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DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0161821, filed on Dec. 14,
2018, which is hereby incorporated by reference as if fully
set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a display device,
and more particularly to a display device having a reduced
non-display area.

Description of the Related Art

[0003] Image display devices, which are a core technology
in the information and communication age and serve to
display various kinds of information on a screen, have been
developed such that the image display devices are thinner,
lighter, and portable and exhibit h performance. As a result,
flat panel display devices, which have lower weight and
volume than cathode ray tubes (CRT), have received a great
deal of attention.

[0004] Representative examples of such flat panel display
devices may include a liquid crystal display (LCD) device,
a plasma display panel (PDP) device, an organic light-
emitting display (OLED) device, and an electrophoretic
display (ED) device.

BRIEF SUMMARY

[0005] A flat panel display device is used in various kinds
of equipment, such as a TV, a monitor, and a cellular phone,
and in addition, a camera, a speaker, and a sensor are
mounted in the flat panel display device. The camera, the
speaker, and the sensor are disposed in a non-display area of
the display device. In a display device, therefore, the size of
a non-display area, i.e., a bezel area or a pad area, is
increased, whereby the size of a display area i.e., an active
area of the display device is reduced.

[0006] Accordingly, the present disclosure is directed to a
display device that substantially obviates one or more prob-
lems due to limitations and disadvantages of the related art.
[0007] The present disclosure provides a display device
having a reduced non-display area.

[0008] Additional advantages, objects, and features of the
disclosure 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 disclosure. The
Objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0009] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, a display device includes
an organic cover layer disposed on an encapsulation unit, a
inner dam disposed between a substrate hole and a plurality
of light-emitting elements, and a blocking element disposed
between the substrate hole and the inner dam, the blocking
element being disposed under the organic cover layer,
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whereby it is possible to prevent damage to a light-emitting
stack, and it is possible to reduce the size of a non-display
area since the substrate hole is disposed in an active area.

[0010] It is to be understood that both the foregoing
general description and the following detailed description of
the present disclosure are exemplary and explanatory and
are intended to provide further explanation of the disclosure
as claimed.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0011] Theaccompanying drawings, which are included to
provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0012] FIG. 1is a view showing an organic light-emitting
display device having a substrate hole according to the
present disclosure;

[0013] FIG. 2 is a sectional view of the organic light-
emitting display device taken along lines I-I' and II-IT' of
FIG. 1;

[0014] FIG. 3is a detailed plan view showing the substrate
hole area shown in FIG. 1;

[0015] FIG. 4 is a sectional view showing a camera
module that is inserted into the substrate hole shown in FIG.
2

[0016] FIGS. 5A to 5E are sectional views illustrating a
method of manufacturing the organic light-emitting display
device having the substrate hole shown in FIG. 2;

[0017] FIG. 6 is a view showing an organic light-emitting
display device having a substrate hole according to one or
more embodiments of the present disclosure; and

[0018] FIGS. 7A to 7E are sectional views illustrating a
method of manufacturing the organic light-emitting display
device having the substrate hole shown in FIG. 6.

DETAILED DESCRIPTION

[0019] Reference will now be made in detail to one or
more embodiments of the present disclosure, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0020] The display device shown in FIGS. 1 and 2
includes an active area AA and a pad area PDA.

[0021] A plurality of pads 180 for supplying driving
signals to a plurality of signal lines 106, disposed in the
active area AA, is formed in the pad area PDA. Here, the
signal lines 106 include at least one of a scan line S, a data
line DL, a high-voltage (VDD) supply line, or a low-voltage
(VSS) supply line. Each of the plurality of pads 180 includes
at least one of a pad lower electrode 182, or a pad upper
electrode 184. At least one of the pad lower electrode 182 or
the pad upper electrode 184 contacts a corresponding one of
the signal lines 106.

[0022] The pad lower electrode 182 is made of the same
material as a gate electrode 152, and is disposed on a gate
dielectric film 116, which is disposed in the same plane as
the gate electrode 152. The pad upper electrode 184 is made
of the same material as source and drain electrodes 156 and
158, and is disposed on an interlayer dielectric film 102,
which is disposed in the same plane as the source and drain
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electrodes 156 and 158. The pad upper electrode 184 con-
tacts the pad lower electrode 182, which is exposed through
a first pad contact hole 186 formed through the interlayer
dielectric film 102. The pad upper electrode 184 is exposed
through a second pad contact hole 188 formed through an
organic cover layer 148 and an inorganic cover layer 170,
and is electrically connected to a signal transmission film
(not shown) connected to a driving integrated circuit (not
shown).

[0023] Meanwhile, although the structure in which the pad
lower electrode 182 and the pad upper electrode 184 contact
each other via the first pad contact hole 186 has been
described by way of example with reference to FIG. 2, the
pad lower electrode 182 and the pad upper electrode 184
may not contact each other but may be opposite each other
with the interlayer dielectric film 102 disposed between the
pad lower electrode 182 and the pad upper electrode 184.
[0024] The active area AA includes an emission area EA,
a barrier area BA, and a hole area HA.

