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

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a continuation of U.S. patent
application Ser. No. 16/242,864, filed Jan. 8, 2019, which is
a continuation of U.S. patent application Ser. No. 15/608,
930, filed May 30, 2017, now U.S. Pat. No. 10,177,339,
which is a divisional of U.S. patent application Ser. No.
13/470,211, filed May 11, 2012, now U.S. Pat. No. 9,668,
318, which claims priority to and the benefit of Korean
Patent Application No. 10-2011-0095821, filed Sep. 22,
2011, the entire content of both of which is incorporated
herein by reference.

BACKGROUND

1. Field

[0002] The present invention relates to an organic light-
emitting display apparatus and a method of manufacturing
the organic light-emitting display apparatus.

2. Description of Related Art

[0003] An organic light-emitting display apparatus
includes a hole injection electrode, an electron injection
electrode, and an organic emitting layer formed therebe-
tween, and is a self-light-emitting display apparatus in
which holes injected from an anode and electrons injected
from a cathode are recombined in the organic emitting layer
and then disappear while emitting light.

[0004] The organic light-emitting display apparatus is
expected to become a next generation display apparatus due
to its high quality features such as low power consumption,
high brightness, and fast response speed.

[0005] The organic light-emitting display apparatus
includes a display region for displaying an image, and a
non-display region including various circuits and wirings for
supplying an image signal to the display region. The non-
display region is formed at an outer region of the display
region and is disposed on the same level as the display
region.

[0006] Recently, there is an increasing demand for high
display quality and various applications with respect to
organic light-emitting display apparatuses or large organic
light-emitting display apparatuses, so that the number of
circuits and wirings disposed in the non-display region is
reduced.

SUMMARY

[0007] Exemplary embodiments according to the present
invention provide an organic light-emitting display appara-
tus that has a non-display region having a foldable structure,
so that a design margin with respect to a dead space may be
assured by allowing the non-display region to have a region
that is as large as a foldable region, and an aesthetic sense
may be improved by significantly decreasing the size of the
non-display region that is recognizable by a user.

[0008] According to an aspect of embodiments of the
present invention, there is provided an organic light-emitting
display apparatus including a flexible substrate having a
display region and a non-display region located at an outer
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region of the display region, the non-display region being
folded with respect to the display region; at least one organic
light-emitting diode (OLED) on the display region of the
flexible substrate; and an encapsulation member encapsu-
lating the display region.

[0009] The encapsulation member may include a thin film.
[0010] The thin film may have a plurality of thin films that
include at least one of an organic thin film or an inorganic
thin film.

[0011] The non-display region may be folded to cover at
least a side surface of the thin film.

[0012] The encapsulation member may include an inflex-
ible substrate, and the organic light-emitting display appa-
ratus may further include a sealant that adheres the inflexible
substrate and the flexible substrate together. The sealant may
surround the display region.

[0013] The inflexible substrate may include a glass sub-
strate.

[0014] The sealant may include a glass frit.

[0015] The sealant may include an organic sealant.
[0016] The organic light-emitting display apparatus may

further include a supporting substrate that supports the
flexible substrate and is formed on a surface of the flexible
substrate that is opposite to a surface on which the display
region is formed.

[0017] The supporting substrate may include a glass sub-
strate.
[0018] The size of the supporting substrate may be less

than the size of the flexible substrate.

[0019] The non-display region may be folded to cover a
side surface of the supporting substrate.

[0020] The non-display region may be folded to cover a
side surface of the encapsulation member.

[0021] The flexible substrate may include a plastic sub-
strate.
[0022] The organic light-emitting display apparatus may

further include a barrier layer that is formed on the flexible
substrate and is formed between the display region and the
non-display region.

[0023] The organic light-emitting display apparatus may
further include an emitting unit including the at least one
OLED, and a device/wiring layer on the flexible substrate
and including a device and a wiring that are electrically
connected to the at least one OLED.

[0024] The organic light-emitting display apparatus may
further include a driving circuit unit and a wiring unit at the
non-display region, wherein the driving circuit and the
wiring unit are electrically connected to the display region.
[0025] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an organic
light-emitting display apparatus, the method including (a)
forming a flexible substrate on a supporting substrate, the
flexible substrate having a display region and a non-display
region at an outer region of the display region; (b) forming
at least one organic light-emitting diode (OLED) on the
display region of the flexible substrate; (c) forming an
encapsulation member on the flexible substrate to encapsu-
late the display region; (d) separating at least a portion of the
supporting substrate from the flexible substrate; and (e)
folding the non-display region of the flexible substrate with
respect to the display region.

