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(57) ABSTRACT

An organic light-emitting display apparatus includes a first
substrate including a display area and a peripheral area; a
second substrate opposing the first substrate; an insulating
layer disposed on the first substrate and including one or more
openings; and a sealing member interconnecting the first
substrate and the second substrate to each other and inter-
posed between the first and second substrates. The one or
more openings are disposed between a first conductive layer
disposed on the display area and a second conductive layer
disposed on the peripheral area. The one or more openings are
at least partially or entirely filled with the sealing member.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS

RELATED APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2015-0047542, filed on Apr. 3, 2015, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Oneor more embodiments relate to an organic light-
emitting display apparatus.

[0004] 2. Discussion of the Related Technology

[0005] A display apparatus is used to provide a user with
visual information such as images or videos. Such a display
apparatus is being manufactured in various types in order to
display visual information, that is, images or videos.

[0006] Inparticular, anorganic light-emitting display appa-
ratus is a self-emissive display apparatus that emits light by
electrically exciting an organic compound. Therefore, the
organic light-emitting display apparatus may operate with a
low voltage and may be manufactured to be thin, and thus,
may have wide viewing angles and fast response speeds.
Accordingly, the organic light-emitting display apparatus has
been considered as a next generation display apparatus
capable of addressing the problems of a liquid crystal display
(LCD) apparatus.

[0007] Insuch anorganic light-emitting display apparatus,
a sealing member may be used to bond a lower substrate and
an upper substrate to each other. A portion where the sealing
member is located becomes a dead space that may not display
images.

[0008] In general, in the organic light-emitting display
apparatus, an area occupied by the sealing member that is
used to bond the lower substrate and the upper substrate to
each other, that is, a dead space, is large.

SUMMARY

[0009] One aspect of the invention provides an organic
light-emitting display apparatus, which may comprise: a first
substrate comprising a display area and a peripheral area; a
second substrate opposing the first substrate; an insulating
layer disposed on the first substrate and comprising one or
more openings; and a sealing member interconnecting the
first substrate and the second substrate to each other and
interposed the first substrate and the second substrate,
wherein the one or more openings are disposed between a first
conductive layer disposed on the display area and a second
conductive layer disposed on the peripheral area, and the one
or more openings are at least partly or entirely filled with the
sealing member.

[0010] Inthe foregoing apparatus, the first conductive layer
may be a power line disposed on the display area. The sealing
member may contact the first conductive layer. The first con-
ductive layer may be disposed at a different layer level than
the second conductive layer. The first conductive layer may be
disposed above the insulating layer, and the second conduc-
tive layer is disposed under the insulating layer. The first
conductive layer and the second conductive layer may be
formed of different materials from each other. At least one of
the first conductive layer and the second conductive layer may
comprise metal.
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[0011] Still in the foregoing apparatus, the one or more
openings may extend along a lengthwise direction of the
sealing member when viewed in a viewing direction perpen-
dicular to a major surface of the first substrate. The one or
more openings may comprise first and second openings sepa-
rate in a lengthwise direction of the sealing member when
viewed in a viewing direction perpendicular to a major sur-
face of the first substrate. A distance between the first and
second openings may be less than a maximum width of each
of the first and second openings. The one or more openings
may be formed in one of a polygonal shape, a circular shape,
and an oval shape.

[0012] Further in the foregoing apparatus, the apparatus
may further comprise a transistor formed on the display area,
wherein the first conductive layer comprises a material that is
the same as a material forming at least one of a source elec-
trode and a drain electrode of the transistor. The second con-
ductive layer may comprise a material that is the same as a
material forming a gate electrode of the transistor. A material
thatis the same as a material forming the first conductive layer
may be disposed in at least one of the one or more openings.
The sealing member may have a first width measured at its
lower surface facing the first substrate and a second width
measured at its upper surface facing the second substrate, the
first width being different from the second width. The first
width may be less than the second width. The insulating layer
may comprise amaterial that is the same as a material forming
an interlayer insulating layer formed on the display area.
[0013] Another aspect of the invention provides an organic
light-emitting display apparatus, which may comprise: a first
substrate comprising a display area and a peripheral area; a
second substrate opposing the first substrate; an insulating
layer disposed on the first substrate and comprising one or
more openings; and a sealing member interconnecting the
first substrate and the second substrate to each other and
interposed between the first substrate and the second sub-
strate, wherein at least one of the one or more openings is
formed in a first conductive layer disposed on the display
area, and the one or more openings are filled with the sealing
member.

[0014] Inthe foregoing apparatus, the first conductive layer
may be a power line of the display area. The apparatus may
further comprise a second conductive layer disposed on the
peripheral area, wherein the first conductive layer and the
second conductive layer overlap each other.

[0015] One or more embodiments include an organic light-
emitting display apparatus capable of reducing the isolation
of a sealing member while reducing a dead space, and a
method of manufacturing the organic light-emitting display
apparatus.

[0016] One or more embodiments include an organic light-
emitting display apparatus capable of improving a bonding
force of a sealing member, and a method of manufacturing the
organic light-emitting display apparatus.

[0017] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice ofthe presented
embodiments.

[0018] According to one or more embodiments, an organic
light-emitting display apparatus includes: a first substrate
including a display area and a peripheral area; a second sub-
strate facing the first substrate; an insulating layer disposed on
the first substrate and including one or more openings; and a
sealing member for bonding the first substrate and the second
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substrate to each other, wherein the one or more openings are
disposed between a first conductive layer disposed on the
display area and a second conductive layer disposed on the
peripheral area, and the sealing member fills the one or more
openings.

[0019] The first conductive layer may be a power line of the
display area.

