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

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0108621, filed on
Sep. 10, 2013, in the Korean Intellectual Property Office, the
entire content of which is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] One or more aspects according to embodiments of
the present invention relate to an organic light-emitting dis-
play apparatus and a method of manufacturing the same.
[0004] 2. Description of the Related Art

[0005] Organic light-emitting display apparatuses provide
high-quality features such as wide viewing angles, high con-
trast ratio, quick response times, and low power consumption.
Therefore, organic light-emitting display apparatuses can be
used for personal portable devices such as MP3 players or
cellular phones, TV, and the like. Additionally, in response
to consumers’ demand, thicknesses of some organic light-
emitting display apparatuses have been reduced.

[0006] However, when the thicknesses of the organic light-
emitting display apparatuses are reduced, it is difficult to
achieve or secure mechanical reliability of the apparatuses
during tests such as a drop test or a twist test. If mechanical
reliability is not achieved or secured, a seal of the apparatus is
easily broken, even by a minor shock. Accordingly, the
lifespan of the organic light-emitting display apparatuses
having reduced thickness is decreased.

[0007] Because organic light-emitting diodes (OLEDs)
that form pixels include organic materials that are vulnerable
to moisture and/or oxygen, a sealant is used to protect the
OLEDs from moisture and/or oxygen. Thus, a material of the
sealant greatly affects mechanical reliability.

SUMMARY

[0008] One or more aspects according to embodiments of
the present invention are directed toward an organic light-
emitting display apparatus in which shock resistance reliabil-
ity is improved and attachment between an upper substrate
and a lower substrate is prevented from weakening (or an
amount or likelihood of such weakening is reduced), and a
method of manufacturing the organic light-emitting display
apparatus.

[0009] 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.

[0010] According to one or more embodiments of the
present invention, an organic light-emitting display apparatus
includes: a first substrate including at least one organic light-
emitting diode (OLED); a second substrate facing the first
substrate; an inorganic sealant between the first and second
substrates and attaching the first and second substrates
together; a shock absorber between the first and second sub-
strates and configured to absorb a shock applied to at least one
of the first and second substrates; and a block member
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between the inorganic sealant and the shock absorber and
configured to separate the shock absorber from the inorganic
sealant.

[0011] Theblock member and the inorganic sealant may be
formed of a same material.

[0012] The block member may be less than or equal to the
inorganic sealant in height.

[0013] A ratio of a width of the block member to a width of
the inorganic sealant may be about 0.05 to about 0.15.

[0014] The shock absorber may include an organic mate-
rial.
[0015] The shock absorber may be between the OLED and

the inorganic sealant.

[0016] A second block member may be between the OLED
and the shock absorber.

[0017] Thesubstrate may havea trench, and a portion of the
shock absorber may be inserted in the trench.

[0018] A portion of the block member may be inserted in
the trench.
[0019] A height of the block member may be greater than a

height of the inorganic sealant.

[0020] A difference between the height of the block mem-
ber and the height of the inorganic sealant may be less than a
depth of the trench.

[0021] A depth of the trench may be in a range of about 1
pm to about 3 pm.

[0022] A portion of the block member may be inserted in a
support on the first substrate.

[0023] A portion of the block member may be inserted in a
support on the trench.

[0024] The substrate may include a display area including
the OLED, and a non-display area surrounding the display
area, and a ratio of a width of the inorganic sealant to a width
of the non-display area may be about 0.15 to about 0.55.
[0025] The first substrate may include a display area
including the OLED, and a non-display area surrounding the
display area, and a ratio of a width of the shock absorber to a
width of the non-display area may be about 0.08 to about 0.2.
[0026] According to one or more embodiments of the
present invention, a method of manufacturing an organic
light-emitting display apparatus includes: providing a first
substrate and at least one organic light-emitting diode
(OLED) on the first substrate; providing an inorganic sealant,
a block member, and a shock absorber on a second substrate;
positioning the inorganic sealant on the second substrate to
face the first substrate; and attaching the first and second
substrates together.

[0027] The block member may be between the inorganic
sealant and the shock absorber.

[0028] Theinorganic sealant and the block member may be
formed of a same material.

[0029] The providing of the shock absorber on the second
substrate may include providing the shock absorber at an
inner side of the inorganic sealant, and further providing a
second block member at an inner side of the shock absorber.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] These and/or other aspects of embodiments of the
present disclosure will become apparent and more readily
appreciated from the following description of the embodi-
ments, taken in conjunction with the accompanying drawings
in which:
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[0031] FIG. 1 is a plan view of an organic light-emitting
display apparatus according to an embodiment of the present
invention;

[0032] FIG. 2 is a cross-sectional view of the organic light-
emitting display apparatus of FIG. 1 taken along lines II-1T";
[0033] FIG.3isacross-sectional view illustrating a portion
of an example of an organic light-emitting diode (OLED) of
the organic light-emitting display apparatus of FIG. 1;
[0034] FIG. 4 is an enlarged cross-sectional view of a por-
tion of the organic light-emitting display apparatus of FIG. 2;
[0035] FIG. 51is a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention;