[0025] Unit pixels, each of which includes a light-emitting
element 130, are disposed in the emission area EA. As
shown in FIG. 1, each of the unit pixels includes red (R),
green (G3), and blue (B) subpixels, or includes red (R), green
(G), blue (B), and white (W) subpixels. Each of the subpix-
els includes a light-emitting element 130 and a pixel-driving
circuit for independently driving the light-emitting element
130.

[0026] The pixel-driving circuit includes a switching tran-
sistor TS, a driving transistor TD, and a storage capacitor
Cst.

[0027] When a scan pulse is supplied to the scan line SL,
the switching transistor TS is turned on to supply a data
signal, which is supplied to the data line DL, to the storage
capacitor Cst and to a gate electrode of the driving transistor
TD.

[0028] In response to the data signal supplied to the gate
electrode of the driving transistor TD, the driving transistor
TD controls current I that is supplied from the high-voltage
(MD) supply line to the light-emitting element 130 to adjust
the amount of light emitted by the light-emitting element
130. Even when the switching transistor TS is turned off, the
driving transistor TD supplies uniform current I to the
light-emitting element 130 using the voltage charged in the
storage capacitor Cst such that the light-emitting element
130 keeps emitting light until a data signal of the next frame
is supplied.

[0029] As shown in FIG. 2, the driving transistor TD 150
includes an active layer 154 disposed on an active buffer
layer 114, a gate electrode 152 overlapping the active layer
154 with the gate dielectric film 116 disposed between the
active layer 154 and the gate electrode 152, and source and
drain electrodes 156 and 158 formed on the interlayer
dielectric film 102 so as to contact the active layer 154.
[0030] The active layer 154 is made of at least one of an
amorphous semiconductor material, a polycrystalline semi-
conductor material, or an oxide semiconductor material. The
active layer 154 includes a channel area, a source area, and
a drain area. The channel area overlaps the gate electrode
152 with the gate dielectric film 116 disposed between the
channel area and the gate electrode 152 so as to be formed
between the source and drain electrodes 156 and 158. The
source area is electrically connected to the source electrode
156 via a source contact hole, which is formed through the
gate dielectric film 116 and the interlayer dielectric film 102.
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The drain area is electrically connected to the drain electrode
158 via a drain contact hole, which is formed through the
gate dielectric film 116 and the interlayer dielectric film 102.
A multi-layered buffer layer 112 and an active buffer layer
114 are provided between the active layer 154 and a sub-
strate 101. The multi-layered buffer layer 112 retards the
diffusion of moisture and/or oxygen permeated into the
substrate 101. The multi-layered buffer layer 112 may be
formed over the entire substrate 101 in order to provide an
environment in which it is possible to more stably form a
thin film while enabling various processes to be more
smoothly performed before a full-scale process of manufac-
turing the display panel is performed. The active buffer layer
114 protects the active layer 154 and blocks the introduction
of various defects from the substrate 101. At least one of the
multi-layered buffer layer 112, the active buffer layer 114, or
the substrate 101 has a multi-layered structure.

[0031] At this time, the uppermost layer of the multi-
layered buffer layer 112, which contacts the active buffer
layer 114, is made of a material having etching propetrties
different from the etching properties of the other layers of
the multi-layered buffer layer 112, the active buffer layer
114, and the gate dielectric film 116. The uppermost layer of
the multi-layered buffer layer 112, which contacts the active
buffer layer 114, is made of one of SiNx and SiOx, and the
other layers of the multi-layered buffer layer 112, the active
buffer layer 114, and the gate dielectric film 116 are made of
the other of SiNx and SiOx. For example, the uppermost
layer of the multi-layered buffer layer 112, which contacts
the active buffer layer 114, is made of SiNx, and the other
layers of the multi-layered buffer layer 112, the active buffer
layer 114, and the gate dielectric film 116 are made of SiOx.

[0032] The light-emitting element 130 includes an anode
electrode 132 connected to the drain electrode 158 of the
driving transistor 150, at least one light-emitting stack 134
formed on the anode electrode 132, and a cathode electrode
136 formed on the light-emitting stack 134 so as to be
connected to the low-voltage (VSS) supply line. Here, the
low-voltage (VSS) supply line supplies a low voltage VSS,
which is lower than a high voltage VDD.

[0033] The anode electrode 132 is electrically connected
to the drain electrode 158 of the driving transistor 150,
which is exposed through a pixel contact hole 126 formed
through a passivation film 124 and a planarization layer 104
disposed on the driving transistor 150. The anode electrode
132 of each subpixel is formed on the planarization layer
104 so as to be exposed by a bank 138.

