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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2018-0015724,
filed on Feb. 8, 2018, in the Korean Intellectual Property
Office, and entitled: “Organic Light-Emitting Display
Device and Method of Manufacturing the Same,” is incor-
porated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Exemplary embodiments relate to a display device.
More particularly, exemplary embodiments relate to an
organic light-emitting display device and a method of manu-
facturing an organic light-emitting display device.

2. Description of the Related Art

[0003] Recently, organic light-emitting display devices are
receiving attention as display devices displaying images.
The organic light-emitting display device is able to emit
light, while also having reduced weight and thickness
because an individual light source may be omitted. Further-
more, the organic light-emitting display device has addi-
tional advantageous characteristics, e.g., low power con-
sumption, high brightness, high response speed, etc.

SUMMARY

[0004] According to an exemplary embodiment, an
organic light-emitting display device includes a through
area, a display area surrounding the through area and includ-
ing a light-emitting element array, and a peripheral area
between the through area and the display area. The organic
light-emitting display device includes a first dam structure,
a first protruding pattern and a thin film encapsulation layer.
The first dam structure is disposed on the peripheral area and
has a shape surrounding the through area. The first protrud-
ing pattern is disposed on the first dam structure and
protrudes toward the display area from the first dam struc-
ture to form an undercut. The thin film encapsulation layer
continuously extends from the display area to the peripheral
area and includes at least one organic layer. The organic
layer includes a first filling portion filling at least a portion
of a first receiving space between the first dam structure and
a boundary portion extending from the display area. The first
filling portion protrudes toward the first dam structure to be
aligned with the undercut.

[0005] In an exemplary embodiment, the organic light-
emitting display device further includes a second protruding
pattern disposed on the boundary portion and protruding
toward the through area from the boundary portion to form
an undercut

[0006] In an exemplary embodiment, the organic light-
emitting display device further includes a second dam
structure disposed between the first dam structure and the
through area and having a shape surrounding the through
area, and a third protruding pattern disposed on the second
dam structure and protruding toward at least the first dam
structure to form an undercut.
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[0007] In an exemplary embodiment, the second dam
structure has a height larger than a height of the first dam
structure.

[0008] In an exemplary embodiment, the organic light-
emitting display device further includes a common layer
extending continuously from the display area to be disposed
on the peripheral area. The common layer is disconnected at
least between the first dam structure and the first receiving
space.

[0009] In an exemplary embodiment, the common layer
includes at least one selected from the group consisting of a
metal, a lithium compound and an organic-light emitting
material.

[0010] In an exemplary embodiment, the organic light-
emitting display device further includes a second dam
structure disposed between the first dam structure and the
through area and having a shape surrounding the through
area. The first protruding pattern is disposed continuously on
the first dam structure and the second dam structure to cover
a second receiving space between the first dam structure and
the second dam structure.

[0011] In an exemplary embodiment, the first protruding
pattern has a recess that is caved inwardly from an outer
boundary of the first protruding pattern, in a plan view.

[0012] In an exemplary embodiment, the first dam struc-
ture includes an inlet connecting the first receiving space to
the second receiving space.

[0013] In an exemplary embodiment, the organic layer of
the thin film encapsulation layer further includes a second
filling portion filling at least a portion of the second receiv-
ing space.

[0014] In an exemplary embodiment, the first protruding
pattern includes an inorganic material.

[0015] According to an exemplary embodiment, a method
of manufacturing an organic light-emitting display device is
provided. According to the method, a boundary portion and
a dam structure spaced apart from the boundary portion is
formed on a peripheral area between a through area and a
display area. The boundary portion extends from the display
area. A sacrificial pattern adjacent to the dam structure is
formed. A protruding pattern is formed to be disposed
continuously on the sacrificial pattern and the dam structure.
The sacrificial pattern is removed to form a receiving space
and an undercut under the protruding pattern. A thin film
encapsulation layer continuously extending from the display
area to the peripheral area and including at least one organic
layer is formed. The organic layer of the thin film encapsu-
lation layer includes a filling portion filling at least a portion
of the receiving space and protruding toward the dam
structure to be aligned with the undercut.

[0016] According to an exemplary embodiment, an
organic light-emitting display device includes a through
area, a display area surrounding the through area and includ-
ing a light-emitting element array, and a peripheral area
between the through area and the display area. The organic
light-emitting display device includes an undercut structure
disposed on the peripheral area and having a shape sur-
rounding the through area, and a thin film encapsulation
layer continuously extending from the display area to the
peripheral area and including at least one organic layer. The
organic layer includes a filling portion filling at least a
portion of a receiving space between the undercut structure
and the display area, and aligned with the undercut.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings, in which:

[0018] FIGS. 1A and 1B illustrate schematic plan views of
an organic light-emitting display device according to an
exemplary embodiment.

[0019] FIG. 2 illustrates a cross-sectional view of a dis-
play area DA of FIG. 1A.

[0020] FIG. 3 illustrates an enlarged cross-sectional view
of region ‘A’ of FIG. 2.

[0021] FIG. 4 illustrates an enlarged plan view of a
through area and a peripheral area of FIG. 1A.

[0022] FIGS. 5A, 5B, 5C and 6 illustrate cross-sectional
views along line I-I' of FIG. 4.

[0023] FIGS. 7A to 7G illustrate cross-sectional views of
stages in a method of manufacturing an organic light-
emitting display device according to an exemplary embodi-
ment.

[0024] FIGS. 8A and 8B illustrate enlarged cross-sectional
views of a sacrificial pattern and a protruding pattern in a
method of manufacturing an organic light-emitting display
device.

[0025] FIG. 9 illustrates an enlarged plan view of a
through area and a peripheral area of an organic light-
emitting display device according to an exemplary embodi-
ment.

[0026] FIG. 10 illustrates an enlarged plan view of a
protruding pattern of an organic light-emitting display
device according to an exemplary embodiment.

[0027] FIGS. 11A to 11E illustrate cross-sectional views
along line II-IF of FIG. 9 of stages in a method of manu-
facturing an organic light-emitting display device according
to an exemplary embodiment.

DETAILED DESCRIPTION

[0028] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0029] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. Tt
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. In addition, it will also be understood
that when a layer is referred to as being “between” two
layers, it can be the only layer between the two layers, or one
or more intervening layers may also be present. Like refer-
ence numerals refer to like elements throughout.

[0030] Hereinafter, a schematic planar structure of an
organic light-emitting display device according to an exem-
plary embodiment will be explained with reference to FIGS.
1A and 1B.

[0031] FIGS. 1A and 1B are plan views schematically
illustrating an organic light-emitting display device accord-
ing to an exemplary embodiment. FIG. 1A illustrates an
organic light-emitting display device having a circular pla-
nar shape, and FIG. 1B illustrates an organic light-emitting
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display device having a rectangular planar shape. However,
exemplary embodiments are not limited thereto, and may
have various shapes.