[0020] The sealing member may contact the first conduc-
tive layer.

[0021] The first conductive layer may be disposed at a
different layer level than the second conductive layer.

[0022] The first conductive layer may be disposed on the
insulating layer, and the second conductive layer may be
covered by the insulating layer.

[0023] Thefirst conductive layer and the second conductive
layer may be formed of different materials from each other.
[0024] At least one of the first conductive layer and the
second conductive layer may include metal.

[0025] The one or more openings may be formed long in a
lengthwise direction of the sealing member.

[0026] A plurality of the openings may be separate in the
lengthwise direction of the sealing member.

[0027] A distance between neighboring openings from
among the plurality of openings may be less than a maximum
width of the plurality of openings.

[0028] The one or more openings may be formed in one of
a polygonal shape, a circular shape, and an oval shape.
[0029] The display area may include a transistor, and the
first conductive layer may include a material that is the same
as a material forming at least one of a source electrode and a
drain electrode of the transistor.

[0030] The second conductive layer may include a material
that is the same as a material forming a gate electrode of the
transistor.

[0031] A partial region in the one or more openings may
include a material that is the same as a material forming the
first conductive layer.

[0032] A width of a lower region in the sealing member
may be different from awidth of an upper region in the sealing
member.

[0033] A width of a lower region in the sealing member
may be less than a width of an upper region in the sealing
member.

[0034] The insulating layer may include a material that is
the same as a material forming an interlayer insulating layer
on the display area.

[0035] According to one or more embodiments, an organic
light-emitting display apparatus includes: a first substrate
including a display area and a peripheral area; a second sub-
strate facing the first substrate; an insulating layer disposed on
the first substrate and comprising one or more openings; and
a sealing member for bonding the first substrate and the
second substrate to each other, wherein the one or more
openings are formed in a first conductive layer disposed on
the display area, and the sealing member fills the one or more
openings.

[0036] The first conductive layer may be a power line of the
display area.
[0037] The organic light-emitting display apparatus may

further include a second conductive layer disposed on the
peripheral area, wherein the first conductive layer and the
second conductive layer partially overlap each other.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0038] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accompa-
nying drawings in which:

[0039] FIG.1isa schematic diagram of a display apparatus
according to an embodiment;

[0040] FIG. 2 is a schematic plan view of the display appa-
ratus of FI1G. 1,
[0041] FIG. 3 is a cross-sectional view expanding a part of

the display apparatus of FIG. 1;

[0042] FIG. 4is a schematic plan view of a sealing member
and an opening according to an embodiment;

[0043] FIG. 5isa schematic plan view of a sealing member
and an opening according to another embodiment;

[0044] FIG. 6 is a table showing results of experiments for
isolating a display apparatus according to embodiments;
[0045] FIG. 7 is a cross-sectional view expanding a part of
a display apparatus according to another embodiment; and
[0046] FIG. 8 is a cross-sectional view expanding a part of
the display apparatus according to another embodiment.

DETAILED DESCRIPTION

[0047] Hereinafter, the inventive concept will be described
more fully with reference to the accompanying drawings, in
which embodiments of the inventive concept are shown. This
inventive concept may, however, be embodied in many dif-
ferent 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 com-
plete, and will fully convey the scope of the inventive concept
to one of ordinary skill in the art. Sizes of components in the
drawings may be exaggerated for convenience of explana-
tion. In other words, since sizes and thicknesses of compo-
nents in the drawings are arbitrarily illustrated for conve-
nience of explanation, the following embodiments are not
limited thereto.

[0048] While such terms as “first,” “second,” etc., may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

[0049] The terms used in the present specification are
merely used to describe particular embodiments, and are not
intended to limit the inventive concept. An expression used in
the singular encompasses the expression of the plural, unless
ithas a clearly different meaning in the context. In the present
specification, it is to be understood that the terms such as
“including,” “having,” and “comprising” are intended to indi-
cate the existence of the features, numbers, steps, actions,
components, parts, or combinations thereof disclosed in the
specification, and are not intended to preclude the possibility
that one or more other features, numbers, steps, actions, com-
ponents, parts, or combinations thereof may exist or may be
added.

[0050] It will be understood that when a layer, region, or
component is referred to as being formed or disposed “on”
another layer, region, or component, it can be formed or
disposed directly or indirectly on the other layer, region, or
component. For example, one or more intervening layers,
regions, or components may be present therebetween. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items. Expres-
sions such as “at least one of,” when preceding a list of
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elements, modify the entire list of elements and do not modify
the individual elements of the list.

[0051] In the embodiment, the display apparatus 100 is
assumed as an organic light-emitting display apparatus, but is
not limited thereto. The display apparatus 100 may be a
display apparatus being applied a predetermined electric
power to display images, e.g., a liquid crystal display (LCD)
apparatus, a field emission display (FED) apparatus, or an
electronic paper display (EPD) apparatus.

[0052] FIG.1isa schematic diagram of a display apparatus
100 according to an embodiment, and FIG. 2 is a schematic
plan view of the display apparatus 100 of FIG. 1.

[0053] Referring to FIGS. 1 and 2, the display apparatus
100 includes a first substrate or sheet 10, and a second sub-
strate or sheet 20 arranged such that a lower surface of the
second substrate 20 faces an upper surface of the first sub-
strate 10. The apparatus 100 includes a display area 40, and a
sealing member or seal member 30 surrounds the display area
40 when viewed in a viewing direction perpendicular to the
upper surface of the first substrate 10 while bonding the first
substrate 10 and the second substrate 20 to each other.
[0054] Thefirst substrate 10 may be formed of a transparent
glass material mainly containing SiO,, but is not limited
thereto. In an alternative embodiment, the first substrate 10
may be formed of a transparent plastic material. The first
substrate 10 may be a flexible substrate. The flexible substrate
may be formed of a material that is light, hard to be broken,
and flexible due to a specific gravity that is greater than that of
a glass substrate, for example, a polymer material such as a
flexible plastic film.

