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(57) ABSTRACT

An organic light-emitting display device and a method of
manufacturing the same are disclosed. The organic light-
emitting display device (OLED) may include a first substrate
with an element region and an encapsulation region surround-
ing the element region, a second substrate facing the first
substrate, an organic light-emitting element interposed
between the first substrate and the second substrate and
formed in the element region, and an encapsulant interposed
between the first substrate and the second substrate and
formed in the encapsulation region. The encapsulant may
include both a first encapsulant and a second encapsulant. The
second encapsulant formed within the first encapsulant and is
adjacent to at least one of the first substrate and the second
substrate.
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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE AND METHOD OF
MANUFACTURING THE SAME

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0057195 filed on May 21,2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] The present disclosure relates to an organic light-
emitting display device and a method of manufacturing the
same.

[0004] 2. Description of the Related Technology

[0005]  An organic light-emitting display device (OLED) is
a display device that can display information such as images,
text, etc. by using light generated when holes and electrons
supplied respectively from an anode and a cathode combine
in an organic layer interposed between the anode and the
cathode. Display properties of such an OLED change sensi-
tively to penetration of oxygen and moisture. Thus, encapsu-
lation technology that can prevent penetration of oxygen and
moisture is required. One example of a suitable material
applicable to the encapsulation technology is glass frit. If
edges of first and second substrates are sealed with the glass
frit, it is possible to effectively prevent oxygen and moisture
from penetrating into an organic light-emitting element and a
thin-film transistor (TFT). However, the glass frit has low
mechanical strength. That 1s, the glass frit is very vulnerable
to external impact and vibrations. In particular, if a space
between the first substrate and the second substrate is filled
with nitrogen, since there is no layer for absorbing external
impact and vibrations, the external impact and vibrations may
be transmitted, as they are, 1o the glass frit, thus easily dam-
aging the glass frit. When the glass frit that encapsulates the
organic light-emitting element is damaged, oxygen and mois-
ture may penetrate into the organic light-emitting element,
thereby degrading display quality of the OLED. For example,
a dark spot may be formed in a pixel adjacent to the damaged
glass frit, and a developing dark spot defect in which the dark
spot gradually spreads may occur.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0006] In one aspect, an organic light-emitting display
device (OLED) with consistent display quality and impact
resistance is provided.

[0007] In another aspect, a method of manufacturing an
OLED with consistent display quality and impact resistance
is provided.

[0008] The above and other aspects of the present disclo-
sure will become more apparent to one of ordinary skill in the
art to which the present disclosure pertains by referencing the
detailed description of the present disclosure given below.
[0009] In another aspect, an organic light-emitting display
device (OLED) is provided. The OLED may include, for
example, a first substrate having an element region and an
encapsulation region surrounding the element region, a sec-
ond substrate facing the first substrate, an organic light-emit-
ting element interposed between the first substrate and the
second substrate and formed in the element region, and an
encapsulant interposed between the first substrate and the
second substrate and formed in the encapsulation region.
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[0010] In some embodiments, the encapsulant includes a
first encapsulant and a second encapsulant. In some embodi-
ments, the second encapsulant is formed within the first
encapsulant and adjacent to at least one of the first substrate
and the second substrate.

[0011] In another aspect, an organic light-emitting display
device (OLED) is provided. The OLED may include, for
example, a first substrate having an element region and an
encapsulation region surrounding the element region, a sec-
ond substrate facing the first substrate, an organic light-emit-
ting element interposed between the first substrate and the
second substrate and formed in the element region, and an
encapsulant interposed between the first substrate and the
second substrate and formed in the encapsulation region. In
some embodiments, the encapsulant includes a metallic
material formed in a shape spreading randomly in a direction
away from the first substrate or the second substrate.

[0012] In another aspect a method of manufacturing an
organic light-emitting display device (OLED) 1s provided.
The method may include, for example, forming an organic
light-emitting element on an element region of a first sub-
strate, forming a metal pattern on an encapsulation region
surrounding the element region, forming a glass frit pattern
on a second substrate, and encapsulating the organic light-
emitting element by bonding the metal pattern to the glass frit
pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other aspects and features of the
present disclosure will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings, in which:

[0014] FIG. 1 is a cross-sectional view of an organic light-
emitting display device (OLED) according to an embodiment
of the present disclosure;

[0015] FIG. 2 is a cross-sectional view illustrating ejecting
glass frit onto a second substrate during manufacturing the
OLED of FIG. 1;

[0016] FIG. 3 is a cross-sectional view illustrating forming
a glass frit pattern by curing the ejected glass frit during
manufacturing the OLED of FIG. 1;

[0017] FIG. 4 is a cross-sectional view illustrating forming
a semiconductor pattern, a gate insulating layer, a gate elec-
trode, an interlayer insulating film, and contact holes on a first
substrate during manufacturing the OLED of FIG. 1;

[0018] FIG. 51s a cross-sectional view illustrating forming
a source electrode, a drain electrode, and metal patterns dur-
ing manufacturing the OLED of FIG. 1;

[0019] FIG. 6 is a cross-sectional view illustrating forming
an intermediate layer, a planarization layer, a via hole, a first
electrode, a pixel defining layer, an organic light-emitting
layer, a second electrode, and a passivation layer during
manufacturing the OLED of FIG. 1;

[0020] FIG. 7 is a cross-sectional view illustrating encap-
sulating an organic light-emitting element during manufac-
turing the OLED of FIG. 1,

[0021] FIG. 8is across-sectional view of an OLED accord-
ing to another embodiment of the present disclosure;

[0022] FIG. 9isacross-sectional view of an OLED accord-
ing to another embodiment of the present disclosure;

[0023] FIG. 10 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure;
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[0024] FIG. 11 is a cross-sectional view illustrating form-
ing metal patterns on a second substrate during manufactut-
ing the OLED of FIG. 10;

[0025] FIG. 12 is a cross-sectional view illustrating eject-
ing glass frit onto the metal patterns during manufacturing the
OLED of FIG. 10,

[0026] FIG. 13 is a cross-sectional view illustrating an
operation of forming a glass frit pattern by curing the ejected
glass frit during manufacturing the OLED of FIG. 10;
[0027] FIG. 14 is a cross-sectional view illustrating encap-
sulating an organic light-emitting element during manufac-
turing the OLED of FIG. 10;

[0028] FIG. 15 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure;
[0029] FIG. 16 is a cross-sectional view illustrating form-
ing insulating layer patterns in manufacturing the OLED of
FIG. 15;

[0030] FIG. 17 is a cross-sectional view illustrating form-
ing metal patterns during manufacturing the OLED of FIG.
15;

[0031] FIG. 18 is a cross-sectional view illustrating encap-
sulating an organic light-emitting element during manufac-
turing the OLED of FIG. 15;

[0032] FIG. 19 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure;
[0033] FIG. 20 is a cross-sectional view illustrating form-
ing insulating layer patterns during manufacturing the OLED
of FIG. 19,

[0034] FIG. 21 is a cross-sectional view illustrating form-
ing metal patterns during manufacturing the OLED of FIG.
19;

[0035] FIG. 22 is a cross-sectional view illustrating encap-
sulating an organic light-emitting element during manufac-
turing the OLED of FIG. 19;

[0036] FIG. 23 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure;
[0037] FIG. 24 is a cross-sectional view illustrating form-
ing insulating layer patterns during manufacturing the OLED
of FIG. 23;

[0038] FIG. 25 is a cross-sectional view illustrating form-
ing metal patterns during manufacturing the OLED of FIG.
23; and

[0039] FIG. 26 is a cross-sectional view illustrating encap-
sulating an organic light-emitting element during manufac-
turing the OLED of FIG. 23.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0040] Advantages and features of the present disclosure
and methods of accomplishing the same may be understood
more readily by reference to the following detailed descrip-
tion of preferred embodiments and the accompanying draw-
ings. The present disclosure may, however, be embodied in
many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
embodiments are provided so the disclosure will fully convey
the concept of the invention to those skilled in the art, and the
present disclosure will only be defined by the appended
claims. Thus, in some embodiments, well-known structures
and devices are not shown in order not to obscure the descrip-
tion with unnecessary detail. Like numbers refer to like ele-
ments throughout. In the drawings, the thickness oflayers and
regions are exaggerated for clarity.
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[0041] Tt will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, it can be directly onor connected to the other element
or layer or intervening elements or layers may be present. In
contrast, when an element is referred to as being “directly on”
or “directly connected to” another element or layer, there are
no intervening elements or layers present. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

[0042] Spatially relative terms, such as “below,” “beneath,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures.

