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

INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0001] Any and all priority claims identified in the Appli-
cation Data Sheet, or any correction thereto, are hereby
incorporated by reference under 37 CFR 1.57. For example,
this application is a continuation of U.S. application Ser. No.
13/847,988, filed Mar. 20, 2013, entitled “ORGANIC
LIGHT-EMITTING DISPLAY APPARATUS AND
METHOD OF MANUFACTURING THE SAME,” which
claims priority to and the benefit of Korean Patent Appli-
cation No. 10-2013-0000637, filed on Jan. 3, 2013 in the
Korean Intellectual Property Office, the entire contents of
both of which are incorporated herein by reference.

BACKGROUND

[0002] Field

[0003] The present disclosure relates to an organic light-
emitting display apparatus and a method of manufacturing
the same, and more particularly, to an organic light-emitting
display apparatus that employs a sealing unit having an
enhanced bonding intensity and a method of manufacturing
the same.

[0004]
[0005] Generally, an organic light-emitting display appa-
ratus is a self-emission display which is formed by using an
organic light-emitting diode (OLED) which includes a hole-
injected electrode, an electron-injected electrode, and an
organic light-emitting display formed therebetween. The
organic light-emitting display apparatus emits light when an
exciton, generated when a hole injected from the hole-
injected electrode and an electron injected from the electron-
injected electrode are combined, drops from an excitation
state to a ground state.

[0006] Since the organic light-emitting display apparatus
which is a self-emission display does not need an additional
power source, it may be driven with a low voltage, and may
be formed of a light film. Additionally, the organic light-
emitting display apparatus provides high-quality character-
istics such as a wide viewing angle, high contrast, and a
rapid response. Thus, an organic light-emitting display appa-
ratus receives consideration as a next-generation display
apparatus.

Description of the Related Technology

SUMMARY

[0007] The present disclosure provides an organic light-
emitting display apparatus that employs a sealing unit hav-
ing an enhanced bonding intensity and a method of manu-
facturing the same.

[0008] According to an aspect of the present disclosure,
there is provided an organic light-emitting display appara-
tus, including: a display substrate in which a display unit
including an organic light-emitting diode (OLED) and a
thin-film transistor (TFT) is formed; a sealing substrate
configured to face the substrate; a sealing material for
bonding the display substrate and the sealing substrate and
surrounding a circumference of the display unit; and a
bonding layer including a plurality of through holes between

Jul. 6, 2017

the sealing material and the display substrate, wherein the
plurality of through holes includes at least one of partition
wall therein.

[0009] According to an aspect of the present disclosure,
there is provided an organic light-emitting display appara-
tus, including: a display substrate; a sealing substrate con-
figured to face the display substrate; a display unit located
between the display substrate and sealing substrate, wherein
said display unit comprises an organic light-emitting diode
(OLED) and a thin-film transistor (TFT); a sealing material
for bonding the display substrate and the sealing substrate
and surrounding a circumference of the display unit; and a
bonding layer comprising a plurality of through holes con-
figured to allow contact between the sealing material and the
display substrate, wherein each through holes comprises at
least one partition wall therein.

[0010] In some embodiments, the bonding layer may
include a light absorption layer.

[0011] In some embodiments, the light absorption layer
may include a conductive material.

[0012] Insome embodiments, the sealing material may be
frit.
[0013] In some embodiments, a plurality of the partition

walls may be included in the plurality of through holes and
are formed to cross each other.

[0014] In some embodiments, a size of a width of each of
the partition walls may be from 5% to 20% of a size of each
of the plurality of through holes.

[0015] Insome embodiments, side walls of the plurality of
through holes may have stairs shapes.

[0016] Insome embodiments, side walls of the plurality of
through holes may be formed of insulation materials.
[0017] In some embodiments, the organic light-emitting
display apparatus, further comprising an auxiliary layer,
wherein the auxiliary layer and the TFT are sequentially
stacked on the display substrate, wherein the TFT comprises
an active layer, a gate insulating layer covering the active
layer, a gate electrode insulted from the active layer by the
gate insulating layer, an interlayer insulating layer covering
the gate electrode, and a source electrode and a drain
electrode that are formed on the interlayer insulating layer
and contact the active layer, and wherein the bonding layer
comprises a layer in which the interlayer insulating layer
extends.

[0018] In some embodiments, an auxiliary layer and the
TFT may be sequentially stacked on the display substrate,
wherein the TFT includes an active layer, a gate insulating
layer covering the active layer, a gate electrode insulted from
the active layer by the gate insulating layer, an interlayer
insulating layer covering the gate electrode, and a source
electrode and a drain electrode that are formed on the
interlayer insulating layer and contact the active layer, and
wherein the bonding layer includes a layer in which the
interlayer insulating layer extends.