[0036] FIGS. 6A to 6D are cross-sectional views illustrat-
ing a method of manufacturing the organic light-emitting
display apparatus of FIG. 2, according to an embodiment of
the present invention;

[0037] FIG. 7 is a cross-sectional view illustrating an
attachment state of a first substrate and a second substrate of
an organic light-emitting display apparatus, which, in con-
trast to embodiments of the present invention, does not
include a block member and a second block member;

[0038] FIG. 81s a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention;

[0039] FIG. 9 is an enlarged cross-sectional view of a por-
tion of the organic light-emitting display apparatus of FIG. 8;
[0040] FIGS. 10 and 11 are cross-sectional views of
organic light-emitting display apparatuses including alterna-
tive embodiments of the trench of the organic light-emitting
display apparatus of F1G. 8;

[0041] FIG.121is across-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention; and

[0042] FIG. 13 is an enlarged cross-sectional view of a
portion of the organic light-emitting display apparatus of
FIG. 12.

DETAILED DESCRIPTION

[0043] Reference will now be made in detail to certain
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements 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.
Accordingly, the embodiments are merely described below,
by referring to the figures, to explain aspects of the present
description. As used herein, 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.
[0044] Itwill 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.

[0045] As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise.

[0046] 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.
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[0047] Tt will be understood that when a layer, region, or
component is referred to as being “on” or “formed on,”
another layer, region, or component, it can be directly or
indirectly on or formed on the other layer, region, or compo-
nent. That is, for example, intervening layers, regions, or
components may or may not be present.

[0048] Sizes of elements in the drawings may be exagger-
ated for convenience of explanation. In other words, because
sizes and thicknesses of components in the drawings may be
exaggerated for convenience of explanation, the following
embodiments are not limited to the sizes and thicknesses
depicted in the drawings.

[0049] Certain embodiments may be implemented in an
order different from those described herein. For example, a
specific process order may be performed differently from the
order described herein. For example, two consecutively
described processes may be performed substantially at the
same time (e.g., concurrently or simultaneously) or per-
formed in an order opposite to the described order. Further,
the use of “may” when describing embodiments of the
present invention refers to “one or more embodiments of the
present invention.”

[0050] FIG. 1 is a plan view of an organic light-emitting
display apparatus according to an embodiment of the present
invention. FIG. 2 is a cross-sectional view of the organic
light-emitting display apparatus of FIG. 1 taken along line
1I-IT". FIG. 3 is an enlarged cross-sectional view of a portion
of the organic light-emitting display apparatus of FIG. 2.
[0051] Referring to FIGS. 1 and 2, the organic light-emit-
ting display apparatus according to an embodiment of the
present invention includes a first substrate 100, on which a
plurality of light-emitting diodes (LEDs) 110 are formed; a
second substrate 200 disposed to face (e.g., facing) the first
substrate 100; and an inorganic sealant 310 disposed between
the first and second substrates 100 and 200 so as to surround
the plurality of LEDs 110.

[0052] In the embodiments shown in FIG. 1, the first sub-
strate 100 may include a display area DA, a non-display area
NDA around the display area DA, and a pad area PA at a side
of the non-display area NDA. The display area DA includes at
least one LED 110, for example, the plurality of LEDs 110.
The non-display area NDA includes the inorganic sealant
310, a block member 410, and a shock absorber 320. The pad
area PA includes a driving circuit 120 for driving the LED
110.

[0053] Referring to FIG. 3, the LED 1101s an organic-light
emitting diode. The LED 110 may include an anode electrode
111, a cathode electrode 114, and an organic light-emitting
layer 113 between the anode electrode 111 and the cathode
electrode 114. The organic light-emitting layer 113 is formed
in a light-emitting layer (e.g., an area in which the anode
electrode 110 is exposed) defined by a pixel-defining layer
112. The organic light-emitting layer 113 may include a hole
injection layer (HIL), a hole transport layer (HTL), an elec-
tron transport layer (ETL), and/or an electron injection layer
(EIL).

[0054] A thin film transistor (TFT) 130 for controlling
operations and a capacitor that maintains signals may be
connected to the LED 110. The anode electrode 111 of the
LED 110 may be connected to the TFT 130 via a contact hole
in a planarization insulating layer 138. The TFT 130 includes
a semiconductor layer 132 providing a source and drain areas
and a channel area (e.g., an area between the source and drain
areas, such as an intrinsic region); a gate electrode 134 that is
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insulated from the semiconductor layer 132 by a gate insu-
lating layer 133; and a source electrode 136 and a drain
electrode 137 that are connected to the semiconductor layer
132 via contact holes formed in an insulating layer 135 and
the gate insulating layer 133. A buffer layer 131 may be
between the TFT 130 and the first substrate 100.