[0043] Embodiments described herein will be described
referring to plan views and/or cross-sectional views by way of
ideal schematic views of the disclosure. Accordingly, the
exemplary views may be modified depending on manufactur-
ing technologies and/or tolerances. Therefore, the embodi-
ments of the disclosure are not limited to those shown in the
views, but include modifications in configuration formed on
the basis of manufacturing processes. Therefore, regions
exemplified in figures have schematic properties and shapes
of regions shown in figures exemplify specific shapes of
regions of elements and not limit aspects of the disclosure.
[0044] Hereinafter, embodiments of the present disclosure
will be described with reference to the attached drawings.
[0045] FIG. 1 is a cross-sectional view of an organic light-
emitting display device (OLED) according to an embodiment
of the present disclosure. Referring to FIG. 1, the OLED
according to the current embodiment may include a first
substrate 110, a semiconductor pattern 130, a gate insulating
layer 150, a gate electrode 170, an interlayer insulating film
190, contact holes 210, a source electrode 230, a drain elec-
trode 250, an intermediate layer 270, a planarization layer
290, aviahole 310, a first electrode 330, a pixel defining layer
350, an organic light-emitting layer 370, a second electrode
390, a passivation layer 410, a second substrate 430, and an
encapsulant 490. In the present description, an “OLED” will
be described as an example. However, the present disclosure
is not limited to the OLED. That is, a liquid crystal display
(LCD), an electrophoretic display, a field emission display
(FED), a surface-conduction electron-emitter display (SED),
a plasma display, a cathode ray tube display, etc. can also be
used.

[0046] The first substrate 110 may be shaped like a rectan-
gular parallelepiped plate. A surface of the first substrate 110
may be flat, and various structures that constitute a display
device may be formed on the flat surface. The first substrate
110 may include a transparent insulating substrate. For
example, the first substrate 110 may be a glass substrate, a
quartz substrate, a transparent resin substrate, etc. In some
embodiments, the first substrate 110 may include a polymer
with high thermal resistance. For example, the first substrate
110 may include at least one material selected from the group
consisting of polyethersulfone (PES), polyacrylate (PAR),
polyetherimide (PEI), polyethylene naphthalate (PEN), poly-
ethylene terephthalate (PET), polyphenylene sulfide (PPS),
polyallylate, polyimide (PI), polycarbonate (PC), cellulose
triacetate, cellulose acetate propionate (CAP), poly(aryle-
neether sulfone), and various combinations thereof. The first

29
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substrate 110 may have flexibility. That is, the first substrate
110 may be a deformable substrate that can be rolled, folded,
bent, etc. The first substrate 110 may include an element
region A and an encapsulation region B. The element region
A may be a region where various elements for driving the
OLED, such as organic light-emitting elements and thin-film
transistors (TFTs), are located. In some embodiments, the
element region A may be a region where images are dis-
played. The element region A may be located in the middle of
the first substrate 110. The encapsulation region B may be a
region where the encapsulant 490 for encapsulating various
elements that drive the OLED is located. In some embodi-
ments, the encapsulation region B may be adjacent to edges of
the first substrate 110. That is, the encapsulationregion B may
be located in an edge portion of the first substrate 110. The
encapsulation region B may surround the element region A.
In an exemplary embodiment, the encapsulation region B
may be shaped like a quadrangular or circular donut sur-
rounding all around the element region A.

[0047] Although not shown in the drawing, a buffer layer
may be disposed on the first substrate 110. The buffer layer
may prevent metallic atoms, impurities, etc. from diffusing
from the first substrate 110. If the surface of the first substrate
110 is not even, the buffer layer may improve the flatness of
the surface of the first substrate 110. The buffer layer may be
formed of a silicon compound such as silicon oxide, silicon
nitride, silicon oxynitride, silicon oxycarbide, silicon carbo-
nitride, etc. These materials may be used alone or in various
combinations thereof. In other exemplary embodiments, the
buffer layer may have a single layer structure or a multilayer
structure including a silicon compound. For example, the
bufferlayer may include a silicon oxide layer, a silicon nitride
layer, a silicon oxynitride layer, a silicon oxycarbide layer,
and/or a silicon carbonitride layer. The buffer layer can be
omitted, depending on the surface flatness, material, etc. of
the first substrate 110.

[0048] The semiconductor pattern 130 may be formed on
the first substrate 110. In some embodiments, the semicon-
ductor pattern 130 may be located on the element region A of
the first substrate 110. If the buffer layer is present on the first
substrate 110, the semiconductor pattern 130 may be formed
on the buffer layer. The semiconductor pattern 130 may be
formed of amorphous semiconductor, microcrystalline semi-
conductor, or polycrystalline semiconductor. Preferably, the
semiconductor pattern 130 may be formed of polycrystalline
semiconductor. The semiconductor pattern 130 may also be
formed of oxide semiconductor. The semiconductor pattern
130 may include a channel portion undoped with impurities
and p+-doped source and drain portions which are disposed
on both sides of the channel portion. Here, an ion material
used to dope the source and drain portions may be P-type
impurities such as boron (B). For example, B,H, may be
used. The impurities may vary according to the type of a TFT.

[0049] The gate insulating layer 150 may be formed on the
buffer layer to cover the semiconductor pattern 130. The gate
insulating layer 150 may be formed in the element region A
and the encapsulation region B of the first substrate 110. The
gate insulating layer 150 may be formed of silicon oxide
(810,), silicon nitride (SiN_), or metal oxide. Examples of the
metal oxide that can be used in the gate insulating layer 150
may include hafnium oxide (HfO,), aluminum oxide (AlO,),
zirconium oxide (ZrQ, ), titanium oxide (TiO,), and tantalum
oxide (TaO,). These materials may be used alone or in various
combinations thereof. The gate insulating layer 150 may be
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formed on the buffer layer to a substantially uniform thick-
ness along a profile of the semiconductor pattern 130. The
gate insulating layer 150 may be relatively thin and may have
a step portion formed adjacent to the semiconductor pattern
130. In other exemplary embodiments, the gate insulating
layer 150 may have a substantially flat top surface while fully
covering the semiconductor pattern 130. In this case, the gate
insulating layer 150 may be relatively thick.

[0050] The gate electrode 170 may be formed on the gate
insulating layer 150. The gate electrode 170 may be formed in
the element region A of the first substrate 110. The gate
electrode 170 may be formed on a portion of the gate insu-
lating layer 150 under which the semiconductor pattern 130 is
located. The gate electrode 170 may include a metal, an alloy,
metal nitride, conductive metal oxide, a transparent conduc-
tive material, etc. In an example, the gate electrode 170 may
include aluminum (Al), an alloy containing aluminum, alu-
minum nitride (AIN,), silver (Ag), an alloy containing silver,
tungsten (W), tungsten nitride (WN_), copper (Cu), an alloy
containing copper, nickel (Ni), chrome (Cr), chrome nitride
(CrO,), molybdenum (Mo), an alloy containing molybde-
num, titanium (Ti), titanium nitride (TiN,), platinum (Pt),
tantalum (Ta), tantalum nitride (TaN_), neodymium (Nd),
scandium (Sc), strontium ruthenium oxide (SrRu,O,), zinc
oxide (Zn0,), indium tin oxide (ITO), tin oxide (SnQO,),
indium oxide (InO,), gallium oxide (GaO,), indium zinc
oxide (IZ0), etc. These materials may be used alone or in
various combinations thereof. According to exemplary
embodiments, the gate electrode 170 may have a single layer
structure composed of the metal, the alloy, the metal nitride,
the conductive metal oxide, or the transparent conductive
material described above. Otherwise, the gate electrode 170
may have a multilayer structure composed of the metal, the
alloy, the metal nitride, the conductive metal oxide, and/or the
transparent conductive material. In exemplary embodiments,
the gate electrode 170 may be substantially narrower than the
semiconductor pattern 130. For example, a width of the gate
electrode 170 may be substantially equal or similar to that of
the channel portion. In some embodiments, the gate electrode
170 and the channel portion may overlap each other. How-
ever, the dimensions of the gate electrode 170 and/or the
dimensions of the channel portion may vary according to
electrical characteristics required of a switching element
including the gate electrode 170 and the channel portion.