[0055] Thedisplay area 40 may include thin film transistors
TA and TB for driving, a capacitor Cst, and an organic light-
emitting diode OLED on the first substrate 10. In embodi-
ments, the display area may include a plurality of OLEDs
forming an array. The display area 40 will be described in
more detail later.

[0056] The second substrate 20 corresponds to the first
substrate 10, and may be formed of various materials such as
a glass material, a metal material, or a plastic material. In
embodiments, a functional layer performing various func-
tions may be formed on the second substrate 20. For example,
the functional layer may include at least one selected from a
polarization plate, a touch screen, and a cover window.
[0057] The touch screen may have a structure, in which a
touch screen pattern is directly formed on the second sub-
strate 20, for example, an on-cell touch screen panel. The
polarization plate may prevent external light from being
reflected by the display area 40. The cover window may
protect the display apparatus 100.

[0058] The first substrate 10 and the second substrate 20
may be bonded to each other via the sealing member 30. The
sealing member 30 is disposed to contact a part of the display
area 40. The seal member 30 encapsulates the display area 40
from outside. Thus, the sealing member 30 may protect the
display area 40 against the outside. A moisture absorbent or a
filler may be disposed in an internal space S sealed by the first
substrate 10, the second substrate 20, and the sealing member
30.

[0059] Since a part of the sealing member 30 contacts a part
of the display area 40, a dead space generated due to the
sealing member 30 may be reduced. Also, since the sealing
member 30 and the display area 40 partially contact each
other, an area of the display area 40 may be maintained while
reducing the dead space.
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[0060] A pad portion 50 may be mounted on an edge of the
first substrate 10 that is not covered by the second substrate
20. Metal wires connecting the pad portion 50 to the display
area 40 may be disposed between the first substrate 10 and the
sealing member 30.

[0061] In addition, the sealing member 30 may be formed
of a material that is melted when a predetermined thermal
energy is applied thereto. The sealing member 30 may be
melted by irradiating light. In embodiments, the sealing
member 30 may include, for example, glass frit.

[0062] Forexample, after aligning the first substrate 10 and
the second substrate 20 with each other, light such as an
ultraviolet (UV) ray or a laser beam may be irradiated via the
second substrate 20. The sealing member 30 is melted due to
the irradiation of light, and then, the first substrate 10 and the
second substrate 20 may be attached to each other. Since the
sealing member 30 is compressed while being melted and
solidified, a thickness of the sealing member 30 may be
reduced.

[0063] In addition, a width w1 of an upper region of the
sealing member 30 may be different from a width w2 of a
lower region of the sealing member 30. For example, the
width wl of the upper region may be greater than the width
w2 of the lower region in the sealing member 30. Therefore,
when the width w2 of the lower region of the sealing member
30 is formed to be narrow, a short circuit of the display area
40, in particular, a circuit region, caused because the sealing
member 30 pushes the display area 40, may be prevented.

[0064] In embodiments, the sealing member includes an
upper surface facing the second substrate and a lower surface
facing the first substrate. The width w1l may be measured at
the upper surface and the width w2 may be measured at the
lower surface. When reducing the width w2, a contact area
between the lower surface and a surface that the lower surface
contacts may be reduced. Thus, to provide sufficient contact
area, in embodiments, the lower portion of the seal member
30 may include a plurality of protrusions received in holes
and/or trenches. As described later, in embodiments, the dis-
play apparatus 100 according to the embodiment may include
an insulating layer having a plurality of openings in order to
reduce the width of the lower region of the sealing member
30, and the sealing member 30 may be filled in the plurality of
openings.

[0065] FIG. 3 is a cross-sectional view expanding a part of
the display apparatus 100 of FIG. 1.

[0066] The display apparatus may include an active area
AA, and a circuit area CA extending from the active area AA
toward a peripheral area. An edge area EA including a cutting
region may be formed at the periphery. A cell seal area CSA
is disposed between the active area AA and the edge area EA.
The active area AA and the circuit area CA become a display
unit, while the peripheral area includes the edge area EA and
at least part of the cell seal area CSA.

[0067] The active area AA includes a region displaying
images, and the circuit area CA includes a region where
circuit patterns for electrically transmitting signals to devices
ofthe active area AA are formed. In addition, the cell seal area
CSA includes a region for bonding the first substrate 10 and
the second substrate 20 to each other. In the display apparatus
100 according to the embodiment, the display unit may par-
tially overlap the cell seal area CSA. In embodiments, a part
of the display unit, for example, a part of the circuit area CA,
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may overlap a part of the cell seal area CSA. Therefore, the
area of the display unit may not be reduced while reducing the
dead space.

[0068] Abufferlayer203 is formed on the first substrate 10.
The buffer layer 203 may planarize a surface of the first
substrate 10, and prevent infiltration of moisture or external
air into the first substrate 10. The buffer layer 203 may be
formed as an inorganic layer such as silicon oxide, an organic
layer such as polyimide, or a stacked structure of an inorganic
layer and an organic layer.

[0069] At least one thin film transistor TFT is formed on
each of the active area AA and the circuit area CA. A plurality
of thin film transistors TFTs may be disposed on each of the
active area AA and the circuit area CA. In the embodiment,
different kinds of thin film transistors TFTs are disposed on
the active area AA and the circuit area CA, but are not limited
thereto.

