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7) ABSTRACT

An organic light-emitting display apparatus includes a
reduced dead space, and a method of manufacturing provides
the same. The organic light-emitting display apparatus
includes a lower substrate comprising a display area and a
peripheral area surrounding the display area; first thin film
transistors (TFTs) disposed in the display area of the lower
substrate; a first insulating layer that is disposed in the display
area and at least a portion of the peripheral area of the lower
substrate and that covers the first TFT's; organic light-emitting
diodes (OLEDs) electrically connected to the first TFTs; a
sealant disposed such that at least a portion thereof overlaps
the first insulating layer; a barrier layer disposed between the
first insulating layer and the sealant; and an upper substrate
sealed with the lower substrate by the sealant.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2014-0062609, filed on
May 23, 2014, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference in its
entirety for all purposes as if fully set forth herein.

BACKGROUND

[0002] 1.Field

[0003] One or more embodiments of the present invention
relate to an organic light-emitting display apparatus and a
method of manufacturing the same, and more particularly, to
an organic light-emitting display apparatus including a
reduced dead space and a method of manufacturing the same.
[0004] 2. Discussion of the Background

[0005] Among display apparatuses, organic light-emitting
display apparatuses are regarded as the next-generation dis-
play apparatuses due to their excellent features, such as a wide
viewing angle, a high contrast ratio, and a quick response
time.

[0006] In general, the organic light-emitting display appa-
ratuses are manufactured by forming organic light-emitting
diodes (OLEDs) on a lower substrate. An upper substrate and
the lower substrate are attached such that the OLEDs are
located therebetween. The organic light-emitting display
apparatuses are used as display units in small devices, such as
cellular phones, or in large devices, such as TVs.

[0007] In the organic light-emitting display apparatuses, a
sealant is used to attach the upper and lower substrates.
[0008] However, in the related art, organic light-emitting
display apparatuses and methods of manufacturing the same
have problems since an area without an emission unit, i.e., a
dead space, is created in a region where a sealant is provided,
and the dead space prevents a display region from being
expanded toward the edges of the apparatus.

SUMMARY

[0009] One or more embodiments of the present invention
include an organic light-emitting display apparatus including
a reduced dead space, and a method of manufacturing the
same.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
embodiments.

[0011] According to one or more embodiments of the
present invention, an organic light-emitting display apparatus
includes a lower substrate including a display area and a
peripheral area surrounding the display area; first thin film
transistors (TFTs) disposed in the display area of the lower
substrate; a first insulating layer that is disposed in the display
area and at least a portion of the peripheral area of the lower
substrate and covers the first TFTs; organic light-emitting
diodes (OLEDs) electrically connected to the first TFTs; a
sealant disposed such that at least a portion of the sealant
overlaps the first insulating layer; a barrier layer provided
between the first insulating layer and the sealant; and anupper
substrate corresponding to the lower substrate.
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[0012] According to one or more embodiments of the
present invention., a method of manufacturing an organic
light-emitting display apparatus includes preparing a lower
substrate including a display area and a peripheral area sur-
rounding the display area; forming first thin film transistors
(TFTs) in the display area of the lower substrate; forming a
first insulating layer that covers the first TFTs, in the display
area and at least a portion of the peripheral area of the lower
substrate; forming organic light-emitting diodes (OLEDs) to
be electrically connected to the first TFTs; forming a barrier
layer on at least a portion of the first insulating layer that is
formed in an area that corresponds to the peripheral area of
the lower substrate; forming a sealant on the barrier layer such
that at least a portion of the sealant overlaps on the first
insulating layer; and sealing an upper substrate to face the
lower substrate.

[0013] These general and specific embodiments may be
implemented by using a system, a method, a computer pro-
gram, or a combination of the system, the method, and the
computer program.

[0014] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does constitute prior art.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] 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.

[0016] FIG. 1is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.

[0017] FIG. 2is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.

[0018] FIG. 3is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.

[0019] FIGS. 4, 5, and 6 are cross-sectional views sche-
matically illustrating a method of manufacturing an organic
light-emitting display apparatus according to exemplary
embodiments of the present invention.

DETAILED DESCRIPTION

[0020] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompanying
drawings, wherein like reference numerals refer to like ele-
ments throughout. In this regard, the present embodiments
may have different forms and should not be construed as
being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by refer-
ring to the figures, to explain aspects of the present descrip-
tion. 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.