[0032] Referring to FIGS. 1A and 1B, an organic light-
emitting display device may include a display area DA, a
through area TA, and a peripheral area PA. For example, as
illustrated in FIGS. 1A and 1B, the through area TA may
penetrate through the display area DA, and the peripheral
area PA may completely surround a perimeter of the through
area TA. For example, the through area TA may be centered
with respect 1o the display area DA (FIG. 1A) or at an edge
of the display area DA (FIG. 1B).

[0033] On the display area DA, a plurality of pixels
emitting light may be disposed to display an image. For
example, the display area DA may include an array of
organic light-emitting diodes.

[0034] In the through area TA, an additional device, e.g,,
a camera, a sensot, a speaker or the like, may be disposed to
add functions to the organic light-emitting display device.
For example, a hole may be formed through a substrate and
structures thereon to form the through area TA (e.g., FIG.
5A). A method for forming the through hole will be more
fully explained below.

[0035] Even though FIGS. 1A and 1B show the through
area TA as having a substantially circular shape, exemplary
embodiments are not limited thereto. For example, the
through area TA may have a polygonal shape, e.g., a
rectangular shape, a triangular shape, or the like.

[0036] The peripheral area PA may be disposed between
the display area DA and the through area TA. Thus, the
peripheral area PA may surround the through area DA, and
the display area DA may surround the peripheral area PA.
Furthermore, a driving circuit for providing driving signals,
e.g., a data signal, a gate signal or the like, to the pixels may
be disposed on the peripheral area PA.

[0037] FIG. 2 is a cross-sectional view illustrating the
display area DA of FIG. 1A. FIG. 3 is an enlarged cross-
sectional view of the region ‘A’ in FIG. 2.

[0038] Referring to FIGS. 2 and 3, each pixel of the pixels
disposed on the display area DA may include a driving
transistor on a base substrate 110, an organic light-emitting
diode electrically connected to the driving transistor, and a
thin film encapsulation layer 190 covering the organic
light-emitting diode. The driving transistor may include an
active pattern AP, a gate electrode GE overlapping the active
pattern AP, a source electrode SE electrically connected to
the active pattern AP, and a drain electrode DE electrically
connected to the active pattern AP and spaced apart from the
source electrode SE.

[0039] For example, the base substrate 110 may include
glass, quartz, silicon, a polymer or the like. For example, the
polymer may include polyethylene terephthalate, polyethyl-
ene naphthalate, polyether ketone, polycarbonate, polyary-
late, polyether sulfone, polyimide or a combination thereof.
[0040] A buffer layer 120 may be disposed on the base
substrate 110. The buffer layer 120 may prevent or reduce
penetration of impurities, humidity, or external gas from
underneath of the base substrate 110, and may planarize an
upper surface of the base substrate 110. For example, the
buffer layer 120 may include an inorganic material, e.g.,
oxide, nitride or the like.

[0041] The active pattern AP may be disposed on the
buffer layer 120. The active pattern AP may overlap the gate
electrode GE. For example, the active pattern AP may
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include a semiconductor material, e.g., amorphous silicon,
polycrystalline silicon (polysilicon), oxide semiconductor or
the like. For example, when the active pattern AP includes
polysilicon, at least a portion of the active pattern AP may
be doped with impurities, e.g., n-type impurities or p-type
impurities.

[0042] A first insulation layer 130 may be disposed on the
active pattern AP. For example, the first insulation layer 130
may include silicon oxide, silicon nitride, silicon oxynitride,
silicon carbide, silicon oxycarbide or a combination thereof.
Furthermore, the first insulation layer 130 may include an
insulating metal oxide, e.g., aluminum oxide, tantalum
oxide, hafhium oxide, zirconium oxide, titanium oxide or
the like. For example, the first insulation layer 130 may have
a single-layer structure or a multiple-layer structure includ-
ing, e.g., silicon nitride and/or silicon oxide.

[0043] The gate electrode GE may be disposed on the first
insulation layer 130. For example, the gate electrode GE
may include gold (Au), silver (Ag), aluminum (Al), copper
(Cu), nickel (Ni), platinum (Pt), magnesium (Mg), chro-
mium (Cr), tungsten (W), molybdenum (Mo), titanium (T1),
tantalum (Ta) or an alloy thereof, and may have a single-
layer structure or a multiple-layer structure including dif-
ferent metal layers.

[0044] A second insulation layer 140 may be disposed on
the gate electrode GE and the first insulation layer 130. For
example, the second insulation layer 140 may include sili-
con oxide, silicon nitride, silicon oxynitride, silicon carbide,
silicon oxycarbide or a combination thereof. Furthermore,
the second insulation layer 140 may include an insulating
metal oxide, e.g., aluminum oxide, tantalum oxide, hafnium
oxide, zirconium oxide, titanium oxide or the like.

[0045] A data metal pattern including the source electrode
SE and the drain electrode DE may be disposed on the
second insulation layer 140. The source electrode SE and the
drain electrode DE may pass through the first insulation
layer 130 and the second insulation layer 140 to contact the
active pattern AP, respectively. For example, the source
electrode SE and the drain electrode DE may include gold
(Au), silver (Ag), aluminum (Al), copper (Cu), nickel (Ni),
platinum (Pt), magnesium (Mg), chromium (Cr), tungsten
(W), molybdenum (Mo), titanium (Ti), tantalum (Ta) or an
alloy thereof, and may have a single-layer structure or a
multiple-layer structure including different metal layers.
[0046] A third insulation layer 150 may be disposed on the
data metal pattern and the second insulation layer 140. For
example, the third insulation layer 150 may include an
inorganic insulation material, an organic insulation material
or a combination thereof. For example, the organic insula-
tion material may include polyimide, polyamide, acrylic
resin, phenol resin, benzocyclobutene (BCB) or the like.
[0047] A first electrode EL1 of the organic light-emitting
diode may be disposed on the third insulation layer 150. In
an exemplary embodiment, the first electrode EL1 may
function as an anode. For example, the first electrode EL1
may be formed as a transmitting electrode or a reflecting
electrode according to an emission type of the display
device. When the first electrode EL1 is a transmitting
electrode, the first electrode EL1 may include, e.g., indium
tin oxide, indium zin¢ oxide, zin¢ tin oxide, indium oxide,
zinc oxide, tin oxide or the like. When the first electrode ELL1
is a reflecting electrode, the first electrode EL1 may include,
e.g., gold (Au), silver (Ag), aluminum (Al), copper (Cu),
nickel (Ni1), platinum (Pt), magnesium (Mg), chromium (Cr),
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tungsten (W), molybdenum (Mo), titanium (Ti) or a com-
bination thereof, and may have a stack structure further
including the material that may be used for the transmitting
electrode.

[0048] A pixel-defining layer 160 may be disposed on the
third insulation layer 150. The pixel-defining layer 160 may
include an opening that exposes at least a portion of the first
electrode EL1. For example, the pixel-defining layer 160
may include an organic insulation material. For example, the
pixel-defining layer 160 and the third insulation layer 150
may be formed by coating a photoresist composition includ-
ing an organic insulation material and patterning a coating
layer using exposure-development processes.