[0070] A first thin film transistor TFT1 disposed on the
active area AA may include a first semiconductor active layer
204, a first gate electrode 205, a first source electrode 206, and
a first drain electrode 207. A first gate insulating layer 208 and
a second gate insulating layer 209 are disposed between the
first gate electrode 205 and the first semiconductor active
layer 204 so as to insulate the first gate electrode 205 from the
first semiconductor active layer 204.

[0071] A second thin film transistor TFT2 is disposed on
the circuit area CA. The second thin film transistor TFT2 may
include a second semiconductor active layer 210, a second
gate electrode 211, a second source electrode 212, and a
second drain electrode 213. The first gate insulating layer 208
is disposed between the second semiconductor active layer
210 and the second gate electrode 211 so as to insulate the
second gate electrode 211 from the second semiconductor
active layer 210.

[0072] When comparing the first thin film transistor TFT1
with the second thin film transistor TFT2, the first thin film
transistor TFT1 further includes the second gate insulating
layer 209 between a semiconductor active layer and a gate
electrode. In embodiments, the first thin film transistor TFT1
has a gate insulating layer that is thicker than that of the
second thin film transistor TFT2. If a thick gate insulating
layer is provided, a driving range of a gate voltage applied to
the gate electrode may become greater.

[0073] The first thin film transistor TFT1 may be a driving
TFT for driving the organic light-emitting diode OLED. That
the driving range of the driving thin film transistor becomes
greater may denote controlling the light emitted from the
organic light-emitting diode OLED to have a large gray scale.
[0074] The first gate electrode 205 and the second gate
electrode 211 are not formed on the same layer. Therefore,
even when the first thin film transistor TFT1 and the second
thin film transistor TFT2 are disposed adjacent to each other,
they do not interfere with each other. Thus, a lot of devices
may be disposed on the same area.

[0075] The first semiconductor active layer 204 and the
second semiconductor active layer 210 may be formed on the
buffer layer 203. The first and second semiconductor active
layers 204 and 210 may be formed of an inorganic semicon-
ductor such as amorphous silicon or polysilicon, or an organic
semiconductor.

[0076] According to theembodiment, the first semiconduc-
tor active layer 204 and the second semiconductor active layer
210 may be formed of an oxide semiconductor. For example,
the oxide semiconductor includes an oxide of a material
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selected from Group VI, XII, X111, and XIV metal elements
such as zinc (Zn), indium (In), gallium (Ga), tin (Sn), cad-
mium (Cd), germanium (Ge), and hafhium (Hf), and combi-
nations thereof.

[0077] The first gate insulating layer 208 is formed on the
buffer layer 203, and covers the first semiconductor active
layer 204 and the second semiconductor active layer 210.
[0078] The second gate electrode 211 is formed on the first
gate insulating layer 208, and may overlap a part ofthe second
semiconductor active layer 210.

[0079] The second gate insulating layer 209 covers the
second gate electrode 211.

[0080] The first gate electrode 205 is formed on the second
gate insulating layer 209, and may overlap a part of the first
semiconductor active layer 204.

[0081] The first gate electrode 205 and the second gate
electrode 211 may include a single layer or layers formed of
Au, Ag, Cu, Ni, Pt, Pd, Al, Mo, and Cr, or an alloy such as
Al:Nd or Mo: W.

[0082] The first gate insulating layer 208 and the second
insulating layer 209 may include an inorganic layer such as
silicon oxide, silicon nitride, or metal oxide. Each of the first
gate insulating layer 208 and the second gate insulating layer
209 may be formed as a single layer or multiple sub-layers.
[0083] Aninterlayer insulating layer 214 is formed to cover
the first gate electrode 205. The interlayer insulating layer
214 may be formed as an inorganic layer such as silicon oxide
or silicon nitride. According to the embodiment, the inter-
layer insulating layer 214 may be formed as an organic layer
such as polyimide.

[0084] The first source electrode 206 and the first drain
electrode 207 are formed on the interlayer insulating layer
214, and contact the first semiconductor layer 204 via contact
holes. Also, the second source electrode 212 and the second
drain electrode 213 are formed on the interlayer insulating
layer 214, and contact the second semiconductor active layer
210 via contact holes.

[0085] The first source electrode 206, the second source
electrode 212, the first drain electrode 207, and the second
drain electrode 213 may include metals, alloys, metal
nitrides, conductive metal oxides, or transparent conductive
materials.

[0086] The thin film transistor TFT is not limited to the
above-described structure, and the thin film transistor TFT
may have various types of structures. For example, the thin
film transistor TFT is formed to have a top gate structure.
However, the thin film transistor TFT may be formed to have
a bottom gate structure, in which the first gate electrode 205
is disposed below the first semiconductor active layer 204.
[0087] A capacitor 215 may be formed on the circuit area
CA. A plurality of capacitors may be formed on the active
area AA.

[0088] The capacitor 215 includes a first capacitor elec-
trode 216, a second capacitor electrode 217, and a second gate
insulating layer 209 disposed between the first and second
capacitor electrodes 216 and 217. The first capacitor elec-
trode 216 may be formed of a material that is the same as the
material forming the second gate electrode 211, and the sec-
ond capacitor electrode 217 may be formed of a material that
is the same as that forming the first gate electrode 205.
[0089] A planarization layer 218 covers the thin film tran-
sistors TFT1 and TFT2 and the capacitor 215. The planariza-
tion layer 218 is formed on the interlayer insulating layer 214.
The planarization layer 218 eliminates steps on thin films and
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planarizes thin films in order to improve the light-emitting
efficiency of the organic light-emitting diode OLED that will
be formed thereon. According to the embodiment, the pla-
narization layer 218 may have a through hole for exposing a
part of the first drain electrode 207.