[0021] It will be understood that although the terms “first”,
“second”, etc. may be used herein to describe various com-
ponents, these components should not be limited by these
terms. These components are only used to distinguish one
component from another. As used herein, the singular forms
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a,” “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise.
[0022] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents. It will be understood that when a layer, region, or
component is referred to as being “formed on,” another layer,
region, or component, it can be directly or indirectly formed
on the other layer, region, or component. That is, for example,
intervening layers, regions, or components may be present.
[0023] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.
[0024] Inthe following examples, the x-axis, the y-axis and
the z-axis are not limited to three axes of a rectangular coor-
dinate system, and may be interpreted in a broader sense. For
example, the x-axis, the y-axis, and the z-axis may be perpen-
dicular to one another, or may represent different directions
that are not perpendicular to one another.
[0025] When certain embodiments may be implemented
differently, a specific process order may be performed differ-
ently from the described order. For example, two consecu-
tively described processes may be performed substantially at
the same time or performed in an order opposite to the
described order.
[0026] FIG.1isa cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.
[0027] Referring to FIG. 1, the organic light-emitting dis-
play apparatus according to exemplary embodiments of the
present invention includes a lower substrate 100, first thin
film transistors (TFTs) TFT1 and second TFTs TFT2 dis-
posed on the lower substrate 100, a first insulating layer 170,
abarrier layer 300, a sealant 400, and an upper substrate 500.
[0028] The lower substrate 100 includes a display area DA
and a peripheral area PA surrounding the display area DA.
Organic light-emitting diodes (OLEDs) 200 are disposed in
the display area DA, and a dead space forms a non-display
area in the peripheral area PA. A driving unit that applies
electric signals to the display area DA may be located in the
peripheral area PA. The lower substrate 100 may be formed of
various materials, e.g., a glass material, a metal material, ora
plastic material, such as polyethylene terephthalate (PET),
polyethylene naphthalate (PEN), or polyimide. The upper
substrate 500 may be formed of the same or different mate-
rials as the lower substrate 100.
[0029] Thefirst TFTs TFT1 are disposed in the display area
DA of the lower substrate 100. The OLEDs 200 are electri-
cally connected to the first TFTs TFT1 and may be disposed
in the display area DA. A plurality of pixel electrodes 210
may be connected to the plurality of first TFTs TFT1.
[0030] The second TFTs TFT2 may be disposed in the
peripheral area PA of the lower substrate 100. The second
TFTs TFT2 may be, for example, included in a driving unit
for controlling electric signals applied in the display area DA.
[0031] Each of the first TFTs TFT1 and the second TFTs
TFT2 includes a semiconductor layer 120 that includes amor-
phous silicon, polycrystalline silicon, or an organic semicon-
ductor material; a gate electrode 140; a source electrode 162;
and a drain electrode 160. A buffer layer 110, formed of
silicon oxide or silicon nitride, may be disposed on the lower
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substrate 100, so as to planarize a surface of the lower sub-
strate 100 or to prevent impurities from penetrating into the
semiconductor layer 120. The semiconductor layer 120 may
be disposed on the buffer layer 110.

[0032] The gate electrode 140 is disposed on the semicon-
ductor layer 120, and the source and drain electrodes 162 and
160 electrically communicate with one another via a signal
applied to the gate electrode 140. In consideration of adhesion
of gate electrode 140 to an adjacent layer, flatness of a surface
on which the gate electrode 140 is to be stacked, and the
processability of the gate electrode 140, the gate electrode
140 may be formed as a single layer or a multilayer. The gate
electrode 140 may be formed of at least one of, for example,
aluminum (Al), platinum (Pt), palladium (Pd), silver (Ag),
magnesium (Mg), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chrome (Cr), lithium (L), calcium (Ca), molyb-
denum (Mo), titanium (T1), tungsten (W), and copper (Cu). In
order to insulate the semiconductor layer 120 and the gate
electrode 140 from each other, a gate insulating layer 130
formed ofsilicon oxide and/or silicon nitride may be disposed
between the semiconductor layer 120 and the gate electrode
140.

[0033] An interlayer insulating layer 150 may be disposed
on the gate electrode 140, and may be formed as a single layer
or a multilayer formed of silicon oxide and/or silicon nitride.
[0034] The source and drain electrodes 162 and 160 are
disposed on the interlayer insulating layer 150. The source
and drain electrodes 162 and 160 are electrically connected to
the semiconductor layer 120 via contact holes formed in the
interlayer insulating layer 150 and the gate insulating layer
130. Regarding the conductivity of the source and drain elec-
trodes 162 and 160, the source and drain electrodes 162 and
160 may each be formed as asingle layer ora multilayer. Each
ofthe source and drain electrodes 162 and 160 may be formed
of at least one of, for example, Al, Pt, Pd, Ag, Mg, Au, Ni, Nd,
Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0035] Ifnecessary, on the first TFTs TFT1 and/or the sec-
ond TFTs TFT2 having the above-described structures, a
protecting layer (not shown) may be disposed to cover the first
TFTs TFT1 and/or the second TFTs TFT2. The protecting
layer may be formed of an inorganic material, such as silicon
oxide, silicon nitride, or silicon oxynitride.

[0036] Thefirstinsulating layer 170 may be disposed on the
protecting layer. In this case, the first insulating layer 170 may
be a planarizing layer or a protecting layer. For example,
when the OLEDs 200 are disposed on the first TFTs TFT1 as
shown in FIG. 1, the first insulating layer 170 may be a
planarizing layer for planarizing an upper surface of the first
TFTs TFT1. The first insulating layer 170 may be formed of,
for example, an acryl-based organic material or benzocy-
clobutene (BCB). Although FIG. 1 illustrates that the first
insulating layer 170 is a single layer, the first insulating layer
170 may be a multilayer or have other various structures.
[0037] In the display area DA of the lower substrate 100,
the OLEDs 200 are disposed on the first insulating layer 170.
The OLEDs 200 include the pixel electrodes 210, an opposite
electrode 230 that faces one of the pixel electrodes 210, and
an intermediate layer 220 that includes an emission layer and
is disposed between the pixel electrodes 210 and the opposite
electrode 230.