[0034] In the case in which the anode electrode 132 is
applied to a rear light-emitting type organic light-emitting
display device, the anode electrode 132 is made of a
transparent conductive film, such as indium-tin-oxide (ITQ)
or indium-zinc-oxide (IZ0). In the case in which the anode
electrode 132 is applied to a front light-emitting type organic
light-emitting display device, the anode electrode 132 is
formed so as to have a multi-layered structure including a
transparent conductive film and an opaque conductive film
having high reflection efficiency. A material having a rela-
tively high work function value, such as indium-tin-oxide
(ITO) or indium-zinc-oxide (IZ0), is used as the transparent
conductive film, and a single- or multi-layered structure
including Al, Ag, Cu, Pb, Mo, Ti, or an alloy thereof is used
as the opaque conductive film. For example, the anode
electrode 132 is formed so as to have a structure in which a
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transparent conductive film, an opaque conductive film, and
a transparent conductive film are sequentially stacked.
[0035] The light-emitting stack 134 is formed by stacking
a hole transport layer, a light-emitting layer, and an electron
transport layer on the anode electrode 132 in that order or in
the reverse order.

[0036] The cathode electrode 136 is formed on the light-
emitting stack 134 and on the upper surface and the side
surface of the bank 138 so as to be opposite the anode
electrode 132 with the light-emitting stack 134 disposed
between the cathode electrode 136 and the anode electrode
132.

[0037] The encapsulation unit 140 prevents external mois-
ture or oxygen from permeating into the light-emitting
element 130, which has low resistance to external moisture
or oxygen. To this end, the encapsulation unit 140 includes
a plurality of inorganic encapsulation layers 142 and 146 and
an organic encapsulation layer 144 disposed between the
inorganic encapsulation layers 142 and 146. The inorganic
encapsulation layer 146 is disposed at the uppermost layer.
At this time, the encapsulation unit 140 includes at least one
inorganic encapsulation layer 142 and 146 and at least one
organic encapsulation layer 144. In the present disclosure,
an encapsulation unit 140 having a structure in which an
organic encapsulation layer 144 is disposed between first
and second inorganic encapsulation layers 142 and 146 will
be described by way of example. A touch electrode is
disposed between the encapsulation unit and the organic
cover layer.

[0038] The first inorganic encapsulation layer 142 is
formed on the substrate 101, on which the cathode electrode
136 is formed, so as to be closest to the light-emitting
element 130. The first inorganic encapsulation layer 142 is
made of an inorganic dielectric material that can be depos-
ited at a low temperature, such as silicon nitride (SiN_),
silicon oxide (Si0,) silicon oxide nitride (SiON), or alumi-
num oxide (Al,O,). Consequently, the first inorganic encap-
sulation layer 142 is deposited in a low-temperature atmo-
sphere, whereby it is possible to prevent damage to the
light-emitting stack 134, which has low resistance to a
high-temperature atmosphere, when the first inorganic
encapsulation layer 142 is deposited.

[0039] The second inorganic encapsulation layer 146 is
formed so as to cover the upper surface and the side surface
of the organic encapsulation layer 144 and the upper surface
and the side surface of the first inorganic encapsulation layer
142, which is exposed by the organic encapsulation layer
144. Consequently, the upper surface, the lower surface, and
the side surface of the organic encapsulation layer 144 are
sealed by the first and second inorganic encapsulation layers
142 and 146, whereby it is possible to minimize (or reduce)
or prevent external moisture or oxygen from permeating into
the organic encapsulation layer 144 or to minimize (or
reduce) or prevent moisture or oxygen present in the organic
encapsulation layer 144 from permeating into the light-
emitting element 130. The second inorganic encapsulation
layer 146 is made of an inorganic dielectric material, such as
silicon nitride (SiN,), silicon oxide (SiO,, silicon oxide
nitride (SiON), or aluminum oxide (Al,O;).

[0040] The organic encapsulation layer 144 reduces stress
between the layers due to bending of the organic light-
emitting device and improves planarization. In addition, the
organic encapsulation layer 144 is formed so as to have a
larger thickness than the inorganic encapsulation layers 142
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and 146 in order to prevent cracks or pinholes from being
formed due to foreign matter. The organic encapsulation
layer 144 is made of an organic dielectric material, such as
an acrylic resin, an epoxy resin, polyimide, polyethylene, or
silicon oxycarbide (SiOC).

[0041] An outer dam 128 and a inner dam 108 are formed
to limit the mobility of the organic encapsulation layer 144
when the organic encapsulation layer 144 is formed.
[0042] Asshown in FIG. 1, at least one outer dam 128 may
be formed so as to completely surround the active area AA,
in which the light-emitting element 130 is disposed, or may
be formed only between the active area AA and the pad area
PDA. In the case in which the pad area PDA, in which the
pads 180 are disposed, is disposed at one side of the
substrate 101, the outer dam 128 is disposed only at one side
of the substrate 101. In the case in which the pad area PDA,
in which the pads 180 are disposed, is disposed at opposite
sides of the substrate 101, the outer dam 128 is disposed at
the opposite sides of the substrate 101. In the case in which
a plurality of outer dams 128 is disposed, the outer dams 128
are disposed side by side in the state of being spaced apart
from each other by a predetermined distance. It is possible
to prevent the organic encapsulation layer 144 from spread-
ing to the pad area PDA by the provision of the outer dam
128.