[0090] The planarization layer 218 may be formed of an
insulating material. For example, the planarization layer 218
may be formed as a single-layered structure or a multi-lay-
ered structure including an inorganic material, an organic
material, or an organic/inorganic composite material, by
using various deposition methods.

[0091] The planarization layer 218 may be formed of an
organic material such as polyacrylates resin, epoxy resin, or
benzocyclobutene (BCB), or an inorganic material such as
silicon nitride (SiNXx).

[0092] Oneofthe planarization layer 218 and the interlayer
insulating layer 214 may be omitted.

[0093] The organic light-emitting diode OLED is formed
on the planarization layer 218. The organic light-emitting
diode OLED includes a first electrode 219, an intermediate
layer 220 including an organic emission layer, and a second
electrode 221.

[0094] A pixel-defining layer 222 covers the planarization
layer 218 and a part of the first electrode 219, and defines a
pixel area PA and a non-pixel area NPA.

[0095] The pixel-defining layer 222 may be formed of an
organic material or an inorganic material. For example, the
pixel-defining layer 222 may be formed of an organic mate-
rial such as polyimide, polyamide, BCB, acryl resin, or phe-
nol resin, or an organic material such as SiNx. The pixel-
defining layer 222 may be formed to have a single-layered
structure or a multi-layered structure.

[0096] Holes and electrons injected from the first electrode
219 and the second electrode 221 of the organic light-emitting
diode OLED may be combined with each other in the organic
emission layer of the intermediate layer 220 to emit light.
[0097] The intermediate layer 220 may include the organic
emission layer. In another example, the intermediate layer
220 includes an organic emission layer and may further
include at least one of a hole injection layer (HIL), a hole
transport layer (HTL), an electron transport layer (ETL), and
an electron injection layer (EIL). However, the embodiment
is not limited thereto, and the intermediate layer 220 includes
an organic emission layer and may further include other vari-
ous functional layers.

[0098] The second electrode 221 may be formed on the
intermediate layer 220. The second electrode 221 forms an
electric field with the first electrode 219 to make the interme-
diate layer 220 emit light. The first electrode 219 may be
patterned in each pixel, and the second electrode 221 may be
on all the pixels as a common electrode so as to apply a
common voltage to all the pixels.

[0099] The first electrode 219 and the second electrode 221
may include transparent electrodes or reflective electrodes.
[0100] The first electrode 219 functions as an anode, and
may be formed of various conductive materials. The first
electrode 219 may be formed as a transparent electrode or a
reflective electrode.

[0101] Forexample, if the first electrode 219 is formed as a
transparent electrode, the first electrode 219 includes a trans-
parent conductive layer formed of indium tin oxide (ITO),
indium zine oxide (IZ0), ZnO, or In,Os. If the first electrode
219 is formed as a reflective electrode, the first electrode 219
may be formed by forming a reflective layer by using Ag, Mg,

Oct. 6, 2016

Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound thereof, and then,
forming a transparent conductive layer by using ITO, 170,
Zn0, or In,O; on the reflective layer.

[0102] The second electrode 221 may function as a cath-
ode. Like the first electrode 219, the second electrode 221
may be formed as a transparent electrode or a reflective elec-
trode.

[0103] For example, when the second electrode 221 is
formed as a transparent electrode, metal having a small work
function, for example, Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a
compound thereof, is formed on the intermediate layer 220,
and after that, a transparent conductive layer formed of ITO,
170, ZnO, or In,0; may be further formed on the metal and
the compound thereof. When the second electrode 221 is
formed as a reflective electrode, the second electrode 221 may
be formed of Li, Ca, LiF/Ca, LiF/Al, Al, Mg, or a compound
thereof.

[0104] The first electrode 219 may act as an anode and the
second electrode 221 may act as a cathode, but they are not
limited thereto. For example, the first electrode 219 may act
as a cathode and the second electrode 221 may act as an
anode.

[0105] Each organic light-emitting diode OLED may form
one pixel, and each pixel may emit red, green, blue, or white
light. However, one or more embodiments are not limited
thereto. The intermediate layer 220 may be commonly
formed on all the first electrodes 219 without regard to loca-
tions of the pixels. Here, the organic emission layer may be
formed by, for example, stacking layers including light-emit-
ting materials emitting red, green, and blue light vertically, or
by mixing the light-emitting materials emitting red, green,
and blue light. Provided that white light may be emitted, any
type of color combinations may be used. A color conversion
layer or a color filter for converting the white light into a
predetermined color may be further provided.

[0106] A protective layer may be disposed on the second
electrode 221. The protective layer covers the organic light-
emitting diode OLED. The protective layer may be an inor-
ganic insulating layer and/or an organic insulating layer.
[0107] A spacer 234 may be disposed on the non-pixel area
NPA. The spacer 234 is disposed between the first substrate
10 and the second substrate 20. The spacer 234 may be pro-
vided not to degrade the display characteristics due to exter-
nal shock.

[0108] The second substrate 20 is coupled onto the first
substrate 10. The second substrate 20 may protect the organic
light-emitting diode OLED and the other thin films against
external moisture or oxygen.

[0109] The second substrate 20 may be a rigid glass sub-
strate, a polymer substrate, or a flexible film. The second
substrate 20 may have a structure, in which organic layers and
inorganic layers are alternately stacked.

[0110] The second substrate 20 may include a plurality of
touch electrodes 235 so as to perform as a touch screen. In
addition, functional layers such as a polarization film, a color
filter, and a cover window, may be further formed on the
second substrate 20.

