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ORGANIC LIGHT-EMITTING DISPLAY
DEVICE HAVING AN ENCAPSULATING
SUBSTRATE OF HIGH THERVAL
CONDUCTIVITY

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2017-0127391, filed on
Sep. 29, 2017, which is hereby incorporated by reference as
if fully set forth herein.

BACKGROUND

Technical Field

[0002] The present disclosure relates to an organic light-
emitting display device including an encapsulating substrate
having a high thermal conductivity to rapidly emit heat
generated in a light-emitting element and/or a driving circuit
to the outside.

Description of the Related Art

[0003] Generally, an electronic appliance, such as a moni-
tor, a TV, a laptop computer and a digital camera, include a
display device to realize an image. For example, the display
device may include a liquid crystal display device and/or an
organic light-emitting display device.

[0004] The organic light-emitting display device may
include a light-emitting element. The light-emitting element
may generate light realizing a specific color. For example,
the light-emitting element may include a first electrode, a
light-emitting layer and a second electrode, which are
sequentially stacked.

[0005] The organic light-emitting display device may pre-
vent external moisture from permeating to the light-emitting
element. For example, the organic light-emitting display
device may include an encapsulating layer covering the
light-emitting element, and an encapsulating substrate dis-
posed on the encapsulating layer.

[0006] The light-emitting element and a driving circuit
controlling the light-emitting element may generate heat
during an operation of realizing an image. The light-emitting
layer may be very vulnerable to heat. Thus, the organic
light-emitting display device must rapidly emit heat gener-
ated in the light-emitting element and/or the driving circuit
to the outside. For example, the organic light-emitting
display device may include the encapsulating substrate
formed of a material having a relatively high thermal
conductivity, such as aluminum (Al).

[0007] However, since the material having a high thermal
conductivity may have a relatively low rigidity, the light-
emitting element of the organic light-emitting display device
may be damaged by an external impact. In order to prevent
damage of the light-emitting element due to the external
impact, the organic light-emitting display device may
increase a thickness of the encapsulating substrate or add
additional layer for reinforcing rigidity on the encapsulating
substrate, but the overall thickness of the organic light-
emitting display device may be increased.

BRIEF SUMMARY

[0008] Accordingly, the present disclosure is directed to
an organic light-emitting display device that substantially
reduces one or more problems due to limitations and dis-
advantages of the related art.
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[0009] An object of the present disclosure is to provide an
organic light-emitting display device capable of having high
heat radiation efficiency, and preventing damage of a light-
emitting element due to external impact.

[0010] Another object of the present disclosure is to
provide an organic light-emitting display device capable of
complementing the rigidity of an encapsulating substrate
without increasing the overall thickness.

[0011] Additional advantages, objects, and features of the
disclosure will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following
or may be learned from practice of the disclosure. The
objectives and other advantages of the disclosure may be
realized and attained by the structure particularly pointed out
in the written description and claims hereof as well as the
appended drawings.

[0012] To achieve these objects and other advantages and
in accordance with the purpose of the disclosure, as embod-
ied and broadly described herein, there is provided an
organic light-emitting display device including a device
substrate. The device substrate includes a display area and a
non-display area. The non-display area is disposed outside
the display area. A light-emitting element is disposed on the
display area of the device substrate. An encapsulating layer
is disposed on the light-emitting element. The encapsulating
layer is extended on the non-display area of the device
substrate. An encapsulating substrate is disposed on the
encapsulating layer. A first reinforcing member is disposed
between the encapsulating layer and the encapsulating sub-
strate. The first reinforcing member overlaps with the dis-
play area of the device substrate.

[0013] The encapsulating layer may cover a side surface
of the first reinforcing member.

[0014] A second reinforcing member may be disposed
between the encapsulating layer and the encapsulating sub-
strate. The second reinforcing member may overlap with the
non-display area of the device substrate. The second rein-
forcing member may be spaced away from the first rein-
forcing member.

[0015] A side surface of the second reinforcing member
may be covered by the encapsulating layer.

[0016] The second reinforcing member may include a
plurality of patterns being spaced away from each other.

[0017] The first reinforcing member may include a mate-
rial same as the encapsulating layer. The first reinforcing
member may be harder than the encapsulating layer.

[0018] The first reinforcing member may include mois-
ture-absorbing beads.

[0019] The encapsulating layer may include moisture-
absorbing particles. The density of the moisture-absorbing
beads in the first reinforcing member may be lower than the
density of the moisture-absorbing particles in the encapsu-
lating layer.

[0020] In another embodiment, the organic light-emitting
display device comprises an encapsulating substrate on a
device substrate. A light-emitting element is disposed on an
upper surface of the device substrate facing the encapsulat-
ing substrate. A reinforcing member is disposed on a lower
surface of the encapsulating substrate facing the device
substrate. An encapsulating layer is disposed between the
device substrate and the encapsulating substrate. The encap-
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sulating layer surrounds the light-emitting element and the
reinforcing member. The reinforcing member includes metal
beads in one embodiment.