[0049] A common layer 180 may be disposed on the
pixel-defining layer and the first electrode EL1. The com-
mon layer 180 may include at least one layer extending
continuously across a plurality of pixels on the display area
DA. Thus, the common layer 180 may be formed substan-
tially in the entire display area DA.

[0050] Forexample, referring to FIG. 3, the common layer
180 may include an organic light-emitting layer 182, a
second electrode EL2, a capping layer 184, and a blocking
layer 186. For example, the common layer 180 may include
at least one of a metal, a lithium compound, and an organic-
light emitting material.

[0051] The organic light-emitting layer 182 may be dis-
posed on the first electrode EL1. The organic light-emitting
layer 182 includes at least a light-emitting layer 182a, and
may further include functional layers 1826 and 182¢ con-
tacting the light-emitting layer 182a. For example, the
organic light-emitting layer 182 may include at least one of
a first functional layer 1824 disposed between the light-
emitting layer 182a and the first electrode EL1, and a second
functional layer 182¢ disposed between the light-emitting
layer 182a and the second electrode EL2. For example, the
first functional layer 1825 may include at least one of a hole
injection layer (HIL) and a hole transporting layer (HTL).
The second functional layer 182¢ may include at least one of
an electron transporting layer (ETL) and an electron injec-
tion layer (EIL). For example, the organic light-emitting
layer 182 may include a low molecular weight organic
compound or a high molecular weight organic compound.

[0052] In an exemplary embodiment, the organic light-
emitting layer 182 may emit a red light, a green light or a
blue light. In another exemplary embodiment, the organic
light-emitting layer 182 may emit a white light. The organic
light-emitting layer 182 emitting a white light may have a
multiple-layer structure including a red-emitting layer, a
green-emitting layer and a blue-emitting layer, or a single-
layer structure including a mixture of a red-emitting mate-
rial, a green-emitting material and a blue-emitting material.
[0053] The second electrode EL2 may be disposed on the
organic light-emitting layer 182. In an exemplary embodi-
ment, the second electrode EL2 may function as a cathode.
For example, the second electrode EL2 may be formed as a
transmitting electrode or a reflecting electrode according to
an emission type of the display device. For example, when
the second electrode EL2 is a transmitting electrode, the
second electrode EL2 may include lithium (Li), calcium
(Ca), lithium fluoride (LiF), aluminum (Al), magnesium
(Mg), or a combination thereof, and the display device may
further include a sub electrode or a bus electrode line, which
may include, e.g., indium tin oxide, indium zinc oxide, zinc
tin oxide, indium oxide, zinc oxide, tin oxide, or the like.
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[0054] The capping layer 184 may be disposed on the
second electrode EL2. The capping layer 184 may protect
the organic light-emitting diode and may promote the light
generated by the organic light-emitting diode to exit out-
wardly.

[0055] For example, the capping layer 184 may include an
inorganic material or an organic material. For example, the
inorganic material may include zinc oxide, tantalum oxide,
zirconium oxide, titanium oxide or the like. For example, the
organic material may include poly(3,4-ethylenedioxythio-
phene), PEDOT), 4,4'-bis[N-(3-methylphenyl)-N-phe-
nylamino|biphenyl(TPD), 4,4',4"-tris[(3-methylphenyl)phe-
nylamino]triphenylamine (m-MTDATA), 1,3,5-tris|N,N-bis
(2-methylphenyl)-amino]-benzene (o-MTDAB), 1,3,5-tris
[N,N-bis(3-methylphenyl)-amino]-benzene (m-MTDAB) or
the like.

[0056] The blocking layer 186 may be disposed on the
capping layer 184. The blocking layer 186 may prevent
damage to the organic light-emitting diode by plasma or the
like from later processes. For example, the blocking layer
186 may include lithium fluoride, magnesium fluoride, cal-
cium fluoride or the like.

[0057] The common layer 180 may include a portion of
the organic light-emitting layer 182, the second electrode
EL2, the capping layer 184, and the blocking layer 186. For
example, the organic light-emitting layer 182 may be formed
as a pattern corresponding to each pixels by an inkjet method
or the like, e.g., the organic light-emitting layer 182 may
include a plurality of discrete patterns respectively corre-
sponding to the plurality of pixels, while each of the second
electrode EL2, the capping layer 184, and the blocking layer
186 may be formed continuously over the plurality of pixels.
[0058] The thin film encapsulation layer 190 may be
disposed on the common layer 180. The thin film encapsu-
lation layer 190 may have a stack structure of an inorganic
layer and an organic layer. For example, the thin film
encapsulation layer 190 may include a first inorganic layer
192, a second inorganic layer 196, and an organic layer 194
disposed between the first and second inorganic layers 192
and 196.

[0059] For example, the organic layer 194 may include a
cured resin, e.g., poly(meth)acrylate or the like. For
example, the cured resin may be formed from cross-linking
reaction of monomers. For example, the first and second
inorganic layers 192 and 196 may include an inorganic
material, e.g., silicon oxide, silicon nitride, silicon carbide,
aluminum oxide, tantalum oxide, hafnium oxide, zirconium
oxide, titanium oxide or the like.

[0060] Exemplary embodiments are not limited to the
above-explained configuration of the thin film encapsulation
layer 190. For example, the thin film encapsulation layer 190
may include at least two organic layers or at least three
inorganic layers.

[0061] FIG. 4 is an enlarged plan view illustrating the
through area TA and the peripheral area PA of FIG. 1A.
FIGS. 5A, 5B and 5C are cross-sectional views along line
I-I' of FIG. 4. Tt is noted that FIGS. 5A, 5B and 5C may be
considered as an extension of the right side of FIG. 2.
[0062] Referring, to FIGS. 4 and 5A, a dam structure is
disposed on the peripheral area PA to surround the through
area TA. For example, a first dam structure DM1 and a
second dam structure DM2 may be disposed on the periph-
eral area PA. The second dam structure DM2 may be
disposed between the first dam structure DM1 and the

Aug. 8,2019

through area TA. In another exemplary embodiment, the
dam structures may have a shape partially surrounding the
through area TA.

[0063] On the peripheral area PA, the buffer layer 120, the
first insulation layer 130, and the second insulation layer
140, which, e.g., continuously, extend from the display area
DA, may be disposed on the base substrate 110. The first
dam structure DM1 and the second dam structure DM2 may
be disposed on the second insulation layer 140. Furthermore,
a boundary portion 166, which extends from the display area
DA, may be disposed on the peripheral area PA. The
boundary portion 166 may be an edge of the insulation layer
extending from the display area DA.

[0064] The first dam structure DM1 and the second dam
structure DM2 may prevent a monomer from moving toward
the through area TA in the process of forming the organic
layer 194 of the thin film encapsulation layer 190.

