a second diagonal direction. At an
intersection at which the two different reversed spacers cross
each other, one of the two reversed spacers may be discon-
tinuously formed.

[0018] A reversed spacer having a dot shape may be
further provided in each of the discontinuous areas of the
reversed spacers having a zigzag shape.

[0019] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0021] FIG. 1 is an equivalent circuit diagram illustrating
one pixel of a light-emitting diode display panel according
to an embodiment of the present invention;

[0022] FIG. 2 is a cross-sectional view for explaining a
structure of a light-emitting diode display panel, which is
provided with a reversed spacer;
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[0023] FIG. 3 is a front view illustrating an organic
light-emitting diode display panel including a reversed
spacer in the form of a line according to the first embodiment
of the present invention;

[0024] FIG. 4 is a front view for explaining a light-
emitting diode display panel including a reversed spacer
according to the second embodiment of the present inven-
tion; and

[0025] FIGS. 5A to 51 are views for explaining a method
of forming a light-emitting diode display panel according to
an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0026] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings.

[0027] FIG. 1 is an equivalent circuit diagram illustrating
one pixel of a light-emitting diode display panel according
to an embodiment of the present invention.

[0028] The pixel of the light-emitting diode display panel
illustrated in FIG. 1 includes a switch thin-film transistor T1
connected to a gate line GL and a data line DL, a driving
thin-film transistor T2 connected to the switch thin-film
transistor T1, to a power line PL, and to an OFL cell, a
storage capacitor C provided between the power line PL and
a drain electrode of the switch thin-film transistor T1 to
connect them to each other, and the OEL cell connected to
the driving thin-film transistor T2.

[0029] In the switch thin-film transistor T1, a gate elec-
trode thereof is connected to the gate line GI, a source
electrode thereof is connected to the data line DL, and the
drain electrode thereofis connected to a gate electrode of the
driving thin-film transistor T2 and the storage capacitor C. In
the driving thin-film transistor T2, a drain electrode thereof
is connected to the power line PL, and a source electrode
thereof is connected to any one electrode of the OEL cell.
The storage capacitor C is provided between the power line
PL and the gate electrode of the driving thin-film transistor
T2 to connect the two to each other.

[0030] The switch thin-film transistor T1 is turned on
when a scan pulse is supplied to the gate line GL, thereby
supplying a data signal supplied to the data line DL to the
storage capacitor C and the gate electrode of the driving
thin-film transistor T2. The driving thin-film transistor T2
controls the current I to be supplied from the power line PL
to the OFEL cell in response to the data signal supplied to the
gate electrode thereof, thereby adjusting the amount of
luminescence of the OEL cell. In addition, even if the switch
thin-film transistor T1 is turned off, the driving thin-film
transistor T2 maintains the luminescence of the OEL cell
using the voltage charged in the storage capacitor C by
supplying constant current I until a data signal of a next
frame is supplied thereto.

[0031] FIG. 2 is a cross-sectional view for explaining the
structure of the light-emitting diode display panel, which is
provided with a reversed spacer.

[0032] The driving thin-film transistor T2, as illustrated in
FIG. 2, includes a semiconductor layer 104, which is formed
over a substrate 100 and a buffer layer 101 and includes a
source area 1095 and a drain area 1094 formed on opposite
sides thereof, a gate insulation layer 106, which is config-
ured to cover the semiconductor layer 104, a gate electrode
102, which is disposed on the top of the gate insulation layer
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106 so as to correspond to the semiconductor layer 104, a
first protective layer 112, which covers the substrate 100
including the gate electrode 102 and includes contact holes
113 for exposing the source and drain areas 109« and 1095
disposed on opposite sides of the semiconductor layer 104,
and a source electrode 108 and a drain electrode 110, which
are connected to the source and drain areas 1095 and 109a
through the contact holes 113.

[0033] The OEL cell includes a first electrode 116 formed
on the first protective layer 112 and a second protective layer
114 for covering the driving thin-film transistor T2, a bank
insulation layer 124 having an opening 133 for exposing the
first electrode 116, a reversed spacer 126 disposed on the
bank insulation layer 124, an organic layer 118 including a
light-emitting layer formed over the first electrode 116,
which is exposed through the opening 133, and a second
electrode 120 formed over the organic layer 118.