[0021] The metal beads may include a magnetic material.
[0022] The reinforcing member may further include elas-
tic beads.

[0023] The elastic beads may include rubber.

[0024] The encapsulating substrate may include alumi-
num.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0025] The accompanying drawings, which are included
to provide a further understanding of the disclosure and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the disclosure and together with
the description serve to explain the principle of the disclo-
sure. In the drawings:

[0026] FIG. 1is a view schematically showing an organic
light-emitting display device according to an embodiment of
the present disclosure; and

[0027] FIGS. 2 to 5 are views respectively showing the
organic light-emitting display device according to various
alternative embodiments of the present disclosure.

DETAILED DESCRIPTION

[0028] Hereinafter, details related to the above objects,
technical configurations, and operational effects of the
embodiments of the present disclosure will be clearly under-
stood by the following detailed description with reference to
the drawings, which illustrate some embodiments of the
present disclosure. Here, the embodiments of the present
disclosure are provided in order to allow the technical sprit
of the present disclosure to be satisfactorily transferred to
those skilled in the art, and thus the present disclosure may
be embodied in other forms and is not limited to the
embodiments described below.

[0029] In addition, the same or extremely similar elements
may be designated by the same reference numerals through-
out the specification, and in the drawings, the lengths and
thickness of layers and regions may be exaggerated to more
easily illustrate various features of the disclosure to those of
skill in the art. It will be understood that, when a first
element is referred to as being “on” a second element,
although the first element may be disposed on the second
element so as to come into contact with the second element,
a third element may be interposed between the first element
and the second element.

[0030] Here, terms such as, for example, “first” and “sec-
ond” may be used to distinguish any one element with
another element. However, the first element and the second
element may be arbitrary named according to the conve-
nience of those skilled in the art without departing the
technical sprit of the present disclosure.

[0031] The terms used in the specification of the present
disclosure are merely used in order to describe particular
embodiments, and are not intended to limit the scope of the
present disclosure. For example, an element described in the
singular form is intended to include a plurality of elements
unless the context clearly indicates otherwise. In addition, in
the specification of the present disclosure, it will be further
understood that the terms “comprises” and “includes”
specify the presence of stated features, integers, steps,
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operations, elements, components, and/or combinations
thereof, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or combinations.

[0032] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and should not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.
[0033] FIG. 1is a view showing an organic light-emitting
display device according to an embodiment of the present
disclosure.

[0034] Referring to FIG. 1, the organic light-emitting
display device according to the embodiment of the present
disclosure may include a device substrate 100. The device
substrate 100 may include an insulating material. The device
substrate 100 may include a transparent material. For
example, the device substrate 100 may include glass or
plastic.

[0035] The device substrate 100 may include a display
area AA and a non-display area NA. The non-display area
NA may be disposed outside the display area AA. For
example, the non-display area NA may include an edge of
the device substrate 100.

[0036] A thin film transistor 200 may be disposed on the
display area AA of the device substrate 100. For example,
the thin film transistor 200 may include a semiconductor
pattern 210, a gate insulating layer 220, a gate electrode 230,
an interlayer insulating layer 240, a source electrode 250 and
a drain electrode 260.

[0037] The semiconductor pattern 210 may be disposed
close to the device substrate 100. The semiconductor pattern
210 may include a semiconductor material. For example, the
semiconductor pattern 210 may include amorphous silicon
or poly-silicon. The semiconductor pattern 210 may be an
oxide semiconductor. For example, the semiconductor pat-
tern 210 may include 1GZO.

[0038] The semiconductor pattern 210 may include a
source region, a drain region and a channel region. The
channel region may be disposed between the source region
and the drain region. The conductivity of the channel region
may be lower than the conductivities of the source region
and the drain region. For example, the source region and the
drain region may include a conductive impurity.

[0039] The gate insulating layer 220 may be disposed on
the semiconductor pattern 210. A size of the gate insulating
layer 220 may be smaller than a size of the semiconductor
pattern 210. For example, the gate insulating layer 220 may
overlap with the channel region of the semiconductor pattern
210.

[0040] The gate insulating layer 220 may include an
insulating material. For example, the gate insulating layer
220 may include silicon oxide and/or silicon nitride. The
gate insulating layer 220 may include a high-K material. For
example, the gate insulating layer 220 may include hafhium
oxide (HfO) or titanium oxide (TiO). The gate insulating
layer 220 may have a multi-layer structure.

[0041] The gate electrode 230 may be disposed on the gate
insulating layer 220. For example, the gate electrode 230
may overlap the channel region of the semiconductor pattern
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210. The gate electrode 230 may be insulated from the
semiconductor pattern 210 by the gate insulating layer 220.
For example, a side surface of the gate electrode 230 may be
vertically aligned with a side surface of the gate insulating
layer 220.