[0065] In an exemplary embodiment, a height of the
second dam structure DM2 may be larger than a height of the
first dam structure DM1, e.g., relatively to a top surface of
the base substrate 110. For example, the second dam struc-
ture DM2 having a height larger than a height of the first
dam structure DM1 may stably prevent the monomer flow-
ing over the first dam structure DM1 from further moving
toward the through are TA. However, exemplary embodi-
ments are not limited thereto, and a height of the second dam
structure DM2 may be substantially equal to or less than a
height of the first dam structure DM1.

[0066] The second dam structure DM2 may have a stack
structure to have a height larger than the height of the first
dam structure DM1. For example, the second dam structure
DM2 may have a first supporting portion 152 and a second
supporting portion 164 disposed on the first supporting
portion 152.

[0067] The boundary portion 166, the first dam structure
DM1, and the second dam structure DM2 may be parts of a
layer structure disposed on the display area DA or may be
formed therefrom. For example, the boundary portion 166,
the first dam structure DM1, and the second supporting
portion 164 of the second dam structure DM2 may be
formed from a same layer as the pixel-defining layer 160,
e.g., the boundary portion 166 may be an extension of the
pixel-defining layer 160 in the peripheral area PA. Further-
more, the first supporting portion 152 may be formed from
a same layer as the third insulation layer 150 of the display
area DA. In an exemplary embodiment, the boundary por-
tion 166, the first dam structure DM1, and the second dam
structure DM2 may include an organic material. However,
exemplary embodiments are not limited thereto, and the
boundary portion 166 and the first and second dam struc-
tures DM1 and DM2 may be formed from various materials
and various combination of layer structures.

[0068] Protruding patterns may be respectively formed on
the first and second dam structures DM1 and DM2, e.g., to
protrude horizontally along the x-direction beyond the first
and second dam structures DM1 and DM2. The protruding
patterns may protrude from, e.g., beyond, a side surface of
the first and second dam structures DM1 and DM2 disposed
under the protruding patterns to form an undercut region
under the protruding patterns.

[0069] For example, as illustrated in FIG. 5A, a first
protruding pattern 172 may be disposed on the first dam
structure DM1. The first protruding pattern 172 may pro-
trude along the xi direction from the first dam structure Dm1
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at least toward the display area DA or the boundary portion
166 to form an undercut region UC. Furthermore, the first
protruding pattern 172 may protrude toward the through area
TA to form undercut regions UC at both sides of the first dam
structure DM1 along the x direction. For example, the first
protruding pattern 172 may have a flat shape, and a width of
the first protruding pattern 172 along the x-direction may be
larger than a width of the first dam structure DM1 along the
x-direction, e.g., so an edge of the first protruding pattern
172 may overhang the entire perimeter of the first dam
structure DM1 to define the undercut region UC to surround
the first dam structure DM1 under the overhanging edge (a
portion of the undercut region UC is circled on the right side
of the first dam structure DM1 in FIG. 5A).

[0070] For example, as further illustrated in FIG. 5A, a
second protruding pattern 176 may be disposed on the
boundary portion 166. The second protruding pattern 176
may have a flat shape, and may protrude along the x
direction from the boundary portion 166 at least toward the
through area TA or the first dam structure DM1 to form an
undercut region.

[0071] For example, as further illustrated in FIG. 5A, a
third protruding pattern 174 may be disposed on the second
dam structure DM2. For example, the third protruding
pattern 174 may protrude along the x direction from the
second dam structure DM2 at least toward the display area
DA or the first dam structure DM1 to form an undercut
region. For example, as illustrated in FIG. 5A, the third
protruding pattern 174 may be conformal on the second
supporting portion 164 of the second dam structure DM2, so
a portion of the third protruding pattern 174 along a surface
of the second supporting portion 164 facing the first dam
structure DM1 may define the undercut region thereun-
derneath.

[0072] The common layer 180 may be disposed on the
peripheral area PA, e.g., the common layer 180 may extend
from the display area DA to the peripheral area PA. The
common layer 180 may be disposed on the entirety of the
peripheral area PA. For example, the common layer 180 may
be disposed on the first through third protruding patterns
172, 174 and 176. A portion of the common layer 180 be
disposed on an upper surface of the second insulation layer
140, e.g., between the boundary portion 166 and the first
dam structure DM1 and between the first and second dam
structures DM1 and DM2. As illustrated in FIG. 5A, the
common layer 180 may not be continuous, e.g., may include
disconnected or discontinuous portions at different heights
and on different elements to cover the entirety of the
peripheral area PA. For example, a portion of the common
layer 180 disposed on the upper surface of the second
insulation layer 140 may be disconnected with a portion of
the common layer 180 disposed on the protruding patterns
172, 174 and 176.

[0073] The thin film encapsulation layer 190 extends from
the display area DA to be disposed on the peripheral area PA.
In an exemplary embodiment, the organic layer 194 of the
thin film encapsulation layer 190 may be disposed partially
on the peripheral area PA, and the first inorganic layer 192
and the second inorganic layer 196 of the thin film encap-
sulation layer 190 may be disposed entirely on the peripheral
area PA.

[0074] For example, the first inorganic layer 192 of the
thin film encapsulation layer 190 may continuously extend
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along an upper surface of the common layer 180 and side
surfaces of the dam structures DM1 and DM2.

[0075] The organic layer 194 of the thin film encapsula-
tion layer 190 may have a filling portion 194¢ that fills at
least a portion of a first receiving space between the bound-
ary portion 166 and the first dam structure DM1. Because
the undercut region UC is formed by the first protruding
pattern 172 disposed on the first dam structure DM, the
filling portion 194a may include a lower portion 194a_1
having a larger width along the x direction than an upper
portion 19442 according to a shape of the undercut region
UC. For example, the filling portion 194a may have a shape
protruding toward the undercut region UC along the x
direction. As a result, the filling portion 194a may be aligned
and combined with the undercut region UC of the first dam
structure DM1 along the y direction.

[0076] The second inorganic layer 196 of the thin film
encapsulation layer 190 may continuously extend along an
upper surface of the organic layer 194 and an upper surface
of the first inorganic layer 192. For example, as illustrated in
FIG. 5A, the first and second inorganic layers 192 and 196
may be in direct contact with each other beyond the edge of
the organic layer 194, ie., on the first and second dam
structures DM1 and DM2.

[0077] Combination of the first dam structure DM1 and
the organic layer 194 of the thin film encapsulation layer 190
may function as an anchor. Thus, when an external force is
applied to the thin film encapsulation layer 190, separation
of the organic layer 194 from the first inorganic layer 192
may be prevented, e.g., as the lower portion 194a_1 of the
filling portion 194a of the organic layer 194 is anchored
against the first inorganic layer 192 and the undercut region
UC. Furthermore, such structure may prevent reflowing in
the process of forming the organic layer 194 to improve
reliability of a display device. Such advantages will be more
fully explained below.

[0078] In an exemplary embodiment, the second protrud-
ing pattern 176 may be disposed on the boundary portion
166 to form another undercut region, as described previ-
ously. Thus, the filling portion 194a of the organic layer 194
may protrude toward the undercut region under the bound-
ary portion 166. For example, effects of combined force
increased by the undercut region and the filling portion 194a
may be different depending on a direction, along which the
protective tape is stripped. According to the exemplary
embodiment, undercut regions combination is formed at
both sides of the filling portion 194a. Thus, combination
force may be increased in various directions.