[0019] Insome embodiments, the bonding layer may have
a structure in which a first insulation layer, a second insu-
lation layer, and a third insulation layer are sequentially
stacked, wherein the first insulation layer, the second insu-
lation layer, and the third insulation layer are formed of the
same materials of the auxiliary layer, the gate insulating
layer, and the interlayer insulating layer, respectively.
[0020] In some embodiments, the bonding layer may
include a light absorption layer, wherein the light absorption
layer is formed of the same material as the gate electrode.
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[0021] According to another aspect of the present disclo-
sure, there is provided an organic light-emitting display
apparatus including a display unit and a sealing unit sur-
rounding the display unit, wherein the sealing unit includes:
a display substrate; a bonding layer including a first insu-
lation layer formed on the display substrate; a light absorp-
tion layer formed on the first insulation layer and formed of
a conductive material, a second insulation layer covering the
light absorption layer, and through holes including partition
walls therein; and a sealing material bonded to the display
substrate through the through holes.

[0022] According to another aspect of the present disclo-
sure, there is provided an organic light-emitting display
apparatus comprising a display unit and a sealing unit
surrounding the display unit, wherein the sealing unit
includes: a display substrate; a bonding layer; and a sealing
material bonded to the display substrate through the through
holes, wherein said bonding layer comprises a first insula-
tion layer formed on the display substrate, a light absorption
layer formed on the first insulation layer and formed of a
conductive material, a second insulation layer covering the
light absorption layer, and through holes comprising parti-
tion walls therein.

[0023] In some embodiments, the partition walls may be
formed of insulating materials.

[0024] In some embodiments, the through holes may have
rectangular shapes, and wherein a plurality of the partition
walls are included in the through holes and cross each other.
[0025] In some embodiments, the display substrate and the
sealing material may be formed of the same material.
[0026] According to another aspect of the present disclo-
sure, there is provided a method of manufacturing an organic
light-emitting display apparatus, the method including: pre-
paring a display substrate partitioned by a first region and a
second region surrounding the first region; sequentially
forming an auxiliary layer, an active layer of a TFT, a gate
insulating layer, a gate electrode, and an interlayer insulating
layer in the first region; sequentially forming a first insula-
tion layer, a second insulation layer, and a third insulation
layer in the second region; and forming through holes that
pass through the first insulation layer, the second insulation
layer, and the third insulation layer and including partition
walls therein.

[0027] In some embodiments, the sequentially forming of
the first insulation layer, the second insulation layer, and the
third insulation layer in the second region may include:
forming a light absorption layer.

[0028] In some embodiments, the light absorption layer
may be formed concurrently with the gate electrode.
[0029] In some embodiments, the auxiliary layer and the
first insulation layer may be concurrently formed, wherein
the gate insulating layer and the second insulation layer are
concurrently formed.

[0030] In some embodiments, side walls of the through
holes may have stairs shapes.

[0031] In some embodiments, a half-tone mask may be
used to form the through holes.

[0032] In some embodiments, a plurality of the partition
walls may be formed in the through holes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above and other features and advantages of the
present disclosure will become more apparent by describing
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in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0034] FIG. 1A is a cross-sectional view of an organic
light-emitting display apparatus, according to an embodi-
ment of the present disclosure;

[0035] FIG. 1B is a schematic plan view of a structure of
the organic light-emitting display apparatus of FIG. 1;
[0036] FIG. 2A is a cross-sectional view of the organic
light-emitting display apparatus including a sealing unit
taken along a line I-I' of FIG. 1B;

[0037] FIG. 2B is a cross-sectional view of an organic
light-emitting display apparatus including a sealing unit,
according to another embodiment of the present disclosure;
[0038] FIG. 2C is a cross-sectional view of an organic
light-emitting display apparatus including a sealing unit,
according to another embodiment of the present disclosure;
[0039] FIGS. 3A through 3C are plan views of a sealing
unit, according to embodiments of the present disclosure;
and

[0040] FIGS. 4A and 4B are plan views of a sealing unit,
according to other embodiments of the present disclosure.

DETAILED DESCRIPTION

[0041] The present disclosure will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments are shown Like reference numerals
in the drawings denote like elements, and thus their descrip-
tion will be omitted. In the drawings, the lengths and sizes
of elements are exaggerated for clarity and convenience of
description.