[0055] Referring back to FIGS. 1 and 2, the second sub-
strate 200 is disposed to overlap at least a portion of the
display area DA and the non-display area NDA of the first
substrate 100. For example, the second substrate 200 may
have a form (e.g., a shape and area) that corresponds to that of
the first substrate 100. When the organic light-emitting dis-
play apparatus is a top emission type (e.g., a top emission
display), the second substrate 200 may be formed of a trans-
parent material such as glass; however, when the organic
light-emitting display apparatus is a bottom emission type
(e.g., a bottom emission display), the second substrate 200
may be formed of an opaque material.

[0056] The inorganic sealant 310 is between the first and
second substrates 100 and 200 so as to surround the LED 110,
and thus prevents (or reduces) penetration of external mois-
ture or oxygen. The inorganic sealant 310 may include (or be
formed of) an inorganic material that may be melted by laser
or infrared rays and attach to the first and second substrates
100 and 200. For example, the inorganic material may be
glass frit.

[0057] Inorder to reduce a dead space and stabilize attach-
ment, a width w, of the inorganic sealant 310 may be about
0.15 to about 0.55 times a width w, of the non-display area
NDA (e.g.,aratio of the width w, of the inorganic sealant 310
to the width w,, of the non-display area NDA may be about
0.15 to about 0.55). For example, if the width w, of the
non-display area NDA is in a range of about 1300 pm to about
1700 pm, the width w, of the inorganic sealant 310 may be in
a range of about 300 um to about 700 pm.

[0058] When there is a possibility of a shock on (e.g.,
applied to) the organic light-emitting display apparatus, in
order to ensure shock reliability, the shock absorber 320 may
be disposed between the first and second substrates 100 and
200. If there is a shock on at least one of the first and the
second substrates 100 and 200, the shock absorber 320
absorbs the shock (or a portion of the shock) applied on (or to)
at least one of the first and second substrates 100 and 200 so
as to prevent the inorganic sealant 310 from being damaged
(or to reduce an amount or likelihood of such damage), or
prevent the attachment of the first and second substrates 100
and 200 from being separated (or reduce an amount or like-
lihood of such separation).

[0059] The shock absorber 320 may be disposed at an inner
side ofthe inorganic sealant 310 (e.g., aninner side defined by
the inorganic sealant 310). For example, the shock absorber
320 may bedisposed closer to the LED 110 than the inorganic
sealant 310 (e.g., the shock absorber 320 may be between the
LED 110 and the inorganic sealant 310). Thus, when there is
a shock on (or to) an inner side of the organic light-emitting
display apparatus, the shock absorber 320 may efficiently
absorb the shock (or a portion of the shock) before the shock
reaches the inorganic sealant 310. However, a position of the
shock absorber 320 is not limited thereto. For example, the
shock absorber 320 may be disposed at an outer side or at both
outer and inner sides of the inorganic sealant 310.

[0060] The shock absorber 320 may be formed of an
organic material. For example, the organic material may be an
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organic material monomer including an acryl-based mono-
met, an epoxy-based monomer, or a silicon-based monomer.

[0061] In order to reduce the dead space and secure shock
resistance reliability, a width w, of the shock absorber 320
may be about 0.08 to about 0.2 times the width w, of the
non-display area NDA (e.g., a ratio of the width w, of the
shock absorber 320 to the width w,, of the non-display area
NDA may be about 0.08 to about 0.2). For example, if the
width w,, of the non-display area NDA is in a range of about
1300 pm to about 1700 pm, the width w, of the shock
absorber 320 may be in a range of about 150 um to about 250
pm

[0062] The block member 410 may be disposed between
the inorganic sealant 310 and the shock absorber 320. The
block member 410 may prevent or block the shock absorber
320, which is relatively more mobile than the inorganic seal-
ant 310, from contacting the inorganic sealant 310 (or reduce
an amount or likelihood of such contact) during a method of
manufacturing the organic light-emitting display apparatus.
Therefore, the inorganic sealant 310 may be prevented from
being contaminated by contacting the shock absorber 320 (or
an amount or likelihood of such contamination may be
reduced). When the inorganic sealant 310 is contaminated by
the shock absorber 320, attachment by using a laser may
weaken. However, according to an embodiment of the present
invention, because the block member 410 prevents the inor-
ganic sealant 310 from being contaminated by the shock
absorber 320 (or reduces an amount or likelihood of such
contamination), the attachment may be prevented from weak-
ening (or an amount or likelihood of such weakening may be
reduced).

[0063] The block member 410 may maintain a predeter-
mined (or set) form so as to block movements of the shock
absorber 320. To do so, the block member 410 may include
(or be formed of) an inorganic material or an organic material.
The inorganic material may be glass frit; and the organic
material may be an acryl-based compound.

[0064] A material of the block member 410 may be the
same (or substantially the same) material as that of the inor-
ganic sealant 310. For example, if the inorganic sealant 310
includes glass frit, the block member 410 may include glass
frit. Because the materials are the same (or substantially the
same), while forming the inorganic sealant 310, the block
member 410 may also be formed. Because the block member
410 and the inorganic sealant 310 may include the same (or
substantially the same) material, the block member 410 may
be easily formed without a separate additional process for
forming the block member 410, and a manufacturing method
may be simplified and manufacturing costs may be reduced.