[0111] Various circuit patterns may be formed in the circuit
area CA. Such circuit patterns may include, for example, a
power supply line, an anti-electrostatic pattern, and other
various electrically conductive material features may be
formed.

[0112] A circuit wire 223 is formed on the circuit area CA.
The circuit wire 223 may be formed on the planarization layer
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218. The circuit wire 223 may be formed of the same material
as that forming the first electrode 219. The circuit wire 223
may be electrically connected to a device on the active area
AA, for example, the second electrode 221.

[0113] The circuit wire 223 is connected to a power line
224. The power line 224 may be formed on the interlayer
insulating layer 214. The power line 224 may be formed of a
material that is the same as that forming the first source
electrode 206, the second source electrode 212, the first drain
electrode 207, and the second drain electrode 213. The power
line 224 may be a wire to which electric power is applied from
outside. In the embodiment, the power line 224 may have a
triple-layered structure including titanium (Ti)aluminum
(AI)/T1. Since the power line 224 is formed of a conductive
material, the power line 224 may be referred to as a conduc-
tive layer.

[0114] The circuit wire 223 and the power line 224 may be
disposed at different layers.

[0115] For example, the circuit wire 223 may be formed on
the polarization layer 218. The circuit wire 223 may be
formed of the same material as the first electrode 219 in the
same process as the first electrode 219. The power line 224
may be formed on the interlayer insulating layer 214. The
power line 224 may be formed of the same material as those
of the first source electrode 206, the second source electrode
212, the first drain electrode 207, and the second drain elec-
trode 213 in the same process.

[0116] An end of the circuit wire 223 contacts the power
line 224. In the embodiment, at least a part of the circuit wire
223 may overlap with the power line 224.

[0117] The sealing member 30 is disposed on the cell seal
area CSA. The sealing member 30 is disposed between the
first substrate 10 and the second substrate 20. A partial area of
the sealing member 30 may be disposed along with a bound-
ary of the circuit area CA while contacting the circuit area
CA. For example, the partial area of the sealing member 30
may contact the power line 224.

[0118] Thesealing member 30 includes glass frit. The glass
frit includes glass powder and oxide powder. An organic
material is added to the glass frit including the oxide powder
to fabricate a gel-type paste, and baked in a temperature range
of about 300° C. to 500° C. When baking the glass frit, the
organic material is vapored to the atmosphere, and the gel-
type paste is hardened to be the frit of a solid state.

[0119] A conductive material layer 228 may be formed
below the sealing member 30. The conductive material layer
228 may absorb the heat of the laser beam or reflect the laser
beam to transfer the heat to the sealing member 30. In
embodiments, the reflective, conductive material layer 228
may be electrically decoupled from any electronic features
formed over the display area.

[0120] Theconductive material layer 228 may be formed of
the same material and at the same layer as the second gate
electrode 211 in the second thin film transistor TFT2. Other-
wise, the conductive material layer 228 may be formed of the
same material and at the same layer as the first gate electrode
205 in the first thin film transistor TFT1.

[0121] The conductive material layer 228 may have a
single-layered structure or a multi-layered structure including
Au,Ag, Cu, Ni, Pt. Pd, Al, Mo, or Cr. The conductive material
layer 228 may be formed of an alloy such as Al:Nd or Mo: W.
[0122] At least one insulating layer, for example, a first
insulating layer 230 and a second insulating layer 231, are
formed on the conductive material layer 228. When the first
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insulating layer 230 and the second insulating layer 231 are
formed on the conductive material layer 228, a hillock phe-
nomenon and generation of pores caused by rapid tempera-
ture rising of the conductive material layer 228 dueto the laser
beam may be prevented.

[0123] The first insulating layer 230 and the second insu-
lating layer 231 include a plurality of openings 229. The
plurality of openings 229 may be provided in order to increase
acontact area between the sealing member 30 and the first and
second insulating layers 230 and 231. Accordingly, abonding
strength between the sealing member 30 and the first and
second insulating layers 230 and 231 may be improved. In
embodiments, the openings 229 may include holes and/or
trenches formed in the insulation layers 230 and 231. The
openings 229 may be filled with the seal material for forming
portions of the seal member 30.

[0124] The first insulating layer 230 may be formed of the
same material and at the same layer as the second gate insu-
lating layer 209. The second insulating layer 231 may be
formed of the same material and at the same layer as the
interlayer insulating layer 214.

[0125] The plurality of openings 229 may include a first
opening 229« disposed between the conductive material lay-
ers 228, and a second opening 2295 disposed between the
conductive material layer 228 and the display area, for
example, the circuit area CA. Since the sealing member 30 is
filled in the first and second openings 229a and 2295, a
contact area between the sealing member 30 and the first and
second insulating layers 230 and 231 may be increased.
Therefore, a bonding intensity between the sealing member
30 and the first and second insulating layers 230 and 231 may
be improved.

[0126] In particular, the second opening 2295 is formed to
be adjacent to the power line 224 so that the sealing member
30 may contact the power line 224 while filling the second
opening 229b. Thus, the display apparatus 100 may have a
bonding strength that is greater than that between the sealing
member 30 and the first and second insulating layers 230 and
231 due to the first opening 229a. Also, if there are impurities
under the sealing member 30, the impurities may flow
through the second opening 2295, and thus, the impurities
may not push the structures in the display area 40.