[0038] The first insulating layer 170 includes an operning
that exposes at least one of the source and drain electrodes
162 and 160 of the first TFTs TFT1. The pixel electrodes 210,
which are electrically connected to the first TFTs TFT1 by
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contacting any one of the source and drain electrodes 162 and
160 via the opening, are disposed on the first insulating layer
170. The plurality of pixel electrodes 210 may be formed as
transparent electrodes, semi-transparent electrodes, or reflec-
tive electrodes. When formed as transparent or semi-trans-
parent electrodes, the pixel electrodes 210 may be formed of,
for example, at least one of ITO, 170, Zn0O, In,0;, IGO, and
AZ0O. When formed as reflective electrodes. the pixel elec-
trodes 210 may include a reflective layer formed of at least
one of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, and Cr, and a layer
formed of at least one of ITO, 1Z0, ZnO, In,0,, 1GO, and
AZ0O. However, aspects of the present invention are not lim-
ited thereto, and materials and structures of the plurality of
pixel electrodes 210 may be modified in various ways.
[0039] A second insulating layer 180 may be disposed on
the first insulating layer 170. The second insulating layer 180
is a pixel defining layer that defines pixels via openings that
correspond to each sub-pixel, i.e., openings that cover edges
of each of the pixel electrodes 210 and exposeat least a central
portion of the pixel electrodes 210. Also, as illustrated in FIG.
1, the second insulating layer 180 increases a distance
between end portions of the pixel electrodes 210 and the
opposite electrode 230 disposed on the pixel electrodes 210,
so that arcs are not formed at the end portions of the pixel
electrodes 210. The second insulating layer 180 may be
formed of an organic material, such as polyimide.

[0040] As described above, the second insulating layer 180,
which may be a pixel defining layer, may define pixel areas
and be disposed in the display area DA of the lower substrate
100. As illustrated in FIG. 1, the second insulating layer 180
may extend to the peripheral area PA surrounding the display
area DA of the lower substrate 100. Details of the second
insulating layer 180 will be described below.

[0041] The intermediate layer 220 of the OLEDs 200 may
include a low molecular weight or polymer material. When
the intermediate layer 220 includes a low molecular weight
material, the intermediate layer 220 may also include an
emission layer (EML), and may further include layers, for
example, a hole injection layer (HIL), a hole transport layer
(HTL), an electron transport layer (ETL), and an electron
injection layer (EIL). The HIL and HTL may be disposed or
stacked on one side of the EML while the ETL and the EIL are
disposed on the other side of the EML. Also, various materi-
als, such as copper phthalocyanine (CuPc), N,N'-Di(naphtha-
lene-1-y1)-N,N'-diphenyl-benzidine (NPB), and (tris-8-hy-
droxyquinoline aluminum) (Alg,) may be used as an organic
material in the OLEDs 200. The above-described layers may
be formed by using various methods, for example, a vacuum
deposition method.

[0042] When the intermediate layer 220 includes a polymer
material, an HIL and an EML may also be included in the
intermediate layer 220. Poly(3,4-ethylenedioxythiophene)
(PEDOT) may be used for the HIL, and a poly-phenylenevi-
nylene (PPV)-based and polyfluorene-based polymer mate-
rial may be used for the EML. The HIL and the EML may be
formed by using various methods, such as a screen printing
method, aninkjet printing method, or a laser induced thermal
imaging (LITT) method. However, forming of the intermedi-
ate layer 220 is not limited to these methods and may be
formed in various ways.

[0043] The opposite electrode 230 is disposed over an
entire upper surface or portions of the entire upper surface of
the display area DA and the peripheral area PA. As illustrated
in FIG. 1, the opposite electrode 230 may be disposed to cover
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at least a portion of the display area DA and the peripheral
area PA. That is, the opposite electrode 230 may be integrally
formed in the OLEDs 200 to correspond to the plurality of
pixel electrodes 210.

[0044] The opposite electrode 230 may be a transparent
electrode, semi-transparent electrode, or a reflective elec-
trode. When the opposite electrode 230 is a transparent elec-
trode or semi-transparent electrode, the opposite electrode
230 may include a layer formed of a metal having a low work
function, e.g., at least one of L1, Ca, LiF/Ca, LiF/Al Al, Ag,
and Mg, and a transparent or semi-transparent conductive
layer formed of at least one of 1TO, 170, Zn0, and In,0,.
When the opposite electrode 230 is a reflective electrode, the
opposite electrode 230 may include a layer formed of at least
one of Li, Ca, LiF/Ca, LiF/Al, Al, Ag, and Mg. However, a
structure and a material of the opposite electrode 230 are not
limited thereto and may be modified in various ways.

[0045] The sealant 400 may be disposed in the peripheral
area PA of the lower substrate 100. The upper substrate 500
may be attached to the lower substrate 100 by the sealant 400
and may seal the substrate 100. The sealant 400 may be
formed of frit or epoxy, but is not limited thereto.

[0046] As illustrated in FIG. 1, the sealant 400 may be
disposed such that at least a portion thereof overlaps the first
insulating layer 170. When at least a portion of the sealant 400
overlaps the first insulating layer 170, the sealant 400 is
disposed in a direction (+x direction) that is opposite to a
direction (-x direction) of an edge of the lower substrate 100,
1.e., near the display area DA. In other words, the sealant 400
extends in the +x direction toward the display area DA from
an edge of the first insulating layer 170 and extends in the -x
direction toward the peripheral area PA from the edge of the
first insulating layer 170. When the sealant 400 is disposed
near the display area DA, a width of the peripheral area PA of
the lower substrate 100 in which the sealant 400 is disposed is
reduced. Therefore, a dead space in the organic light-emitting
display apparatus according to exemplary embodiments of
the present invention may be reduced.

[0047] In order to form or dispose the sealant 400 near the
display area DA, the sealant 400 may be disposed such that
the at least a portion of the sealant 400 overlaps an edge
portion of the first insulating layer 170. In this case, during a
process of attaching the upper and lower substrates 500 and
100 with the sealant 400, the first insulating layer 170 and the
second TFTs TFT2 disposed under the first insulating layer
170 in the peripheral area PA of the lower substrate 100 may
be damaged by heat applied to the sealant 400. In order to
decrease the potential for damage, the barrier layer 300 may
be disposed between the first insulating layer 170 and the
sealant 400 in the peripheral area PA of the lower substrate
100.