[0042] The gate electrode 230 may include a conductive
material. For example, the gate electrode 230 may include a
metal, such as aluminum (Al), chrome (Cr), molybdenum
(Mo) and tungsten (W).

[0043] The interlayer insulating layer 240 may be dis-
posed on the semiconductor pattern 210 and the gate elec-
trode 230. The interlayer insulating layer 240 may be
extended beyond the semiconductor pattern 210. For
example, a side surface of the semiconductor pattern 210
may be covered by the interlayer insulating layer 240.
[0044] The interlayer insulating layer 240 may include an
insulating material. For example, the interlayer insulating
layer 240 may include silicon oxide.

[0045] The source electrode 250 may be disposed on the
interlayer insulating layer 240. The source electrode 250
may be electrically connected to the source region of the
semiconductor pattern 210. For example, the source elec-
trode 250 may overlap the source region of the semicon-
ductor pattern 210. The interlayer insulating layer 240 may
include a contact hole partially exposing the source region of
the semiconductor pattern 210.

[0046] The source electrode 250 may include a conductive
material. For example, the source electrode 250 may include
a metal, such as aluminum (Al), chrome (Cr), molybdenum
(Mo) and tungsten (W). The source electrode 250 may
include a material different from the gate electrode 230.
[0047] The drain electrode 260 may be disposed on the
interlayer insulating layer 240. The drain electrode 260 may
be electrically connected to the drain region of the semi-
conductor pattern 210. The drain electrode 260 may be
spaced away from the source electrode 250. For example,
the drain electrode 260 may overlap the drain region of the
semiconductor pattern 210. The interlayer insulating layer
240 may further include a contact hole partially exposing the
drain region of the semiconductor pattern 210.

[0048] The drain electrode 260 may include a conductive
material. For example, the drain electrode 260 may include
a metal, such as aluminum (Al), chrome (Cr), molybdenum
(Mo) and tungsten (W). The drain electrode 260 may include
a material different from the gate electrode 230. The drain
electrode 260 may include a material same as the source
electrode 250.

[0049] A buffer layer 110 may be disposed between the
device substrate 100 and the thin film transistor 200. For
example, the buffer layer 110 may be disposed between the
device substrate 100 and the semiconductor pattern 210. The
buffer layer 110 may include an insulating material. For
example, the buffer layer 110 may include silicon oxide.
[0050] A lower passivation layer 120 may be disposed on
the thin film transistor 200. The lower passivation layer 120
may prevent damage of the thin film transistor 200 due to
external impact and moisture. For example, the lower pas-
sivation layer 120 may be extended beyond the source
electrode 250 and the drain electrode 260. The lower pas-
sivation layer 120 may be in direct contact with the inter-
layer insulating layer 240 at the outside of the source
electrode 250 and the drain electrode 260. The lower pas-
sivation layer 120 may include an insulating material. The
lower passivation layer 120 may include a material different

Apr. 4,2019

from the interlayer insulating layer 240. For example, the
lower passivation layer 120 may include silicon nitride.
[0051] An over-coat layer 130 may be disposed on the
lower passivation layer 120. The over-coat layer 130 may
remove a thickness difference due to the thin film transistor
200. For example, an upper surface of the over-coat layer
130 opposite to the device substrate 100 may be a flat
surface.

[0052] The over-coat layer 130 may include an insulating
material. The over-coat layer 130 may include a material
different from the lower passivation layer 120. The over-coat
layer 130 may include a material having a relative high
fluidity. For example, the over-coat layer 130 may include an
organic insulating material.

[0053] A light-emitting element 300 may be disposed on
the over-coat layer 130. The light-emitting element 300 may
generate light realizing a specific color. For example, the
light-emitting element 300 may include a first electrode 310,
a light-emitting layer 320 and a second electrode 330, which
are sequentially stacked.

[0054] The first electrode 310 may be disposed close to the
over-coat layer 130.

[0055] The light-emitting element 300 may be controlled
by the thin film transistor 200. For example, the first
electrode 310 may be electrically connected to the drain
electrode 260 of the thin film transistor 200. For example,
the lower passivation layer 120 may include a lower contact
hole 120/ exposing at least a portion of the drain electrode
260. The over-coat layer 130 may include an upper contact
hole 130/ overlapping with the lower contact hole 120/%. The
first electrode 310 may be extended along a side wall of the
lower contact hole 120% and a side wall of the upper contact
hole 130%.

[0056] The first electrode 310 may include a conductive
material. The first electrode 310 may include a transparent
material. For example, the first electrode 310 may be a
transparent electrode formed of a transparent material, such
as ITO and 170.