[0065] A second block member 420 may be disposed
between the shock absorber 320 and the LED 110. For
example, the second block member 420 may be disposed
closer to the LED 110 than the shock absorber 320. The
second block member 420 may prevent or block the shock
absorber 320 from contacting the LED 110 (or reduce an
amount or likelihood of such contact) during the method of
manufacturing the organic light-emitting display apparatus.
Therefore, the LED 110 may be prevented from being con-
taminated by contacting the shock absorber 320 (or an
amount or likelihood of such contamination may be reduced).

[0066] When applying the block member 410 and the sec-

ond block member 420 to the first and second substrates 100
and 200, it may be advantageous (or necessary) to consider a



US 2015/0069339 A1

size of the dead space and the attachment of the first and
second substrates 100 and 200.

[0067] FIG. 4 is an enlarged cross-sectional view of a por-
tion of the organic light-emitting display apparatus of FIG. 2.
Referring to FIG. 4, in order to reduce the dead space and
efficiently block the shock absorber 320, a width w, of the
block member 410 may be about 0.05 times to about 0.2 times
the width w, of the inorganic sealant 310 (e.g., a ratio of the
width wy of the block member 410 to the width w, of the
inorganic sealant 310 may be about 0.05 to about 0.2). For
example, if the width w, of the inorganic sealant 310 is in a
range of about 300 pm to about 700 um, the width w, of the
block member 410 may be in a range of about 40 um to about
60 pm.

[0068] In order to reduce the dead space and efficiently
block the shock absorber 320, a width w, of the second block
member 420 may be about 0.05 times to about 0.2 times the
widthw, of the inorganic sealant 310 (e.g., a ratio of the width
w, of the second block member 420 to the width w, of the
inorganic sealant 310 may be about 0.05 to about 0.2). For
example, if the width w, of the inorganic sealant 310 is in a
range of about 300 um to about 700 pm, the width w, of the
second block member 420 may be in a range of about 40 um
to about 60 pm. The width w,, of the second block member
420 may be the same as or different from the width w; of the
block member 410.

[0069] The block member 410 may be formed to have a
height that does not hinder the attachment of the first and
second substrates 100 and 200, which are attached together
by the inorganic sealant 310. For example, while the first and
second substrates 100 and 200 are both flat, as shown in FIG.
4, when the block member 410 and the inorganic sealant 310
are disposed between the first and second substrates 100 and
200, a height h, of the block member 410 may be formed to
not be greater than a height h, of the inorganic sealant 310.
For example, the height h; of the block member 410 may be
less than or equal to (e.g., the same as) the height h, of the
inorganic sealant 310 (e.g., hy<h ). If the height h; of the
block member 410 is greater than the height h, of the inor-
ganic sealant 310, the inorganic sealant 310 may not stably
attach to at least one of the first and second substrates 100 and
200, and accordingly, the attachment of the first and second
substrates 100 and 200 may be hindered.

[0070] The second block member 420 may also be formed
to not hinder the attachment of the first and second substrates
100 and 200 together by the inorganic sealant 310. For
example, a height h, of the second block member 420 may be
formed to not be greater than the height h, of the inorganic
sealant 310. For example, the height h, of the second block
member 420 may be less than or equal to (e.g., the same as)
the height h, of the inorganic sealant 310 (e.g., h,<h,). The
height h, of the second block member 420 may be equal to
(e.g., the same as) or different from the height h; of the block
member 410.

[0071] The embodiments described above provide
examples in which the block member 410 and the second
block member 420 are formed at two sides, respectively, of
the shock absorber 320, but the present invention is not lim-
ited thereto and the second block member 420 may be selec-
tively applied if desired (or necessary). For example, as in
FIG. 5, the second block member 420 may be omitted from
the organic light-emitting display apparatus.
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[0072] FIGS. 6A to 6D are cross-sectional views illustrat-
ing a method of manufacturing the organic light-emitting
display apparatus of FIG. 2, according to an embodiment of
the present invention.

[0073] Referring to FIG. 6A, the first substrate 100, on
which the plurality of LEDs 110 are formed, is provided (or
prepared). The first substrate 100 may include the display
area DA in which the LED 110 is formed, the non-display
area NDA surrounding the display area DA, and a pad area
provided at a side of the non-display area NDA.

[0074] Referring to FIG. 6B, the second substrate 200 for
sealing the LED 110 of the display area DA is prepared. The
second substrate 200 may be formed so that the second sub-
strate 200 overlaps portions of the display area DA and the
non-display area NDA of the first substrate 100.

[0075] The inorganic sealant 310 is continuously formed
along an outer region of the second substrate 200 (as shown in
FIG. 1). The inorganic sealant 310 may be formed of glass
frit, and may be formed by dispensing, screen printing, or
other deposition processes, but the inorganic sealant 310 is
not limited thereto.