[0048] Asillustrated in FIG. 1, the barrier layer 300 may be
disposed on the first insulating layer 170 that is covering at
least a portion of the second TFTs TFT2 in the peripheral area
PA of the lower substrate 100. The barrier layer 300 may be
disposed in various ways; for example, the barrier layer 300
may be disposed in the direction (-x direction) of the edge of
the lower substrate 100 and extending in the direction (+x
direction) opposite to the direction of the edge of the lower
substrate 100. In other words, the barrier layer 300 extends in
the +x direction toward the display area DA from an edge of
the first insulating layer 170 and extends in the —x direction
toward the peripheral area PA from the edge of the first
insulating layer 170. However, even in this case, the barrier



US 2015/0340648 A1l

layer 300 is disposed between the sealant 400 and a portion of
the first insulating layer 170 where the sealant 400 overlaps
the first insulating layer 170 in the peripheral area PA of the
lower substrate 100.

[0049] Thebarrierlayer 300 may include an inorganic insu-
lating material. For example, the barrier layer 300 may be
formed of, but is not limited to, a silicon nitride and/or a
silicon oxide.

[0050] A wiring 165 may be disposed on the interlayer
insulating layer 150. The wiring 165 may be disposed in the
peripheral area PA of the lower substrate 100, and the wiring
165 may be electrically connected to the opposite electrode
230 of the OLEDs 200. Although FIG. 1 illustrates that the
wiring 165 is disposed on the interlayer insulating layer 150,
the wiring 165 may be disposed on the same layer as any one
of electrodes included in the first and second TFTs TFT1 and
TFT2. For example, the wiring 165 may be disposed on the
same layer as the source and drain electrodes 162 and 160
among the electrodes included in the first and second TFTs
TFT1 and TFT2. In this case, the wiring 165 and the source
and drain electrodes 162 and 160 may be formed of the same
material.

[0051] Since the sealant 400 is disposed near the display
area DA, heat generated during a process of sealing the upper
and lower substrates 500 and 100 with the sealant 400 may
damage elements disposed in the peripheral area PA of the
lower substrate 100. However, the damage may be prevented
or decreased by the barrier layer 300 disposed between the
sealant 400 and the first insulating layer 170, and thus, the
dead space of the organic light-emitting display apparatus
may be significantly reduced by forming or disposing the
sealant 400 closer to the display area DA.

[0052] FIG. 21s a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.

[0053] Referring to FIG. 2, an organic light-emitting dis-
play apparatus includes the lower substrate 100, the plurality
of first TFTs TFT1 and the plurality of second TFTs TFT2
disposed on the lower substrate 100, a wiring 165', the first
insulating layer 170, the barrier layer 300, the sealant 400,
and the upper substrate 500. Elements and features of the
organic light-emitting display apparatus of FIG. 2 that are
substantially the same as those of the organic light-emitting
display apparatus of FIG. 1 will not be repeatedly described.
[0054] Thesealant400 may be disposed ina peripheral area
PA of the lower substrate 100 of the organic light-emitting
display apparatus. The upper substrate 500 may be attached to
the lower substrate 100 by using the sealant 400, and the
sealant 400 may seal the upper substrate 500 and the lower
substrate 100. The sealant 400 may be formed of frit or epoxy,
but is not limited thereto.

[0055] As illustrated in FIG. 2, the sealant 400 may be
disposed such that at least a portion thereof overlaps the first
insulating layer 170. When at least a portion of the sealant 400
overlaps the first insulating layer 170, the sealant 400 is
disposed in the direction (+x direction) that is opposite to the
direction (-x direction) of an edge of the lower substrate 100,
i.e., near a display area DA. In other words, the sealant 400
extends in the +x direction toward the display area DA from
an edge of the first insulating layer 170 and extends in the -x
direction toward the peripheral area PA from the edge of the
first insulating layer 170. When the sealant 400 is disposed
near the display area DA, a width of the peripheral area PA of
the lower substrate 100 in which the sealant 400 is disposed
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may be reduced. Therefore, a dead space in the organic light-
emitting display apparatus may be reduced.

[0056] In order to dispose the sealant 400 near the display
area DA, the sealant 400 may be disposed such that the at least
aportion thereof overlaps the first insulating layer 170. In this
case, during a process of attaching the upper and lower sub-
strates 500 and 100 by using the sealant 400, the first insulat-
ing layer 170 and the second TFTs TFT2 disposed under the
firstinsulating layer 170 in the peripheral area PA of the lower
substrate 100 may be damaged due to heat applied to the
sealant 400. In order to decrease the potential for damage, the
barrier layer 300 may be disposed between the first insulating
layer 170 and the sealant 400 in the peripheral area PA of the
lower substrate 100.

[0057] Asillustrated in FIG. 2, the barrier layer 300 may be
disposed on the first insulating layer 170 that covers the
second TFTs TFT2 in the peripheral area PA of the lower
substrate 100. The barrier layer 300 may be disposed in vari-
ous ways, for example, may be disposed in the direction (-x
direction) of the edge of the lower substrate 100 and extend in
the direction (+x direction) opposite to the direction of the
edge of the lower substrate 100. In other words, the barrier
layer 300 extends in the +x direction toward the display area
DA from an edge of the first insulating layer 170 and extends
in the —x direction toward the peripheral area PA from the
edge of the first insulating layer 170. However, even in this
case, the barrier layer 300 is disposed between the sealant 400
and a portion ofthe first insulating layer 170 where the sealant
400 overlaps the first insulating layer 170 in the peripheral
area PA of the lower substrate 100.