[0034] The first protective film 112 includes a contact hole
122 for exposing the source electrode 108, and the first
electrode 116 is connected to the source electrode 108 of the
driving thin-film transistor T2 through the contact hole 122.
[0035] The substrate 100 may be a flexible glass or
polymer substrate, and the light-emitting diode display panel
according to an embodiment of the present invention may be
manufactured as a flexible display or a foldable display. In
this case, the light-emitting diode display panel may include
at least one folding area in a display area, and the entire
display area may be flexible.

[0036] The organic layer 118 is divided into an electron
injection layer (EIL), an electron transport layer (ETL), a
light-emitting layer 206, a hole transport layer (HTL), and a
hole injection layer (HIL). In the light-emitting layer 206,
excitons, generated via recombination of electrons from an
anode and holes from a cathode, return to a ground state to
emit light having a particular wavelength.

[0037] When the first electrode 116 is the anode, the
second electrode 120 is the cathode. When the first electrode
116 is the cathode, the second electrode 120 is the anode.
[0038] A vertical taken cross section of the reversed spacer
126 has a reversed trapezoidal shape. In addition, the organic
layer 118 and the second electrode 120 are disposed on the
top of the reversed spacer 126.

[0039] A barrier layer 130 is disposed on the second
electrode 120. The barrier layer 130 has a structure in which
at least one inorganic layer 127 and at least one organic layer
129 are alternately stacked one above another.

[0040] The organic layer 118 formed on the bank insula-
tion layer 124 is not formed at the position at which the
reversed spacer 126 and the bank insulation layer 124 come
into contact with each other, and is also not formed on the
side surface of the reversed spacer 126. Thus, the organic
layer 118, which is formed on the top of the reversed spacer
126, and the organic layer 118, which is formed in the
opening 133 and on the bank insulation layer 124, are
separated from each other at the position at which the
reversed spacer 126 and the bank insulation layer 124 come
into contact with each other.

[0041] Inthe case where the reversed spacer 126 is formed
on the bank insulation layer 124 as described above, because
the organic layer 118 is not deposited at the position at which
the reversed spacer 126 and the bank insulation layer 124
come into contact with each other and on the side surface of
the reversed spacer 126, the continuity of the organic layer
118 is broken in places. The barrier layer 130 is formed even
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in the area in which the continuity of the organic layer 118
is broken. The barrier layer 130 is attached to the position at
which the reversed spacer 126 and the bank insulation layer
124 come into contact with each other and on the side
surface of the reversed spacer 126 with excellent adhesive
force, thus having the effect of fixing the organic layer 118.
Therefore, when the peeling of the organic layer 118 pro-
ceeds to the reversed spacer 126, the peeling stops spread-
ing.

[0042] Accordingly, the light-emitting diode display panel
according to an embodiment of the present invention may
achieve enhanced adhesive force of the organic layer 118,
and in particular, may prevent peeling of the organic layer
118 in a folding area when it is embodied in a foldable panel.
[0043] The reversed spacer 126 according to an embodi-
ment of the present invention has a bar shape when viewed
from the front side, a direction perpendicular to the sub-
strate. Hereinafter, the bar-shaped reversed spacer will be
described.

[0044] FIG. 3 is a front view illustrating an organic
light-emitting diode display panel including a bar-shaped
reversed spacer according to the first embodiment of the
present invention.

[0045] As mentioned above, in the organic light-emitting
diode display panel according to an embodiment of the
present invention, the openings 133, formed in the bank
insulation layer 124, are provided with the organic layer 118
and the second electrode 120 so as to form a light-emitting
area of a sub-pixel.

[0046] Each of the openings 133 takes the form of a
diamond obtained by tilting a rectangle at about 45 degrees
relative to the vertical direction, and is oriented diagonally.
That is, two openings 133, which are adjacent to each other
in the vertical direction, are shifted from each other by the
width of the opening 133. The organic light-emitting diode
display panel having the structure including the diamond-
shaped openings 133 is advantageous in realizing a high-
resolution display.