[0026] The forming (a) may include an operation of form-
ing the flexible substrate as a plastic substrate.
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[0027] After the forming (a), the method may further
include forming a barrier layer on the flexible substrate.
[0028] The forming (c) may include an operation of form-
ing the encapsulation member as a thin film.

[0029] The thin film may be formed by stacking a plurality
of thin films that include at least one of an organic thin film
or an inorganic thin film.

[0030] In the separating (d), the supporting substrate may
be entirely separated from the flexible substrate, and in the
folding (e), the non-display region may be folded to cover a
side surface of the thin film.

[0031] The forming (c) may include operations of forming
the encapsulation member as an inflexible substrate and
adhering the inflexible substrate and the flexible substrate
together by using a sealant.

[0032] The inflexible substrate may be formed as a glass
substrate.

[0033] The sealant may include a glass frit.

[0034] The sealant may include an organic sealant.
[0035] In the separating (d), a region of the supporting

substrate that corresponds to the non-display region may be
separated from the flexible substrate.

[0036] In the folding (e), the non-display region may be
folded to cover a side surface of the supporting substrate.

[0037] In the folding (e), the non-display region may be
folded to cover a side surface of the encapsulation member.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other features and aspects of the
present invention will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0039] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus according to a first embodi-
ment of the present invention;

[0040] FIG. 2 is a plan view illustrating a display region
and a non-display region of the organic light-emitting dis-
play apparatus of FIG. 1 before the non-display region is
folded;

[0041] FIG. 3 is a magnified cross-sectional view of a
portion III of FIG. 2;

[0042] FIGS. 4A through 4F are cross-sectional views
illustrating a method of manufacturing the organic light-
emitting display apparatus according to the first embodi-
ment;

[0043] FIG. 5 is a cross-sectional view of an organic
light-emitting display apparatus according to a second
embodiment of the present invention;

[0044] FIGS. 6A through 6F are cross-sectional views
illustrating a method of manufacturing the organic light-
emitting display apparatus according to the second embodi-
ment; and

[0045] FIG. 7 is a cross-sectional view of an organic
light-emitting display apparatus according to a third embodi-
ment of the present invention.

DETAILED DESCRIPTION

[0046] Hereinafter, the present invention will be described
in detail by explaining exemplary embodiments of the
invention with reference to the attached drawings.

[0047] Expressions such as “at least one of,” when pre-
ceding a list of elements, modify the entire list of elements
and do not modify the individual elements of the list.

Jul. 2, 2020

[0048] FIG. 1 is a cross-sectional view of an organic
light-emitting display apparatus 100 according to a first
embodiment of the present invention.

[0049] Referring to FIG. 1, the organic light-emitting
display apparatus 100 includes a flexible substrate 120, a
display region D disposed on the flexible substrate 120, a
non-display region N folded with respect to the display
region D, and a thin film 150 encapsulating the display
region D.

[0050] The flexible substrate 120 may be formed of a
plastic material such as polyethylene naphthalate, polyeth-
vlene terephthalate, polycarbonate, polyarylate, polyether-
imide, polyethersulfone, polyimide, or the like, which has
excellent heat-resistance and durability. However, a material
of the flexible substrate 120 is not limited thereto, and the
flexible substrate 120 may be formed of one of various
flexible materials.

[0051] The flexible substrate 120 may be divided into a
portion 120-D corresponding to the display region D that
displays an image, and a portion 120-N corresponding to the
non-display region N that is disposed at an outer region of
the display region D. As will be described below, the portion
120-N of the flexible substrate 120, which corresponds to the
non-display region N, and a device/wiring layer 130 have
folded structures to cover a side surface of the thin film 150.

[0052] Although not illustrated in FIG. 1, a barrier layer
(not shown) may be further arranged on the flexible sub-
strate 120. The barrier layer may be formed of at least one
of the group consisting of inorganic layers and organic
layers. The barrier layer may prevent an unnecessary (e.g.,
undesirable) component from passing through the flexible
substrate 120 and then penetrating into the display region D.