[0058] Thebarrier layer 300 may include an inorganic insu-
lating material. For example, the barrier layer 300 may be
formed of, but is not limited to, a silicon nitride and/or a
silicon oxide.

[0059] The organic light-emitting display apparatus may
include the wiring 165' that extends in a direction of the edge
of the lower substrate 100. The wiring 165' may be disposed
in the peripheral area PA of the lower substrate 100, and the
wiring 165' may be electrically connected to the opposite
electrode 230 of the OLEDs 200.

[0060] Although FIG. 2 illustrates that the wiring 165" is
disposed on the interlayer insulating layer 150, the wiring
165' may be disposed on the same layer as any one of elec-
trodes included in the first and second TFTs TFT1 and TFT2.
For example, the wiring 165' may be disposed on the same
layer as the source and drain electrodes 162 and 160 among
the electrodes included in the first and second TFTs TFT1 and
TFT2. In this case, the wiring 165" and the source and drain
electrodes 162 and 160 may be formed of the same material.
Therefore, the wiring 165' may be a single layer or multilayer
formed of at least one of, for example, Al, Pt, Pd, Ag, Mg, Au,
Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and Cu.

[0061] Since the wiring 165' extends in the direction of the
edge of the lower substrate 100, a width W of the wiring 165'
that includes metal increases. At least a portion of an extend-
ing end of the wiring 165' may not overlap the sealant 400. For
example, the wiring 165' may be disposed or formed to have
a width in the x direction that extends from under the first
insulating layer 170 and the sealant 400 to beyond an edge of
the sealant 400 closest to an edge of the organic light-emitting
display apparatus in the x direction. Accordingly, heat, which
is transmitted via the sealant 400 to the first insulating layer
170 or the second TFTs TFT2 disposed under the first insu-
lating layer 170 during a process of attaching the lower and
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upper substrates 100 and 500 by using the sealant 400, may be
easily emitted to the outside via the extending end of the
wiring 165", e.g., emitted to the outside by the edge of the
wiring 165' that extends beyond the edge of the sealant 400
closest to the edge of the organic light-emitting display appa-
ratus in the x direction.

[0062] As described above, the barrier layer 300 may be
provided between the sealant 400 and the first insulating layer
170. Since the wiring 165' extends in the direction of the edge
ofthe lower substrate 100, the barrier layer 300 may expose at
least a portion of the extending end of the wiring 165'.
Accordingly, heat, which is transmitted via the sealant 400,
may be easily emitted to the outside via the extending end of
the wiring 165" that is exposed since the barrier layer 300 is
not disposed thereon.

[0063] FIG. 3 is a cross-sectional view schematically illus-
trating an organic light-emitting display apparatus according
to exemplary embodiments of the present invention.

[0064] Referring to FIG. 3, the organic light-emitting dis-
play apparatus includes the lower substrate 100, the plurality
of first TFTs TFT1 and the plurality of second TFTs TFT2
disposed on the lower substrate 100, the first insulating layer
170, a second insulating layer 180", the barrier layer 300, a
sealant 400", and the upper substrate 500. Elements and fea-
tures of the organic light-emitting display apparatus of FIG. 3
that are the same as those of the organic light-emitting display
apparatus of FIG. 1 will not be repeatedly described.

[0065] In the organic light-emitting display apparatus, the
first TFTs TFT1 may be disposed in a display area DA of the
lower substrate 100, and the second TFTs TFT2 may be
disposed in a peripheral area PA of the lower substrate 100.
[0066] The first insulating layer 170 may be disposed to
cover the firstand second TFTs TFT1 and TFT2. In this case,
the first insulating layer 170 may be a planarizing layer or a
protecting layer. The first insulating layer 170 may be formed
of, for example, an acryl-based organic material or benzocy-
clobutene (BCB). Although FIG. 3 illustrates that the first
insulating layer 170 is a single layer, the first insulating layer
170 may be a multilayer or modified in various ways.
[0067] The OLEDs 200 are disposed on the first insulating
layer 170 in the display area DA of the lower substrate 100.
The OLEDs 200 include the pixel electrodes 210, the oppo-
site electrode 230 that faces the pixel electrodes 210, and the
intermediate layer 220 that includes the EML and is disposed
between the pixel electrodes 210 and the opposite electrode
230.

[0068] The first insulating layer 170 includes an opening
that exposes at least one of the source and drain electrodes
162 and 160 of the first TF Ts TFT1. The pixel electrodes 210,
which are electrically connected to the first TFTs TFT1 by
contacting one of the source and drain electrodes 162 and 160
via the opening, are disposed on the first insulating layer 170.
[0069] Thesecond insulating layer 180" may be disposed on
the first insulating layer 170. As described above, the second
insulating layer 180’ disposed on the first insulating layer 170
in the display area DA of the lower substrate 100 may be a
pixel defining layer that defines pixels via openings that cor-
responds to each sub-pixel, i.e., openings that cover an edge
of each of the pixel electrodes 210 and expose at least a central
portion of the pixel electrodes 210. The second insulating
layer 180" may be formed of, but is not limited to, an organic
material, such as polyimide.

[0070] The second insulating layer 180" may extend on the
first insulating layer 170 in the peripheral area PA of the lower
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substrate 100. Although FIG. 3 illustrates that the second
insulating layer 180 covers an end of the first insulating layer
170 in the peripheral area PA of the lower substrate 100, the
second insulating layer 180" is not limited thereto.