[0079] However, exemplary embodiments are not limited
thereto. For example, as illustrated in FIG. 5B, the filling
portion 194a may partially fill the first receiving space
between the boundary portion 166 and the first dam structure
DM1. For example, undercut region combination may be
formed at one side of the filing portion 194a, which is
adjacent to the display area DA.

[0080] Furthermore, the organic layer 194 may extend
over the first dam structure DM1 toward a second receiving
space between the first dam structure DM1 and the second
dam structure DM2. Therefore, an additional filling portion
may be formed in the second receiving space. For example,
as illustrated in FIG. 5C, the additional filling portion 1945
disposed in the second receiving space may be combined
with an undercut region formed by the first protruding
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pattern 172 or the third protruding pattern 174 to increase the
combination force of the organic layer 194.

[0081] As illustrated in FIGS. 5A, 5B and 5C, a through
hole TH may be formed at the organic light-emitting display
device to define the through area TA. In an exemplary
embodiment, all structures including the base substrate 110
may be removed from the through area TA. However,
exemplary embodiments are not limited thereto. For
example, as illustrated in FIG. 6, after the through hole TH
is formed, the base substrate 110 may remain. In yet another
example, the base substrate 110 may be removed, and a
supporting substrate 112 may be provided in the through
area TA to replace the removed base substrate 110.

[0082] Hereinafter, a method of manufacturing an organic
light-emitting display device according to an exemplary
embodiment will be explained with reference to accompa-
nying drawings. FIGS. 7A to 7G are cross-sectional views
illustrating stages in a method of manufacturing an organic
light-emitting display device according to an exemplary
embodiment. FIGS. 8A and 8B are enlarged cross-sectional
views illustrating a sacrificial pattern and a protruding
pattern in the method of manufacturing an organic light-
emitting display device.

[0083] Referring to FIGS. 2 and 7A, the first dam structure
DM1 and the second dam structure DM2 are formed on the
base substrate 110 including the display area DA, the
through area TA, and the peripheral area PA. The peripheral
area PA may be disposed between the display area DA and
the through area TA, as discussed previously and illustrated
in FIGS. 1A and 1B.

[0084] In detail, the buffer layer 120 and first and second
insulation layers 130 and 140 (hereinafter referred to as
“insulation layers 120 through 140”) may be disposed on the
base substrate 110, e.g., during formation of the driving
transistor illustrated in FIG. 2, and may extend, e.g., con-
tinuously, from the display area DA to the peripheral area PA
and to the through area TA. The first dam structure DM1 and
the second dam structure DM2 may be disposed on the
insulation layers 120 through 140, e.g., after formation of
the first electrode EL1 in the display area DA. The second
dam structure DM2 may include the first supporting portion
152 and the second supporting portion 164 disposed on the
first supporting portion 152.

[0085] In an exemplary embodiment, the second dam
structure DM2 may have a shape surrounding the through
area TA in a plan view, and the first dam structure DM1 may
have a shape surrounding the second dam structure DM2.
For example, each of the first dam structure DM1 and the
second dam structure DM2 may have a continuous loop
shape, respectively, and the loop shapes may be concentric
(FI1G. 4).

[0086] The first dam structure DM1 and the second dam
structure DM2 may be portions of a layer structure disposed
on the display area DA or may be formed therefrom. For
example, the first dam structure DM1 and the second sup-
porting portion 164 of the second dam structure DM2 may
be formed from a same layer, e.g., and at the same time, as
the pixel-defining layer 160 in the display area DA. Fur-
thermore, the first supporting portion 152 may be formed
from a same layer, e.g., and at the same time, as the third
insulation layer 150 of the display area DA.

[0087] The boundary portion 166 may be disposed on the
peripheral area PA, and may extend from the display area
DA. For example, the boundary portion 166 may be extend
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from the pixel-defining layer 160 and/or the third insulation
layer 150 or may be formed therefrom. In an exemplary
embodiment, the boundary portion 166 may extend from the
pixel-defining layer 160.

[0088] For example, a photoresist composition may be
coated on the insulation layers, e.g., on the second insulation
layer 140, and developed to form the boundary portion 166,
the first dam structure DM1, and the second dam structure
DM2 in the peripheral area PA. For example, the same
photoresist composition may be developed to simultane-
ously form the pixel-defining layer 160 in the display area
DA,

[0089] Referring to FIG. 7B, a first sacrificial pattern SL1
is formed between the boundary portion 166 and the first
dam structure DM1, and a second sacrificial pattern SL.2 is
formed between the first dam structure DM1 and the second
dam structure DM2. For example, the first sacrificial pattern
SL.1 and the second sacrificial pattern SL.2 may be formed by
a printing method, e.g., an inkjet printing method. For
example, a positive type photoresist composition or a nega-
tive type photoresist composition may be provided by an
inkjet printing method to form the first sacrificial pattern
SL1 and the second sacrificial pattern SL2.

[0090] Referring to FIG. 7C, protruding patterns are
formed on the boundary portion 166, the first dam structure
DM1, and the second dam structure DM2. For example, the
protruding patterns may include the first protruding pattern
172 disposed on the first dam structure DM1, the second
protruding pattern 176 disposed on the boundary portion
166, and the third protruding pattern 174 disposed on the
second dam structure DM2.

[0091] At least a portion of the protruding pattern may be
disposed on the sacrificial pattern adjacent thereto. Thus, the
protruding pattern may cover at least a portion of an upper
surface of the sacrificial pattern. For example, a first end of
the first protruding pattern 172 may be disposed on the first
sacrificial pattern SL1, and a second end of the first pro-
truding pattern 172 may be disposed on the second sacrifi-
cial pattern SL2. An end of the second protruding pattern
176 may be disposed on the first sacrificial pattern SL1. An
end of the third protruding pattern 174 may be disposed on
the second sacrificial pattern SL2.

[0092] The protruding patterns 172, 174 and 176 may
form undercut regions after the sacrificial patterns SL1 and
SL2 are removed. The protruding patterns 172, 174 and 176
may include various materials. For example, the protruding
patterns 172, 174 and 176 may include an inorganic mate-
rial, e.g., silicon oxide, silicon nitride, silicon carbide, alu-
minum oxide, tantalum oxide, hafnium oxide, zirconium
oxide, titanium oxide or the like.

[0093] When the protruding patterns 172, 174 and 176 are
formed, a structure on the display area DA needs to be
protected. For example, the protruding patterns 172, 174 and
176 may be formed by a deposition process using a mask
having an opening corresponding to an area where the
protruding patterns 172, 174 and 176 are formed.

[0094] Referring to FIG. 7D, the first sacrificial pattern
SL1 and the second sacrificial pattern SL.2 are removed. For
example, a developer, a stripper or the like may be provided
to remove the first sacrificial pattern SL1 and the second
sacrificial pattern SL2.