[0053] The device/wiring layer 130 may be formed on the
flexible substrate 120. The device/wiring layer 130 may be
divided into a portion 130-D corresponding to the display
region D, and a portion 130-N corresponding to the non-
display region N at the outer region of the display region D.

[0054] The portion 130-D of the device/wiring layer 130,
which corresponds to the display region D, may include a
driving thin-film transistor (TFT) (e.g., refer to FIG. 3) for
driving an organic light-emitting diode (OLED) (e.g., refer
to FIG. 3) to be described below, a switching TFT (not
shown), a capacitor, and wirings (not shown) that are
connected to the driving TFT, the switching TFT, or the
capacitor.

[0055] The portion 130-N of the device/wiring layer 130,
which corresponds to the non-display region N, may include
various circuits, wirings, pad electrodes, or the like, which
drive an OLED of an emitting unit 140 disposed in the
display region D, and supply an image signal. The portion
130-N of the device/wiring layer 130, which corresponds to
the non-display region N, and the portion 120-N of the
flexible substrate 120, which corresponds to the non-display
region N, are folded to cover the side surface of the thin film
150.

[0056] Since the organic light-emitting display apparatus
100 has a structure in which the non-display region N is
folded with respect to the display region D, when a user sees
the organic light-emitting display apparatus 100 in front of
the emitting unit 140 that is the display region D, a width
WN of the non-display region N, which is actually seen by
the user, is decreased, compared to a width WN,, (e.g., refer
to FIG. 2) of the non-display region N before being folded.
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Thus, the user may notice that a border formed between the
display region D and the non-display region N is signifi-
cantly decreased.

[0057] Since the non-display region N does not produce an
image, the non-display region N may be referred to as a dead
space of a display apparatus. In order to decrease the dead
space, the number of various circuits and wirings disposed
in the non-display region N may be reduced, and/or a line
width of the circuits and wirings may be decreased. In the
present embodiment, the number of various circuits, wir-
ings, and/or pad electrodes formed in the portion 130-N of
the device/wiring layer 130, which corresponds to the non-
display region N, may be reduced, and/or a line width of the
circuits, wirings and/or pad electrodes, may be decreased.
However, due to a recent demand for high display quality
and various applications with respect to organic light-emit-
ting display apparatuses or large organic light-emitting dis-
play apparatuses, it is difficult to reduce the number of
circuits and wirings and/or to decrease the line width in a
manufacturing process. However, in the organic light-emit-
ting display apparatus 100, the portion 130-N of the device/
wiring layer 130, which corresponds to the non-display
region N, is folded so that it is possible to create an effect in
which the dead space is decreased. Thus, it is possible to
assure a sufficiently large manufacturing margin with respect
to the dead space before the non-display region N is folded,
so that it may not be necessary to reduce the number of
circuits or wirings or to decrease the line width (Effect 2).
[0058] The emitting unit 140 corresponding to the display
region D is formed on the device/wiring layer 130. The
emitting unit 140 includes at least one OLED (e.g., refer to
FIG. 2).

[0059] The thin film 150 that encapsulates the display
region D is formed on the emitting unit 140. Although not
illustrated in FIG. 1, the thin film 150 may have a structure
in which a plurality of inorganic layers are formed or
inorganic layers and organic layers are alternately stacked.
[0060] If the thin film 150 encapsulates the organic light-
emitting display apparatus 100, impurities such as moisture
and oxygen that can reduce a lifetime of an OLED may
easily penetrate into the emitting unit 140 through the side
surface of the thin film 150. However, in the organic
light-emitting display apparatus 100 according to the present
embodiment, the portion 130-N of the device/wiring layer
130, which corresponds to the non-display region N, and the
flexible substrate 120 are folded to cover the side surface of
the thin film 150, so that it is possible to prevent or reduce
the penetration of the impurities through the side surface of
the thin film 150. Thus, a lifetime of the organic light-
emitting display apparatus 100 may be extended (Effect 3).
[0061] FIG. 2 is a plan view illustrating the display region
D and the non-display region N of FIG. 1 before the
non-display region N is folded.