[0051] Theinterlayer insulating film 190 may be formed on
the gate insulating layer 150 to cover the gate electrode 170.
The interlayer insulating film 190 may be formed on the
element region A and the encapsulation region B of the first
substrate 110. The interlayer insulating film 190 may be
formed on the gate insulating layer 150 to a substantially
uniform thickness along a profile of the gate electrode 170.
Therefore, the interlayer insulating film 190 may have a step
portion formed adjacent to the gate electrode 170. The inter-
layer insulating film 190 may be formed of a silicon com-
pound such as silicon oxide, silicon nitride, silicon oxyni-
tride, silicon carbonitride, silicon oxycarbide, etc. These
materials may be used alone or in various combinations
thereof. In some embodiments, the interlayer insulating film
190 may have a single layer structure or a multilayer structure
including silicon oxide, silicon nitride, silicon oxynitride,
silicon carbonitride, silicon oxycarbide, etc. Further, the
interlayer insulating film 190 may be formed of substantially
the same material as the gate insulating layer 150. The inter-
layer insulating film 190 may insulate the gate electrode 170
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from a source electrode 230 and a drain electrode 250 which
will are generally formed later during the manufacturing pro-
cess.

[0052] The interlayer insulating film 190 may include the
contact holes 210 which partially expose the semiconductor
pattern 130. The contact holes 210 may be formed on the
element region A of the first substrate 110. In an exemplary
embodiment, the contact holes 210 may expose the source
portion and the drain portion of the semiconductor pattern
130. If the gate insulating layer 150 is disposed on the semi-
conductor pattern 130 as in the exemplary embodiment of
FIG. 1, the contact holes 210 may penetrate through the gate
insulating layer 150. The contact holes 21 may extend in a
direction perpendicular to the surface of the first substrate
110.

[0053] The source electrode 230 and the drain electrode
250 may be formed on the interlayer insulating film 190. The
source electrode 230 and the drain electrode 250 may be
inserted into the contact holes 210, respectively. That is, the
source electrode 230 and the drain electrode 250 may be
formed on the element region A of the first substrate 110. The
source electrode 230 and the drain electrode 250 may be
separated by a predetermined distance with respect to the gate
electrode 170 and may be disposed adjacent to the gate elec-
trode 170. In some embodiments, the source electrode 230
and the drain electrode 250 may penetrate through the inter-
layer insulating film 190 and the gate electrode 150 to contact
the source portion and the drain portion of the semiconductor
pattern 130, respectively. Each of the source electrode 230
and the drain electrode 250 include a metal, an alloy, metal
nitride, conductive metal oxide, a transparent conductive
material, etc. In an example, each of the source electrode 230
and the drain electrode 250 may include aluminum, an alloy
containing aluminum, aluminum nitride, silver, an alloy con-
taining silver, tungsten, tungsten nitride, copper, an alloy
containing copper, nickel, chrome, chrome nitride, molybde-
num, an alloy containing molybdenum, titanium, titanium
nitride, platinum, tantalum, tantalum nitride, neodymium,
scandium, strontium ruthenium oxide, zinc oxide, indium tin
oxide, tin oxide, indium oxide, gallium oxide, indium zinc
oxide, etc. These materials may be used alone or in various
combinations thereof. Each of the source electrode 230 and
the drain electrode 250 may have a single layer structure or a
multilayer structure composed of the metal, the alloy, the
metal nitride, the conductive metal oxide, or the transparent
conductive material described above. The formation of the
source electrode 230 and the drain electrode 250 on the inter-
layer insulating film 190 may produce a TFT, which includes
the semiconductor pattern 130, the gate insulating layer 150,
the gate electrode 170, the source electrode 230 and the drain
electrode 250, on the first substrate 110 as a switching ele-
ment of the OLED. Here, the TFT may be a top gate TFT.

[0054] The intermediate layer 270 may be formed on the
source electrode 230 and the drain electrode 250. That is, the
intermediate layer 270 may be formed on the interlayer insu-
lating film 190 to cover the source electrode 230 and the drain
electrode 250. The intermediate layer 270 may be formed on
the element region A of the first substrate 110. The interme-
diate layer 270 may be thick enough to completely cover the
source electrode 230 and the drain electrode 250. The inter-
mediate layer 270 may be formed of an organic material or an
inorganic material. For example, the intermediate layer 270
may include photoresist, acrylic-based polymer, polyimide-
based polymer, polyamide-based polymer, siloxane-based
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polymer, polymer containing photosensitive acryl carboxyl,
novolak resin, alkali soluble resin, silicon oxide, silicon
nitride, silicon oxynitride, silicon oxycarbide, silicon carbo-
nitride, aluminum, magnesium, zinc, hafnium, zirconium,
titanium, tantalum, aluminum oxide, titanium oxide, tanta-
lum oxide, magnesium oxide, zinc oxide, hafnium oxide,
zirconium oxide, titanium oxide, etc. These may be used
alone or in various combinations thereof. According to other
exemplary embodiments, the intermediate layer 270 that cov-
ers the TFT may not be provided, depending on the material,
dimensions, etc. of the planarization layer 290 to be formed
later.

[0055] The planarization layer 290 may be formed on the
intermediate layer 270. The planarization layer 290 may be
formed on the element region A of the first substrate 110. A
surface of the planarization layer 290 may be flat. That is, the
planarization layer 290 may be formed thick enough to pla-
narize its surface on which a pixel will be formed. The pla-
narization layer 290 may be formed of an insulating material.
In some embodiments, the planarization layer 290 may be
formed of an organic material such as polyimide. Further, the
planarization layer 290 may have a single layer structure or a
multilayer structure including two or more insulating layers.
[0056] Theplanarization layer 290 may include the via hole
310 that partially exposes the drain electrode 250. In an exem-
plary embodiment, the via hole 310 may expose a central
portion of the drain electrode 250. The via hole 310 may
extend in the direction perpendicular to the surface of the first
substrate 110.

[0057] The first electrode 330 may be positioned on the
planarization layer 290. The first electrode 330 may be
formed on the element region A of the first substrate 110. The
first electrode 330 may beinserted into the viahole 310 and be
electrically connected to the drain electrode 250. The first
electrode 330 may be an anode or a cathode. If the first
electrode 330 is an anode, the second electrode 390 may be a
cathode. Thus, embodiments of the present disclosure will be
described below based on this assumption. However, the first
electrode 330 may also be a cathode, and the second electrode
390 may also be an anode.

[0058] When used as an anode, the first electrode 330 may
be formed of a conductive material with a high work function.
If the OLED is of a bottom emission type, the first electrode
330 may be formed of a material such as ITO, 12O, ZnO or
In,O; or may be formed of a stacked layer of these materials.
If the OLED is of a top emission type, the first electrode 330
may further include a reflective layer formed of Ag, Mg, Al,
Pt, Pd, Au, Ni, Nd, Ir, Cr, Li or Ca. The first electrode 330 can
be modified in various ways to have, for example, a structure
composed of two or more layers formed using two or more
different materials selected from the above materials.

[0059] The pixel defining layer 350 may be formed on the
first electrode 330. The pixel defining layer 350 may be
formed on the element region A of the first substrate 110. The
pixel defining layer 350 may partially expose the first elec-
trode 330. The pixel defining layer 350 may be formed of at
least one organic material selected from benzocyclobutene
(BCB), polyimide (PI), polyamaide (PA), acrylic resin and
phenolic resin or an inorganic material such as silicon nitride.
The pixel defining layer 350 may also be formed of a photo-
sensitizer that contains a black pigment. In this case, the pixel
defining layer 350 may serve as a light blocking member.
[0060] The organic light-emitting layer 370 is formed on
the first electrode 330. The organic light-emitting layer 370
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may be formed on the element region A of the first substrate
110. In response to an electric current supplied to the organic
light-emitting layer 370, electrons and holes within the
organic light-emitting layer 370 may recombine to form exci-
tons, and energy from the excitons may generate light of a
certain wavelength. The organic light-emitting layer 370 may
be formed of a small molecular weight organic material or a
polymer organic material. The organic light-emitting layer
370 may include a hole-injection layer (HIL), a hole-trans-
porting layer (HTL), ahole blocking layer (HBL), an emitting
layer (EML), an electron-transporting layer (ETL), an elec-
tron-injection layer (FIL), and an electron blocking layer
(EBL).

[0061] The second electrode 390 may be formed on the
organic light-emitting layer 370. The second electrode 390
may be formed on the element region A of the first substrate
110. When used as a cathode, the second electrode 390 may
be formed of a conductive material with a low work function.
In an exemplary embodiment, the second electrode 390 may
be formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li or Ca.
The formation of the second electrode 390 on the organic
light-emitting layer 370 may produce an organic light-emit-
ting element, which includes the first electrode 330, the
organic light-emitting layer 370 and the second electrode
390, on the first substrate 110 as a display element of the
OLED.