[0047] As illustrated in FIG. 3, the sizes of the respective
openings 133 may be set differently depending on the color
that each opening 133 displays, or may be the same.
[0048] The organic light-emitting diode display panel
according to the first embodiment of the present invention
includes a plurality of first reversed spacers 1264 having a
bar shape, which is arranged in the vertical direction and is
arranged between the diamond-shaped openings 133 in the
horizontal direction so as to form a zigzag shape when
viewed from the front side. As mentioned above, the vertical
cross section of the first reversed spacer 1264 has a reversed-
trapezoidal shape.

[0049] Each of the first reversed spacers 126a having a
zigzag shape includes at least one bent portion. As such, the
bent portions of a first reversed spacer 126a arranged in the
vertical direction include continuous areas 141a, at which a
first reversed spacer 126a is continuously arranged, and
discontinuous areas 1415, at which a first reversed spacer
126a is cut, are alternately arranged. Although the present
embodiment illustrates the case where the continuous areas
141a and the discontinuous areas 1415 are located in the
bent portions, the continuous areas 141a and the discontinu-
ous areas 1415 need not be located in the bent portions.
[0050] Assuming that adjacent discontinuous areas 1415
are arranged on the same line in a given direction, when the
organic layer 118 begins to peel off in the same direction as
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the direction in which the discontinuous areas 1415 are
arranged, the organic light-emitting diode display panel may
have reduced ability to prevent the peeling of the organic
layer 118. Thus, the adjacent discontinuous areas 1415 are
preferably not arranged on the same line in a given direction.
[0051] For example, as illustrated in FIG. 3, the discon-
tinuous areas 1415 may not be successively arranged on the
same line in the horizontal direction. In FIG. 3, each
discontinuous area 1415 is shifted in the vertical direction
from the discontinuous area of another first reversed spacer,
which is adjacent thereto in the horizontal direction.
[0052] The discontinuous area 1415 functions as a current
path of the second electrode 120 formed on the surface of the
substrate 100. This will be described below in detail.
[0053] In the case where the first reversed spacer 126a
includes no discontinuous area 14 1b and extends from one
edge to the other edge of the organic light-emitting diode
display panel, the second electrode 120 in the organic
light-emitting diode display panel is disconnected. There-
fore, each first reversed spacer 126a includes the discon-
tinuous area 1415, and the connection of the second elec-
trode 120 is realized through the discontinuous area 1415 to
form a current path.

[0054] Meanwhile, the organic light-emitting diode dis-
play panel according to the first embodiment of the present
invention may further include a second reversed spacer
1265, which is formed in a portion of the discontinuous area
1415 that is located in the bent portion. The second reversed
spacer 1265 has a reversed-trapezoidal vertical cross-sec-
tional shape and takes the form of a dot when viewed from
the front side.

[0055] The second reversed spacer 1265 is formed in a
portion of the discontinuous area 1415, for example, at the
position at which the first reversed spacer 126a is bent. Thus,
because no reversed spacer remains in the remaining dis-
continuous area excluding the area in which the second
reversed spacer 1265 is formed, a current path for the second
electrode 120 is formed. Besides, the second reversed spacer
1265 prevents the peeling of the organic layer 118, which
may occur in the discontinuous area 1415.

[0056] The light-emitting diode display panel including
the reversed spacer according to the first embodiment of the
present invention prevents the spreading of the peeling of
the organic layer 118 because the first or second reversed
spacer 126a or 1265 is located in the direction in which the
peeling of the organic layer 118 occurs.

[0057] In addition, because the first reversed spacer 126 is
formed in a zigzag shape, regardless of the direction of
peeling of the organic layer 118, the peeling stops when it
reaches the first reversed spacer.

[0058] In this way, the organic light-emitting diode dis-
play panel including the reversed spacer according to the
first embodiment of the present invention prevents spreading
of the peeling of the organic layer 118 in all directions
regardless of the direction in which the peeling of the
organic layer 118 occurs.

[0059] FIG. 4 is a front view for explaining a light-
emitting diode display panel including a reversed spacer
according to the second embodiment of the present inven-
tion.

[0060] The light-emitting diode display panel according to
the second embodiment of the present invention includes a
plurality of bar-shaped third reversed spacers 126¢, of which
the major axis is oriented in a first diagonal direction, and a
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plurality of bar-shaped fourth reversed spacers 126d, of
which the major axis is oriented in a second diagonal
direction so as to cross the major axis of the third reversed
spacers 126c.