[0042] This disclosure may be embodied in many different
forms and should not be construed as limited to the exem-
plary embodiments set forth herein. For example, it will be
understood that when a layer is referred to as being “on” or
“on the top of” another layer, the layer can be directly on
another layer or intervening or layers.

[0043] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of the invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes,” and/or “including,” when used
herein, specify the presence of stated steps, operations,
and/or elements, but do not preclude the presence or addition
of one or more other steps, operations, and/or elements. It
will be understood that, although the terms, “first’, ‘second’,
etc. may be used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another.
[0044] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0045] FIG. 1A is a cross-sectional view of an organic
light-emitting display apparatus 100, according to an
embodiment of the present disclosure.

[0046] FIG. 1B is a schematic plan view of a structure of
the organic light-emitting display apparatus 100 of FIG. 1.
[0047] Referring to FIGS. 1A and 1B, the organic light-
emitting display apparatus 100 according to an embodiment
of the present disclosure includes a display substrate 110, a
display device 10 located on the display substrate 110, a
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sealing substrate 210 that covers the display substrate 110,
and a sealing material 310 and a bonding layer 390 located
between the display substrate 110 and the sealing substrate
210. An integrated circuit chip 510 may be mounted in one
side edge of the display substrate 110 that is not covered by
the sealing substrate 210.

[0048] The organic light-emitting display apparatus 100
includes a display unit DA 200 and a sealing unit 300. The
display unit DA 200 is located between the display substrate
110 and the sealing substrate 210 that are surrounded by the
sealing material 310. The sealing unit 300 is the location
where the display substrate 110 and the sealing substrate 210
are adhered to each other by the sealing material 310 and the
bonding layer 390.

[0049] In some embodiments, a display device 10 may be
located on the display substrate 110 of the display unit DA
200, may be configured to include a thin film transistor
(TFT), an organic light emitting diode (OLED) EL, and a
storage element Cst, and may form an image by forming a
plurality of pixels.

[0050] In some embodiments, the sealing substrate 210
functions as blocking the TFT and the organic light emitting
element included in the display substrate 110 from external
moisture, air, etc. [n some embodiments, a polarizing film or
a color filter may be located on the sealing substrate 210.
[0051] In some embodiments, an internal filling material
410 may be located between the display substrate 110 and
the sealing substrate 210 of the display unit DA 200. In some
embodiments, the internal filling material 410 may protect
the display device 10 from a shock that may be applied from
the outside. According to some embodiments, the internal
filling material 410 may be formed of urethanes resin that is
an organic sealant, epoxy based resin, acrylates resin, or
silicon that is an inorganic sealant. For example, urethane
acrylate may be used as the urethanes resin. For example,
butyl acrylate, ethylhexyl acrylate, etc. may be used as the
acrylates resin.

[0052] In some embodiments, the sealing unit 300 is the
location where the display substrate 110 and the sealing
substrate 210 are adhered to each other includes the sealing
material 310 and the bonding layer 390. In some embodi-
ments, the sealing unit 300 may function as preventing the
display unit DA 200 from oxygen, moisture, etc. and
enhancing a mechanical intensity by adhering the display
substrate 110 and the sealing substrate 210 each other. A
structure of the sealing unit 300 will be described later.
[0053] FIG. 2A is a cross-sectional view of the organic
light-emitting display apparatus 100 including the sealing
unit 300 taken along a line I-I' of FIG. 1B. FIG. 2A is a
cross-sectional view of the sealing unit 300 taken along a
line II-IT' of FIG. 1B.

[0054] The display unit DA 200 includes a TFT 20, a
storage element 80, and an OLED EL 70 including an
organic light-emitting layer 720 on the display substrate 110
and/or an auxiliary layer 120.

[0055] In some embodiments, the display substrate 110
may be formed of transparent glass having silicon dioxide
(S10,) as a main component. However, the display substrate
110 is not limited thereto, and may be formed of various
materials such as ceramic, transparent plastic, metal, and the
like.

[0056] Insome embodiments, the auxiliary layer 120, such
as a barrier layer, a blocking layer, and/or a buffer layer, may
be located on the display substrate 110 to prevent spread of
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impurity ions, prevent inflow of moisture or external air, and
planarize an upper surface of the display substrate 110. In
some embodiments, the auxiliary layer 120 may be formed
of silicon oxide, silicon nitride and/or silicon oxynitride by
using various deposition methods such as plasma-enhanced
chemical vapor deposition (PECVD), atmospheric pressure
chemical vapor deposition (APCVD), low pressure CVD
(LPCVD), and the like. In some embodiments, the silicon
oxide may be SiO,. In some embodiments, the silicon nitride
may be Si;N,. In some embodiments, the silicon nitride may
be SixNy, wherein x and y are natural numbers of 1 to 20,
respectively. In some embodiments, the silicon oxynitride
may be SiO N, wherein x and y are natural numbers of | to
20, respectively. In some embodiments, the auxiliary layer
120 is not necessarily crucial, and may be omitted according
to circumstances.