[0043] In the same manner as the outer dam 128, at least
one inner dam 108 is formed so as to have a single-layered
or multi-layered structure 1084 and 1085. For example, each
of the inner dam 108 and the outer dam 128 is made of the
same material as at least one of the planarization layer 104,
the bank 138, or a spacer (not shown), and is formed
simultaneously when the same is formed, whereby no addi-
tional mask process is required, and therefore it is possible
to prevent an increase in costs. Furthermore, the blocking
element can be made of a different material as the inner dam.
The inner dam 108 is disposed to completely surround a
blocking recess 110. The inorganic encapsulation layers 142
and 146 overlap the blocking recess 110. It is possible to
prevent the organic encapsulation layer 144, which may be
used as a moisture permeation path, from spreading to the
blocking recess 110 by the provision of the inner dam 108.
[0044] The barrier area BA is disposed between the hole
area HA and the emission area EA. The inner dam 108, a
blocking element 118, at least one blocking recess 110, and
a through-hole 190 are disposed in the barrier area BA.
[0045] As shown in FIG. 3, the blocking element 118 is
disposed between the inner dam 108 and a substrate hole
120, which is disposed in the hole area HA, so as to
completely surround (or to completely laterally surround)
the substrate hole 120. At this time, the signal lines 106,
including the scan line SL and the data line DL, which are
disposed around the inner dams 108 and 118 and the
substrate hole 120, are disposed so as to be diverted along
the contour of the substrate hole 120.

[0046] The blocking element 118 is formed in the same
plane as the inner dam 108, and is made of the same material
as the inner dam 108. For example, the blocking element 118
is formed on the interlayer dielectric film 102 so as to have
a multi-layered structure 108 and 1085, in the same manner
as the inner dam 108. The lower layer 108a of the blocking
element 118 is made of the same material as the planariza-
tion layer 104, and the upper layer 1085 of the blocking
element 118 is made of the same material as the bank 138.
Since a portion of the blocking element 118 may be removed
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when the through-hole 190 is formed, the blocking element
118 is formed so as to have a width smaller than or equal to
the width of the inner dam 108. Since the blocking element
118 is disposed so as to completely surround (or to com-
pletely laterally surround) the substrate hole 120, it is
possible to prevent the organic cover layer 148, which may
be used as a moisture permeation path, from spreading to the
substrate hole 120. Furthermore, the blocking element 118 is
disposed between the organic cover layer 148 in the barrier
area BA (shown in left in FIG. 2) and organic cover layer
148 in the barrier area BA (shown in right in FIG. 2).

[0047] The blocking recess 110 is disposed between the
inner dam 108 and the substrate hole 120, optionally
between the inner dam 108 and the blocking element 118.
The blocking recess 110 is formed through at least one of the
multi-layered buffer layer 112, the active buffer layer 114,
the gate dielectric film 116, or the interlayer dielectric film
102, which are disposed between the substrate 101 and the
planarization layer 104. At this time, the side surface of the
inorganic dielectric layer 112, 114, 116, or 102 exposed by
the blocking recess 110 is formed in a reverse tapered shape
so as to form an acute angle or a right angle with the bottom
surface of the inorganic dielectric layer 112, 114, 116, or 102
exposed by the blocking recess 110. When the light-emitting
stack 134 and the cathode electrode 136 are formed, the
light-emitting stack 134 and the cathode electrode 136 are
disconnected by the blocking recess 110. Even when extet-
nal moisture permeates along the light-emitting stack 134
disposed around the hole area HA, therefore, the moisture
may be prevented or impeded from being introduced into the
emission area EA by the blocking recess 110. Also, even
when static electricity is introduced along the cathode elec-
trode 136 disposed around the hole area HA, the static
electricity may be prevented from spreading to the emission
area EA by the blocking recess 110. Furthermore, since the
inorganic dielectric layers 112, 114, 116, and 102, each of
which has higher hardness than an organic dielectric mate-
rial and in which cracks are therefore easily formed by
bending stress, are removed by the blocking recess 110, it is
possible to prevent cracks from spreading to the emission
area EA.

[0048] The organic cover layer 148 may be formed in the
other areas EA, BA, and PDA, excluding the hole area HA,
or may be formed only in the barrier area BA and the pad
area PDA. That is, the organic cover layer 148 is formed so
as to be prevented from spreading to the hole area HA by the
blocking element 118. The organic cover layer 148 is formed
on the uppermost inorganic encapsulation layer 146 of the
encapsulation unit 140, and is made of the same material as
the organic encapsulation layer 144. Consequently, the
organic cover layer 148 is formed only through an applica-
tion process without a separate photomasking process,
whereby no separate stripping process is required.

[0049] Since the organic cover layer 148 does not contact
the light-emitting stack 134 due to the presence of the
second inorganic encapsulation layer 146, it is possible to
prevent moisture from permeating into the light-emitting
stack 134 through the organic cover layer 148. In addition,
since the organic cover layer 148 is disposed on the encap-
sulation unit 140, it is possible to prevent the inorganic
encapsulation layers 142 and 146, which are disposed in the
emission area EA, from being etched when the through-hole
190 is formed.
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[0050] The inorganic cover layer 170 is formed on the
organic cover layer 148, and is made of an inorganic
dielectric material. Since the interfaces between the organic
cover layer 148 and the thin films 114, 116, 102, 118, 134,
136, 142 and 146, which are exposed by the through-hole
190, are sealed by the inorganic cover layer 170, it is
possible to minimize (or reduce) or prevent external mois-
ture or oxygen from permeating into the organic cover layer
148 and the interfaces therewith.