[0127] As shown in FIG. 3, in embodiments, the seal mem-
ber 30 includes a top inner edge and a bottom inner edge.
When viewed in the viewing direction perpendicular to a top
surface of the first substrate 10, the top inner edge is located
closerto the active area AA than the bottom inner edge. Thus,
an inner side wall of the seal member 30 is inclined such that
an angle between the top surface of the first substrate in the
display area and the side wall is smaller than 90°. Accord-
ingly, in embodiments, when viewed in the viewing direction,
the seal member 30 overlaps structures in the display area, for
example, the power line 224 and/or the pixel defining layer as
shown in FIG. 3.

[0128] FIG. 4is a schematic plan view of the sealing mem-
ber 30 and the openings 229. As shown in FIG. 4, the first and
second insulating layers 230 and 231 may include the open-
ings 229 that overlap with the sealing member 30. The open-
ings 229 may include the first opening or holes 229a disposed
between the conductive material layers and the second open-
ing or trench 2204 that is adjacent to the display area.
[0129] There may be a plurality of first openings 229a that
are arranged two dimensionally. A size of the first opening
229a, for example, a width of the first opening 229a, may be
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3 um, and a distance between the first openings 229« may be
about 2.5 um or greater. If the distance between the first
openings 229q is less than 2.5 pm, the first and second insu-
lating layers 230 and 231 between adjacent first openings
229a may be collapsed to form one opening. In this case, the
contact area between the sealing member 30 and the first and
second insulating layers 230 and 231 may be reduced.
[0130] Here, the distance between the first openings 229a is
not a distance between centers of the first openings 2294, but
may be defined as a thickness of the first and second insulat-
ing layers 230 and 231 between the two adjacent first open-
ings 229a. A cross-sectional shape of the first opening 229a
may be a square shape, but is not limited thereto. In an
alternative embodiment, the cross-sectional shape of the first
opening 229a may be a polygonal shape, a circular shape, or
an oval shape.

[0131] One second opening 2205 may be provided. The
second opening or trench 2295 is formed to be elongated in a
length direction 1 of the sealing member 30 so as to surround
at least a part of the display unit. A maximum width w3 of the
second opening 2295 may be about 16 pm. The second open-
ing 2294 has a greater width so that the contact area between
the sealing member 30 and the first and second insulating
layers 230 and 231 may be increased and the impurities
existing under the sealing member 30 may flow through the
second opening 2295, whereas the first opening 229a
increases the contact area between the sealing member 30 and
the first and second insulating layers 230 and 231. A cross-
sectional shape of the second opening 2295 may be a square
shape, but is not limited thereto. In an alternative embodi-
ment, the cross-sectional shape of the second opening 2295
may be a polygonal shape, a circular shape, or an oval shape.
[0132] FIG.51sa schematic plan view of the sealing mem-
ber 30 and the openings 229 according to another embodi-
ment. When FIG. 5is compared with FIG. 4, the openings 229
may include a plurality of second openings 2295 that are
adjacent to the display area 40. The plurality of second open-
ings or holes 2295 may be spaced apart from each other in the
length direction I of the sealing member 30. The maximum
width w3 of each of the second openings 2295 may be greater
than a maximum length dl of the second opening 2295. For
example, the maximum width w3 of the second opening 2295
may be about 16 um and the maximum length d1 of the
second opening 2295 may be about 4.5 pm. Also, a distance
d2 between the second openings 2295 may be about 5 um.
[0133] FIG. 6 is a table showing results of experimenting
isolation of the display apparatus. As shown in FIG. 6, a
comparative example, in which an insulating layer is formed
on the first substrate, the first opening is formed in the insu-
lating layer, and the first substrate and the second substrate are
bonded to each other by the sealing member, a first example,
in which an insulating layer is formed on the first substrate,
and the first opening and the second opening of FIG. 4 are
formed in the insulating layer, and the first substrate and the
second substrate are bonded to each other by the sealing
member, and a second example, in which an insulating layer
is formed on the first substrate, the first opening and the
second opening of FIG. 5 are formed in the insulating layer,
and the first substrate and the second substrate are bonded to
each other by the sealing member, were provided.

[0134] In addition, a force for isolating the first substrate
and the second substrate from each other was applied. The
first and second examples needed a greater force for isolating
the first and second substrates from each other than that of the
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comparative example, and showed less standard deviation in
the force than that of the comparative example. Also, the
second example needed greater force than that of the first
example for isolating the first and second substrates, and
showed less standard deviation than that of the first example.
Thus, it is considered that the isolation between the substrates
has been improved when the second opening is formed adja-
cent to the display area.

[0135] FIG. 7 is a cross-sectional view expanding a part of
the display apparatus 100 according to another embodiment.
When comparing with the embodiment of FIG. 3, a metal
material 225 is filled in a partial region in the second opening
229b. The metal material 225 may be the same as that of the
power line 224. The metal material 225 may absorb the heat
of the laser beam or reflect the laser beam to transfer heat to
the sealing member 30. Therefore, attachment of the sealing
member 30 may be reinforced.

[0136] FIG. 8 is a cross-sectional view expanding a part of
the display apparatus 100 according to another embodiment.
When comparing with the embodiment of FIG. 3, the second
opening 2295 of FIG. 8 may be formed in the power line 224.
In addition, the power line 224 may partially overlap with the
conductive material layer 228. Even though the power line
224 extends to the cell seal area CSA, the second opening
2295 is disposed in the power line 224, and thus, the contact
area between the sealing member 30 and the first and second
insulating layers 230 and 231 may be increased. Therefore,
the bonding strength between the sealing member 30 and the
first and second insulating layers 230 and 231 may be
improved.

[0137] It should be understood that the embodiments
described therein should be considered in a descriptive sense
only and not for purposes of limitation. Descriptions of fea-
tures or aspects within each embodiment should typically be
considered as available for other similar features or aspects in
other embodiments.