[0076] The block member 410 and the second block mem-
ber 420 are formed such that the block member 410 and the
second block member 420 are separated from the inner side of
the inorganic sealant 310 (e.g., the inner side defined by the
inorganic sealant 310). The block member 410 and the second
block member 420 are continuously formed around an edge
ofthe LED 110. At least one of the block member 410 and the
second block member 420 may be formed of the same (or
substantially the same) material as that of the inorganic seal-
ant 310. For example, the material of the block member 410
and the second block member 420 may be glass frit. By
forming at least one of the block member 410 and the second
block member 420 of the same (or substantially the same)
material as the inorganic sealant 310, the inorganic sealant
310 and at least one of the block member 410 and the second
block member 420 may be concurrently (e.g., simulta-
neously) formed in a single process.

[0077] To stably attach the first and second substrates 100
and 200 by using the inorganic sealant 310, the height h, of
the block member 410 and the height h, of the second block
member 420 may be less than or equal to (e.g., the same as)
the height h, of the inorganic sealant 310.

[0078] Also, in order to reduce the dead space and effi-
ciently block the shock absorber 320, the width w; of the
block member 410 may be about 0.05 times to about 0.2 times
the width w, of the inorganic sealant 310 (e.g., a ratio of the
width w5 of the block member 410 to the width w, of the
inorganic sealant 310 may be about 0.05 to about 0.2). For
example, if the width w, of the inorganic sealant 310 is in a
range of about 300 um to about 700 pm, the width w, of the
block member 410 may be in a range of about 40 um to about
60 pm.

[0079] In order to reduce the dead space and efficiently
block the shock absorber 320, the width w, of the second
block member 420 may be about 0.05 times to about 0.2 times
the width w, of the inorganic sealant 310 (e.g., a ratio of the
width w, of the second block member 420 to the width w, of
the inorganic sealant 310 may be about 0.05 to about 0.2). For
example, if the width w, of the inorganic sealant 310 is in a
range of about 300 pm to about 700 um, the width w, of the
second block member 420 may be in a range of about 40 pm
to about 60 pm. The width w, of the second block member



US 2015/0069339 A1

420 may be equal to (e.g., the same as) or different from the
width w; of the block member 410.

[0080] Next, the shock absorber 320 is formed between the
block member 410 and the second block member 420. For
example, the shock absorber 320 may be formed to be dis-
posedat an inner side of the block member 410 and at an outer
side of the second block member 420 (e.g., an inner side
defined by the block member 410 and an outer side defined by
the second block member 420). By forming the shock
absorber 320 at the inner side of the block member 410, the
shock absorber 320 may be prevented from contacting the
inorganic sealant 310 that is formed at an outer side of the
block member 410 (or an amount or likelihood of such con-
tact may be reduced). By forming the shock absorber 320 at
the outer side of the second block member 420, the shock
absorber 320 may be prevented from contacting the LED 110
that is disposed at the inner side of the second block member
420 (or an amount or likelihood of such contact may be
reduced).

[0081] The shock absorber 320 may be formed of an
organic material. For example, the organic material may be an
organic material monomer including an acryl-based mono-
mer, an epoxy-based monomer, or a silicon-based monomer,
but the shock absorber is not limited thereto. The shock
absorber 320 may have a greater viscosity than the inorganic
sealant 310, the block member 410, and the second block
member 420.

[0082] Referring to FIG. 6C, the second substrate 200 is
disposed on the first substrate 100 so as to face the first
substrate 100. For example, the inorganic sealant 310, the
block member 410, the shock absorber 320 and the second
block member 420 of the second substrate 200 may be formed
to face the first substrate 100. The first substrate 100 may be
disposed so that the LED 110 faces the second substrate 200.
[0083] Referring to FIG. 6D, the first and second substrates
100 and 200 are attached together. As the first and second
substrates 100 and 200 are attached together, the inorganic
sealant 310, the block member 410, the shock absorber 320
and the second block member 420 may contact the first sub-
strate 100.

[0084] While the inorganic sealant 310 is contacting the
first and second substrates 100 and 200, a laser beam is
irradiated along the inorganic sealant 310. As a result of the
heat that is generated as the laser beam is absorbed, the
inorganic sealant 310 melts, and thus, the inorganic sealant
310 attaches the first and second substrates 100 and 200
together, and the LED 110 is sealed from the outside. Because
the inorganic sealant 310 is not contaminated by the shock
absorber 320 (or an amount or likelihood of such contamina-
tion is reduced), the inorganic sealant 310 may be stably
attached to the first and second substrates 100 and 200.
[0085] When attaching the first and second substrates 100
and 200 together, the block member 410 and the second block
member 420 may block the shock absorber 320 from contact-
ing the inorganic sealant 310 and the LED 110 (or reduce an
amount or likelihood of such contact).