[0095] The protruding patterns 172, 174 and 176 cover at
least a portion of an upper surface of first sacrificial pattern
SL.1 and the second sacrificial pattern SL2. Thus, as the first
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sacrificial pattern SL1 and the second sacrificial pattern SL.2
are removed, the undercut regions UC may be formed under
the protruding patterns 172, 174 and 176, e.g., region
defined by overhanging portions of the protruding patterns
172, 174 and 176.

[0096] A space between the first dam structure DM1 and
the boundary portion 166 may be defined as a first receiving
space RC1, and a space between the first dam structure DM1
and the second dam structure DM2 may be defined as a
second receiving space RC2.

[0097] Referring to FIG. 7E, the common layer 180 may
be formed on the peripheral area PA. The common layer 180
may be formed on the display area DA as well as on the
peripheral area PA. The common layer 180 may include at
least one of the organic light-emitting layer 182, the second
electrode EL2, the capping layer 184, and the blocking layer
186, as illustrated in FIG. 3.

[0098] The common layer 180 may be formed by, e.g., an
inkjet printing method, a screen printing method, a deposi-
tion method or the like, and may be formed by combination
of different methods. In an exemplary embodiment, the
common layer 180 may be a vacuum deposition method.
[0099] The common layer 180 may be formed entirely on
the peripheral area PA. For example, the common layer 180
may be formed on the protruding patterns 172, 174 and 176
and in the first receiving space RC1 and the second receiving
space RC2. The common layer 180 may be disconnected by
an undercut structure on the peripheral area PA. For
example, a portion disposed on the protruding patterns 172,
174 and 176 may be disconnected with a portion disposed in
the first receiving space RC1 and the second receiving space
RC2.

[0100] If the common layer 180 is not disconnected,
humidity or the like may penetrate into the display area from
an end of the common layer 180, or separation may be easily
progressed at an interlayer interface in the common layer
1800 or at an interface between the common layer 180 and
other layers. In an exemplary embodiment, the common
layer 180 on the peripheral area PA is disconnected by the
undercut structure. Thus, progression of separation or pen-
etration of humidity may be prevented. Thus, reliability of a
display device may be maintained.

[0101] Referring to FIGS. 7F and 7G, the thin film encap-
sulation layer 190 is formed on the peripheral area PA. The
thin film encapsulation layer 190 may have a stack structure
in which an organic layer and an inorganic layer are alter-
nately stacked. The thin film encapsulation layer 190 may be
formed on the display area DA as well as on the peripheral
area PA. For example, the thin film encapsulation layer 190
may include the first inorganic layer 192, the second inor-
ganic layer 196, and the organic layer 194 disposed between
the first and second inorganic layers 192 and 196.

[0102] For example, the first inorganic layer 192 may
include an inorganic material, e.g., silicon oxide, silicon
nitride, silicon carbide, aluminum oxide, tantalum oxide,
hafnium oxide, zirconium oxide, titanium oxide or the like,
and may be formed by a chemical vaporization deposition
method. For example, the first inorganic layer 192 may be
formed conformally on an upper surface and a side surface
of the structures disposed on the peripheral area PA.
[0103] The organic layer 194 may be formed on the first
inorganic layer 192. For example, a monomer composition
may be provided on an upper surface of the first inorganic
layer 192 to form the organic layer 194.
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[0104] The monomer composition may include a curable
monomer. For example, the curable monomer may contain
at least one curable functional group. For example, the
curable functional group may include a vinyl group, a
(meth)acrylate group, an epoxy group or the like.

[0105] For example, the curable monomer may include
ethyleneglycol di(meth)acrylate, hexanediol di(meth)acry-
late, heptanediol di(meth)acrylate, octanediol di(meth)acry-
late, nonanediol di(meth)acrylate, decanediol di(meth)acry-
late, triethylpropane tri(meth)acrylate, pentaerythritol tri

(meth)acrylate, pentaerythritol tetra(meth)acrylate,
dipentaerythritol tri(meth)acrylate, dipentaerythritol tetra
(meth)acrylate,  dipentaerythritol  penta(meth)acrylate,

dipentaerythritol hexa(meth)acrylate or the like.

[0106] The monomer composition may further include an
initiator such as a photo initiator or the like.

[0107] The monomer composition may be provided on the
first inorganic layer 192 by, e.g., an inkjet printing method,
a screen printing method or the like. A portion of the
monomer composition may flow in the first receiving space
RC1. Thus, the organic layer 194 formed from the monomer
composition may include the filling portion 194a filling the
first receiving space RC1 between the first dam structure
DM1 and the boundary portion 166.

[0108] The organic layer 194 may be weakened by humid-
ity or the like. Thus, the organic layer 194 needs to be
controlled so that a boundary of the organic layer 194
disposed on the peripheral area PA does not have an edge
exposed at the through area TA or the like. In an exemplary
embodiment, the first and second dam structures DM1 and
DM2 are provided to prevent reflowing of the monomer
composition in the process of forming the organic layer 194,
and the undercut regions UC are formed at the first and
second dam structures DM1 and DM2. The undercut region
UC increases a length of an interface contacting the mono-
mer composition or a wetting length to effectively prevent or
substantially minimize the monomer composition from
flowing over the dam structures.

[0109] The monomer composition may be preferably con-
trolled not to flow over the first dam structure DM1. How-
ever, even if the monomer composition flows over the first
dam structure DM1, the monomer composition may be
prevented from flowing into the through area TA by the
second dam structure DM2 and the undercut region UC
formed by the third protruding pattern 174. Furthermore, as
the thin film encapsulation layer 190 includes at least two
organic layers so that the monomer composition is provided
on the second inorganic layer 196, the monomer composi-
tion may be prevented from reflowing by the second dam
structure DM2.

[0110] As described previously, the organic layer 194 has
a low interfacial adhesion to the inorganic layer. However,
in an exemplary embodiment, because the organic layer 194
includes the filling portion 1944 disposed between the first
dam structure DM1 and the boundary portion 166 and
aligned with the undercut region UC of the first dam
structure DM1, separation of the organic layer 194 due to an
external force may be prevented.

[0111] The monomer composition may be cured in a
following process to form a cured resin.

[0112] The second inorganic layer 196 may be formed on
the organic layer 194. The second inorganic layer 196 may
include a same material as the first inorganic layer 192 and
may be formed by a same method.



US 2019/0245015 Al

[0113] In order to form the through area TA, the through
hole TH corresponding to the through area TA may be
formed. For example, as illustrated in FIG. 5A, the base
substrate 110 and a layer structure disposed on the base
substrate 110 may be removed from the through area TA. For
example, the through hole TH may be formed by a laser or
the like.

[0114] Inan exemplary embodiment, an undercut structure
is formed on a peripheral area between a through area and
a display area. Thus, a common layer formed thereon may
be disconnected, and reflowing of a monomer composition
for forming an organic layer of a thin film encapsulation
layer may be effectively inhibited. Furthermore, alignment
combination between the undercut structure and the organic
layer is formed thereby preventing separation of the organic
layer.