[0071] The sealant 400' may be disposed in the peripheral
area PA of the lower substrate 100. The upper substrate 500
may be attached to the lower substrate 100 by using the
sealant 400", and the sealant 400' may seal the upper substrate
500 and the lower substrate 100. The sealant 400' may be
formed of frit or epoxy, but is not limited thereto.

[0072] As illustrated in FIG. 3, the sealant 400" may be
disposed such that at least a portion thereof overlaps the first
insulating layer 170. When at least a portion of the sealant
400" overlaps the first insulating layer 170, the sealant 400’ is
disposed in a direction (+x direction) that is opposite to a
direction (=x direction) of an edge of the lower substrate 100,
i.e., near the display area DA. In other words, the sealant 400’
extends in the +x direction toward the display area DA from
an edge of the first insulating layer 170 and extends in the -x
direction toward the peripheral area PA from the edge of the
first insulating layer 170. When the sealant 400" is disposed
near the display area DA, a width of the peripheral area PA of
the lower substrate 100 in which the sealant 400" is disposed
is reduced. Therefore, a dead space in the organic light-emit-
ting display apparatus according to another embodiment of
the present invention may be reduced.

[0073] In order to dispose the sealant 400 near the display
area DA, the sealant 400’ may be disposed such that the at
least a portion thereof overlaps the first insulating layer 170.
In this case, during a process of attaching the upper and lower
substrates 500 and 100 by using the sealant 400', the first
insulating layer 170 and the second TFTs TFT2 disposed
under the first insulating layer 170 in the peripheral area PA of
the lower substrate 100 may be damaged by heat applied to
the sealant 400'. In order to decrease the potential for damage,
the second insulating layer 180' may extend on the first insu-
lating layer 170 disposed in the peripheral area PA of the
lower substrate 100, and then, the sealant 400' may be dis-
posed on the second insulating layer 180.

[0074] Accordingly, the sealant 400' may be disposed on a
portion of the second insulating layer 180 that is disposed in
the peripheral area PA of the lower substrate 100, as illus-
trated in FIG. 3. Since the sealant 400' is disposed on the
second insulating layer 180, a height hl of the sealant 400’
may be reduced. In other words, in the related art, a sealant is
disposed between the lower and upper substrates 100 and
500, and thus, the sealant is disposed such that a height
thereof corresponds to the entire distance between the lower
and upper substrates 100 and 500. However, in the organic
light-emitting display apparatus according to exemplary
embodiments of the present invention, since the sealant 400’
is disposed on the second insulating layer 180", which is
disposed or formed on the first insulating layer 170, the height
h1 of the sealant 400’ is reduced by a height h2 of the first and
second insulating layers 170 and 180'. Therefore, as the
height hl of the sealant400' is reduced, an amount of heat that
is generated via the sealant 400" during a process of attaching
the upper and lower substrates 500 and 100 to each other is
also reduced.

[0075] Also, the barrier layer 300 may be disposed between
the second insulating layer 180" and the sealant 400" in the
peripheral area PA ofthe lower substrate 100. As illustrated in
FIG. 3, the barrier layer 300 may be disposed on the second
insulating layer 180" placed on the first insulating layer 170
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that covers the second TFTs TFT2. The barrier layer 300 may
be disposed in various ways, for example, disposed in the
direction (=x direction) of the edge of the lower substrate 100
and extend in the direction (+x direction) opposite to the
direction of the edge of the lower substrate 100. In other
words, the barrier layer 300 extends in the +x direction toward
the display area DA from an edge of the first insulating layer
170 and extends in the —x direction toward the peripheral area
PA from the edge of the first insulating layer 170. The barrier
layer 300 may include an inorganic insulating material. For
example, the barrier layer 300 may be formed of, but is not
limited to, a silicon nitride and/or a silicon oxide.

[0076] As describe above, the sealant 400" having a lower
height reduces an amount of generated heat, and also, the
barrier 300, which is disposed between the sealant 400" and
the second insulating layer 180, blocks heat transmitted to
elements disposed under the sealant 400'. Further, the wiring
165', which extends from below the first insulating layer 170
to beyond the edge of the sealant 400" closest to the edge of the
organic light-emitting apparatus, may be included as well to
further protect the organic light-emitting apparatus. Thus, not
only the dead space in the organic light-emitting display
apparatus may be reduced, but also, elements disposed in the
peripheral area PA of the lower substrate 100 may be pro-
tected from being damaged by heat while sealing the lower
substrate 100 with the upper substrate 500.

[0077] Although the organic light-emitting display appara-
tus has been mainly described, the exemplary embodiments
of the present invention are not limited specifically thereto
and, for example, the different exemplary embodiments may
be combined.

[0078] FIGS. 4, 5, and 6 are cross-sectional views sche-
matically illustrating a method of manufacturing the organic
light-emitting display apparatus according to exemplary
embodiments of the present invention.

[0079] Referring to FIG. 4, the lower substrate 100 includ-
ing the display area DA and the peripheral area PA surround-
ing the display area DA are prepared, the first TFTs TFT1 are
formed in the display area DA, and the second TFTs TFT2 are
formed in the peripheral area PA.

[0080] The first and second TFTs TFT1 and TFT2 may be
formed by forming the buffer layer 110 on the lower substrate
100, and then patterning the semiconductor layer 120 on the
buffer layer 110. After the semiconductor layer 120 is pat-
terned, the gate insulating layer 130 is stacked on the semi-
conductor layer 120, and the gate electrode 140 is patterned
on the gate insulating layer 130. The source and drain elec-
trodes 162 and 160, which are electrically connected to the
semiconductor layer 120, may be patterned on the gate insu-
lating layer 130.