[0138] While one or more embodiments have been
described with reference to the figures, 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 as defined by the following claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a first substrate comprising a display area and a peripheral

area;

a second substrate opposing the first substrate;

an insulating layer disposed on the first substrate and com-

prising one or more openings; and

asealing member interconnecting the first substrate and the

second substrate to each other and interposed the first
substrate and the second substrate,

wherein the one or more openings are disposed between a

first conductive layer disposed on the display area and a
second conductive layer disposed on the peripheral area,
and the one or more openings are at least partly or
entirely filled with the sealing member.

2. The organic light-emitting display apparatus of claim 1,
wherein the first conductive layer is a power line disposed on
the display area.

3. The organic light-emitting display apparatus of claim 1,
wherein the sealing member contacts the first conductive
layer.
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4. The organic light-emitting display apparatus of claim 1,
wherein the first conductive layer is disposed at a different
layer level than the second conductive layer.

5. The organic light-emitting display apparatus of claim 1,
wherein the first conductive layer is disposed above the insu-
lating layer, and the second conductive layer is disposed
under the insulating layer.

6. The organic light-emitting display apparatus of claim 1,
wherein the first conductive layer and the second conductive
layer are formed of different materials from each other.

7. The organic light-emitting display apparatus of claim 1,
wherein at least one of the first conductive layer and the
second conductive layer comprises metal.

8. The organic light-emitting display apparatus of claim 1,
wherein the one or more openings extend along a lengthwise
direction of the sealing member when viewed in a viewing
direction perpendicular to a major surface of the first sub-
strate.

9. The organic light-emitting display apparatus of claim 1,
wherein the one or more openings comprise first and second
openings separate in a lengthwise direction of the sealing
member when viewed in a viewing direction perpendicular to
a major surface of the first substrate.

10. The organic light-emitting display apparatus of claim 9,
wherein a distance between the first and second openings is
less than a maximum width of each of the first and second
openings.

11. The organic light-emitting display apparatus of claim 1,
wherein the one or more openings are formed in one of a
polygonal shape, a circular shape, and an oval shape.

12. The organic light-emitting display apparatus of claim 1,
further comprising a transistor formed on the display area,
wherein the first conductive layer comprises a material that is
the same as a material forming at least one of a source elec-
trode and a drain electrode of the transistor.

13. The organic light-emitting display apparatus of claim
12, wherein the second conductive layer comprises a material
that is the same as a material forming a gate electrode of the
transistor.
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14. The organic light-emitting display apparatus ofclaim 1,
wherein a material that is the same as a material forming the
first conductive layer is disposed in at least one of the one or
more openings.

15. The organic light-emitting display apparatus ofclaim 1,
wherein the sealing member has a first width measured at its
lower surface facing the first substrate and a second width
measured at its upper surface facing the second substrate, the
first width being different from the second width.

16. The organic light-emitting display apparatus of claim
15, wherein the first width is less than the second width.

17. The organic light-emitting display apparatus of claim 1,
wherein the insulating layer comprises a material that is the
same as a material forming an interlayer insulating layer
formed on the display area.

18. An organic light-emitting display apparatus compris-
ing:

a first substrate comprising a display area and a peripheral

area;

a second substrate opposing the first substrate;

an insulating layer disposed on the first substrate and com-

prising one or more openings; and

asealing member interconnecting the first substrate and the

second substrate to each other and interposed between
the first substrate and the second substrate,

wherein at least one of the one or more openings is formed

in a first conductive layer disposed on the display area,
and the one or more openings are filled with the sealing
member.

19. The organic light-emitting display apparatus of claim
18, wherein the first conductive layer is a power line of the
display area.

20. The organic light-emitting display apparatus of claim
18, further comprising a second conductive layer disposed on
the peripheral area,

wherein the first conductive layer and the second conduc-

tive layer overlap each other.

* ok % k&



THMBW(EF)

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

HAT R E (TR AGE)

FRI& B A

KRN

IPCH 35
CPCHKS
L A

H A FF 3R
ShEReEEE

BE@®F)

NENERAERRESE  F—£K , S rXENNEXEE-&
WRAAXT Y 3 —BARREEE —ERNEBFE - IHSNTONLEEE, MNE
HMHNE—FNEEENE-ER , RUBEESE-—NE-ERzBE. &
ARSI ORFEREEERXBNRETZAULXENE -GS
BHNE-—SERZHE, BN RSN FOELBo R HIERER

ESE AL

BNEAXREREE
US20160293883A1 K (aH)A
US15/007923 % A
ZEERERAA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

HONG SANGMIN
YOUN JUNGI
LEE GOEUN

HONG, SANGMIN
YOUN, JUNGI
LEE, GOEUN

HO1L51/52 HO1L27/32

HO1L51/5246 HO1L2251/5392 HO1L27/3276 HO1L27/3258
1020150047542 2015-04-03 KR

US9818975

Espacenet USPTO

patsnap

2016-10-06

2016-01-27

235 22 213 23

| /
o mo s

206 207
| |

[ oo
'r /

21—
230—

/
[ [ ] o

\

£ A
S
T

«

|

TFT2 240 211 246 2171
\_\/,_/:

o |
CA |

|
T
TFT1 205204



https://share-analytics.zhihuiya.com/view/90f90389-4483-4ef1-a764-6aa2cd16dec7
https://worldwide.espacenet.com/patent/search/family/057016334/publication/US2016293883A1?q=US2016293883A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220160293883%22.PGNR.&OS=DN/20160293883&RS=DN/20160293883