[0115] In an exemplary embodiment, a single organic
layer is disposed in the first receiving space RC1. However,
exemplary embodiments are not limited thereto. When the
thin film encapsulation layer 190 includes at least two
organic layers, at least a portion of each organic layer may
be disposed in the first receiving space RC1.

[0116] In the exemplary embodiment illustrated in FIGS.
7A to 7G, the sacrificial pattern having a same height as the
dam structure is illustrated. However, exemplary embodi-
ments are not limited thereto. The sacrificial pattern may
have various heights and combinations. Therefore, a shape
of the protruding pattern formed along surfaces of the dam
structure and the sacrificial pattern may be variously
changed.

[0117] For example, as illustrated in FIG. 8A, the first
sacrificial pattern SL1 and the second sacrificial pattern SL.2
may have a height smaller than the first dam structure DM1.
As a result, the protruding pattern 172 may partially cover
a side surface of the first dam structure DM1.

[0118] Furthermore, as illustrated in FIG. 8B, the first
sacrificial pattern SL.1 may have a height smaller than the
first dam structure DM1, and the second sacrificial pattern
SL.2 may have a height larger than the first dam structure
DM1. As a result, the protruding pattern 172 may have a step
shape.

[0119] A length of an undercut formed by the protruding
pattern 172, which may be a protruding length of the
protruding pattern 172, may be appropriately adjusted in
view of a pattern shape, following processes or the like.

[0120] FIG. 9 is an enlarged plan view illustrating the
through area TA and the peripheral area PA of an organic
light-emitting display device according to an exemplary
embodiment. FIG. 10 is an enlarged plan view illustrating a
protruding pattern of an organic light-emitting display
device according to an exemplary embodiment. FIG. 11A to
FIG. 11E are cross-sectional views illustrating stages in a
method of manufacturing an organic light-emitting display
device according to an exemplary embodiment along line
II-IF of FIG. 9.

[0121] Referring to FIGS. 9, 10 and 11A, the boundary
portion 166, the first dam structure DM1, and the second
dam structure DM2 are formed on the peripheral area PA of
the base substrate 110.

[0122] In an exemplary embodiment, the second dam
structure DM2 may have a shape surrounding the through
area TA. The first dam structure DM1 may have a shape
surrounding the second dam structure DM2.
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[0123] 1In an exemplary embodiment, the first dam struc-
ture DM1 may be discontinuously formed. For example, the
first dam structure DM1 may include a plurality of patterns
spaced apart from each other. Adjacent patterns may form an
inlet IL therebetween. The second dam structure DM2 may
have a continuous loop shape.

[0124] Thereafter, the first sacrificial pattern SL1 is
formed between the boundary portion 166 and the first dam
structure DM1, and the second sacrificial pattern SL2 is
formed between the first dam structure DM1 and the second
dam structure DM2. The first sacrificial pattern SL1 and the
second sacrificial pattern SL.2 may be connected to each
other through the inlet IL of the first dam structure DM1.
Thereafter, protruding patterns are formed on the first dam
structure DM1, the boundary portion 166, and the second
dam structure DM2.

[0125] In an exemplary embodiment, the protruding pat-
terns may include a first protruding pattern 173 disposed
continuously on the first dam structure DM1 and the second
dam structure DM2, and the second protruding pattern 176
disposed on the boundary portion 166. The first protruding
pattern 173 may continuously cover an upper surface of the
first dam structure DM1, an upper surface of the second
sacrificial pattern SL2, and an upper surface of the second
dam structure DM2. The second protruding pattern 176 may
cover a portion of an upper surface of the first sacrificial
pattern SL1.

[0126] Referring to FIG. 10, the first protruding pattern
173 may have a recess 175 caved inwardly from an outer
boundary in a plan view. The recess 175 may overlap the
inlet IL of the first dam structure DM1.

[0127] Referring to FIG. 11B, the first sacrificial pattern
SL.1 and the second sacrificial pattern SL2 are removed. As
the first sacrificial pattern SL1 and the second sacrificial
pattern SL.2 are removed, an undercut region may be formed
under the protruding patterns.

[0128] The first protruding pattern 173 may protrude
toward the display area DA from the first dam structure DM1
to form an undercut region under the first protruding pattern
173. The second protruding pattern 176 may protrude
toward the through area TA from the boundary portion 166
to form an undercut region under the second protruding
pattern 176. A space between the first dam structure DM1
and the boundary portion 166 may be defined as the first
receiving space RC1. A space between the first dam structure
DM1 and the second dam structure DM2 may be defined as
the second receiving space RC2. Because the first protruding
pattern 173 is disposed continuously on the first dam struc-
ture DM1 and the second dam structure DM2, the first
protruding pattern 173 may cover the second receiving space
RC2.

[0129] Referring to FIG. 11C, the common layer 180 may
be forming on the peripheral area PA. The common layer
180 may be formed on the display area DA as well as on the
peripheral area PA. The common layer 180 may include at
least one of the organic light-emitting layer 182, the second
electrode EL2, the capping layer 184, and the blocking layer
186, as illustrated in FIG. 3.

[0130] The common layer 180 may be disconnected by the
undercut structure on the peripheral area PA. For example,
a portion disposed on the protruding patterns 173 and 176
may be disconnected with a portion disposed in the first
receiving space RCI.
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[0131] Referring to FIGS. 11D and 11E, the thin film
encapsulation layer 190 is formed on the peripheral area PA.
The thin film encapsulation layer 190 may have a stack
structure in which an organic layer and an inorganic layer are
alternately stacked. The thin film encapsulation layer 190
may be formed on the display area DA as well as on the
peripheral area PA. For example, the thin film encapsulation
layer 190 may include the first inorganic layer 192, the
second inorganic layer 196, and the organic layer 194
disposed between the first inorganic layer 192 and the
second inorganic layer 196.

[0132] The organic layer 194 may be formed on the first
inorganic layer 192. For example, a monomer composition
may be provided on an upper surface of the first inorganic
layer 192.

[0133] The monomer composition may be provided on the
first inorganic layer 192 by, e.g., an inkjet printing method,
a screen printing method or the like. A portion of the
monomer composition may flow in the first receiving space
RC1. Furthermore, the monomer composition may flow in
the second receiving space RC2 through the inlet IL of the
first dam structure DM1 and the recess 175 of the first
protruding pattern 173

[0134] Thus, the organic layer 194 formed from the mono-
mer composition may include the filling portion 1944 filling
the first receiving space RC1 between the first dam structure
DM1 and the boundary portion 166, and a second filling
portion 1945 filling the second receiving space RC2 between
the first dam structure DM1 and the second dam structure
DM2. As illustrated, the second filling portion 1946 may
partially fill in the second receiving space RC2.

[0135] The above structure may consecutively receive the
monomer composition in the first receiving space RC1 and
the second receiving space RC2. Thus, the monomer com-
position may be easily controlled. Furthermore, because a
portion of the organic layer 194 is entirely covered by the
first protruding pattern 173, effect for preventing separation
of the organic layer 194 may be enhanced.