[0062] The passivation layer 410 may be formed on the
second electrode 390. The passivation layer 410 may be
formed on the element region A of the first substrate 110. The
passivation layer 410 may protect the organic light-emitting
element from external moisture or oxygen, thereby prevent-
ing degradation of the organic light-emitting element. The
passivation layer 410 may be an organic layer, an inorganic
layer, or a multilayer composed of the organic layer and the
inorganic layer. The inorganic layer may be an insulating
layer such as a silicon oxide (SiO,) layer, a silicon nitride
(SiNXx) layer, or a silicon oxynitride (SiO,N, ) layer. Also, the
inorganic layer may be a LiF layer. The organic layer may be
a layer containing NPB(N,N'-Bis(naphthalen-1-yl)-N,N'-bis
(phenyl)benzidine), TNATA, TCTA, TDAPB, TDATA, Alq,,
Balg or CBP. The passivation layer 410 may be formed by
evaporation, chemical vapor deposition (CVD), or sputtering.
[0063] The second substrate 430 may be positioned on the
passivation layer 410. The second substrate 430 may be sepa-
rated from the passivation layer 410 by a predetermined dis-
tance. A space between the second substrate 430 and the
passivation layer 410 may be filled with nitrogen, etc. The
second substrate 430 may face the first substrate 110. The
second substrate 430 may be positioned to cover both the
element region A and the encapsulation region B of the first
substrate 110. The second substrate 430 may encapsulate the
organic light-emitting element and the TFT, together with the
encapsulant 490. The second substrate 430 may be transpar-
ent insulating glass or plastic, but is not limited thereto, and
may be formed of various materials that can block external
substances. In an exemplary embodiment, the second sub-
strate 430 may be formed of the same material as the first
substrate 110.

[0064] The encapsulant 490 may be formed on the edge
portion of the first substrate 110 and the second substrate 430.
In an exemplary embodiment, the encapsulant 490 may be
formed on the encapsulation region B of the first substrate
110. In some embodiments, the encapsulant 490 may not exist
on the element region A of the first substrate 110. The encap-
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sulant 490 may contact the interlayer insulating film 190
disposed on the first substrate 110. However, the present
disclosure is not limited thereto, and the encapsulant 490 may
also contact the gate insulating layer 150 or the first substrate
110. In the exemplary embodiment of FIG. 1, the encapsulant
490 may encapsulate the organic light-emitting element and
the TFT by contacting the interlayer insulating film 190 and
the second substrate 430.

[0065] Theencapsulant 490 may include a first encapsulant
490a and a second encapsulant 4905. The first encapsulant
490 may be disposed on the entire encapsulation region B of
the first substrate 110. That is, the first encapsulant 490a may
form the overall frame for encapsulating the organic light-
emitting element, the TFT, etc. The first encapsulant 490a
may be a main encapsulant for encapsulating the organic
light-emitting element, the TFT, etc. The first encapsulant
490¢ may be a connector that connects at least one of the
interlayer insulating film 190, the gate insulating layer 150
and the first substrate 110 to the second substrate 430. The
first encapsulant 490a may include glass frit. The glass frit
may be formed of one material selected from the group
including, for example, lead oxide (PbO), diboron trioxide
(B,0Oy), and Si0,. The glass frit may be formed by screen
printing or dispensing. In the present disclosure, however, the
material and method used to form the glass frit are not limited
to those set forth herein.

[0066] The second encapsulant 4905 may be located within
the first encapsulant 490a. The second encapsulant 490 may
be formed on a portion of the element region A of the first
substrate 110. The second encapsulant 4905 may be a sub-
encapsulant for improving mechanical strength of the encap-
sulant 490. The second encapsulant 4905 may be formed
adjacent to at least one of the first substrate 110 and the
second substrate 430. In the exemplary embodiment of FIG.
1, the second encapsulant 4905 is formed in a region adjacent
to the first substrate 110, but is not limited thereto, and may
also be formed in a region adjacent to the second substrate
430. The second encapsulant 4905 may also be formed in
both the region adjacent to the first substrate 110 and the
region adjacent to the second substrate 430.

[0067] The second encapsulant 4905 may include a metal-
lic material. In an exemplary embodiment, the metallic mate-
rial may include at least one of aluminum and silver, but is not
limited thereto, and may also include iron (Fe), copper (Cu),
and zinc (Zn). A melting point of the metallic material may be
less than about 1000° C. or below. In some embodiments, the
melting point of the metallic material may be in a range of 0
to 1000° C. In some embodiments the melting point of the
metallic material may be less than, equal to or between 0, 50,
100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650,
700, 750, 800, 850, 900, 950, 100° C. or any temperature in
between. The metallic material heated to about 1000° C. or
above may change from a solid state to a liquid state.

[0068] The second encapsulant 4905 may be formed in a
shape spread randomly in a direction away from the first
substrate 110 or the second substrate 430. That is, the second
encapsulant 4905 may be formed in a shape randomly spread
in a direction away from a start point. The second encapsulant
490) may spread in a similar manner to the manner in which
a drop of colored ink dropped into clear water randomly
spreads into the clear water. In the exemplary embodiment of
FIG. 1, the spread start point of the second encapsulant 4905
may be a portion adjacent to the first substrate 110, for
example, a top surface of the interlayer insulating film 190.
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Thus, the second encapsulant 4905 may randomly spread
from the top surface of the interlayer insulating film 190 in a
direction toward the second substrate 430. Here, the spread
start point of the second encapsulant 4905 may contact the
interlayer insulating film 190 but may not contact a structure
(for example, the second substrate 430) located in the direc-
tion in which the second encapsulant 4905 spreads. However,
the present disclosure is not limited thereto, and the second
encapsulant 4905 may also contact both the spread start point
and the structure located in the spread direction of the second
encapsulant 4905.

[0069] A volume ratio of the second encapsulant 4904 to
the first encapsulant 490¢ may increase toward the first sub-
strate 110 or the second substrate 430. Since the second
encapsulant 4905 spreads randomly in the direction away
from the first substrate 110 or the second substrate 430 as
described above, an amount of the second encapsulant 4905
relative to an amount of the first encapsulant 490¢ may
increase toward the first substrate 110 or the second substrate
430. That 1s, as the distance to the first substrate 110 or the
second substrate 430 decreases, the proportion of the second
encapsulant 4905 in the encapsulant 4905 may increase.
[0070] An interface between the second encapsulant 4905
and the first encapsulant 490a may be formed of metal oxide.
That is, oxygen in the first encapsulant 490« and a metallic
material in the second encapsulant 4905 may react with each
other to form metal oxide. Here, a thickness of the metal oxide
may be set to a desired thickness by adjusting a period of time
during which the above reaction environment is maintained.
[0071] The second encapsulant 4905 may be formed of the
same material as at least one of the gate electrode 170, the
source electrode 230, and the drain electrode 250. In an exem-
plary embodiment, the second encapsulant 4905 may be
formed of the same material as the source electrode 230 and
the drain electrode 250. However, the present disclosure is not
limited thereto, and the second encapsulant 4905 may also be
formed of the same material as the gate electrode 170.
[0072] The second encapsulant 4905 may result from melt-
ing of metal patterns 470 (see FIG. 5). These metal patterns
470 may be formed simultaneously with at least one of the
gate electrode 170, the source electrode 230, and the drain
electrode 250. In an exemplary embodiment, the metal pat-
terns 470 may be formed at the same time as the source
electrode 230 and the drain electrode 250. However, the
present disclosure is not limited thereto, and the metal pat-
terns 470 may also be formed at the same time as the gate
electrode 170.

[0073] Display properties of the OLED change sensitively
to penetration of oxygen and moisture. Thus, encapsulation
technology that can prevent penetration of oxygen and mois-
ture is required. One example of a suitable material applicable
to such encapsulation technology is glass frit. If edges of the
first and second substrates 110 and 430 are sealed with the
glass frit, it is possible to effectively prevent oxygen and
moisture from penetrating into the organic light-emitting ele-
ment and the TFT.

[0074] However, the glass frit has comparatively low
mechanical strength. That is, the glass frit is very vulnerable
to external impact and vibrations. In some embodiments, if
the space between the first substrate 110 and the second
substrate 430 is filled with nitrogen, since there is no layer for
absorbing external impact and vibrations, the external impact
and vibrations may be transmitted, as they are, to the glass frit,
thus easily damaging the glass frit. When the glass frit that
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encapsulates the organic light-emitting element is damaged,
oxygen and moisture may penetrate into the organic light-
emitting element, thereby degrading display quality of the
OLED. For example, a dark spot may be formed in a pixel
adjacent to the damaged glass frit, and a developing dark spot
defect in which the dark spot gradually spreads may occur.