[0057] The light-emitting layer 320 may generate light
having luminance corresponding to a voltage difference
between the first electrode 310 and the second electrode 330.
For example, the light-emitting layer 320 may include an
emitting material layer (EML) having an emission material.
The emission material may be an organic material.

[0058] The light-emitting layer 320 may have a multi-
layer structure in order to increase luminous efficiency. For
example, the light-emitting layer 320 may further include at
least one of a hole injection layer (HIL), a hole transporting
layer (HTL), an electron transporting layer (ETL) and an
electron injection layer (EIL).

[0059] The second electrode 330 may include a conduc-
tive material. The second electrode 330 may include a
material different from the first electrode 310. For example,
the second electrode 330 may include a metal having a high
reflectance, such as aluminum (Al). Thus, in the organic
light-emitting display device according to the embodiment
of the present disclosure, the light generated by the light-
emitting layer 320 may be emitted to the outside through the
device substrate 100.

[0060] Inthe organic light-emitting display device accord-
ing to the embodiment of the present disclosure, a plurality
of light-emitting elements 300 may be disposed on the
device substrate 100. Each of the light-emitting elements
300 may be driven, independently. For example, the first
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electrode 310 of each light-emitting element 300 may be
separated from the first electrodes 310 of adjacent light-
emitting elements 300. A bank insulating layer 140 may be
disposed between the first electrodes 310 of adjacent light-
emitting elements 300. The bank insulating layer 140 may
cover an edge of the first electrode 310. The light-emitting
layer 320 and the second electrode 330 may be stacked on
a portion of the first electrode 310 exposed by the bank
insulating layer 140.

[0061] The bank insulating layer 140 may include an
insulating material. For example, the bank insulating layer
140 may include an organic insulating material. The bank
insulating layer 140 may a material different from the
over-coat layer 130.

[0062] The portion of the first electrode 310 exposed by
the bank insulating layer 140 may be spaced away from the
thin film transistor 200. For example, the bank insulating
layer 140 may overlap the thin film transistor 200. Thus, in
the organic light-emitting display device according to the
embodiment of the present disclosure, the light traveling
toward the device substrate 100 from the light-emitting
element 300 may not be blocked by the thin film transistor
200.

[0063] The second electrode 330 may be extended on the
bank insulating layer 140. For example, the second electrode
330 may be extended on a side surface of the bank insulating
layer 140, a side surface of the over-coat layer 130, and a
side surface of the lower passivation layer 120, which are
disposed close to the non-display area NA of the device
substrate 100. Thus, the organic light-emitting display
device according to the embodiment of the present disclo-
sure may prevent the permeation of external moisture
through insulating layers stacked between the device sub-
strate 100 and the second electrode 330, or a boundary
between adjacent the insulating layers.

[0064] A color filter 400 may be disposed between the
device substrate 100 and the light-emitting element 300. For
example, the color filter 400 may be disposed between the
lower passivation layer 120 and the over-coat layer 130. A
thickness difference due to the color filter 400 may be
removed by the over-coat layer 130. The color filter 400 may
change a color realized by the light which is emitted from
the light-emitting element 300.

[0065] For example, the light-emitting layer 320 may
generate light realizing white color, and the color filter 400
may realize blue color, red color or green color using the
light generated by the light-emitting layer 320. The color
filter 400 may have a horizontal width larger than the portion
of the first electrode 310 which is exposed by the bank
insulating layer 140. Thus, in the organic light-emitting
display device according to the embodiment of the present
disclosure, light leakage may be prevented.

[0066] An encapsulating layer 500 may be disposed on the
light-emitting element 300. The encapsulating layer 500
may prevent damage of the light-emitting element 300 due
to the external impact and moisture. The encapsulating layer
500 may be extended on the non-display area NA of the
device substrate 100. For example, the light-emitting ele-
ment 300 may be covered by the encapsulating layer 500,
completely.

[0067] The encapsulating layer 500 may have a multi-
layer structure. For example, the encapsulating layer 500
may include a lower encapsulating layer 510 and an upper
encapsulating layer 520 disposed on the lower encapsulating
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layer 510. The light-emitting element 300 may be covered
by the lower encapsulating layer 510. The upper encapsu-
lating layer 520 may include moisture-absorbing particles
500p. The moisture-absorbing particles 500p may include a
moisture-absorbing material. Thus, in the organic light-
emitting display device according to the embodiment of the
present disclosure, the stress applied to the light-emitting
element 300 due to the expansion of the moisture-absorbing
particles 500p may be relieved by the lower encapsulating
layer 510.