[0057] Insome embodiments, the TFT 20 may include an
active layer 132, a gate electrode 155, and source/drain
electrodes 176 and 177. A gate insulating member 140 is
interposed between the gate electrode 155 and the active
layer 132 to insulate the gate electrode 155 from the active
layer 132. In some embodiments, the active layer 132 may
be formed of an inorganic semiconductor such as amorphous
silicon or poly silicon, or an organic semiconductor. In some
embodiments, the active layer 132 may be formed of an
oxide semiconductor. For example, the oxide semiconductor
may include an oxide of at least one material selected from
metal elements in groups 12 through 14 consisting of zinc
(Zn), indium (In), gallium (Ga), stannum (Sn), Cadmium
(Cd), Germanium (Ge), and hafnium (Hf), and a combina-
tion thereof.

[0058] In some embodiments, source/drain areas 136 and
137 may be formed at both edges of the active layer 132. In
some embodiments, the source/drain areas 136 and 137 may
be connected to the source/drain electrodes 176 and 177,
respectively.

[0059] In some embodiments, the gate electrode 155 is
formed on the gate insulating member 140, and an interlayer
insulating member 160 is formed to cover the gate electrode
155 and the gate insulating member 140. Data wires 176 and
177 including the source electrode 176 and the drain elec-
trode 177 may be formed on the interlayer insulating mem-
ber 160. In some embodiments. the data wire may further
include a common power line 172, a second storage plate
178, and other wires.

[0060] In some embodiments, the gate insulating member
140 and the interlayer insulating member 160 may be
formed of an insulating material. For example, the gate
insulating member 140 and the interlayer insulating member
160 may also be formed in a stacked structure of single or
multiple layers which includes an inorganic material, an
organic material, or a combination thereof, by using various
deposition methods. In some embodiments, the gate insu-
lating member 140 and the interlayer insulating member 160
may be formed of silicon nitride or silicon oxide. In some
embodiments, the silicon oxide may be SiO,. In some
embodiments, the silicon nitride may be Si;N,. In some
embodiments, the silicon nitride may be Si N, wherein x
and y are natural numbers of 1 to 20, respectively.

[0061] The stacked structure of the TFT is only an
example, and various structures may be used for the TFT.
[0062] In some embodiments, a planarization layer 180
may be located on the interlayer insulating member 160 to
cover the data wires 172, 176, 177, and 178. In some
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embodiments, the planarization layer 180 may function as
removing a phase difference and planarize the OLED EL 70
s0 as to increase emission efficiency. In some embodiments,
the planarization layer 180 includes a contact hole 182 to
expose a part of the drain electrode 177.

[0063] In some embodiments, the planarization layer 180
may be formed of an insulating material. For example, the
planarization layer 180 may also be formed in a stacked
structure of single or multiple layers which includes an
inorganic material, an organic material, or a combination
thereof, by using various deposition methods. In some
embodiments, the planarization layer 180 may be formed of
one or more materials selected from the group consisting of
polyacrylates resin, epoxy resin, phenolic resin, polyamides
resin, polyimides rein, unsaturated polyesters resin, poly
phenylenethers resin, poly phenylenesulfides resin, and ben-
zocyclobutene (BCB).

[0064] The present embodiment is not limited to the
above-described structure, and the planarization layer 180 or
the interlayer insulating member 160 may be omitted
according to circumstances.

[0065] In some embodiments, the storage element 80 may
include a first storage plate 158 and the second storage plate
178 having the gate insulating member 140 therebetween. A
storage capacity is determined according to charges stored in
the storage element 80 and a voltage between the first
storage plate 158 and the second storage plate 178.

[0066] In some embodiments, the OLED EL 70 includes
an anode electrode 710 connected to one of the source/drain
electrodes 176 and 177 of the TFT 20, a cathode electrode
730 formed to face the anode electrode 710, and the organic
light-emitting layer 720 interposed therebetween.