[0075] Inthe OLED according to the current embodiment,
however, the second encapsulant 4905 including a metallic
material is located within the first encapsulant 4904 including
glass frit. This improves the overall mechanical strength of
the encapsulant 490. Specifically, since the first encapsulant
490a disposed between the first substrate 110 and the second
substrate 430 adheres to the second encapsulant 4905, the
adhesion area of the first encapsulant 490¢ may increase,
thereby improving the overall mechanical strength of the
encapsulant 490. For example, since the second encapsulant
490b spreads randomly in the direction away from the first
substrate 110 or the second substrate 430, the adhesion area of
the first encapsulant 490q and the second encapsulant 4905 is
comparatively large. Accordingly, the mechanical strength of
the encapsulant 490 may increase significantly. In some
embodiments, since the encapsulant 490 includes not only
glass frit that can effectively prevent penetration of oxygen
and moisture but also a metallic material with excellent duc-
tility and elasticity, it is possible to ensure consistent display
quality and impact resistance of the OLED including the
encapsulant 490.

[0076] The metallic material that forms the second encap-
sulant 4905 may be the same as the material that forms at least
one ofthe gate electrode 170, the source electrode 230 and the
drain electrode 250 of the TFT. In some embodiments, the
metal patterns 470 used to form the second encapsulant 4905
may be formed simultaneously with at least one of the gate
electrode 170, the source electrode 230, and the drain elec-
trode 250 of the TFT. Therefore, a process of manufacturing
the OLED including the second encapsulant 4905 may be
very effective.

[0077] A method of manufacturing an OLED according to
an embodiment of the present disclosure will now be
described with reference to FIGS. 2 through 7. FIG. 2 is a
cross-sectional view illustrating an operation of ejecting glass
frit onto a second substrate 430 during a process of manufac-
turing the OLED of FIG. 1. FIG. 3 is a cross-sectional view
illustrating an operation of forming a glass frit pattern 450 by
curing the ejected glass frit during the process of manufac-
turing the OLED of FIG. 1. FIG. 4 is a cross-sectional view
illustrating an operation of forming a semiconductor pattern
130, a gate insulating layer 150, a gate electrode 170, an
interlayer insulating film 190, and contact holes 210 on a first
substrate 110 in the process of manufacturing the OLED of
FIG. 1. FIG. 5 is a cross-sectional view illustrating forming a
source electrode 230, a drain electrode 250, and metal pat-
terns 470 during the process of manufacturing the OLED of
FIG. 1. FIG. 6 is a cross-sectional view illustrating an opera-
tion of forming an intermediate layer 270, a planarization
layer 290, a viahole 310, a first electrode 330, a pixel defining
layer 350, an organic light-emitting layer 370, a second elec-
trode 390, and a passivation layer 410 during the process of
manufacturing the OLED of FIG. 1. FIG. 7 is a cross-sec-
tional view illustrating an operation of encapsulating an
organic light-emitting element during manufacturing the
OLED of FIG. 1. For simplicity, elements substantially iden-
tical to those of FIG. 1 are indicated by like reference numer-
als, and thus, a redundant description thereof will be omitted.
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[0078] Referring to FIG. 2, glass frit may be ejected onto
the second substrate 430 using a nozzle. Here, the glass frit
may be glass frit that forms a first encapsulant 490a. The glass
frit may be ejected onto an edge portion of the second sub-
strate 430. Here, the edge portion of the second substrate 430
may be a region corresponding to an encapsulation region B
of the first substrate 110.

[0079] Referring to FIG. 3, after the ejection of the glass
frit, the glass frit pattern 450 may be formed by curing the
ejected glass frit with heat. Curing the glass frit with heat may
be referred to as a first curing process. In an exemplary
embodiment, the first curing process may be a process of
inserting the second substrate 430 and the glass frit ejected
onto the second substrate 430 into an oven and curing the
whole of the second substrate 430 and the glass frit ejected
onto the second substrate 430. A shape of the glass frit pattern
450 formed by this process may be substantially the same as
a shape of the encapsulant 490 to be formed later.

[0080] Referring to FIG. 4, after the formation of the glass
frit pattern 450 on the second substrate 430, the semiconduc-
tor pattern 130, the gate insulating layer 150, the gate elec-
trode 170, the interlayer insulating film 190, and the contact
holes 210 may be sequentially formed on the first substrate
110. The semiconductor pattern 130, the gate insulating layer
150, the gate electrode 170, and the interlayer insulating film
190 may be formed by, but not limited to, a typical deposition
process, and the contact holes 210 may be formed by, but not
limited to, a typical etching process.

[0081] Referring to FIG. 5, after the formation of the semi-
conductor pattern 130, the gate insulating layer 150, the gate
electrode 170, the interlayer insulating film 190 and the con-
tact holes 210 on the first substrate 110, the source electrode
230, the drain electrode 250, and the metal patterns 470 may
be formed simultaneously. Here, the source electrode 230 and
the drain electrode 250 may be inserted into the contact holes
210 on an element region A, and the metal patterns 470 may
be formed on the interlayer insulating film 190 on the encap-
sulation region B. In an exemplary embodiment, the source
electrode 230, the drain electrode 250, and the metal patterns
470 may all be formed of the same material such as aluminum
or silver.

[0082] Referring to FIG. 6, after the formation of the source
electrode 230, the drain electrode 250 and the metal patterns
470, the intermediate layer 270, the planarization layer 290,
the via hole 310, the first electrode 330, the pixel defining
layer 350, the organic light-emitting layer 370, the second
electrode 390, and the passivation layer 410 may be formed
sequentially. The intermediate layer 270, the passivation
layer 290, the via hole 310, the first electrode 330, the pixel
defining layer 350, the organic light-emitting layer 370, the
second electrode 390, and the passivation layer 410 may all be
formed on the element region A. Each of the intermediate
layer 270, the planarization layer 290, the via hole 310, the
first electrode 330, the pixel defining layer 350, the organic
light-emitting layer 370, the second electrode 390, and the
passivation layer 410 may be formed by a typical deposition
or etching process.

[0083] Theorder of the process of FIGS. 2 and 3, that is, the
process of forming the glass frit pattern 450 on the second
substrate 430 and the process of FIGS. 4 through 6, that is, the
process of forming a plurality of structures on the first sub-
strate 110 can be reversed.

[0084] Referring to FIG. 7, after the formation of the inter-
mediate layer 270, the planarization layer 290, the via hole
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310, the first electrode 330, the pixel defining layer 350, the
organic light-emitting layer 370, the second electrode 390,
and the passivation layer 410 on the first substrate 110, the
organic light-emitting element may be encapsulated by bond-
ing the metal patterns 470 disposed on the first substrate 110
and the glass frit pattern 450 disposed on the second substrate
430. Specifically, the second substrate 430 is placed over the
first substrate 110 such that the metal patterns 470 face the
glass frit pattern 450. Then, a gap between the first substrate
110 and the second substrate 430 is reduced to bring the metal
patterns 470 and the glass frit pattern 450 into contact with
each other. Here, since the glass frit pattern 450 has elasticity
and ductility, it may be deformed to surround the metal pat-
terns 470. That is, the glass frit pattern 450 may contact top
and side surfaces of the metal patterns 470.

[0085] To encapsulate the organic light-emitting element
more perfectly, laser beams may be irradiated to the metal
patterns 470 after the bonding of the metal patterns 470 and
the glass frit pattern 450. In an exemplary embodiment, laser
beams may irradiate the second substrate 430 from above ina
direction toward the metal patterns 470, so that the metal
patterns 470 can spread into the glass frit pattern 450. This
laser irradiation may be referred to as a second curing pro-
cess. The second curing process may be a process of laser
beam irradiation only to the glass frit pattern 450 and the
metal patterns 470. Specifically, laser beams that pass
through the transparent second substrate 430 may heat the
glass frit pattern 450, and heat of the heated glass frit pattern
450 may be transmitted to the metal patterns 470. Accord-
ingly, the metal patterns 470 may be heated to a temperature
of greater than or equal to about 1000° C. In an exemplary
embodiment, the temperature of the heated metal patterns 470
may range from 1000 to 1300° C. or be equal to about 1000,
1050, 1100, 1150, 1200, 1250, 1300° C. or any temperature
therebetween. The heated metal patterns 470 may melt and
spread randomly into the glass frit pattern 450, thereby form-
ing a second encapsulant 4905, Here, the glass frit pattern 450
surrounding the second encapsulant 4905 may become the
first encapsulant 490a. That is, the process of FIG. 7 may
produce the OLED according to the embodiment of FIG. 1.

[0086] As described above, the method of manufacturing
the OLED according to the current embodiment is a very
efficient process and can be used to manufacture an OLED
with consistent display quality and impact resistance.