[0062] Referring to FIG. 2, an electrode power supply line
131 for supplying power to an opposite electrode 143 (e.g.,
refer to FIG. 3) that is a common electrode, and its terminal
132 are disposed in the portion 130-N of the device/wiring
layer 130, which corresponds to the non-display region N.
Also, a scanning circuit unit 133 for delivering a driving
signal to the display region D, and its terminal 134 are
disposed in the portion 130-N of the device/wiring layer
130, which corresponds to the non-display region N. Also,
a data circuit unit 135 for delivering a data signal to the
display region D, and its terminal 136 are disposed in the
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portion 130-N of the device/wiring layer 130, which corre-
sponds to the non-display region N. Also, a pad portion P, in
which the terminals 132, 134, 136, and 138 are disposed, is
formed in the portion 130-N of the device/wiring layer 130,
which corresponds to the non-display region N. The circuits,
wirings, and terminals shown in FIG. 2 are exemplarily
configured on the portion 130-N of the device/wiring layer
130, which corresponds to the non-display region N. That is,
in some embodiments, the circuits, wirings, and terminals
may have a different configuration than that of FIG. 2.

[0063] As illustrated in FIG. 2, a sufficient width WN,, of
the dead space is assured in upper, lower, left, and right
regions of the display region D before the portion 130-N of
the device/wiring layer 130, which corresponds to the non-
display region N, is folded, so that it is not necessary to

reduce the number of circuits or wirings or to decrease a line
width.

[0064] FIG. 3 is a magnified cross-sectional view of a
portion III of FIG. 2. Referring to FIG. 3, at least one OLED
is formed in the emitting unit 140 of the display region D.

[0065] The OLED includes a pixel electrode 141, an
organic emitting layer 142 formed on the pixel electrode
141, and the opposite electrode 143 as the common electrode
formed on the organic emitting layer 142.

[0066] The pixel electrode 141 may be a positive (+)
electrode that is a hole injection electrode, and the opposite
electrode 143 that is the common electrode may be a
negative (-) electrode that is an electron injection electrode.
However, one or more embodiments of the present invention
are not limited thereto, and according to a driving method of
the organic light-emitting display apparatus 100, the pixel
electrode 141 may be a negative electrode, and the common
electrode 143 may be a positive electrode. Holes and elec-
trons are injected into the organic emitting layer 142 from
the pixel electrode 141 and the opposite electrode 143,
respectively. When excitons formed by combining the
injected holes and electrons drop from an excited state to a
ground state, emission occurs.

[0067] The pixel electrode 141 is electrically connected to
the driving TFT formed at the device/wiring layer 130 on the
flexible substrate 120. Although FIG. 3 illustrates a TFT
having a top gate structure, one or more embodiments of the
present invention are not limited thereto, and a TFT having
one of various structures including a bottom gate structure
may be used.

[0068] Also, although FIG. 3 illustrates a structure in
which the OLED is formed on the device/wiring layer 130
in which the driving TFT is formed, one or more embodi-
ments of the present invention are not limited thereto. For
example, the structure may be variously changed into a
structure in which the pixel electrode 141 of the OLED is
formed at the same level as an active layer 130-1 of the
driving TFT, a structure in which the pixel electrode 141 is
formed at the same level as a gate electrode 130-3 of the
driving TFT, a structure in which the pixel electrode 141 is
formed at the same level as a source electrode 130-5¢ and a
drain electrode 130-55, or the like.

[0069] Although FIG. 3 illustrates only the driving TFT
that is electrically connected to the OLED, one or more
embodiments of the present invention are not limited
thereto. Further, at least one switching TFT (not shown) and
a storage capacitor (not shown) may be electrically con-
nected to the OLED.
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[0070] Light emitted from the organic emitting layer 142
may be emitted toward the flexible substrate 120 or the thin
film 150. The present embodiment will now be described
with reference to a bottom-emission type display apparatus
in which an image is realized toward the flexible substrate
120. However, one or more embodiments of the present
invention are not limited thereto, and the organic light-
emitting display apparatus 100 may be a top-emission type
display apparatus or a dual-emission type display apparatus
in which an image is realized toward the thin film 150.
[0071] As in the present embodiment, in a case where the
organic light-emitting display apparatus 100 is a bottom-
emission type display apparatus in which an image is
realized toward the flexible substrate 120, the non-display
region N may be formed larger than that shown in FIG. 1.
For example, the non-display region N may extend not only
on the side surface of the thin film 150, but also may extend
on a top surface of the thin film 150. Referring to FIG. 1, the
non-display region N covers a portion of the top surface of
the thin film 150. However, in a case of the bottom-emission
type display apparatus, the non-display region N may further
extend on a region overlapping with the display region D on
the top side of the thin film 150. Thus, the manufacturing
margin with respect to the dead space may be further
assured. However, in a case of the top-emission type display
apparatus in which an image is realized toward the thin film
150, the non-display region N may not ovetlap with the
display region D, as shown in FIG. 1.