[0068] The lower encapsulating layer 510 and the upper
encapsulating layer 520 may include an insulating material.
The lower encapsulating layer 510 and the upper encapsu-
lating layer 520 may include an adhesive material. The
lower encapsulating layer 510 and the upper encapsulating
layer 520 may include a material which does not require a
curing process. For example, the lower encapsulating layer
510 and the upper encapsulating layer 520 may include an
olefin-based material. Thus, in the organic light-emitting
display device according to the embodiment of the present
disclosure, the degradation of the light-emitting layer 320
may be prevented by forming the lower encapsulating layer
510 and the upper encapsulating layer 520. The upper
encapsulating layer 520 may include a material different
from the lower encapsulating layer 510. Therefore, in the
organic light-emitting display device according to the
embodiment of the present disclosure, the relief of the stress
by the lower encapsulating layer 510 may be performed,
efficiently.

[0069] In one example, the lower encapsulating layer 510
is an organic planarizing layer of a type known in the art. It
can also be an inorganic planarizing layer, such as a phos-
phosilicate glass, a borophosphosilicate glass or the like.
[0070] The organic light-emitting display device accord-
ing to the embodiment of the present disclosure is described
that the encapsulating layer 500 is in direct contact with the
light-emitting element 300. However, the organic light-
emitting display device according to another embodiment of
the present disclosure may further include an upper passi-
vation layer (not shown) disposed between the light-emitting
element 300 and the lower encapsulating layer 510. The
upper passivation layer may prevent damage of the light-
emitting element 300 due to the external impact and mois-
ture. The upper passivation layer may include an insulating
material. The upper passivation layer may have a multi-layer
structure. For example, the upper passivation layer may have
a structure in which an organic layer formed of an organic
insulating material is disposed between inorganic layers
formed of an inorganic insulating material.

[0071] An encapsulating substrate 600 may be disposed on
the encapsulating layer 500. The encapsulating substrate 600
may include a region being in direct contact with the
encapsulating layer 500. Thus, the encapsulating substrate
600 may be coupled to the device substrate 100 on which the
thin film transistor 200 and the light-emitting element 300
are formed, by the encapsulating layer 500.

[0072] The encapsulating substrate 600 may overlap with
the display area AA and the non-display area NA of the
device substrate 100. A size, either area or volume or both
of the encapsulating substrate 600 may be larger than a size
of the encapsulating layer 500. For example, a lower surface
of the encapsulating substrate 600 may have a larger area
than the area of the encapsulating layer 500 and include an
edge exposed by the encapsulating layer 500. Thus, in the
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organic light-emitting display device according to the
embodiment of the present disclosure, the defect due to
misalignment of the upper encapsulating layer 520 may be
prevented. The size of the encapsulating substrate 600 may
be smaller than a size of the device substrate 100. For
example, a side surface of the encapsulating substrate 600
may be disposed between a side surface of the device
substrate 100 and a side surface of the encapsulating layer
500, which embodiment is shown in FIG. 1. The encapsu-
lating substrate 600 will have a thickness less than the
thickness of the encapsulating layer 500 in one preferred
embodiment, but in other embodiments, the thickness of the
encapsulating substrate 600 may be equal to or greater than
the encapsulating layer 500.

[0073] The encapsulating substrate 600 may include a
material different from the device substrate 100. The encap-
sulating substrate 600 may provide the radiation path of heat
generated in the light-emitting element 300 and/or the thin
film transistor 200 during an operation of realizing an image.
For example, the encapsulating substrate 600 may include a
metal having a relatively high thermal conductivity, such as
aluminum (Al).

[0074] A reinforcing member 700 may be disposed
between the encapsulating layer 500 and the encapsulating
substrate 600. For example, the reinforcing member 700
may be disposed on a lower surface of the encapsulating
substrate 600 facing the device substrate 100. The reinforc-
ing member 700 may overlap the display area AA of the
device substrate 100. For example, the light-emitting ele-
ment 300 may overlap with a portion of the reinforcing
member 700.

[0075] The reinforcing member 700 may include an insu-
lating material. For example, the reinforcing member 700
may include an olefin-based material. The rigidity of the
reinforcing member 700 may be larger than the rigidity of
the encapsulating layer 500.

[0076] In some embodiments, the reinforcing member 700
is a bead holding encapsulation layer. Therefore, member
700 can be referred to as a reinforcing member or a bead
holding encapsulation layer, depending on the embodiment.
[0077] For example, the reinforcing member 700 may
include metal beads 7005, Thus, in the organic light-emitting
display device according to the embodiment of the present
disclosure, the rigidity of the encapsulating substrate 600
may be complemented without increasing the overall thick-
ness. Therefore, in the organic light-emitting display device
according to the embodiment of the present disclosure,
damage of the light-emitting element 300 due to the external
impact may be prevented.