[0051] The through-hole 190 is formed through a plurality
of thin film layers disposed in the hole area 1-IA and the
surrounding area. For example, the through-hole 190 is
formed through the inorganic dielectric layers 114, 116, and
102, the light-emitting stack 134, the cathode electrode 136,
the blocking element 118, and the inorganic encapsulation
layers 142 and 146, which are disposed in the hole area HA
and the surrounding area, so as to expose the upper surface
of the substrate 101 or the multi-layered buffer layer 112.
Since the inorganic dielectric layers 114, 116, and 102, the
light-emitting stack 134, and the inorganic encapsulation
layers 142 and 146, which are disposed in the hole area HA,
are removed by the through-hole 190, a laser trimming
process of forming the substrate hole 120 is simplified.
[0052] Since the hole area HA is disposed in the active
area AA, the hole area HA may be surrounded by a plurality
of subpixels SP, each of which includes a light-emitting
element 130. At least one substrate hole 120, disposed in the
hole area 1-IA, is illustrated as having a circular shape.
Alternatively, the substrate hole 120 may be formed so as to
have a polygonal or oval shape. The substrate hole 120 is
formed through the multi-layered buffer layer 112 and the
substrate 101. The substrate hole 120 overlaps the through-
hole 190, and has a smaller line width than the through-hole
190.

[0053] An electronic part, including a camera, a speaker,
a flash light source, or a biometric sensor such as a finger-
print sensor, is disposed in the hole area HA. In the present
disclosure, a structure in which a camera module 160 is
disposed in the hole area HA, as shown in FIG. 4, will be
described by way of example.

[0054] The camera module 160 includes a camera lens 164
and a camera-driving unit 162.

[0055] The camera-driving unit 162 is disposed at the rear
surface of the substrate 101 of the display device, and is
connected to the camera lens 164.

[0056] The camera lens 164 is disposed in the substrate
hole 120, which extends from the thin film layer disposed at
the lowermost part of the active area AA (e.g., the substrate
101 or a back plate) to the thin film layer disposed at the
uppermost part of the active area AA (e.g., a polarizing plate
166). Consequently, the camera lens 164 is disposed so as to
face a cover glass 168. Here, the substrate hole 120 has a
smaller line width than the through-hole 190, and is disposed
so as to overlap the through-hole 190. The substrate hole 120
is formed through the substrate 101, the inorganic cover
layer 170, and the polarizing plate 166, or is formed through
the substrate 101 and the polarizing plate 166.

[0057] In the case in which the camera module 160 is
disposed in the active area AA, a non-display area, i.e., a
bezel area, of the display device may be reduced or mini-
mized.

[0058] FIGS. 5A to 5E are sectional views illustrating a
method of manufacturing the organic light-emitting display
device having the substrate hole shown in FIG. 2.
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[0059] Specifically, as shown in FIG. 5A, a multi-layered
buffer layer 112 and an active buffer layer 114 are formed on
a substrate 101. Here, the substrate 101 is made of a plastic
material that exhibits high flexibility, by which the substrate
101 is bendable. For example, the substrate 101 may be
made of polyimide (PI), polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), polycarbonate (PC),
polyether sulfone (PES), polyacrylate (PAR), polysulfone
(PSF), or cyclic olefin copolymer (COC).

[0060] Subsequently, an active layer 154 is formed on the
active buffer layer 114 through a photolithography and
etching process, and then a gate dielectric film 116, made of
an inorganic dielectric material, is formed on the active layer
154. A gate electrode 152 and a pad lower electrode 182 are
formed on the gate dielectric film 116 through a photoli-
thography and etching process, and then an interlayer dielec-
tric film 102, made of an inorganic dielectric material, is
formed. The interlayer dielectric film 102 and the gate
dielectric film 116 are patterned through a photolithography
and etching process to form source and drain contact holes
(not shown), through which the active layer 154 is exposed,
and a first pad contact hole 186, through which the pad lower
electrode is exposed. At the same time, the active buffer
layer 114, the interlayer dielectric film 102, and the gate
dielectric film 116 in the hole area HA are removed. Sub-
sequently, the interlayer dielectric film 102, the gate dielec-
tric film 116, and the active buffer layer 114 are patterned
through a photolithography and etching process to form a
blocking recess 110, by which the upper surface of the
multi-layered buffer layer 112 is exposed. At this time, a
portion of the multi-layered buffer layer 112 may be pat-
terned through an etching process, whereby the side surface
of the multi-layered buffer layer 112 may be exposed by the
blocking recess 110.