[0072] Although not illustrated, a protective film (not
shown) may be further formed on each outer region of the
flexible substrate 120 and the thin film 150. The protective
film may improve the mechanical strength of the organic
light-emitting display apparatus 100. Also, the protective
film may have a polarizing function.

[0073] Hereinafter, a method of manufacturing the organic
light-emitting display apparatus 100 according to the first
embodiment will now be described.

[0074] FIGS. 4A through 4F are cross-sectional views
illustrating the method of manufacturing the organic light-
emitting display apparatus 100 according to the first embodi-
ment.

[0075] Referring to FIG. 4A, first, a supporting substrate
110 is arranged. The supporting substrate 110 may be a glass
substrate but is not limited thereto. The supporting substrate
110 may be formed of not only a glass substrate, but may
also be formed of one of various substrates capable of
supporting the flexible substrate 120 and enduring a manu-
facturing stress while the device/wiring layer 130, the emit-
ting unit 140, and the thin film 150 are formed on the flexible
substrate 120.

[0076] Referring to FIG. 4B, the flexible substrate 120 is
formed on the supporting substrate 110. As described above,
the flexible substrate 120 may be formed of a plastic material
that has excellent heat-resistance and durability. Although
not illustrated in FIG. 4B, a barrier layer (not shown) may
be further formed on the flexible substrate 120.

[0077] Referring to FIG. 4C, the flexible substrate 120 has
the display region D and the non-display region N. In more
detail, the display region D may include the emitting unit
140 in which the OLED is formed (refer to FIG. 2), and a
portion 130-D of the device/wiring layer 130, which corre-
sponds to the emitting unit 140. Also, the non-display region
N may include an outer region of the device/wiring layer 130
with respect to the emitting unit 140, that is, a portion 130-N
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that corresponds to the non-display region N. As described
above, the emitting unit 140 may be formed on the device/
wiring layer 130 or may be formed at the same level as the
device/wiring layer 130.

[0078] Referring to FIG. 4D, the thin film 150 is formed
to cover the emitting unit 140. The thin film 150 may be
formed on the emitting unit 140 by using one of various
methods including a vacuum deposition method, a method
using an adhesive, or the like. Although not illustrated in
FIG. 4D, a protective film may be further adhered on the thin
film 150.

[0079] Referring to FIG. 4E, the supporting substrate 110
is separated from the flexible substrate 120. Although not
illustrated in FIG. 4E, after the supporting substrate 110 is
separated from the flexible substrate 120, a protective film
(not shown) may be further adhered on the flexible substrate
120.

[0080] Referring to FIG. 4F, the portion 120-N of the
flexible substrate 120, which corresponds to the non-display
region N, and the portion 130-N of the device/wiring layer
130, which corresponds to the non-display region N, are
folded with respect to the display region D. In more detail,
by folding the portions 120-N and 130-N so as to sufficiently
cover the side surface of the thin film 150, penetration of
moisture and oxygen through the side surface of the thin film
150 is prevented or reduced. Here, an adhesive is arranged
at a contact interface between the thin film 150 and the
portion 130-N of the device/wiring layer 130, which corre-
sponds to the non-display region N, so that the thin film 150
and the portion 130-N of the device/wiring layer 130, which
corresponds to the non-display region N, may be firmly
adhered together.

[0081] Hereinafter, a second embodiment of the present
invention will now be described. FIG. 5 is a cross-sectional
view of an organic light-emitting display apparatus 200
according to the second embodiment of the present inven-
tion.

[0082] Referring to FIG. 5, the organic light-emitting
display apparatus 200 includes a supporting substrate 210, a
flexible substrate 220, a display region D above the flexible
substrate 220, a non-display region N folded with respect to
the display region D, an encapsulation substrate 250 encap-
sulating the display region D, and a sealant 260 adhering the
flexible substrate 220 and the encapsulation substrate 250
together.