[0078] The metal beads 7002 may include a magnetic
material. For example, the metal beads 7005 may include a
ferromagnetic metal, such as iron (Fe), nickel (Ni) and
cobalt (Co). In one embodiment, the metal beads 7005 are
ferrous metals not yet magnetized and have no magnetic
field. In another embodiment, the metal beads 7005 are
magnetized prior to being inserted into the layer and thus
have a magnetic field while encapsulated. Thus, in the
organic light-emitting display device according to the
embodiment of the present disclosure, the encapsulating
substrate 600 may be moved by a jig having a magnetic
plate. That is, in the organic light-emitting display device
according to the embodiment of the present disclosure, the
location of the encapsulating substrate 600 may be easily
adjusted during a process of coupling the encapsulating
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substrate 600 and the device substrate 100. And, in the
organic light-emitting display device according to the
embodiment of the present disclosure, a transfer jig of the
encapsulating substrate 600 may be simplified, so that
damage of the encapsulating substrate 600 and/or the device
substrate 100 may be prevented during a process of attach-
ing or detaching the encapsulating substrate 600 to the
transfer jig. Also, in the organic light-emitting display
device according to the embodiment of the present disclo-
sure, a process of attaching or detaching the encapsulating
substrate 600 by the transfer jig may be simplified, so that
aprocess time required for coupling the device substrate 100
and the encapsulating substrate 600 may be reduced.
Thereby, in the organic light-emitting display device accord-
ing to the embodiment of the present disclosure, damage of
the light-emitting element 300 due to the external impact
may be prevented, and process efficiency may be improved.
[0079] A side surface of the reinforcing member 700 may
be covered by the encapsulating layer 500. For example, the
upper encapsulating layer 520 may cover the side surface of
the reinforcing member 700. The upper encapsulating layer
520 may be in direct contact with a portion of the encap-
sulating substrate 600 which overlaps the non-display area
NA of the device substrate 100. Thus, in the organic light-
emitting display device according to the embodiment of the
present disclosure, the permeation of the external moisture
through the reinforcing member 700 may be prevented.
Therefore, in the organic light-emitting display device
according to the embodiment of the present disclosure, the
reliability may be increased.

[0080] Accordingly, in the organic light-emitting display
device according to the embodiment of the present disclo-
sure, the encapsulating substrate 600 disposed on the encap-
sulating layer 500 which cover the light-emitting element
300 may include a material having a high thermal conduc-
tivity, such as aluminum (Al), and the reinforcing member
700 harder than the encapsulating layer 500 may overlap the
light-emitting element 300 between the encapsulating layer
500 and the encapsulating substrate 600, so that the rigidity
of the encapsulating substrate 600 may be complemented
enough to prevent damage of the light-emitting element 300
due to the external impact. Thus, in the organic light-
emitting display device according to the embodiment of the
present disclosure, the heat radiation efficiency by the encap-
sulating substrate 600 may be increased, and the damage of
the light-emitting element 300 due to the external impact
may be prevented by the reinforcing member 700. Also, in
the organic light-emitting display device according to the
embodiment of the present disclosure, the metal beads 7005
including a magnetic material may be dispersed in the
reinforcing member 700, so that the process efficiency may
be increased. Therefore, in the organic light-emitting display
device according to the embodiment of the present disclo-
sure, the heat radiation efliciency, the process efficiency and
the reliability may be improved.

[0081] The organic light-emitting display device accord-
ing to one embodiment of the present disclosure is described
that only metal beads 7005 are disposed in the reinforcing
member 700.

[0082] Inthe organic light-emitting display device accord-
ing to another embodiment of the present disclosure, the
reinforcing member 700 may include a combination of the
metal beads 7005 and moisture-absorbing beads 700p, as
shown in FIG. 2. The moisture-absorbing beads 700p may
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include a moisture-absorbing material. For example, the
moisture-absorbing beads 700p may include a material same
as the moisture-absorbing particles 500p. Thus, in the
organic light-emitting display device according to another
embodiment of the present disclosure, the permeation of the
external moisture through the reinforcing member 700 may
be blocked, efficiently. The density of the moisture-absorb-
ing beads 700p may be smaller than the density of the
moisture absorbing particles 500p. Therefore, in the organic
light-emitting display device according to another embodi-
ment of the present disclosure, damage of the encapsulating
substrate 600 due to the stress applied by the expansion of
the moisture-absorbing beads 700p may be prevented.
[0083] Thereby, in the organic light-emitting display
device according to another embodiment of the present
disclosure, the heat radiation efficiency and the reliability
may be increased, efficiently.

[0084] The organic light-emitting display device accord-
ing to one embodiment of the present disclosure is described
that the reinforcing member 700 is harder than the encap-
sulating layer 500. However, in the organic light-emitting
display device according to another embodiment of the
present disclosure, the reinforcing member 700 may have
elasticity.