[0081] During a process of forming the first and second
TFTs TFT1 and TFT2, the wiring 165 may be formed simul-
taneously on the same layer as a layer of any one of the
electrodes included in the first and second TFTs TFT1 and
TFT2. As illustrated in FIG. 4, the wiring 165 may be simul-
taneously formed on the same layer as the source and drain
electrodes 162 and 160 of'the first and second TFTs TFT1 and
TFT2. However, the wiring 165 is not limited thereto, and
forming thereof may be modified in various ways. Further, the
wiring 165' may be formed in a similar manner.

[0082] After forming the first and second TFTs TFT1 and
TFT2. a protecting layer (not shown) and the first insulating
layer 170 are stacked on the first and second TFTs TFT1 and
TFT2. The protecting layer protects the first and second TFTs
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TFT1 and TFT2, and the first insulating layer 170 may be a
protecting layerto protect the first and second TFTs TFT1 and
TFT2 or may be a planarizing layer to planarize an upper
surface of the first and second TFTs TFT1 and TFT2.

[0083] A contact hole is formed in the first insulating layer
170 and the interlayer insulating layer 150, and then, the pixel
electrodes 210 are formed to be electrically connected to one
of the source and drain electrodes 162 and 160 of the first
TFTs TFT1 via the contact hole. In this case, the pixel elec-
trodes 210 may be formed on the first TFTs TFT1 in the
display area DA.

[0084] Referring to FIG. 5, after the pixel electrodes 210
are formed on the first insulating layer 170, the second insu-
lating layer 180 may be formed on the pixel electrodes 210.
The second insulating layer 180 formed on the pixel elec-
trodes 210 may be a pixel defining layer that defines a pixel
unit. The second insulating layer 180 may be formed to cover
edges of the plurality of pixel electrodes 210 such that a
central portion of each of the plurality of pixel electrodes 210
is exposed. Further, the second insulating layer 180" may be
formed in a similar manner.

[0085] After the second insulating layer 180 is formed on
the first insulating layer 170, the intermediate layer 220 that
includes the EML may be formed on the central portion of
each of the plurality of pixel electrodes 210 that are exposed
by the second insulating layer 180. Then, the opposite elec-
trode 230 may be formed with respect to the plurality of pixel
electrodes 210. For example, the opposite electrode 230 may
be formed on an entire surface of the second insulating layer
180, as illustrated in FIG. 5, or at least on portions of the entire
surface of the second insulating layer 180.

[0086] As illustrated in FIG. 5, after the opposite electrode
230 is formed, the barrier layer 300 may be formed on at least
aportion of the first insulating layer 170 in the peripheral area
PA of the lower substrate 100. The barrier layer 300 may be
formed of an inorganic material, e.g., a silicon oxide and/or a
silicon nitride. The barrier layer 300 may decrease potential
for damage to elements of the organic light-emitting display
apparatus by heat that is generated while sealing the lower
substrate 100 and the upper substrate 500 with the sealant 400
and transmitted to the second TFTs TFT2 under the first
insulating layer 170.

[0087] Referring to FIG. 6, the sealant 400 may be formed
in the peripheral area PA of the lower substrate 100. The
sealant 400 may be formed of frit or epoxy, but is not limited
thereto. The sealant 400 may be directly formed on the lower
substrate 100 such that at least a portion of the sealant 400
overlaps the first insulating layer 170 in the peripheral area PA
of the lower substrate 100. The sealant 400 may be directly
formed on the upper substrate 500 such that the lower sub-
strate 100 is attached to the upper substrate 500.

[0088] As described above, the sealant 400 may be formed
such that the least a portion thereof overlaps the first insulat-
ing layer 170. When at least a portion of the sealant 400
overlaps the first insulating layer 170, the sealant 400 is
formed in a direction (+x direction) that is opposite to a
direction (-x direction) of an edge of the lower substrate 100,
1.e., near the display area DA. In other words, the sealant 400
extends in the +x direction toward the display area DA from
an edge of the first insulating layer 170 and extends in the -x
direction toward the peripheral area PA from the edge of the
firstinsulating layer 170. When the sealant 400 is formed near
the display area DA, a width of the peripheral area PA of the
lower substrate 100 in which the sealant 400 is disposed may
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be reduced. Therefore, a dead space in the organic light-
emitting display apparatus according to exemplary embodi-
ments of the present invention may be reduced. Further, the
sealant 400' may be formed in a similar manner.

[0089] After the sealant 400 is formed, the upper substrate
500 may be attached to seal the lower substrate 100 by using
the sealant 400 and seal the lower substrate 100. In this case,
asillustrated in FIG. 6, alaser [ may be radiated on the sealant
400 from a direction of the upper substrate 500 to attach the
upper and lower substrates 500 and 100 to each other. Ele-
ments, such as the first insulating layer 170 and the second
TFTs TFT2 disposed under the first insulating layer 170 in the
peripheral area PA of the lower substrate 100, may be dam-
aged by heat applied to the sealant 400 while sealing the lower
substrate 100 with the upper substrate 500. In order to
decrease potential for damage, as described above, the barrier
layer 300 may be disposed between the first insulating layer
170 and the sealant 400 such that the barrier layer 300 blocks
heat from being transmitted to the elements disposed in the
peripheral arca PA of the lower substrate 100 and thus dam-
aging these elements.

[0090] Also, in order to protect elements, such as the first
insulating layer 170 and the second TFTs TFT2 from being
damaged by heat applied to the sealant 400 while sealing the
lower substrate 100 and the upper substrate 500, a tempera-
ture adjustment apparatus 600 may be used in the vicinity of
the lower substrate 100.