[0087] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 8. FIG. 8 isa cross-sectional view of an OLED according
to another embodiment of the present disclosure. For simplic-
ity, elements substantially identical to those of FIG. 1 are
indicated by like reference numerals, and thus, a redundant
description thereof will be omitted. Referring to FIG. 8, in the
OLED according to the current embodiment, an encapsulant
491 may encapsulate an organic light-emitting element, a
TFT, etc. by directly contacting a gate insulating layer 150
and a second substrate 430. That is, the gate insulating layer
150 may be formed on an element region A and an encapsu-
lation region B. However, an interlayer insulating film 191
may be formed only on the element region A, and the encap-
sulant 491 may be formed directly on the gate insulating layer
150 disposed on the encapsulation region B.

[0088] A thickness of a first encapsulant 491¢ may be
increased by a thickness of the interlayer insulating film 191.
In some embodiments, a second encapsulant 4915 may be
formed of the same material as a gate electrode 170. Metal
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patterns (not shown) used to form the second encapsulant
4915 may be formed on the gate insulating layer 150 simul-
taneously with the gate electrode 170.

[0089] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 9. FIG. 9is across-sectional view of an OLED according
to another embodiment of the present disclosure. For simplic-
ity, elements substantially identical to those of FIG. 1 are
indicated by like reference numerals, and thus, a redundant
description thereof will be omitted. Referring to F1G. 9, in the
OLED according to the current embodiment, a TFT may be a
bottom gate TFT. That is, a gate electrode 172 may be formed
ona first substrate 110, and a gate insulating layer 152 may be
formed on the gate electrode 172. In some embodiments, a
semiconductor pattern 132 may be formed on the gate insu-
lating layer 152 to overlap the gate electrode 172, and an
interlayer insulating film 192 may be formed on the semicon-
ductor pattern 132. Further, contact holes 212 partially expos-
ing the semiconductor pattern 132 may be formed in the
interlayer insulating film 192, and a source electrode 232 and
a drain electrode 252 may be inserted into the contact holes
212, respectively. The gate electrode 172, the gate insulating
layer 152, the semiconductor pattern 132, the interlayer insu-
lating film 192, the contact holes 212, the source electrode
232, and the drain electrode 252 may all be formed on an
element region A of the first substrate 110.

[0090] Here, an encapsulant 492 may encapsulate an
organic light-emitting element, the TFT, etc. by directly con-
tacting the first substrate 110 and a second substrate 430. That
is, since the gate insulating layer 152 and the interlayer insu-
lating film 192 are formed only on the element region A as
described above, the encapsulant 492 may be formed directly
on an encapsulation region B of the first substrate 110.
[0091] A thickness of a first encapsulant 4924 may be
increased by a thickness of the gate insulating layer 152 and
a thickness of the interlayer insulating film 192. In some
embodiments, a second encapsulant 4925 may be formed of
the same material as a gate electrode 172. Metal patterns (not
shown) used to form the second encapsulant 4925 may be
formed on the first substrate 110 simultaneously with the gate
electrode 172.

[0092] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 10. FIG. 10 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure.
For simplicity, elements substantially identical to those of
FIG. 1 are indicated by like reference numerals, and thus, a
redundant description thereof will be omitted.

[0093] Referring to FIG. 10, the OLED according to the
current embodiment may include a second encapsulant 4935
in more amounts than the OLED according to the embodi-
ment of FIG. 1. In an exemplary embodiment, an encapsulant
493 may include a first encapsulant 493a and the second
encapsulant 4935 located within the first encapsulant 493a as
described above. The second encapsulant 493b may be
formed in both a region adjacent to a first substrate 110 and a
region adjacent to a second substrate 430. Specifically, the
second encapsulant 4935 may directly contact an interlayer
insulating film 190 on the first substrate 110 and the second
substrate 430 and may spread randomly in a direction toward
acenter of the encapsulant 493. In some embodiments, a ratio
of volume of the second encapsulant 4935 to volume of the
first encapsulant 493¢ may increase from the lower end
toward upper end or from the upper end to the lower end of the
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encapsulant 493. That is, the volume ratio of the second
encapsulant 4935 to the first encapsulant 4934 may decrease
toward the center of the encapsulant 493. Although not shown
in FIG. 10, the second encapsulant 4935 formed in an upper
part of the encapsulant 493 may be connected to the second
encapsulant 4935 formed in a lower part of the encapsulant
493.

[0094] Since the OLED according to the current embodi-
ment includes the second encapsulant 4935 at both ends of the
encapsulant 493, mechanical strength of the encapsulant 493
can be improved further.

[0095] A method of manufacturing an OLED according to
another embodiment of the present disclosure will now be
described with reference to FIGS. 11 through 14. FIG. 111sa
cross-sectional view illustrating an operation of forming
metal patterns 473 on a second substrate 430 during a process
of manufacturing the OLED of FIG. 10. FIG. 12 is a cross-
sectional view illustrating an operation of ejecting glass frit
onto the metal patterns 473 during the process of manufac-
turing the OLED of FIG. 10. FIG. 13 is a cross-sectional view
illustrating an operation of forming a glass frit pattern 450 by
curing the ejected glass frit during the process of manufac-
turing the OLED of FIG. 10. FIG. 14 is a cross-sectional view
illustrating an operation of encapsulating an organic light-
emitting element during the process of manufacturing the
OLED of FIG. 10. For simplicity, elements substantially
identical to those of FIGS. 1 through 7 are indicated by like
reference numerals, and thus a redundant description thereof
will be omitted.

[0096] Referring to FIG. 11, the metal patterns 473 may be
formed on the second substrate 430. Here, the metal pattern
473 may be substantially the same as the metal patterns 470
described above. The metal patterns 473 may be formed on an
edge portion of the second substrate 430. Here, the edge
portion of the second substrate 430 may be a region corre-
sponding to an encapsulation region B of a first substrate 110.
[0097] Referring to FIG. 12, after the formation of the
metal patterns 473, glass frit may be ejected onto the metal
patterns 473 using a nozzle. Here, the glass frit may be glass
frit that forms a first encapsulant 493a.

[0098] Referring to FIG. 13, after the ejection of the glass
frit, the glass frit pattern 450 may be formed by curing the
ejected glass frit with heat.

[0099] Referring to FIG. 14, after the formation of the glass
frit pattern 450, the organic light-emitting element may be
encapsulated by bonding the metal patterns 470 disposed on
the first substrate 110 of FIG. 6 and the glass frit pattern 450
disposed on the second substrate 430. Here, the metal pattern
470 disposed on the first substrate 110 and the metal patterns
473 disposed on the second substrate 430 may be arranged
alternately. In other words, the metal patterns 470 disposed on
the first substrate 110 and the metal patterns 473 disposed on
the second substrate 430 may be arranged in a zigzag pattern.
[0100] To encapsulate the organic light-emitting element
more perfectly, laser beams may be irradiated to the metal
patterns 470 disposed on the first substrate 110 and the metal
patterns 473 disposed on the second substrate 430. In an
exemplary embodiment, laser beams may be irradiated from
above the second substrate 430 in a direction toward an
encapsulant 493, so that the metal patterns 470 on the first
substrate 110 and the metal patterns 473 on the second sub-
strate 430 can spread into the glass frit pattern 450. The
process of FIG. 14 may produce the OLED according to the
embodiment of F1G. 10.
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[0101] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 15. FIG. 15 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure.
For simplicity, elements substantially identical to those of
FIG. 1 are indicated by like reference numerals, and thus, a
redundant description thereof will be omitted.

[0102] Referring to FIG. 15, the OLED according to the
current embodiment may include insulating layer patterns
224. Specifically, one or more insulating layer patterns 224,
each composed of a gate insulating layer 154 and an interlayer
insulating film 194, may be disposed on an encapsulation
region B of a first substrate 110. Here, the insulating layer
patterns 224 may be protruding patterns that protrude upward
from the first substrate 110.

[0103] An encapsulant 494 may include a first encapsulant
494a and a second encapsulant 4945 located within the first
encapsulant 494q as described above. A spread start point of
the second encapsulant 4945 may be surfaces of the insulating
layer patterns 224. That is, the second encapsulant 4945 may
spread randomly in a direction away from top and side sur-
faces of the insulating layer patterns 224.

[0104] Inthe OLED according to the current embodiment,
the spread start point of the second encapsulant 4945 is set to
the surfaces of the insulating layer patterns 224. This
increases the adhesion area of the second encapsulant 4945,
which further improves mechanical strength of the encapsu-
lant 494.