[0061] Subsequently, a pad upper electrode 184 and
source and drain electrodes 156 and 158 are formed on the
interlayer dielectric film 102 through a photolithography and
etching process. Subsequently, a planarization layer 104,
and an anode electrode 132 are sequentially formed through
a photolithography and etching process. Subsequently, a
bank 138, an inner dam 108, a blocking element 118, and an
outer dam 128 are simultaneously formed through a photo-
lithography and etching process using the same mask.
[0062] A light-emitting stack 134 and a cathode electrode
136 are sequentially formed on the substrate 101, on which
the bank 138 is formed, through a deposition process using
a shadow mask. At this time, the light-emitting stack 134 and
the cathode electrode 136 are disconnected by the blocking
recess 110. Subsequently, at least one inorganic encapsula-
tion layer 142 and 146 and at least one organic encapsulation
layer 144 are stacked on the cathode electrode 136 to form
an encapsulation unit 140. At this time, the organic encap-
sulation layer 144 is formed in the other areas, excluding the
hole area HA and a pad area PDA, between the inner dam
108 and the outer dam 128.

[0063] The same organic dielectric material as the organic
encapsulation layer 144 is applied to the substrate 101, on
which the encapsulation unit 140 is formed, to form an
organic cover layer 148, as shown in FIG. 5B. At this time,
the organic cover layer 148 is formed in the other regions,
excluding the hole area. HA, by the blocking element 118.
Subsequently, the inorganic encapsulation layer 142 and
146, the cathode electrode 136, the interlayer dielectric film
102, the gate dielectric film 116, and the active buffer layer
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114 are etched through an etching process using the organic
cover layer 148 as a mask to form a through-hole 190, as
shown in FIG. 5C. Meanwhile, a portion of the blocking
element 118 may be etched when the through-hole is
formed.

[0064] Subsequently. an inorganic dielectric material is
deposited on the entire surface of the substrate 101, in which
the through-hole 190 is formed, to form an inorganic cover
layer 170. The inorganic cover layer 170 and the organic
cover layer 148 are patterned through a photolithography
and etching process, whereby a second pad contact hole 188
1s formed and the inorganic cover layer 170 in the hole area.
HA is removed, as shown in FIG. 5D.

[0065] Subsequently. the multi-layered buffer layer 112
and the substrate 101 are patterned through a laser trimming
process to form a substrate hole 120, as shown in FIG. 5E.
[0066] In the present disclosure, as described above, the
organic cover layer 148, which is used as a mask when the
through-hole 190 is formed, is formed merely through an
application process alone. In the present disclosure, there-
fore, a photolithography process and a stripping process are
not required when the organic cover layer 148 and the
through-hole 190 are formed. Consequently, it is possible to
prevent damage to the light-emitting stack 134 due to a
stripping solution used during the stripping process.
[0067] Also, in the present disclosure, the organic cover
layer 148 is formed through an application process after the
encapsulation unit 140 is formed, and at least one masking
process can be used to form the inorganic cover layer 170,
which is not formed in the hole area HA, whereby a masking
process may be simplified.

[0068] Furthermore, the thin film layers disposed in the
hole area HA are removed through a dry etching process to
form the through-hole 190, and then the substrate 101 is
removed through a laser trimming process to form the
substrate hole 120. Consequently, it is possible to reduce or
minimize the number of thin films to be removed through the
laser trimming process, whereby it is possible to reduce or
minimize the occurrence of physical impacts during the laser
trimming process.

[0069] FIG. 6 is a view showing an organic light-emitting
display device according to one or more embodiments of the
present disclosure.

[0070] The organic light-emitting display device shown in
FIG. 6 is identical in construction to the organic light-
emitting display device shown in FIG. 2 except that the
blocking element 118 is located higher than the inner dam
108. Therefore, a detailed description of corresponding
components of the organic light-emitting display device will
be omitted.

[0071] The blocking element 118 is disposed on the sec-
ond inorganic encapsulation layer 146, which is disposed at
the uppermost part of the encapsulation unit 140. Since the
blocking element 118 is located higher than the inner dam
108, the blocking element 118 is formed so as to have a
smaller thickness than the inner dam 108. Consequently, the
uppermost surface of the blocking element 118 is located at
the same height as the uppermost surface of the inner dam
108, or is located higher than uppermost surface of the inner
dam 108.

[0072] The blocking element 118 is made of an organic
dielectric material, for example, the same organic dielectric
material as at least one of the bank 138, the planarization
layer 104, or the inner dam 108. Since the blocking element
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118 is disposed on the second inorganic encapsulation layer
146 so as to overlap the blocking recess 110, an undercut
area formed by the blocking recess 110 is protected.
[0073] Since the blocking element 118 is disposed so as to
completely surround the substrate hole 120, it is possible to
prevent the organic cover layer 148, which may be used as
a moisture permeation path, from spreading to the substrate
hole 120.

[0074] The organic cover layer 148 is formed on the
uppermost inorganic encapsulation layer 146 of the encap-
sulation unit 140, and is made of the same material as the
organic encapsulation layer 144. Consequently, the organic
cover layer 148 is formed only through an application
process without a separate photomasking process, whereby
no separate stripping process is required.