[0085] In the organic light-emitting display device accord-
ing to another embodiment of the present disclosure, the
reinforcing member 700 may include metal beads 7015 and
elastic beads 702e, as shown in FIG. 3. The elastic beads
702¢ may include an elastic material. For example, the
elastic beads 702¢ may include rubber or a polymer material.
Thus, in the organic light-emitting display device according
to another embodiment of the present disclosure, the exter-
nal impact applied to the encapsulating substrate 600 may be
relieved by the reinforcing member 700. Therefore, in the
organic light-emitting display device according to another
embodiment of the present disclosure, the rigidity of the
encapsulating substrate 600 having a high heat radiation
may be complemented.

[0086] The organic light-emitting display device accord-
ing to one embodiment of the present disclosure is described
that the side surface of the reinforcing member 700 coin-
cides with a boundary between the display area AA and the
non-display area NA of the device substrate 100.

[0087] The organic light-emitting display device accord-
ing to another embodiment of the present disclosure may
include a first reinforcing member 710 overlapping with the
display area AA of the device substrate 100, and a second
reinforcing member 720 overlapping with the non-display
area NA of the device substrate 100, as shown in FIG. 4. The
first reinforcing member 710 and the second reinforcing
member 720 may be disposed between the encapsulating
layer 500 and the encapsulating substrate 600. The first
reinforcing member 710 may include first metal beads 7104.
The second reinforcing member 720 may include second
metal beads 7200. The second metal beads 7205 may
include a magnetic material. For example, the second metal
beads 7205 may include a ferromagnetic metal, such as iron
(Fe), nickel (Ni) and cobalt (Co). In one embodiment, the
second metal beads 7205 are ferrous metals not yet magne-
tized and have no magnetic field. In another embodiment,
the second metal beads 7205 are magnetized prior to being
inserted into the layer and thus have a magnetic field while
encapsulated. For example, the second metal beads 7205
may include a material same as the first metal beads 71064.
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Thus, in the organic light-emitting display device according
to another embodiment of the present disclosure, the damage
of the light-emitting element 300 due to the external impact
may be prevented, efficiently.

[0088] The second reinforcing member 720 may be spaced
away from the first reinforcing member 710. For example, a
side surface of the first reinforcing member 710 and a side
surface of the second reinforcing member 720 may be
covered by the encapsulating layer 500. Thus, in the organic
light-emitting display device according to another embodi-
ment of the present disclosure, the permeation of the exter-
nal moisture through the first reinforcing member 710 and
the second reinforcing member 720 may be blocked, effi-
ciently. The second reinforcing member 720 may include a
plurality members laid out in a selected pattern, with the
various members 720 being spaced away from each other.
The organic light-emitting display device according to one
embodiment of the present disclosure is described that the
reinforcing member 700 is a plate shape. However, in the
organic light-emitting display device according to another
embodiment of the present disclosure, the reinforcing mem-
ber 700 on the light-emitting element 300 may be composed
of a plurality of patterns which are spaced away from each
other, as shown in FIG. 5. For example, the organic light-
emitting display device according to another embodiment of
the present disclosure may include the reinforcing member
700 having a mesh shape. Thus, in the organic light-emitting
display device according to another embodiment of the
present disclosure, the damage of the light-emitting element
300 due to the external impact may be prevented, and the
permeation of the external moisture through the reinforcing
member 700 may be blocked, efficiently.

[0089] In the result, the organic light-emitting display
device according to the embodiments of the present disclo-
sure may include the reinforcing member overlapping with
the light-emitting element between the encapsulating layer
and the encapsulating substrate. Thus, in the organic light-
emitting display device according to the embodiments of the
present disclosure, the damage of the light-emitting element
due to the external impact may be prevented without
increasing the overall thickness. Also, in the organic light-
emitting display device according to the embodiments of the
present disclosure, the side surface of the reinforcing mem-
ber may be surrounded by the encapsulating layer. There-
fore, in the organic light-emitting display device according
to the embodiments of the present disclosure, the permeation
of the external moisture through the reinforcing member
may be blocked. Thereby, in the organic light-emitting
display device according to the embodiments of the present
disclosure, the heat radiation efficiency and the reliability
may be increased.

[0090] The various embodiments described above can be
combined to provide further embodiments. All of the U.S.
patents, U.S. patent application publications, U.S. patent
applications, foreign patents, foreign patent applications and
non-patent publications referred to in this specification and/
or listed in the Application Data Sheet are incorporated
herein by reference, in their entirety. Aspects of the embodi-
ments can be modified, if necessary to employ concepts of
the various patents, applications and publications to provide
yet further embodiments.

[0091] These and other changes can be made to the
embodiments in light of the above-detailed description. In
general, in the following claims, the terms used should not
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be construed to limit the claims to the specific embodiments
disclosed in the specification and the claims, but should be
construed to include all possible embodiments along with
the full scope of equivalents to which such claims are
entitled. Accordingly, the claims are not limited by the
disclosure.