[0086] FIG. 7 is a cross-sectional view illustrating an
attachment state of the first and second substrates 100 and 200
when the block member 410 and the second block member
420 are not included, in contrast to the above-described
embodiments of the present invention. Referring to FIG. 7,
when the block member 410 and the second block member
420 are not included, the shock absorber 320", which has a
smaller viscosity than the inorganic sealant 310, may move
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and contact the inorganic sealant 310 and the LED 110. In this
case, because the inorganic sealant 310 is contaminated by
the shock absorber 320, when curing the inorganic sealant
310 by irradiating a laser beam or infrared rays, the inorganic
sealant 310 may not be completely attached to the first sub-
strate 100, and accordingly, the sealing state may be inad-
equate or unsuitable. Accordingly, the inorganic sealant 310
may easily be detached from (or come off from) the first
substrate 100 due to a shock. Also, because the LED 110 is
contaminated by the shock absorber 320, the light-emission
efficiency of the LED 110 may be decreased. Thus, the
organic light-emitting display apparatus may be less reliable.
[0087] However, according to embodiments of the present
invention, the block member 410 is formed between the inor-
ganic sealant 310 and the shock absorber 320, and the second
block member 420 is formed between the shock absorber 320
and the LED 110, so as to prevent the inorganic sealant 310
and the LED 110 from being contaminated (or to reduce an
amount or likelihood of such contamination).

[0088] In the embodiments described above, the inorganic
sealant 310, the block member 410, the shock absorber 320,
and the second block member 420 are all formed as a single
structure. However, they are not limited thereto, and the inor-
ganic sealant 310, the block member 410, the shock absorber
320, and the second block member 420 may be two or more
structures.

[0089] FIG. 8 is a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention. FIG. 9 is an enlarged cross-sectional
view of a portion of the organic light-emitting display appa-
ratus of FIG. 8.

[0090] Referring to FIG. 8, the organic light-emitting dis-
play apparatus may include the first substrate 100, on which
the plurality of LEDs 110 are formed; the second substrate
200 disposed to face (e.g., facing) the first substrate 100; the
inorganic sealant 310 disposed between the first and second
substrates 100 and 200 so as to surround the plurality of LEDs
110; the shock absorber 320 disposed at the inner side of the
inorganic sealant 310; and the block member 410 and the
second block member 420 disposed at the both sides of the
shock absorber 320. The elements and the configurations of
the organic light-emitting display apparatus of FIG. 8 thatare
the same as the organic light-emitting display apparatus of
FIG. 2 described above are not repeatedly described, and only
the difference therebetween is described here.

[0091] Referring to FIG. 9, trenches 101 and 102 may be
formed in the first substrate 100. A portion of the shock
absorber 320 may be inserted in the trenches 101 and 102. By
inserting or accommodating a portion of the shock absorber
320 in the trenches 101 and 102, the shock absorber 320 may
be prevented from horizontally moving on the first substrate
100 (or an amount or likelihood of such movement may be
reduced). For example, during the process of attaching the
first and second substrates 100 and 200, the shock absorber
320 may be blocked from moving in a direction of the inor-
ganic sealant 310 (or an amount or likelihood of such move-
ment may be reduced), firstly by the trench 101, and secondly
by the block member 410. Therefore, it is possible to further
block the shock absorber 320 from contacting inorganic seal-
ant 310 (orto reduce an amount or likelihood of such contact).
Because the trenches 101 and 102 are formed in the first
substrate 100 on which the LED 110 is formed, the trenches
101 and 102 may be concurrently (e.g., simultaneously)
formed with the LED 110. For example, the trenches 101 and
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102 may be formed by using a process of forming a contact
hole, but the trenches are not limited thereto. Thus, the
trenches 101 and 102 may be easily formed without a per-
forming a separate additional process.

[0092] A portion of the block member 410 may be inserted
in the trench 101. Because a portion of the block member 410
is inserted in the trench 101, the height h, of the block mem-
ber 410 may be increased. For example, the height h; of the
block member 410 may be greater than the height h, of the
inorganic sealant 310. By increasing the height h, of theblock
member 410, it is possible to more efficiently block the shock
absorber 320 from moving in the direction of the inorganic
sealant 310 (or to reduce an amount or likelihood of such
movement) before attaching the first and second substrates
100 and 200 together. Even during the process of attaching
the first and second substrates 100 and 200 together, it is
possible to more efficiently block the shock absorber 320
from moving in the direction of the inorganic sealant 310 (or
to reduce an amount or likelihood of such movement).
[0093] When the height h, of the block member 410 is
greater than the heighth, of the inorganic sealant 310, a depth
d, ofthe trench 101 may be greater than the difference (h;-h, )
between the height h, of the block member 410 and the height
h; of the inorganic sealant 310 (hy—h,<d,). Accordingly, a
portion of the block member 410 and a portion of the shock
absorber 320 may be inserted in the trench 101. For example,
the depth d, of the trench 101 may be in a range of about 1 pm
to about 3 um. A width of the trench 101 may be greater than
the width w, of the block member 410 so that a portion of the
shock absorber 320 may be inserted in the trench 101.
[0094] A portion of the second block member 420 may be
inserted in the trench 102. Because a portion of the second
block member 420 is inserted in the trench 102, the heighth,
of the second block member 420 may be increased. For
example, the height h, of the second block member 420 may
be greater than the height h, of the inorganic sealant 310. By
increasing the height h, of the second block member 420, it is
possible to more efficiently block the shock absorber 320
from moving in a direction of the LED 110 (or to reduce an
amount or likelihood of such movement) before attaching the
first and second substrates 100 and 200 together. Even during
the process of attaching the first and second substrates 100
and 200 together, it is possible to more efficiently block the
shock absorber 320 from moving in the direction of the LED
110 (or to reduce an amount or likelihood of such movement).
[0095] When the heighth, of the second block member 420
is greater than the height h, of the inorganic sealant 310, a
depth d, of the trench 102 may be greater than the difference
(h,-h,) between the height h, of the second block member
420 and the heighth, of the inorganic sealant 310 (h,-h, <d,).
Accordingly, a portion of the second block member 420 and
a portion of the shock absorber 320 may be inserted in the
trench 102. For example, the depth d, of the trench 102 may be
in a range of about 1 um to about 3 um. A width of the trench
102 may be greater than the width w, of the second block
member 420 so that a portion of the shock absorber 320 may
be inserted in the trench 102. The respective depths and
widths of the trenches 101 and 102 may be the same or
different.