[0083] The organic light-emitting display apparatus 200 is
different from the organic light-emitting display apparatus
100 of the first embodiment in that the supporting substrate
210 for supporting the flexible substrate 220 is further
formed on a surface of the flexible substrate 220, which is
opposite to a surface on which the display region D is
formed. Also, the organic light-emitting display apparatus
200 is different from the organic light-emitting display
apparatus 100 of the first embodiment in that an encapsu-
lation member for encapsulating the display region D is not
the thin film 150, but is the encapsulation substrate 250 that
is an inflexible substrate such as a glass substrate, and the
encapsulation substrate 250 is adhered to the flexible sub-
strate 220 by using the sealant 260.

[0084] The supporting substrate 210 is formed of a mate-
rial that has a sufficient rigidity to support the flexible
substrate 220 and that is capable of enduring a manufactur-
ing stress while a device/wiring layer 230, an emitting unit
240, and the encapsulation substrate 250 are formed on the
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flexible substrate 220. For example, in the present embodi-
ment, a glass substrate is formed as the supporting substrate
210.

[0085] The size of the supporting substrate 210 is less than
the size of the flexible substrate 220. The flexible substrate
220 may be divided into a portion 220-D corresponding to
the display region D that displays an image, and a portion
220-N corresponding to the non-display region N that is
disposed in an outer region of the display region D. The
portion 230-N of the device/wiring layer 230, which corre-
sponds to the non-display region N, and the portion 220-N
of the flexible substrate 220, which corresponds to the
non-display region N, have folded structures to cover a side
surface of the supporting substrate 210.

[0086] The emitting unit 240 corresponding to the display
region D is formed on the device/wiring layer 230. The
emitting unit 240 includes at least one OLED.

[0087] The encapsulation substrate 250 that is inflexible
and that encapsulates the display region D is formed on the
emitting unit 240. In the present embodiment, the glass
substrate being made of the same material as the supporting
substrate 210 is used as the encapsulation substrate 250.
[0088] The encapsulation substrate 250 and the flexible
substrate 220 are adhered together by using the sealant 260.
The sealant 260 may include a glass frit having an excellent
water-permeation-prevention (or water resistance) property,
or may include one of various materials such as an organic
sealant, a moisture absorbent, or the like.

[0089] As described above, the organic light-emitting dis-
play apparatus 200 according to the present embodiment has
a structure in which the non-display region N is folded with
respect to the display region D. Therefore, when a user sees
the organic light-emitting display apparatus 200 in front of
the emitting unit 240 that is the display region D, a width
WN of the non-display region N which is actually seen by
the user is decreased, as compared to a width of the
non-display region N before being folded.

[0090] Thus, the user may notice that a border formed
between the display region D and the non-display region N
is significantly decreased.

[0091] Also, in the organic light-emitting display appara-
tus 200, the portion 230-N of the device/wiring layer 230,
which corresponds to the non-display region N, is folded so
that it is possible to create an effect in which a dead space
is decreased. Thus, it is possible to assure a sufficiently large
manufacturing margin with respect to the dead space before
the non-display region N is folded, so that it is not necessary
to reduce the number of circuits or wirings or to decrease a
line width (Effect 2).

[0092] In addition, in the organic light-emitting display
apparatus 200, the supporting substrate 210 supports the
flexible substrate 220 so that shaking or vibration of the
flexible substrate 220 may be stabilized or reduced while the
organic light-emitting display apparatus 200 is moved or
transported, and thus mechanical reliability of the organic
light-emitting display apparatus 200 may be increased.
[0093] Also, in the organic light-emitting display appara-
tus 200, instead of using a thin film, the inflexible encap-
sulation substrate 250 is adhered to the flexible substrate 220
by using the sealant 260, so that the penetration of impurities
through the side surface of the thin film may be prevented.
Thus, a lifetime of the organic light-emitting display appa-
ratus 200 may be extended.
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[0094] 1In a case where the organic light-emitting display
apparatus 200 is a top-emission type display apparatus in
which an image is realized toward the encapsulation sub-
strate 250, the non-display region N may be formed larger
than that shown in FIG. 5. For example, the non-display
region N may extend not only on the side surface of the
supporting substrate 210, but also extend on a bottom
surface of the supporting substrate 210. Referring to FIG. 5,
the non-display region N covers a portion of the bottom
surface of the supporting substrate 210. However, in a case
of a top-emission type display apparatus, the non-display
region N may further extend on a region overlapping with
the display region D.