What is claimed is:

1. An organic light-emitting display device comprising:

a device substrate including a display area and a non-
display area;

a light-emitting element on the display area of the sub-
strate;

an encapsulation layer overlying the light-emitting ele-
ment, the encapsulation layer being in the display area;

a bead holding encapsulation layer overlying a portion of
the encapsulation layer, the bead holding encapsulation
layer overlapping with the display area of the substrate;

a plurality of metal beads within the bead holding encap-
sulation layer; and

an encapsulating substrate overlying the bead holding
encapsulation layer.

2. The organic light-emitting display device of claim 1
wherein the metal beads within the bead holding encapsu-
lation layer are comprised of a ferrous metal.

3. The organic light-emitting display device of claim 2
wherein the ferrous metal beads within the bead holding
encapsulation layer are configured to be magnetically
coupled to a jig for moving the device substrate during the
manufacturing process.

4. The organic light-emitting display device of claim 1
wherein the bead holding encapsulation layer is laid out in
pattern having a plurality of members, each of the members
being spaced from each other at selected locations.

5. The organic light-emitting display device of claim 1
wherein the bead holding encapsulation layer further
includes moisture-absorbing beads.

6. The organic light-emitting display device of claim 1
wherein the bead holding encapsulation layer further
includes elastic beads, wherein the elastic beads include
rubber or a polymer material.

7. The organic light-emitting display device of claim 1
further including a second bead holding encapsulation layer
in the non-display area of the substrate.

8. The organic light-emitting display device of claim 7
wherein the second bead holding encapsulation layer
includes a plurality of portions positioned in the non-display
area, each of the portions being spaced from each other.

9. An organic light-emitting display device comprising:

a device substrate including a display area and a non-
display area;

a light-emitting element on the display area of the sub-
strate;

an encapsulation layer overlying the light-emitting ele-
ment, the encapsulation layer being in the display area;

a plurality of moisture absorbing beads positioned within
the encapsulation layer;

a bead holding encapsulation layer overlying a portion of
the encapsulation layer, the bead holding encapsulation
layer overlapping with the display area of the substrate;

an encapsulating substrate overlying the bead holding
encapsulation layer and the encapsulation layer.

10. The organic light-emitting display device of claim 9

further including: metal beads within the bead holding
encapsulation layer.
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11. The organic light-emitting display device of claim 10
wherein the metal beads within the bead holding encapsu-
lation layer are comprised of a ferrous metal.

12. The organic light emitting display device of claim 9
further including:

a plurality of members of the bead holding encapsulation
layer being positioned in the non-display area, each of
the members being spaced from each other.

13. An organic light-emitting display device comprising:
a device substrate including a display area and a non-
display area disposed outside the display area;

a light-emitting element on the display area of the device
substrate;

a first encapsulating layer on the light-emitting element,
the encapsulating layer being in the display area and
also in the non-display area of the device substrate;

an encapsulating substrate on the encapsulating layer; and

a first reinforcing member between the encapsulating
layer and the encapsulating substrate, the first reinforc-
ing member overlapping with the display area of the
device substrate.

14. The organic light-emitting display device according to
claim 13, wherein the encapsulating layer covers a side
surface of the first reinforcing member.

15. The organic light-emitting display device according to
claim 14, further comprising a second reinforcing member
between the encapsulating layer and the encapsulating sub-
strate,

the second reinforcing member overlapping the non-
display area of the device substrate and being the
second reinforcing member is spaced away from the
first reinforced member.

16. The organic light-emitting display device according to
claim 13, wherein a side surface of the second reinforcing
member is covered by the encapsulating layer.

17. The organic light-emitting display device according to
claim 13, wherein the second reinforcing member includes
a plurality of portions being spaced away from each other.

18. The organic light-emitting display device according to
claim 13, wherein the first reinforcing member includes a
material that is the same as the encapsulating layer, and
wherein the first reinforcing member is harder than the
encapsulating layer.

19. The organic light-emitting display device according to
claim 13, further including:

a plurality of moisture-absorbing beads within the first

reinforcing member.

20. The organic light-emitting display device according to
claim 19, further including moisture-absorbing particles
within the encapsulating layer, and

wherein the density of the moisture-absorbing beads in
the first reinforced member is lower than the density of
the moisture-absorbing particles in the encapsulating
layer.

21. An organic light-emitting display device comprising:

an encapsulating substrate on a device substrate;

a light-emitting element on an upper surface of the device
substrate facing the encapsulating substrate;

a reinforcing member on a lower surface of the encapsu-
lating substrate facing the device substrate;
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an encapsulating layer between the device substrate and
the encapsulating substrate, the encapsulating layer
surrounding the light-emitting element and the rein-
forcing member, and
a plurality of metal beads within the reinforcing member.
22. The organic light-emitting display device according to
claim 21, further including aluminum within the encapsu-
lating substrate.
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