[0096] InFIGS. 8 and9, a case where the trenches 101 and
102 are formed in locations of the first substrate 100 that
respectively correspond to the block member 410 and the
second block member 420, are illustrated. However, the
forms of the trenches 101 and 102 are not limited thereto and
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may be modified in various ways. As an example, as shown in
FIG. 10, a trench 103 may be formed as a single structure so
as to correspond to the block member 410, the shock absorber
320, and the second block member 420. In this case, a width
of the trench 103 may be equal to (e.g., the same as) the
respective widths w,, w, and w, of the shock absorber 320,
the block member 410, and the second block member 420;
however, the respective heights h; and h, ofthe block member
410 and the second block member 420 may be greater than the
heighth, of the inorganic sealant 310. As another example, as
shown in FIG. 11, a trench 104 may be formed as a single
structure so as to have a width corresponding to the width w,
of the shock absorber 320 so that a portion of the shock
absorber 320 is inserted, but the block member 410 and the
second block member 420 are not inserted. In this case, the
width of the trench 104 may be less than or equal to (e.g., the
same as) the width w, of the shock absorber 320. The respec-
tiveheights h, and h, of the block member 410 and the second
block member 420 may be less than or the same as the height
h, of the inorganic sealant 310.

[0097] FIG. 12 is across-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the present invention. FIG. 13 is an enlarged cross-sec-
tional view of a portion of the organic light-emitting display
of FIG. 12. The elements and the configurations of the organic
light-emitting display apparatus of FIG. 12 that are the same
as the organic light-emitting display apparatus of FIGS. 8 to
11 described above are not repeatedly described, and only the
difference therebetween is described here.

[0098] Referring to FIG. 12, structures (e.g., supports) 501
and 502 may be disposed on the first substrate 100. For
example, trenches 105 and 106 may be formed in the first
substrate 100, and the structures 501 and 502 may be inserted
in the trenches 105 and 106, respectively. A portion of the
block member 410 and a portion of the second block member
420 may be inserted in the structures 501 and 502, respec-
tively. Functions of the structure (e.g., support) 501, in which
a portion of the block member 410 is inserted, are similar to
functions of the structure (e.g., support) 502, in which a
portion of the second block member 420 is inserted. There-
fore, the structure 501, in which a portion of the block mem-
ber 410 is inserted, is mainly described hereinafter.

[0099] Referring to FIG. 13, a groove G, in which a portion
of the block member 410 may be inserted, is formed in the
structure 501. On both sides of the groove G, a first protrusion
5011 and a second protrusion 5012 that protrude from the first
substrate 100 are formed. The structure 501 may efficiently
block the shock absorber 320 from moving in the direction of
the inorganic sealant 310 (or reduce an amount or likelihood
of such movement). The shock absorber 320 is blocked from
moving in the direction of the inorganic sealant 310 (or an
amount or likelihood of such movement is reduced), firstly by
the first protrusion 5011, secondly by the block member 410,
and thirdly by the second protrusion 5012.

[0100] Similarly to the structure 501 described above, a
groove, a first protrusion, and a second protrusion may be
formed in the structure 502 in which a portion of the second
block member 420 is inserted. Thus, it is possible to effi-
ciently block the shock absorber 320 from moving in the
direction of the LED 110 (or to reduce an amount or likeli-
hood of such movement).

[0101] Materials of the structures 501 and 502 may be a
photoresist, but the structures 501 and 502 are not limited
thereto. Because the photoresist is a material that is generally
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used in the process of forming the LED 110, the structures
501 and 502 may be easily formed on the first substrate 100
without performing separate additional processes.

[0102] In the embodiments of the present invention
described above, an example in which the structures 501 and
502 that are disposed on the first substrate 100 and are
inserted in the trenches 105 and 106 of the first substrate 100
is mainly described. However, the structures 501 and 502 are
not limited thereto, and may be formed on the first substrate
100 that is flat and does not have the trenches 105 and 106
formed therein.