[0095] Thus, the manufacturing margin with respect to the
dead space may be further assured. However, in a case of the
top-emission type display apparatus in which an image is
realized toward the thin film 150, the non-display region N
may not overlap with the display region D, as shown in FIG.
1. Thus, a manufacturing margin with respect to the dead
space may be further assured. However, in a case of a
bottom-emission type display apparatus in which an image
is realized toward the supporting substrate 210, the non-
display region N may not overlap with the display region D,
as shown in FIG. 5.

[0096] Hereinafter, a method of manufacturing the organic
light-emitting display apparatus 200 according to the second
embodiment will now be described.

[0097] FIGS. 6A through 6F are cross-sectional views
illustrating the method of manufacturing the organic light-
emitting display apparatus 200 according to the second
embodiment.

[0098] Referring to FIG. 6A, first, a supporting substrate
210-B is arranged. The size of the supporting substrate
210-B is greater than the size of the supporting substrate 210
of FIG. 5. Although the size of the supporting substrate 210
of FIG. 5 is less than the size of the flexible substrate 220,
the size of the supporting substrate 210-B is equal to or
greater than the size of the flexible substrate 220.

[0099] Referring to FIG. 6B, the flexible substrate 220 is
formed on the supporting substrate 210-B. As described
above, the flexible substrate 220 may be formed of a plastic
material that has excellent heat-resistance and durability.
Although not illustrated in FIG. 6B, a barrier layer (not
shown) may be further formed on the flexible substrate 220.

[0100] Referring to FIG. 6C, the flexible substrate 220 has
the display region D and the non-display region N. In more
detail, the display region D may include the emitting unit
240 in which the OLED is formed, and a portion 230-D of
the device/wiring layer 230, which corresponds to the emit-
ting unit 240. Also, the non-display region N may include a
portion 230-N of the device/wiring layer 230, which corre-
sponds to an outer region of the emitting unit 240.

[0101] Referring to FIG. 6D, the encapsulation substrate
250 is adhered to the flexible substrate 220 by using the
sealant 260 so as to encapsulate the emitting unit 240.
Although not illustrated in FIG. 6D, a protective film may be
further adhered on the encapsulation substrate 250.

[0102] Referring to FIG. 6E, a portion of the supporting
substrate 210-B is separated or removed from the flexible
substrate 220. Here, a portion 210 of the supporting sub-
strate 210-B, which corresponds to the display region D, is
not separated but remains on the flexible substrate 220, and
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a portion of the supporting substrate 210-B, which corre-
sponds to the non-display region N, is partly or entirely
separated.

[0103] Here, one of various methods may be used to
separate a portion of the supporting substrate 210-B. FIG.
6F illustrates an example of the various methods in which a
portion of the supporting substrate 210-B is separated by
cutting the supporting substrate 210-B with a cutter C. The
portion 210 that is not separated, but remains on the flexible
substrate 220, supports the flexible substrate 220, so that the
mechanical reliability of the organic light-emitting display
apparatus 200 may be increased.

[0104] Referring to FIG. 6F, the portion 220-N of the
flexible substrate 220, which corresponds to the non-display
region N, and the portion 230-N of the device/wiring layer
230, which corresponds to the non-display region N, are
folded with respect to the display region D. In more detail,
as illustrated in FIG. 5, they are folded to cover at least the
side surface of the supporting substrate 210.