[0061] Because the current path of the second electrode
120 may need to be formed at the intersection at which the
third reversed spacer 126¢ and the fourth reversed spacer
1264 cross each other, a discontinuous area 141¢ is provided
at each intersection. In the discontinuous area 141c, only one
of the third reversed spacer 126¢ and the fourth reversed
spacer 1264 may be discontinuously formed, and the other
reversed spacer may be continuously formed. When one of
the third reversed spacer 126¢ and the fourth reversed spacer
1264 is discontinuously formed, the effect of fixing the
organic layer 118 and preventing the peeling of the organic
layer 118 may be maximized, but there is no problem in
forming the current path of the second electrode 120 through
the discontinuous area.

[0062] In this case, in the respective neighboring discon-
tinuous areas 141¢, alternately varying reversed spacers are
discontinuously formed.

[0063] For example, when the third reversed spacer 126¢
is discontinuously formed in any one discontinuous area
141¢, the fourth reversed spacer 1264 is discontinuously
formed in another adjacent discontinuous area 141c.
[0064] In addition, when the fourth reversed spacer 1264
is discontinuously formed in any one discontinuous area
141c, the third reversed spacer 126¢ is discontinuously
formed in another adjacent discontinuous area 141c.
[0065] 1In the case where the different reversed spacers
126¢ and 1264 are discontinuously formed in the adjacent
discontinuous areas, as described above, regardless of the
direction in which the peeling of the organic layer 118
occurs, the peeling is interrupted by the reversed spacer 126¢
or 1264, and thus the spreading of the peeling of the organic
layer 118 may be prevented in all directions.

[0066] FIGS. 5A to 51 are views for explaining a method
of forming a light-emitting diode display panel according to
an embodiment of the present invention.

[0067] Referring to FIG. 5A, the buffer layer 101 is
formed on the substrate 100, and the semiconductor layer
104 is formed on the buffer layer 101. The buffer layer 101
and the semiconductor layer 104 are formed via a deposition
method, such as, for example, plasma evaporation chemical
vapor deposition (PECVD). Then, the semiconductor layer
104 is patterned through a photolithography process and an
etching process.

[0068] Referring to FIG. 5B, an inorganic insulation mate-
rial is deposited on the substrate 100 including the semi-
conductor layer 104 via a deposition method, such as, for
example, PECVD to form the gate insulation layer 106. A
metal layer is deposited on the gate insulation layer 106 via,
for example, sputtering, and is patterned through a photoli-
thography process and an etching process to form the gate
electrode 102.

[0069] The drain and source areas 109a and 1096 are
formed by injecting a foreign substance into opposite sides
of the semiconductor layer 104 via, for example, ion implan-
tation using the gate electrode 102 as a mask.

[0070] Referring to FIG. 5C, the first protective layer 112
is formed on the substrate 100 including the gate electrode
102 and the semiconductor layer 104 via a deposition
method, such as, for example, PECVD. The contact holes
113 are formed in the first protective layer through a
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photolithography process and an etching process so as to
expose the drain and source areas 109a and 1095.

[0071] Referring to FIG. 5D, a metal layer for forming the
drain electrode 110 and the source electrode 108 is deposited
via, for example, sputtering. The source/drain metal layer
may be formed of, for example, molybdenum (Mo), molyb-
denum tungsten (MoW) or copper (Cu). When the source/
drain metal layer is patterned through a photolithography
process and an etching process, a source/drain electrode
pattern including the source electrode 108 and the drain
electrode 110 is formed.

[0072] Referring to FIG. 5E, the second protective later
114 including the contact hole 122 is deposited on the first
protective layer 112 including the source electrode 108 and
the drain electrode 110. At this time, the second protective
layer 114 may be formed using an organic insulation mate-
rial, such as, for example, acryl via, for example, spin
coating or spinless coating. Then, the contact hole 122 is
formed in the second protective layer 114 through a photo-
lithography process and an etching process to expose the
drain electrode 108.

[0073] Referring to FIG. 5F, the first electrode 116 is
formed on the second protective layer 114.