[0103] The organic light-emitting display apparatuses of
FIGS. 8 to 13 may be manufactured by partially modifying
the manufacturing method described with reference to FIGS.
6A to 6D. As an example, the organic light-emitting display
apparatuses of FIGS. 8 to 13 may be manufactured by form-
ing the trenches 101, 102, 103, and 104 in predetermined (or
set) forms, as described in FIGS. 8 to 11, in the first substrate
100, and then proceeding with the same (or substantially the
same) processes as described with respect to FIGS. 6B to 6D.
The trenches 101, 102, 103 and 104 may be concurrently
(e.g., simultaneously) formed with the contact hole during the
process of forming the LED 110. As another example, the
organic light-emitting display apparatuses of FIGS. 12 to 13
may be manufactured by forming the trenches 105 and 106 of
predetermined (or set) forms on the first substrate 100, form-
ing the structures 501 and 502 in the trenches 105 and 106,
and then proceeding with the same (or substantially the same)
processes as described with respect to FIGS. 6B to 6D. The
trenches 105 and 106 and the structures 501 and 502 may be
formed during the process of forming the LED 110.

[0104] As described above, according to one or more of the
above embodiments of the present invention, in an organic
light-emitting display apparatus, shock resistance reliability
is improved and attachment between an upper substrate and a
lower substrate is prevented from weakening (or an amount or
likelihood of weakening of attachment between an upper
substrate and a lower substrate is reduced).

[0105] It should be understood that the exemplary embodi-
ments described therein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each embodiment should typically
be considered as available for other similar features or aspects
in other embodiments.

[0106] While one or more 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 therein
without departing from the spirit and scope of the present
invention as defined by the following claims, and equivalents
thereof.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a first substrate comprising at least one organic light-emit-
ting diode (OLED);

a second substrate facing the first substrate;

an inorganic sealant between the first and second substrates
and attaching the first and second substrates together;

a shock absorber between the first and second substrates
and configured to absorb a shock applied to at least one
of the first and second substrates; and

a block member between the inorganic sealant and the
shock absorber and configured to separate the shock
absorber from the inorganic sealant.
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2. The organic light-emitting display apparatus of claim 1,
wherein the block member and the inorganic sealant are
formed of a same material.

3. The organic light-emitting display apparatus of claim 1,
wherein the block member is less than or equal to the inor-
ganic sealant in height.

4. The organic light-emitting display apparatus of claim 1,
wherein a ratio of a width of the block member to a width of
the inorganic sealant is about 0.05 to about 0.15.

5. The organic light-emitting display apparatus of claim 1,
wherein the shock absorber comprises an organic material.

6. The organic light-emitting display apparatus of claim 1,
wherein the shock absorber is between the OLED and the
inorganic sealant.

7. The organic light-emitting display apparatus of claim 1,
further comprising a second block member between the
OLED and the shock absorber.

8. The organic light-emitting display apparatus of claim 1,
wherein the first substrate has a trench, and wherein a portion
of the shock absorber is inserted in the trench.

9. The organic light-emitting display apparatus of claim 8,
wherein a portion of the block member is inserted in the
trench.

10. The organic light-emitting display apparatus ofclaim 9,
wherein a height of the block member is greater than a height
of the inorganic sealant.

11. The organic light-emitting display apparatus of claim
10, wherein a difference between the height of the block
member and the height of the inorganic sealant is less than a
depth of the trench.

12. The organic light-emitting display apparatus ofclaim 8,
wherein a depth of the trench is in a range of about 1 um to
about 3 pum.

13. The organic light-emitting display apparatus ofclaim 1,
wherein a portion of the block member is inserted in a support
on the first substrate.

14. The organic light-emitting display apparatus ofclaim 8,
wherein a portion of the block member is inserted in a support
on the trench.

15. The organic light-emitting display apparatus ofclaim 1,
wherein the first substrate comprises a display area compris-
ing the OLED, and a non-display area surrounding the display
area, and

wherein a ratio of a width of the inorganic sealant to a width

of the non-display area is about 0.15 to about 0.55.

16. The organic light-emitting display apparatus ofclaim 1,
wherein the first substrate comprises a display area compris-
ing the OLED, and a non-display area surrounding the display
area, and

wherein a ratio of a width of the shock absorber to a width

of the non-display area is about 0.08 to about 0.2.

17. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

providing a first substrate and at least one organic light-

emitting diode (OLED) on the first substrate;

providing an inorganic sealant, a block member, and a

shock absorber on a second substrate;

positioning the inorganic sealant on the second substrate to

face the first substrate; and

attaching the first and second substrates together.

18. The method of claim 17, wherein the block member is
between the inorganic sealant and the shock absorber.

19. The method of claim 17, wherein the inorganic sealant
and the block member are formed of a same material.
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20. The method of claim 17, wherein the providing of the
shock absorber on the second substrate comprises providing
the shock absorber at an inner side of the inorganic sealant,
and

further providing a second block member at an inner side of

the shock absorber.

# % % k&
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