[0067] In some embodiments, the anode electrode 710 of
the OLED EL 70 may be formed on the planarization layer
180, and a pixel-defining layer 190 is formed to cover the
anode electrode 710 and the planarization layer 180. In some
embodiments, the pixel-defining layer 190 may be formed
by using resin, such as polyacrylates or polyimides, or a
silica-based inorganic material. In some embodiments, a
predetermined opening is formed on the pixel-defining layer
190, and the organic light-emitting layer 720 of the OLED
EL 70 may be formed in an area limited to the opening.
Then, the cathode electrode 730 of the OLED EL 70 may be
formed to cover all the electrodes. In some embodiments,
the anode electrode 710 and the cathode electrode 730 may
be exchanged with each other.

[0068] In some embodiments, the anode electrode 710
may be formed of a transparent electrode or a reflective
electrode. If formed of a transparent electrode, the anode
electrode 710 may include ITO, 1ZO, ZnO, or In,0;. Oth-
erwise, if formed of a reflective electrode, the anode elec-
trode 21 may include a reflective layer, formed of Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof, and a
transparent layer, formed of ITO, IZO, ZnO, or In,0;. In
some embodiments, the anode electrode 710 may be formed
of a reflective electrode with a structure of ITO/Ag/ITO.
[0069] In some embodiments, the cathode electrode 730
may also be formed of a transparent electrode or a reflective
electrode. If formed of a transparent electrode, the cathode
electrode 730 may include a layer formed to face the organic
light-emitting layer 720 by depositing Li, Ca, LiF/Ca, LiF/
Al, Al, Mg, or a compound thereof, and an auxiliary elec-
trode or a bus electrode line formed of a transparent con-
ductive material such as ITO, 170, ZnO, or In,O; on the
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layer. If formed of a reflective electrode, the cathode elec-
trode 730 may be formed of Li, Ca, LiF/Ca, LiF/Al, Al, Mg,
or a compound thereof.

[0070] In some embodiments, a low-molecular weight
organic material or a polymer organic material may be
employed as the organic light-emitting layer 720 which is
located between the anode electrode 710 and the cathode
electrode 730. When the organic light-emitting layer 720 is
formed of a low-molecular weight organic material, a hole
injection layer (HIL), a hole transport layer (HTL), an
electron transport layer (ETL), or an electron injection layer
(EIL), which are not illustrated, may be stacked to form a
single or multiple structure, having the organic light-emit-
ting layer 720 therebetween. Various organic materials, such
as a copper phthalocyanine (CuPc), a N,N'-Di(naphthalene-
1-y])-N,N'-diphenyl-benzidine (NPB), or a tris-8-hydroxy-
quinoline aluminum (Alg3), may be used to form the organic
light-emitting layer 720. In some embodiments, the low-
molecular weight organic material may be formed on the
masks by using a vacuum deposition method.

[0071] When the organic light-emitting layer 720 is
formed of a polymer organic material, the HTL (not illus-
trated) may be further included between the organic light-
emitting layer 720 and the anode electrode 710. In some
embodiments, the HTL may be formed of poly(3,4-ethyl-
enedioxythiophene)(PEDOT) and the organic light-emitting
layer 720 may be formed of a polymer organic material such
as PPV (poly-phenylenevinylene) or polyfluorene.

[0072] In some embodiments, the organic light-emitting
layer 720 may include a unit pixel which is formed of
sub-pixels that respectively emit red, green, or blue lights.

[0073] Although the organic light-emitting layer 720 of
FIG. 2A may be located in the opening of the pixel-defining
layer 190, an embodiment of the present disclosure is not
limited thereto. For example, the organic light-emitting layer
720 may be formed on the anode electrode 710 in the
opening of the pixel-defining layer 190 as well as may be
located between the pixel-defining layer 190 and the cathode
electrode 730.

[0074] According to the above-described embodiment, as
an example, the organic light-emitting is formed on the
opening, and separate light-emitting materials are formed
for each pixel. However, the present disclosure is not limited
thereto. In some embodiments, the organic light-emitting
layer 720 may also be formed on the entire planarization
layer 180, regardless of a location of pixels. In some
embodiments, the organic light-emitting layer 720 may be
formed, for example, by vertically stacking or mixing layers
which include light-emitting materials emitting red, green,
and blue lights. If the organic light-emitting layer is capable
of emit a white light, different colors may also be combined.
Additionally, a color conversion layer for converting the
emitted white light into a predetermined color, or a color
filter may be further included.

[0075] In some embodiments, the sealing unit 300, which
is the location which the display substrate 110 and the
sealing substrate 210 are adhered to each other, includes the
sealing material 310 and the bonding layer 390.