[0074] Specifically, the first electrode 116 may be formed
on the second protective layer 114 using an opaque conduc-
tive material, such as aluminum (Al), or a transparent
conductive material, such as indium tin oxide (ITO), via a
deposition method, such as, for example, sputtering. The
first electrode 116 is connected to the source electrode 108
of the thin-film transistor through the contact hole 122.

[0075] Referring to FIG. 5G, the bank insulation layer 124
including the opening 133 is formed on the substrate 100
including the first electrode 116.

[0076] Specifically, the bank insulation layer 124 is
formed by applying a photosensitive organic insulation
material on the entire surface of the substrate 100 including
the first electrode 116 via, for example, spin coating or
spinless coating. When the bank insulation layer 124 is
patterned through a photolithography process and an etching
process, the opening 133 is formed so as to expose the first
electrode 116.

[0077] In the same manner as the bank insulation layer
124, a photosensitive organic insulation material is formed
on the bank insulation layer 124 and the opening 133, by
applying a photosensitive organic insulation material to the
entire surface of the bank insulation layer 124 via, for
example, spin coating or spinless coating. When the organic
insulation layer is patterned through a photolithography
process and an etching process, the reversed spacer 126 is
formed.

[0078] The reversed spacer has a bar shape when the
organic light-emitting diode display panel is viewed from
the front side as described above, and is formed in the shape
described in the first or second embodiment of the present
invention. Thus, the reversed spacer 126 may include first to
fourth reversed spacers 1264, 1265, 126¢ and 126d.

[0079] At this time, by sequentially performing a free-
baking process, a photolithography patterning process, a
hard baking process, and an etching process on the organic
insulation layer to form the reversed spacer 126, the degree
of tapering of the reversed spacer 126 may be adjusted so
that the reversed spacer 126 has a reversed-trapezoidal
shape.
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[0080] Referring to FIG. 5H, the organic layer 126 and the
second electrode 120 are sequentially formed on the sub-
strate 100 including the bank insulation layer 124 provided
with the opening 133.
[0081] Specifically, the organic layer 118, which includes
the electron injection layer (EIL), the electron transport layer
(ETL), the light-emitting layer, the hole transport layer
(HTL), and the hole injection layer (HIL), is formed on the
first electrode 116 via thermal deposition, sputtering, or a
combination thereof.
[0082] Thereafter, the second electrode 120 is formed on
the substrate 100 including the organic layer 118.
[0083] The second electrode 120 may be formed in a
structure including at least one layer using a transparent
conductive material or a metal material via the same method
as that of the organic layer 118, or may be formed in a
structure including multiple layers using a transparent con-
ductive material or a metal material.
[0084] Referring to FIG. 51, the barrier layer 130 is formed
on the top of the second electrode 120. The barrier layer 130
may have a structure in which at least one inorganic layer
127 and at least one organic layer 129 are alternately stacked
one above another, and may be formed via, for example,
atomic layer deposition (ALD).
[0085] Although an upper substrate (not illustrated) may
be further provided on the top of the barrier layer 130, the
upper substrate may not be provided.
[0086] As mentioned above, the organic light-emitting
diode display panel according to an embodiment of the
present invention, formed as described above, may be real-
ized as a foldable display, and may have the effect of
reducing or preventing peeling of the organic layer 118 when
folded.
[0087] As is apparent from the above description, accord-
ing to an embodiment of the present invention, when a
light-emitting diode display panel includes a reversed
spacer, the adhesive force of an organic layer may be
increased. As such, when a foldable panel is formed, the
peeling of the organic layer in a folding area may be reduced
or prevented.
[0088] In particular, an organic light-emitting diode dis-
play panel according to the first embodiment and the second
embodiment of the present invention may reduce or prevent
spreading of peeling of the organic layer, which occurs in all
directions, regardless of the direction in which the peeling of
the organic layer occurs.
[0089] The above description is merely given to describe
the present invention by way of example, and numerous
modifications and embodiments can be devised by those
skilled in the art that will fall within the spirit and scope of
the principles of this disclosure. Accordingly, the embodi-
ments disclosed in the specification of the present invention
are not intended to limit the present invention. The scope of
the present invention should be construed by the following
claims, and all technologies and the invention is to cover all
modifications, equivalents, and alternatives falling within
the spirit and scope of the invention as defined by the claims.