[0136] Exemplary embodiments may be applied to various
display devices that may be used for, e.g., a television, a
computer, a notebook computer, a tablet computer, a smart
phone, a mobile phone, a navigator, a home appliance or the
like.

[0137] By way of summation and review, in order to
increase durability and to maintain performance, the organic
light-emitting display device may be encapsulated to prevent
or substantially minimize influence of humidity and oxygen
from the exterior. For example. the organic light-emitting
display device may be encapsulated by a thin film encap-
sulation layer. However, when a through area is formed in a
display area, e.g., to add a camera, a sensor or the like,
humidity may enter the display area from the through area,
or separation may be caused at an interface of the thin film
encapsulation layer or a common layer in the process of
removing a protective tape, e.g., disposed on the thin film
encapsulation layer, from the organic light-emitting display
device.

[0138] In contrast, exemplary embodiments provide an
organic light-emitting display device having improved reli-
ability and a method of manufacturing the same. That is,
according to exemplary embodiments, a dam structure with
an undercut region is formed on a peripheral area between
the through area and the display area, so that a common layer
is disconnected. Further, reflowing of a monomer composi-
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tion for forming an organic layer of the thin film encapsu-
lation layer may be effectively inhibited. Furthermore, the
undercut region is alignment, e.g., fitted and combined with
the organic layer of the thin film encapsulation layer to
prevent separation of the organic layer.

[0139] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. An organic light-emitting display device, comprising:

a base substrate including a display area surrounding a
through area, and a peripheral area between the through
area and the display area;

a light-emitting element array on the display area of the
base substrate;

a first dam structure on the peripheral area of the base
substrate, the first dam structure having a shape sur-
rounding the through area;

a first protruding pattern on the first dam structure, the
first protruding pattern protruding toward the display
area from the first dam structure to define a first
undercut region;

a boundary portion extending from the display area
toward the first dam structure, the boundary portion
being spaced apart from the first dam structure to define
a first receiving space therebetween; and

a thin film encapsulation layer continuously extending
from the display area to the peripheral area, the thin
film encapsulation layer including at least one organic
layer,

wherein the organic layer includes a first filling portion
filling at least a portion of the first receiving space, the
first filling portion protruding toward the first dam
structure to be aligned with the first undercut region.

2. The organic light-emitting display device as claimed in
claim 1, further comprising a second protruding pattern on
the boundary portion and protruding toward the through area
from the boundary portion to form a second undercut region.

3. The organic light-emitting display device as claimed in
claim 2, further comprising:

a second dam structure between the first dam structure
and the through area, the second dam structure sur-
rounding the through area; and

a third protruding pattern on the second dam structure and
protruding toward at least the first dam structure to
form a third undercut region.

4. The organic light-emitting display device as claimed in
claim 3, wherein the second dam structure has a height larger
than a height of the first dam structure.

5. The organic light-emitting display device as claimed in
claim 1, further comprising a common layer extending
continuously from the display area into the peripheral area,
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the common layer being discontinuous at least between the
first dam structure and the first receiving space.

6. The organic light-emitting display device as claimed in
claim 5, wherein the common layer includes at least one of
a metal, a lithium compound and an organic-light emitting
material.

7. The organic light-emitting display device as claimed in
claim 1, further comprising a second dam structure between
the first dam structure and the through area, the second dam
structure surrounding the through area,

wherein the first protruding pattern is continuous on the

first dam structure and the second dam structure to
cover a second receiving space between the first dam
structure and the second dam structure.

8. The organic light-emitting display device as claimed in
claim 7, wherein the first protruding pattern has a recess that
is caved inwardly from an outer boundary of the first
protruding pattern, in a plan view.

9. The organic light-emitting display device as claimed in
claim 8, wherein the first dam structure includes an inlet
connecting the first receiving space to the second receiving
space.

10. The organic light-emitting display device as claimed
in claim 7, wherein the organic layer of the thin film
encapsulation layer further includes a second filling portion
filling at least a portion of the second receiving space.

11. The organic light-emitting display device as claimed
in claim 1, wherein the first protruding pattern includes an
inorganic material.

12. A method of manufacturing an organic light-emitting
display device, the method comprising:

forming a boundary portion and a dam structure spaced

apart from the boundary portion on a peripheral area of
a base substrate, the peripheral area being between a
through area and a display area, and the boundary
portion extending from the display area into the periph-
eral area;

forming a sacrificial pattern adjacent to the dam structure;

forming a protruding pattern continuously on the sacrifi-

cial pattern and the dam structure;

removing the sacrificial pattern to form a receiving space

and an undercut region under the protruding pattern;
and

forming a thin film encapsulation layer continuously

extending from the display area to the peripheral area
and including at least one organic layer,

wherein the organic layer of the thin film encapsulation

layer includes a filling portion filling at least a portion
of the receiving space and protruding toward the dam
structure to be aligned with the undercut region.

13. The method as claimed in claim 12, wherein the dam
structure includes:

a first dam surrounding the through area; and

a second dam surrounding the through area and disposed

between the first dam and the through area.
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14. The method as claimed in claim 13, wherein the
sacrificial pattern includes:

a first sacrificial pattern disposed between the first dam

and the boundary portion; and

a second sacrificial pattern disposed between the first dam
and the second dam.

15. The method as claimed in claim 13, wherein the

protruding pattern includes:

a first protruding pattern disposed on the first dam and
protruding toward at least the boundary portion;

a second protruding pattern disposed on the boundary
portion and protruding toward the first dam; and

a third protruding pattern disposed on the second dam and
protruding toward at least the first dam.

16. The method as claimed in claim 13, wherein the

protruding pattern includes:

a first protruding pattern disposed continuously on the
first dam and the second dam and protruding toward at
least the boundary portion; and

a second protruding pattern disposed on the boundary
portion and protruding toward the first dam.

17. The method as claimed in claim 16, wherein the first
dam includes an inlet connecting a first receiving space
between the first dam and the boundary portion to a second
receiving space between the first dam and the second dam.

18. The method as claimed in claim 17, wherein the
organic layer of the thin film encapsulation layer includes:

a first filling portion filling at least a portion of the first
receiving space; and

a second filling portion filling at least a portion of the
second receiving space.

19. The method as claimed in claim 12, wherein forming

the thin film encapsulation layer includes:

forming a first inorganic layer;

providing a monomer composition on the first inorganic
layer; and

curing the monomer composition.

20. An organic light-emitting display device, comprising:

a base substrate including a display area surrounding a
through area, and a peripheral area between the through
area and the display area;

a light-emitting element array on the display area of the
base substrate;

an undercut structure on the peripheral area and surround-
ing the through area; and

a thin film encapsulation layer continuously extending
from the display area to the peripheral area, the thin
film encapsulation layer including at least one organic
layer,

wherein the organic layer includes a filling portion filling
at least a portion of a receiving space between the
undercut structure and the display area, and aligned
with the undercut structure.

* #* * #* #®
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