[0076] Insome embodiments, the sealing material 310 and
the bonding layer 390 may be configured to surround the
display unit DA 200 of the display substrate 110. In some
embodiments, the sealing material 310 may be an inorganic
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substance, for example, frit. However, the present disclosure
is not limited thereto, and the sealing material 310 may be
epoxy.

[0077] In some embodiments, the sealing material 310
may be formed by using a dispenser or a screen printing
method. Although frit generally means a powder type glass
material, the present disclosure includes frit including a
main component such as SiO, and a laser or infrared
absorption material, an organic binder, a filler for reducing
a thermal expansion coeflicient, etc. in a paste state. In some
embodiments, the frit in the paste state may be hardened by
removing the organic binder and moisture through a dry or
sintering process. In some embodiments, the laser or infra-
red absorption material may include a transition metal
compound. In some embodiments, a laser light may be used
as a thermal source for hardening the sealing material 310
and adhering the display substrate 110 and the sealing
substrate 210 to each other.

[0078] In some embodiments, the bonding layer 390 may
be used to enhance a bonding force between the display
substrate 110 and the sealing material 310 and may include
a plurality of through holes 3605 including partition walls
3615 therein. In some embodiments, the bonding layer 390
may further include a light absorption layer 353 that adsorbs
the laser light and assists in hardening the sealing material
310.

[0079] Typically, the mechanical intensity of the organic
light emitting display apparatus 100 depends on the bonding
force between the sealing material 310, the display substrate
110, and the sealing substrate 210. If the bonding force is
weak, the display substrate 110 and the sealing substrate 210
may be easily separated from each other by an external
shock.

[0080] In some embodiments, the bonding layer 390 has a
structure in which the sealing material 310 and the display
substrate 110 are coupled to each other in a stereoscopic
manner and may inhibit such a separation due to the external
shock. That is, the bonding layer 390 includes the through
holes 3605 which include the partition walls 3615 standing
vertically with respect to the display substrate 110.

[0081] In some embodiments, the bonding layer 390 may
include a monolayer insulation layer or a multilayer insu-
lation layer. Referring to FIG. 2A, the bonding layer 390
may include a first insulation layer 320, a second insulation
layer 340, and a third insulation layer 360. In some embodi-
ments, the first insulation layer 320 may be formed of the
same material as the auxiliary layer 120. In some embodi-
ments, the second insulation layer 340 may be formed of the
same material as the gate insulating layer 140. However, the
present disclosure is not limited thereto. In some embodi-
ments, the insulation layers included in the bonding layer
390 may be formed separately from the insulation layer
included in the display unit DA 200.

[0082] Insome embodiments, the through holes 3605 may
be formed to pass through only the third insulation layer 360
or may be formed to pass through the second insulation layer
340 and the third insulation layer 360. In some embodi-
ments, the through holes 3605 may be formed to pass
through the third insulation layer 360, the second insulation
layer 340, and the first insulation layer 320. In some embodi-
ments, the through holes 3605 may be formed in various
shapes. For example, the through holes 3605 may be formed
in circular, oval, polygonal, or asymmetrical shapes. In some
embodiments, a width W1 of each of the through holes 3605
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may be several tens um. In some embodiments, the width
W1 of each of the through holes 3605 may be from about 10
to about 100 pm. In some embodiments, the width W1 of
each of the through holes 3605 may be from about 20 to
about 60 pm. In some embodiments, a height h1 of each of
the through holes 3605 may be several pum. In some embodi-
ments, a height h1 of each of the through holes 3605 may be
from about 1 to about 10 um. In some embodiments, a height
h1 of each of the through holes 3605 may be from about 2
to about 6 pum.

[0083] In some embodiments, the partition walls 3615
may include a monolayer insulation layer or a multilayer
insulation layer. In some embodiments, the partition walls
3615 may not include the light absorption layer 353 that will
be described later. In some embodiments, a plurality of the
partition walls 3615 may be formed in the through holes
3605. Also, the plurality of the partition walls 3615 may be
formed to cross each other. In some embodiments, a width
W2 of each of the partition walls 3615 may be several pm.
In some embodiments, the width W2 of each of the partition
walls 3615 may be from about 1 to about 10 um. In some
embodiments, the width W2 of the partition walls 3615 may
be from about 2 to about 6 um. In some embodiments, the
width W2 of each of the partition walls 3615 may be
approximately from 5% to 20% of the width W1 of each of
the through holes 3605.