[0075] Since the organic cover layer 148 does not contact
the light-emitting stack 134, it is possible to prevent mois-
ture from permeating into the light-emitting stack 134
through the organic cover layer 148. In addition, since the
organic cover layer 148 is disposed on the encapsulation unit
140, it is possible to prevent the inorganic encapsulation
layers 142 and 146, which are disposed in the emission area
EA, from being etched when the through-hole 190 is
formed.

[0076] FIGS. 7A to 7E are sectional views illustrating a
method of manufacturing the organic light-emitting display
device having the substrate hole shown in FIG. 6.

[0077] Specifically, as shown in FIG. 7A, a thin-film
transistor (driving transistor) 150, pads 180, and a blocking
recess 110 are formed on a substrate 101. Subsequently, a
passivation film 124, a planarization layer 104, and an anode
electrode 132 are sequentially formed through a photoli-
thography and etching process. Subsequently, a bank 138, an
inner dam 108, and an outer dam 128 are simultaneously
formed through a photolithography and etching process
using the same mask.

[0078] A light-emitting stack 134 and a cathode electrode
136 of the light-emitting element 130 are sequentially
formed on the substrate 101, on which the bank 138, the
inner dam 108, and the outer dam 128 are formed. Subse-
quently, at least one inorganic encapsulation layer 142 and
146 and at least one organic encapsulation layer 144 are
stacked on the cathode electrode 136 to form an encapsu-
lation unit 140.

[0079] A photosensitive organic dielectric material is
applied to the substrate 101, on which the encapsulation unit
140 is formed, and is patterned through a photolithography
process to form a blocking element 118, as shown in FIG.
7B. Subsequently, an organic dielectric material is applied to
the substrate 101, on which the blocking element 118 is
formed, to form an organic cover layer 148, as shown in
FIG. 7C. At this time, the organic cover layer 148 is formed
in the other areas, excluding a hole area HA, by the blocking
element 118. Subsequently, the inorganic encapsulation
layer 142 and 146, the cathode electrode 136, the light-
emitting stack 134, the interlayer dielectric film 102, the gate
dielectric film 116, and the active buffer layer 114 in the hole
area HA are etched through an etching process using the
organic cover layer 148 and the blocking element 118 as a
mask to form a through-hole 190. Meanwhile, a portion of
the blocking element 118 may be etched when the through-
hole 190 is formed.

[0080] Subsequently, an inorganic dielectric material is
deposited on the entire surface of the substrate 101, in which
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the through-hole 190 is formed, to form an inorganic cover
layer 170. The inorganic cover layer 170 and the organic
cover layer 148 are patterned through a photolithography
and etching process, whereby a second pad contact hole 188
is formed and the inorganic cover layer 170 in the hole area
HA is removed, as shown in FIG. 7D.

[0081] Subsequently. the multi-layered buffer layer 112
and the substrate 101 are patterned through a laser trimming
process to form a substrate hole 120, as shown in FIG. 7E.
[0082] In the present disclosure, as described above, the
organic cover layer 148, which is used as a mask when the
through-hole is formed, is formed only through an applica-
tion process. In the present disclosure, therefore, a photoli-
thography process and a stripping process are not required
when the organic cover layer 148 is formed. Consequently,
it is possible to prevent damage to the light-emitting stack
134 due to the stripping solution that is used during the
stripping process.

[0083] Also, in the present disclosure, the organic cover
layer 148 is formed through an application process after the
encapsulation unit 140 is formed, and at least one masking
process can be used to form the inorganic cover layer 170,
which is not formed in the hole area HA, whereby a masking
process may be simplified.

[0084] Furthermore, the thin film layers disposed in the
hole area HA are removed through a dry etching process to
form the through-hole 190, and then the substrate 101 is
removed through a laser trimming process to form the
substrate hole 120. Consequently, it is possible to reduce or
minimize the number of thin films to be removed through the
laser trimming process, whereby it is possible to reduce or
minimize the occurrence of physical impacts during the laser
trimming process.

[0085] Meanwhile, a touch electrode and a touch buffer
film included in a touch sensor may be disposed between the
encapsulation unit 140 and the organic cover layer 148. The
touch electrode may be disposed on the touch buffer film in
contact with the encapsulation unit 140, as shown in FIG.
7E. Alternatively, the touch electrode may be disposed
between the encapsulation unit 140 and the organic cover
layer 148 without the touch buffer film. The touch electrode
may be disposed on the encapsulation unit 140 without the
touch buffer film. In this case, the touch buffer film and the
touch electrode are sequentially formed on the encapsulation
unit 140 formed by the manufacturing method shown in
FIGS. 7A and 7B, and then the organic cover layer 148 and
the inorganic cover layer 170 are sequentially formed by the
manufacturing method shown in FIGS. 7C to 7E, thereby
completing the organic light emitting display device having
the touch sensor.

[0086] In addition, at least one of a touch dielectric film
and the touch buffer film included in the mutual capacitance
touch sensor having the first and second touch electrodes
may be formed to extend to at least one of the inner dam 108,
the blocking element 118, the outer dam 128, and the pad
area PDA.