[0091] The temperature adjustment apparatus 600 may
adjust temperature, such that a temperature of the lower sub-
strate 100 is lower than a temperature at which the materials
and elements disposed on the lower substrate 100 are dam-
aged. For example, since a glass transition temperature (Tg)
of polyimide, which is one of the materials vulnerable to heat
damage, is about 400° C., the temperature of the lower sub-
strate 100 does not have to be decreased to room temperature,
but has to be maintained at an appropriate level. Therefore,
the organic light-emitting display apparatus may be manufac-
tured under simple manufacturing conditions and with low
costs, and thus, it is possible to realize an organic light-
emitting display apparatus including a reduced dead space.
[0092] For example, as illustrated in FIG. 6, the tempera-
ture adjustment apparatus 600 may be provided under the
lower substrate 100, and cold air may be emitted from the
temperature adjustment apparatus 600 to the lower substrate
100, so as to prevent a temperature thereof from increasing up
to atemperature that may damage the lower substrate 100 and
thin films and elements disposed thereon.

[0093] As described above, according to the one or more of
the above embodiments of the present invention, an organic
light-emitting display apparatus including a reduced dead
space and a method of manufacturing the organic light-emit-
ting display apparatus are provided. However, the scope of the
present invention is not limited to the above-described exem-
plary embodiments.

[0094] It should be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

[0095] While one or more exemplary embodiments of the
present invention 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

Nov. 26, 2015

therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a lower substrate comprising a display area and a periph-
eral area surrounding the display area;

first thin film transistors (TFTs) disposed in the display
area of the lower substrate;

a first insulating layer that is disposed in the display area
and at least a portion of the peripheral area of the lower
substrate and that covers the first TFTs;

organic light-emitting diodes (OLEDs) electrically con-
nected to the first TFTs;

a sealant disposed such that at least a portion of the sealant
overlaps the first insulating layer;

a barrier layer disposed between the first insulating layer
and the sealant; and

an upper substrate sealed with the lower substrate by the
sealant.

2. The apparatus of claim 1, further comprising second

TFTs disposed in the peripheral area of the lower substrate,
wherein the barrier layer is disposed on a portion of the first
insulating layer that is disposed to cover the second
TFTs.

3. The apparatus of claim 1, wherein the barrier layer
includes an inorganic insulating material.

4. The apparatus of claim 3, wherein each of the OLEDs
comprises:

apixel electrode thatis disposed on the first insulating layer
and electrically connected to one of the first TFTs;

an opposite electrode that faces the pixel electrode; and

an intermediate layer that comprises an emission layer and
is disposed between the pixel electrode and the opposite
electrode,

wherein the apparatus further comprises a wiring that is
disposed in the peripheral area of the lower substrate and
electrically connected to the opposite electrodes of the
OLEDS.

5. The apparatus of claim 4, wherein the wiring has a width
that extends in a direction from the display area toward an
edge of the lower substrate.

6. The apparatus of claim 5, wherein the width of the wiring
extends beyond an edge of the sealant closest to the edge of
the lower substrate.

7. The apparatus of claim 6, wherein the barrier layer does
not extend to cover an edge of the wiring closest to the edge
of the lower substrate.

8. The apparatus of claim 3, wherein each of the OLEDs
comptises:

apixel electrode thatis disposed on the firstinsulating layer
and electrically connected to one of the first TFTs;

an opposite electrode that faces the pixel electrode; and

an intermediate layer that comprises an emission layer and
is disposed between the pixel electrode and the opposite
electrode, and

the apparatus further comprises a second insulating layer
that is disposed in the display area and the peripheral
area of the lower substrate, exposes a central portion of
the pixel electrode, and covers an edge of the pixel
electrode.

9. The apparatus of claim 8, wherein the sealant is disposed

on a portion of the second insulating layer that is disposed in
the peripheral area of the lower substrate.
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10. The apparatus of claim 9, wherein the barrier layer is
disposed between the second insulating layer and the sealant.
11. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:
preparing a lower substrate comprising a display area and
a peripheral area surrounding the display area;
forming first thin film transistors (TFTs) in the display area
of the lower substrate;
forming a first insulating layer that is disposed in the dis-
play area and at least a portion of the peripheral area of
the lower substrate and that covers the first TFTs;
forming organic light-emitting diodes (OLEDs) to be elec-
trically connected to the first TFTs;
forming a barrier layer on at least a portion of the first
insulating layer that is formed in the peripheral area of
the lower substrate;
forming a sealant on the barrier layer such that at least a
portion of the sealant overlaps the first insulating layer;
and
sealing an upper substrate with the lower substrate.
12. The method of claim 11, further comprising forming
second TFTs in the peripheral area of the lower substrate,
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wherein the barrier layer is formed on the first insulating

layer to cover the second TFTs.

13. The method of claim 11, wherein the barrier layer is
formed of an inorganic material.

14. The method of claim 13, wherein the lower substrate is
sealed with the upper substrate by radiating a laser on the
sealant from a direction of the upper substrate.

15. The method of claim 14, wherein the sealing comprises
adjusting a temperature of the lower substrate by using a
temperature adjustment apparatus near the lower substrate
while the laser is radiated on the sealant.

16. The method of claim 15, wherein the temperature
adjustment apparatus decreases the temperature of the lower
substrate while the laser is radiated on the sealant.

17. The method of claim 11, further comprising forming a
wiring in the peripheral area of the lower substrate and elec-
trically connected to the OLEDs,

wherein the wiring extends beyond an edge of the sealant

closest to an edge of the lower substrate.

18. The method of claim 17, wherein the barrier layer does
not extend to cover an edge of the wiring closest to the edge
of the lower substrate.
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