[0084] In some embodiments, the light absorption layer
353 may function as absorbing the laser light for hardening
the sealing material 310. Referring to FIG. 2A, the light
absorption layer 353 is formed between the second insula-
tion layer 340 and the third insulation layer 360 but the
present disclosure is not limited thereto. In some embodi-
ments, the light absorption layer 353 may be located in the
middle of the first insulation layer 320, the second insulation
layer 340, and the third insulation layer 360. In some
embodiments, the light absorption layer 353 may be located
in a lower portion of the first insulation layer 320. In some
embodiments, the light absorption layer 353 may be formed
of a conductive material. For example, the light absorption
layer 353 may be formed of a material such as Mo, W, Cu,
Au, and Al. In some embodiments, the light absorption layer
353 may function as various conducting lines connected to
drive an element 10 (see FIG. 1A) of the display unit DA
200. In some embodiments, the light absorption layer 353
may be formed of the same material as the first storage plate
158 or the gate electrode 155 of the display unit DA 200. In
some embodiments, the light absorption layer 353 may be
patterned so as not to directly contact the sealing material
310. This may be designed in consideration of an interface
bonding force between the light absorption layer 353 and the
sealing material 310.

[0085] In some embodiments, the first insulation layer
320, the second insulation layer 340, the light absorption
layer 353, and/or the third insulation layer 360 may be
sequentially deposited on the display substrate 110 to form
a structure of the bonding layer 390. In some embodiments,
the light absorption layer 353 may be patterned according to
circumstances.

[0086] In some embodiments, the first insulation layer
320, the second insulation layer 340, the light absorption
layer 353, and the third insulation layer 360 may be formed
by using various methods known as general thin film grow-
ing methods. For example, an epitaxial deposition method,
metal organic chemical vapor deposition (MOCVD),
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hydride vapor phase epitaxy (HVPE), molecular beam epi-
taxy (MBE), metal organic vapor phase epitaxy (MOVPE),
halide chemical vapor deposition, sputtering, atomic layer
deposition (ALD), and plasma enhanced CVD (PECVD)
may be used.

[0087] Insome embodiments, the first insulation layer 320
may be formed concurrently with the auxiliary layer 120 of
the display unit DA 200, and the second insulation layer 340
may be formed concurrently with the gate insulating layer
140. Also, the third insulation layer 360 may be formed
concurrently with the interlayer insulating layer 160. In
some embodiments, the light absorption layer 353 may be
formed concurrently with the gate electrode 155 and/or the
first storage plate 158.

[0088] Thereafter, the through holes 3605 including the
partition walls 3615 may be formed by partially etching the
stacked structure including the first insulation layer 320, the
second insulation layer 340, the light absorption layer 353,
and/or the third insulation layer 360. In some embodiments,
to form the through holes 3605, a process of forming a
plurality of photoresist (PR) patterns on the stacked structure
by using a photolithography process, and then etching the
stacked structure by using the plurality of PR patterns as
etching masks. In some embodiments, the etching process
may use a dry etching process, a wet etching process, or an
etching process in combination of the dry and wet etching
processes.

[0089] In some embodiments, the sealing material 310
directly contacts an upper portion of the second insulation
layer 340 through the through holes 3605 of the bonding
layer 390. Although the through holes 3605 may be formed
to pass through only the third insulation layer 360 in FIG.
2A, the present disclosure is not limited thereto. In some
embodiments, the through holes 3605 may contact the
display substrate 110 and an upper portion of the first
insulation layer 320 or the second insulation layer 340. Also,
the sealing material 310 contacts side walls of the through
holes 3605, covers the partition walls 3615, and directly
contacts and is adhered to side surfaces and upper portions
of the partition walls 3615. In some embodiments, the
sealing material 310 may be thermally hardened by the laser
light.

[0090] FIG. 2B is a cross-sectional view of the organic
light-emitting display apparatus 100 including the sealing
unit 300, according to another embodiment of the present
disclosure. In FIGS. 2B, like reference numerals as shown in
FIG. 2A denote like elements, and thus their description will
not be provided here.

[0091] Referring to FIG. 2B, the through holes 3605 of the
bonding layer 390 may be formed to pass through the first
insulation layer 320, the second insulation layer 340, and the
third insulation layer 360. Thus, the sealing material 310
may directly contact an upper portion of the display sub-
strate 110. In some embodiments, the sealing material 310
and the display substrate 110 may be formed of glass
materials. For example, the sealing material 310 may be
formed of frit, and the display substrate 110 may be formed
of a glass material. Also, in another embodiment, the sealing
material 310 and the display substrate 110 may be formed of
ceramic materials.