What is claimed is:

1. An organic light-emitting diode display comprising:

a plurality of first electrodes on a substrate;

a bank insulation layer on the substrate including the first

electrodes, the bank insulation layer having openings to
expose the first electrodes;
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a plurality of reversed spacers on the bank insulation layer
and including a reversed-trapezoidal vertical cross-
section, the reversed spacers having a bar shape or a dot
shape when viewed from a direction perpendicular to
the substrate;

an organic layer including a light-emitting layer on the
first electrodes exposed through the openings, on the
bank insulation layer, and on a top of each reversed
spacer; and

a second electrode on a surface of the substrate including
the bank insulation layer and the organic layer.

2. The panel according to claim 1, wherein the openings
have a diamond shape, and the openings, which are adjacent
to each other in a vertical direction, are arranged so as to be
shifted from each other by a width of each opening, and

wherein the reversed spacers are located between the
openings, which are shifted from each other.

3. The panel according to claim 1, wherein the reversed
spacers include a plurality of first reversed spacers each
having at least one bent portion.

4. The panel according to claim 3, wherein the first
reversed spacers are arranged at a constant interval in a
horizontal direction, and are located between the diamond-
shaped openings so as to form a zigzag shape in a vertical
direction.

5. The panel according to claim 4, wherein the first
reversed spacers are provided respectively with discontinu-
ous areas, which are arranged at a constant interval in the
vertical direction, and a current path of the second electrode
is formed through the discontinuous areas.

6. The panel according to claim 5, wherein the first
reversed spacers respectively include the discontinuous
areas formed in the bent portions at a constant interval.

7. The panel according to claim 6, wherein the discon-
tinuous areas are alternately arranged with continuous areas,
at which the each discontinuous area is located so as to be
shifted in the vertical direction from the discontinuous area
of another first reversed spacer, which is adjacent thereto in
the horizontal direction.

8. The panel according to claim 5, further comprising a
second reversed spacer located in a portion of each discon-
tinuous area, the second reversed spacer having a dot shape
and including a reversed-trapezoidal cross section.

9. The panel according to claim 2, wherein the reversed
spacers include:

a plurality of third reversed spacers having a major axis

oriented in a first diagonal direction; and

a plurality of fourth reversed spacers arranged in a second
diagonal direction so as to cross the third reversed
spacers.

10. The panel according to claim 9, wherein each third
reversed spacer or each fourth reversed spacer is discon-
tinuously formed at an intersection at which the third and
fourth reversed spacers cross each other.

11. The panel according to claim 10, wherein, when the
third reversed spacer is discontinuously formed at the inter-
section, the fourth reversed spacer is discontinuously formed
at another adjacent intersection, and

wherein, when the fourth reversed spacer is discontinu-
ously formed at the intersection, the third reversed
spacer is discontinuously formed at another adjacent
intersection.



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)
S 3T H (B FIR) A (F)

FRI& B A

RBA

H AT SOk
S\EREERE

BEX)

DNFT—HANEXZRELRER , EA SRR D R IEET 6
REEREARYRT BEIRAXENIE K mAERIERENLT@
W, B REERARTASER@OERY  HREEEET
AMREEE L BEERBEEEERE , SMBIEX-RENETN

BIRXZREE TER

US20170194399A1

US15/395522

REETRERAF

LG DISPLAY CO. , LTD.

LG DISPLAY CO. , LTD.

CHO SE JUN

LEE JOUNG WOO
KUK SEUNG HEE
KIM MI SEONG

CHO, SE-JUN
LEE, JOUNG-WOO
KUK, SEUNG-HEE
KIM, MI-SEONG

HO1L27/32 HO1L51/52

HO1L27/3246 HO1L51/5203 HO1L27/3276 HO1L27/3248 HO1L27/3258

1020150191573 2015-12-31 KR

usS9871085

Espacenet USPTO

=rf , ROARBYERRERAAZREERER.

2017-07-06

2016-12-30

patsnap



https://share-analytics.zhihuiya.com/view/d1931aa8-69db-414a-8e41-0ff08f36c342
https://worldwide.espacenet.com/patent/search/family/059069336/publication/US2017194399A1?q=US2017194399A1
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=%2220170194399%22.PGNR.&OS=DN/20170194399&RS=DN/20170194399