[0105] A method of manufacturing an OLED according to
another embodiment of the present disclosure will now be
described with reference to FIGS. 16 through 18. FIG. 16isa
cross-sectional view illustrating an operation of forming
insulating layer patterns 224 during a process of manufactur-
ing the OLED of FIG. 15. FIG. 17 is a cross-sectional view
illustrating an operation of forming metal patterns 474 during
the process of manufacturing the OLED of FIG. 15. FIG. 18
is a cross-sectional view illustrating an operation of encapsu-
lating an organic light-emitting element during the process of
manufacturing the OLED of FIG. 15. For simplicity, elements
substantially identical to those of FIGS. 1 through 7 are
indicated by like reference numerals, and thus, a redundant
description thereof will be omitted.

[0106] Referring to FIG. 16, a semiconductor pattern 130, a
gate insulating layer 154, a gate electrode 170, an interlayer
insulating film 194, contact holes 210, and the insulating
layer patterns 224 may be formed on a first substrate 110.
After the formation of the semiconductor pattern 130, the gate
insulating layer 154, the gate electrode 170 and the interlayer
insulating film 194, the contact holes 210 and the insulating
layer patterns 224 may be formed simultaneously on an ele-
ment region A and an encapsulation region B, respectively, by
using a typical etching process. The insulating layer patterns
224 may protrude upward from the first substrate 110. The
contact holes 210 and the insulating layer patterns 224 may be
formed using a single mask.

[0107] Referring to FIG. 17, after the formation of the
semiconductor pattern 130, the gate insulating layer 154, the
gate electrode 170, the interlayer insulating film 194, the
contact holes 210 and the insulating layer patterns 224 on the
first substrate 110, a source electrode 230, a drain electrode
250, and the metal patterns 474 may be formed. Specifically,
the source electrode 230 and the drain electrode 250 may be

Nov. 27,2014

inserted into the contact holes 210, and the metal patterns 474
may be formed to cover both top and side surfaces of the
insulating layer patterns 224.

[0108] Referring to FIG. 18, after the formation of the
source electrode 230, the drain electrode 250 and the metal
patterns 474, an intermediate layer 270, a planarization layer
290, aviahole 310, a first electrode 330, a pixel defining layer
350, an organic light-emitting layer 370, a second electrode
390, and a passivation layer 410 may be formed on the source
electrode 230 and the drain electrode 250. Then, the organic
light-emitting element may be encapsulated by bonding the
glass frit pattern 450 of the structure shown in FIG. 3 and the
metal patterns 474. To encapsulate the organic light-emitting
element more perfectly, the metal patterns 474 may be spread
into the glass frit pattern 450 by irradiating laser beams to the
metal patterns 474. The process of FIG. 18 may produce the
OLED according to the embodiment of FIG. 15.

[0109] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 19. FIG. 19 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure.
For simplicity, elements substantially identical to those of
FIG. 1 are indicated by like reference numerals, and thus, a
redundant description thereof will be omitted.

[0110] Referring to FIG. 19, the OLED according to the
current embodiment may include insulating layer patterns
225. Specifically, one or more insulating layer patterns 225,
each composed of a gate insulating layer 155 and an interlayer
insulating film 195, may be disposed on an encapsulation
region B of a first substrate 110. Here, the insulating layer
patterns 225 may be protruding patterns that protrude upward
from the first substrate 110.

[0111] A spread start point of a second encapsulant 4955
may not only be surfaces of the insulating layer patterns 225
but also part of a surface of the first substrate 110. That is, an
encapsulant 495 may include a first encapsulant 495q and the
second encapsulant 49556 located within the first encapsulant
495a as described above. The spread start point of the second
encapsulant 4955 may be the surfaces of the insulating layer
patterns 225 and part of the surface of the first substrate 110.
Here, part of the surface of the first substrate 110, which is the
spread start point, may be located between the insulating
layer patterns 225. The second encapsulant 495b may spread
randomly in a direction away from the surfaces of the insu-
lating layer patterns 225 and part of the surface of the first
substrate 110.

[0112] In the OLED according to the current embodiment,
the spread start point of the second encapsulant 4955 is set to
the surfaces of the insulating layer patterns 225 and the sur-
face of the first substrate 110. Therefore, mechanical strength
of the encapsulant 495 can be improved further.

[0113] A method of manufacturing an OLED according to
another embodiment of the present disclosure will now be
described with reference to FIGS. 20 through 22. FIG. 20 isa
cross-sectional view illustrating an operation of forming
insulating layer patterns 225 during a process of manufactur-
ing the OLED of FIG. 19. FIG. 21 is a cross-sectional view
illustrating an operation of forming metal patterns 475 during
the process of manufacturing the OLED of FIG. 19. FIG. 22
is a cross-sectional view illustrating an operation of encapsu-
lating an organic light-emitting element during the process of
manufacturing the OLED of FIG. 19. For simplicity, elements
substantially identical to those of FIGS. 1 through 7 are
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indicated by like reference numerals, and thus, a redundant
description thereof will be omitted.

[0114] Referring to FIG. 20, a semiconductor pattern 130, a
gate insulating layer 155, a gate electrode 170, an interlayer
insulating film 195, contact holes 210, and the insulating
layer patterns 225 may be formed on a first substrate 110.
After the formation of the semiconductor pattern 130, the gate
insulating layer 155, the gate electrode 170 and the interlayer
insulating film 195, the contact holes 210 and the insulating
layer patterns 225 may be formed simultaneously on an ele-
ment region A and an encapsulation region B, respectively, by
using a typical etching process. The insulating layer patterns
225 may protrude upward from the first substrate 110. The
contact holes 210 and the insulating layer patterns 225 may be
formed using a single mask. In some embodiments, a gap
between the insulating layer patterns 225 may be large
enough to accommodate the metal patterns 475, which are
generally formed later in the process.

[0115] Referring to FIG. 21, after the formation of the
semiconductor pattern 130, the gate insulating layer 155, the
gate electrode 170, the interlayer insulating film 195, the
contact holes 210 and the insulating layer patterns 225 on the
first substrate 110, a source electrode 230, a drain electrode
250, and the metal patterns 475 may be formed. Specifically,
the source electrode 230 and the drain electrode 250 may be
inserted into the contact holes 210, and the metal patterns 475
may be formed on surfaces of the insulating layer patterns 225
and on the first substrate 110 between the insulating layer
patterns 225.

[0116] Referring to FIG. 22, after the formation of the
source electrode 230, the drain electrode 250 and the metal
patterns 475, an intermediate layer 270, a planarization layer
290, a viahole 310, a first electrode 330, a pixel defining layer
350, an organic light-emitting layer 370, a second electrode
390, and a passivation layer 410 may be formed on the source
electrode 230 and the drain electrode 250. Then, the organic
light-emitting element may be encapsulated by bonding the
glass frit pattern 450 of the structure shown in FIG. 3 and the
metal patterns 475. To encapsulate the organic light-emitting
element more perfectly, the metal patterns 475 may be spread
into the glass frit pattern 450 by irradiating laser beams to the
metal patterns 475. The process of FIG. 22 may produce the
OLED according to the embodiment of FIG. 19.

[0117] An OLED according to another embodiment of the
present disclosure will now be described with reference to
FIG. 23. FIG. 23 is a cross-sectional view of an OLED
according to another embodiment of the present disclosure.
For simplicity, elements substantially identical to those of
FIG. 1 are indicated by like reference numerals, and thus, a
redundant description thereof will be omitted.

[0118] Referring to FIG. 23, the OLED according to the
current embodiment may include insulating layer patterns
226. Specifically, one or more insulating layer patterns 226
may be formed on an encapsulation region B of a first sub-
strate 110 by patterning a gate insulating layer 156 and an
interlayer insulating layer 196. Here, the insulating layer
patterns 226 may be depressed patterns that are depressed
toward the first substrate 110.

[0119] An encapsulant 496 may include a first encapsulant
496a and a second encapsulant 4965 located within the first
encapsulant 4964 as described above. A spread start point of
the second encapsulant 4965 may be surfaces of the insulating
layer patterns 226. That is, the second encapsulant 4965 may
spread randomly in a direction away from side and bottom
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surfaces of the insulating layer patterns 226. Here, the side
surfaces of the insulating layer patterns 226 may be composed
of respective surfaces of the gate insulating layer 165 and the
interlayer insulating layer 196, and the bottom surfaces of the
insulating layer patterns 226 may be composed of a surface of
the first substrate 110.

[0120] Inthe OLED according to the current embodiment,
the spread start point of the second encapsulant 4964 is set to
the surfaces of the insulating layer patterns 226. This
increases the adhesion area of the second encapsulant 4965,
which further improves mechanical strength of the encapsu-
lant 496.