[0092] In some embodiments, the sealing material 310
directly contacts the upper portion of the display substrate
110 through the through holes 3605 of the bonding layer
390. In a case where the sealing material 310 and the display
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substrate 110 may be formed of the same material, an
interface bonding force between the sealing material 310
and the display substrate 110 may be enhanced. Also, the
sealing material 310 contacts side walls of the through holes
3605, covers the partition walls 3615, and directly contacts
and is adhered to side surfaces and upper portions of the
partition walls 3615. Thus, the bonding force between the
sealing material 310 and the display substrate 110 may be
enhanced through a stereoscopic coupling between the seal-
ing material 310 and the bonding layer 390.

[0093] FIG. 2C is a cross-sectional view of the organic
light-emitting display apparatus 100 including the sealing
unit 300, according to another embodiment of the present
disclosure. In FIG. 2C, like reference numerals as shown in
FIG. 2A denote like elements, and thus their description will
not be provided here.

[0094] Referring to FIG. 2C, the through holes 3605 of the
bonding layer 390 include first through holes 3601 and
second through holes 3603. The first through holes 3601 and
second through holes 3603 have different sizes so that side
walls of the through holes 3605 are formed in stairs shapes.
Although the side walls of the through holes 3605 are
formed in monolayer stairs shapes in F1G. 2C, the side walls
may be formed in multilayer stairs shapes. In some embodi-
ments, a half-tone mask may be used to form the first
through holes 3601 and the second through holes 3603. In
some embodiments, the partition walls 3615 may be formed
as monolayer insulation layers or multilayer insulation lay-
ers.

[0095] In some embodiments, the sealing material 310
directly contacts an upper portion of the third insulation
layer 360 and an upper portion of the display substrate 110
through the through holes 3605 of the bonding layer 390. In
a case where the sealing material 310 and the display
substrate 110 may be formed of the same material, an
interface bonding force between the sealing material 310
and the display substrate 110 may be enhanced. Also, the
sealing material 310 contacts side walls of the first through
holes 3601 and the second through holes 3603, covers the
partition walls 3615, and directly contacts and is adhered to
side surfaces and upper portions of the partition walls 3615.
Thus, the bonding force between the sealing material 310
and the display substrate 110 may be enhanced through a
stereoscopic coupling between the sealing material 310 and
the bonding layer 390.

[0096] FIGS. 3A through 3C are plan views of the sealing
unit 300, according to embodiments of the present disclo-
sure. Referring to FIG. 3A, a single partition wall 3615 may
be formed in an inner center of each of the through holes
3605. Referring to FIGS. 3A and 3B, a plurality of partition
walls 3615 may be formed in the through holes 3605 to cross
each other. In some embodiments, the larger the number of
the partition walls 3615 formed in the through holes 3605,
the greater the bonding area between the sealing material
310 and the bonding layer 390, and thus a bonding force
therebetween may increase.

[0097] FIGS. 4A and 4B are plan views of the sealing unit
300, according to other embodiments of the present disclo-
sure. In some embodiments, the through hole 3605 of the
bonding layer 390 may have various shapes. In some
embodiments, the through hole 3605 of the bonding layer
390 may have rectangular shapes as shown in FIG. 3A, and
circular shapes as shown in FIG. 4A. Also, as shown in FIG.
4B, the through holes 3605 may have diamond shape. The



US 2017/0194598 A1l

shapes of the through holes 3605 are not limited thereto, and
may be modified in various ways.

[0098] The above-described organic light-emitting display
apparatus employs a sealing unit capable of stereoscopic
coupling of a sealing material and a display substrate,
thereby enhancing a bonding intensity between the display
substrate and a sealing substrate and preventing an exfolia-
tion phenomenon due to an external shock.

[0099] Further, the sealing unit of the above-described
organic light-emitting display apparatus employs a light
absorption layer, thereby increasing hardening efficiency of
the sealing material by using laser.

[0100] While the present disclosure has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present disclosure as defined by the following claims.
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What is claimed is:

1. An organic light-emitting display apparatus, compris-

ing:

a display substrate;

a sealing substrate configured to face the display sub-
strate;

a display unit located between the display substrate and
sealing substrate, wherein said display unit comprises
an organic light-emitting diode (OLED) and a thin-film
transistor (TFT);

a sealing material for bonding the display substrate and
the sealing substrate and surrounding a circumference
of the display unit; and

a bonding layer comprising a plurality of through holes
configured to allow contact between the sealing mate-
rial and the display substrate,

wherein each through holes comprises at least one parti-
tion wall therein.
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