[0087] Furthermore, the inorganic cover layer and the
organic cover layer according to the present disclosure may
be used as the touch dielectric film and the touch buffer film
included in the touch sensor disposed on the encapsulation
unit.

[0088] As is apparent from the above description, in the
present disclosure, the through-hole, into which the camera
module is inserted, is disposed in the active area, whereby it
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is possible to reduce or minimize the non-display area, i.e.,
the bezel area, of the display device.

[0089] Also, in the present disclosure, the organic cover
layer, which is used as a mask when the through-hole is
formed, is formed only through an application process,
whereby a photolithography process and a stripping process
are not required when the organic cover layer and the
through-hole are formed. Consequently, it is possible to
prevent damage to the light-emitting stack due to the strip-
ping solution that is used during the stripping process.
[0090] Furthermore, the thin film layers disposed in the
hole area are removed through a dry etching process to form
a through-hole, and then the substrate is removed through a
laser trimming process to form a substrate hole. Conse-
quently, it is possible to reduce or minimize the number of
thin films to be removed through the laser trimming process,
whereby it is possible to reduce or minimize the occurrence
of physical impacts during the laser trimming process.
[0091] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or scope
of the disclosure.

[0092] The various embodiments described above can be
combined to provide further embodiments. Further changes
can be made to the embodiments in light of the above-
detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to the
specific embodiments disclosed in the specification and the
claims, but should be construed to include all possible
embodiments along with the full scope of equivalents to
which such claims are entitled. Accordingly, the claims are
not limited by the disclosure.

1. A display device, comprising:

a substrate having a substrate hole formed through the

substrate in an active area of the display device;

a plurality of light-emitting elements disposed on the

substrate in the active area;

an encapsulation unit disposed on the light-emitting ele-

ments;

an organic cover layer disposed on the encapsulation unit;

an inner dam disposed between the substrate hole and the

light-emitting elements;

a blocking element at least partly disposed between the

organic cover layer and the substrate; and

a blocking recess disposed between the substrate hole and

the inner dam,

wherein the blocking element is disposed to laterally

surround the substrate hole.

2. The display device according to claim 1, wherein the
blocking element is made of a same material as the inner
dam, and the blocking element and the inner dam are
disposed on a same plane.

3. The display device according to claim 1, wherein the
blocking recess is formed in a reverse tapered shape.

4. The display device according to claim 1, wherein the
blocking element is made of a different material than the
inner dam.

5. The display device according to claim 1, further com-
prising a touch electrode disposed between the encapsula-
tion unit and the organic cover layer.

6. The display device according to claim 1, wherein the
encapsulation unit includes a first inorganic encapsulation
layer, a second inorganic encapsulation layer, and an organic
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encapsulation layer disposed between the first inorganic
encapsulation layer and the second inorganic encapsulation
layer, and

the first inorganic encapsulation layer and the second

inorganic encapsulation layer overlap the blocking
recess.

7. The display device according to claim 1, wherein the
blocking recess is disposed between the inner dam and the
blocking element.

8. The display device according to claim 1, further com-
prising:

a driving transistor connected to a first light-emitting

element of the light-emitting elements;

a planarization layer disposed on the driving transistor;

and

a bank for exposing an anode electrode of the first

light-emitting element;

wherein each of the inner dam and the blocking element

includes:

a lower layer made of a same material as the planariza-
tion layer; and

an upper layer made of a same material as the bank.

9. The display device according to claim 1, wherein the
blocking element is disposed in a first plane different from
a second plane on which the inner dam is disposed.

10. The display device according to claim 9, wherein

the blocking element is disposed on at least a first portion

of the encapsulation unit; and

the inner dam is disposed under at least a second portion

of the encapsulation unit.

11. The display device according to claim 9, wherein the
blocking recess overlaps the blocking element.

12. The display device according to claim 1, further
comprising a through-hole formed through a plurality of thin
film layers disposed between the substrate and the organic
cover layer.

13. The display device according to claim 12, further
comprising an inorganic cover layer disposed on side sur-
faces of the thin film layers exposed through the through-
hole and on the organic cover layer.

14. The display device according to claim 13, further
comprising:

a pad area;

a pad disposed on the substrate in the pad area; and

a pad contact hole formed through the organic cover layer

that is disposed on the pad,

wherein the pad contact hole exposes the pad.

15. The display device according to claim 14, wherein the
pad contact hole is formed through the inorganic cover layer.

16. The display device according to claim 6, wherein the
organic cover layer is made of a same material as the organic
encapsulation layer.

17. The display device according to claim 1, further
comprising an electronic part disposed in the substrate hole.

18. The display device according to claim 17, wherein the
electronic part includes at least one of a camera, a speaker,
a flash light source, or a biometric sensor.

19. The display device according to claim 1, wherein the
blocking element is at least partly disposed between the
substrate hole and the inner dam.

20. The display device according to claim 13, further
comprising:
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a pad area;

a plurality of pads disposed on the substrate in the pad
area; and

a plurality of pad contact holes in the organic cover layer
that is disposed on the pads,

wherein each of the pads is exposed by at least one of the
pad contact holes.

® 0% % % %
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