[0121] A method of manufacturing an OLED according to
another embodiment of the present disclosure will now be
described with reference to FIGS. 24 through 26. FIG. 24 isa
cross-sectional view illustrating an operation of forming
insulating layer patterns 226 during a process of manufactur-
ing the OLED of FIG. 23. FIG. 25 is a cross-sectional view
illustrating an operation of forming metal patterns 476 during
the process of manufacturing the OLED of FIG. 23. FIG. 26
is a cross-sectional view illustrating an operation of encapsu-
lating an organic light-emitting element during the process of
manufacturing the OLED of FIG. 23. For simplicity, elements
substantially identical to those of FIGS. 1 through 7 are
indicated by like reference numerals, and thus, a redundant
description thereof will be omitted.

[0122] Referring to FIG. 24, a semiconductor pattern 130, a
gate insulating layer 156, a gate electrode 170, an interlayer
insulating film 196, contact holes 210, and the insulating
layer patterns 226 may be formed on a first substrate 110.
After the formation of the semiconductor pattern 130, the gate
insulating layer 156, the gate electrode 170 and the interlayer
insulating film 196, the contact holes 210 and the insulating
layer patterns 226 may be formed simultaneously on an ele-
ment region A and an encapsulation region B, respectively, by
using a typical etching process. The insulating layer patterns
226 may be depressed toward the first substrate 110. The
contact holes 210 and the insulating layer patterns 226 may be
formed using a single mask.

[0123] Referring to FIG. 25, after the formation of the
semiconductor pattern 130, the gate insulating layer 155, the
gate electrode 170, the interlayer insulating film 196, the
contact holes 210 and the insulating layer patterns 226 on the
first substrate 110, a source electrode 230, a drain electrode
250, and the metal patterns 476 may be formed. Specifically,
the source electrode 230 and the drain electrode 250 may be
inserted into the contact holes 210, and the metal patterns 476
may be formed to cover both side and bottom surfaces of the
insulating layer patterns 226. Here, cross-sections of the
metal patterns 476 may be U-shaped.

[0124] Referring to FIG. 26, after the formation of the
source electrode 230, the drain electrode 250 and the metal
patterns 476, an intermediate layer 270, a planarization layer
290, aviahole 310, a first electrode 330, a pixel defining layer
350, an organic light-emitting layer 370, a second electrode
390, and a passivation layer 410 may be formed on the source
electrode 230 and the drain electrode 250. Then, the organic
light-emitting element may be encapsulated by bonding the
glass frit pattern 450 of the structure shown in FIG. 3 and the
metal patterns 476. To encapsulate the organic light-emitting
element more perfectly, the metal patterns 476 may be spread
into the glass frit pattern 450 by irradiating laser beams to the
metal patterns 476. The process of FIG. 26 may produce the
OLED according to the embodiment of FIG. 23.
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[0125] Embodiments of the present disclosure provide at
least one of the following advantages:

[0126] First, consistent display quality and impact resis-
tance of an OLED can be ensured by improving the overall
mechanical strength of an encapsulant.

[0127] Second, an OLED with consistent display quality
and impact resistance can be manufactured using a very effi-
cient process.

[0128] However, the effects of the present disclosure are
not restricted to the one set forth herein. The above and other
effects of the present disclosure will become more apparent to
one of daily skill in the art to which the present disclosure
pertains by referencing the claims.

[0129] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present invention as defined by the following claims. It is
therefore desired that the present embodiments be considered
in all respects as illustrative and not restrictive, reference
being made to the appended claims rather than the foregoing
description to indicate the scope of the invention.

What is claimed is:

1. An organic light-emitting display device (OLED), com-
prising:

a first substrate having an element region and an encapsu-

lation region surrounding the element region;

a second substrate facing the first substrate;

an organic light-emitting element interposed between the

first substrate and the second substrate and formed in the
element region; and

an encapsulant interposed between the first substrate and

the second substrate and formed in the encapsulation
region,

wherein the encapsulant comprises a first encapsulant and

a second encapsulant, the second encapsulant formed
within the first encapsulant and adjacent to at least one of
the first substrate and the second substrate.

2. The OLED of claim 1, wherein the first encapsulant is
formed of glass frit, and the second encapsulant is formed of
a metallic material.

3. The OLED of claim 2, wherein the second encapsulant is
formed of at least one of aluminum and silver.

4. The OLED of claim 2, wherein a melting point of the
metallic material is less than about 1000° C.

5. The OLED of claim 1, wherein the second encapsulant is
formed in a shape spreading randomly in a direction away
from the first substrate or the second substrate.

6. The OLED of claim 1, wherein a ratio of volume of the
second encapsulant to the first encapsulant increases from the
second substrate towards the first substrate or from the first
substrate towards the second substrate.

7. The OLED of claim 1, further comprising a thin-film
transistor (TFT) interposed between the first substrate and the
second substrate and formed in the element region, wherein
the TFT comprises a gate electrode, a source electrode and a
drain electrode, and wherein the second encapsulant is
formed of the same material as at least one of the gate elec-
trode, the source electrode and the drain electrode.

8. The OLED of claim 1, further comprising at least one
insulating layer formed on the first substrate, wherein the
encapsulant is interposed between the insulating layer and the
second substrate.
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9. The OLED of claim 8, wherein the insulating layer
comprises at least one insulating layer pattern formed in the
encapsulation region, wherein the insulating layer pattern is
at least one of a protruding pattern and a depressed pattern.

10. The OLED of claim 9, wherein the second encapsulant
1s formed in a shape spreading randomly in a direction away
from the insulating layer pattern.

11. An organic light-emitting display device (OLED) com-
prising:

a first substrate having an element region and an encapsu-

lation region surrounding the element region;

a second substrate facing the first substrate;

an organic light-emitting element interposed between the

first substrate and the second substrate and formed in the
element region; and

an encapsulant interposed between the first substrate and

the second substrate and formed in the encapsulation
region,

wherein the encapsulant comprises a metallic material

formed in a shape spreading randomly in a direction
away from the first substrate or the second substrate.

12. The OLED of claim 11, further comprising a TFT
interposed between the first substrate and the second sub-
strate and formed in the element region, wherein the TFT
comprises a gate electrode, a source electrode and a drain
electrode, and wherein the metallic material is formed of the
same material as the gate electrode, the source electrode or
the drain electrode.

13. The OLED of claim 11, wherein the encapsulant further
comprises glass frit formed surrounding the metallic mate-
rial.

14. The OLED of claim 13, wherein aratio of volume of the
metallic material to the glass frit increases from the second
substrate towards the first substrate or from the first substrate
towards the second substrate.

15. A method of manufacturing an organic light-emitting
display device (OLED), the method comprising:

providing a first substrate;

forming an organic light-emitting element on an element

region of the first substrate;

forming a metal pattern on an encapsulation region which

surrounds the element region of the first substrate;
forming a glass ftit pattern on a second substrate; and
encapsulating the organic light-emitting element by bond-
ing the metal pattern to the glass frit pattern.

16. The method of claim 15, further comprising forming a
pattern on the second substrate before the forming of the glass
frit pattern, wherein the pattern is identical to the metal pat-
tern, and wherein the glass frit pattern is formed on the pat-
tern.

17. The method of claim 15, wherein the encapsulating of
the organic light-emitting element comprises spreading the
metal pattern into the glass frit pattern by irradiating the metal
pattern with a laser.

18. The method of claim 15, further comprising forming a
TFT on the element region of the first substrate, the TFT
having a gate electrode, a source electrode and a drain elec-
trode, wherein the metal pattern is formed at the same time as
one of the gate electrode, the source electrode and the drain
electrode.

19. The method of claim 18, further comprising forming at
least one insulating layer on the first substrate, wherein the
insulating layer comprises at least one insulating layer pattern
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formed in the encapsulation region, and wherein the metal
pattern covers the insulating layer pattern.

20. The method of claim 19, wherein the insulating layer
further comprises one or more contact holes formed in the
element region and into which the source electrode and the
drain electrode are inserted, and wherein the insulating layer
pattern is formed at the same time as the contact holes.

21. The method of claim 15, further comprising:

forming a pattern on the second substrate before the form-

ing of the glass frit pattern, wherein the pattern is iden-
tical to the metal pattern, and wherein the glass frit
pattern is formed on the pattern; and

forming a TFT on the element region of the first substrate,

the TFT having a gate electrode, a source electrode and
a drain electrode, wherein the metal pattern is formed at
the same time as one of the gate electrode, the source
electrode and the drain electrode.

22. The method of claim 21, wherein the encapsulating of
the organic light-emitting element comprises spreading the
metal patterninto the glass frit pattern by irradiating the metal
pattern with a laser.
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