[0105] Hereinafter, a third embodiment of the present
invention will now be described. FIG. 7 is a cross-sectional
view of an organic light-emitting display apparatus 300
according to the third embodiment of the present invention.
[0106] Hereinafter, the organic light-emitting display
apparatus 300 according to the third embodiment will now
be described with reference to a difference between the
organic light-emitting display apparatus 200 according to
the second embodiment and the organic light-emitting dis-
play apparatus 300 according to the third embodiment.
[0107] Referring to FIG. 7, the organic light-emitting
display apparatus 300 according to the third embodiment
includes a supporting substrate 310, a flexible substrate 320,
a display region D disposed above the flexible substrate 320,
a non-display region N folded with respect to the display
region D, an encapsulation substrate 350 encapsulating the
display region D, and a sealant 360 adhering the flexible
substrate 320 and the encapsulation substrate 350 together.
[0108] The organic light-emitting display apparatus 300
has a structure in which a portion 320-N of the flexible
substrate 320, which corresponds to the non-display region
N, and a portion 330-N of a device/wiring layer 330, which
corresponds to the non-display region N, have folded struc-
tures to cover a side surface of the encapsulation substrate
350. Here, the sealant 360 is within the non-display region
N. In a case where the sealant 360 is formed of glass frit that
has weak resistance to shock, since the non-display region N
covers the glass frit, the shock on the glass frit may be
lessened. Also, in a case where the sealant 360 is formed of
an organic sealant that is susceptible to water permeation,
since the non-display region N covers the organic sealant,
the water permeation into the organic sealant may be pre-
vented or reduced.

[0109] In a case where the organic light-emitting display
apparatus 300 is a bottom-emission type display apparatus in
which an image is realized toward the flexible substrate 320,
the non-display region N may be formed larger than that
shown in FIG. 7. For example, the non-display region N may
extend not only on the side surface of the encapsulation
substrate 350 but also extend on a top surface of the
encapsulation substrate 350. Referring to FIG. 7, the non-
display region N covers a portion of a top surface of the
encapsulation substrate 350. However, in a case of the
bottom-emission type display apparatus, the non-display
region N may further extend on a region overlapping with
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the display region D. Thus, a manufacturing margin with
respect to a dead space may be further assured. However, in
a case of a top-emission type display apparatus in which an
image is realized toward the encapsulation substrate 350, the
non-display region N may not overlap with the display
region D, as shown in FIG. 7.

[0110] An organic light-emitting display apparatus
according to the one or more embodiments of the present
invention provide the following effects:

[0111] First, since a non-display region is folded, a border
of a display region by the non-display region, which is seen
by a user, may be significantly decreased.

[0112] Second, before the non-display region is folded, a
manufacturing margin with respect to a dead space may be
sufficiently assured, so that it is not necessary to reduce the
number of circuits or wirings or to decrease a line width.
[0113] Third, in a case where an encapsulation member is
formed as a thin film, the non-display region is folded to
cover a side surface of the thin film, so that penetration of
impurities through the side surface of the thin film may be
prevented or reduced, and thus a lifetime of an organic
light-emitting display apparatus may be extended.

[0114] Fourth, in a case where the encapsulation member
is formed as an inflexible encapsulation substrate, and the
inflexible encapsulation substrate is adhered by using a
sealant, a lifetime of the organic light-emitting display
apparatus may be extended, compared to a case of using the
thin film.

[0115] Fifth, in a case where a flexible substrate is sup-
ported by a supporting substrate, shaking or vibration of the
flexible substrate may be stabilized or reduced so that the
mechanical reliability of the organic light-emitting display
apparatus may be increased.

[0116] In the drawings, the thicknesses or sizes of the
elements of the embodiments of the present invention may
be exaggerated for clarity, and thus should not be construed
as shown in the drawings.

[0117] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims
and equivalents thereof.

What is claimed is:

1. A display apparatus comprising:

a supporting substrate comprising a first surface and a

second surface opposite to the first surface;

a flexible substrate on the supporting substrate and com-

prising a display region and a non-display region;

an emitting unit on the flexible substrate; and

an encapsulation member on the emitting unit, wherein

the flexible substrate is folded to extend from the first
surface of the supporting substrate to the second sur-
face of the supporting substrate, and

wherein a size of the display region is less than a size of

the supporting substrate in a cross-sectional view of the
display apparatus.

2. The display apparatus of claim 1, wherein a size of the
display region is less than a size of the supporting substrate
in a plan view of the display apparatus.

3. The display apparatus of claim 1, wherein a size of the
encapsulation member is less than a size of the flexible
substrate in a cross-sectional view of the display apparatus.
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4. The display apparatus of claim 1, wherein the support-
ing substrate further comprises a third surface arranged
between the first surface and the second surface, and

wherein the flexible substrate directly contacts with the

third surface of the supporting substrate.

5. The display apparatus of claim 1, wherein the display
region and a portion of the non-display region of the flexible
substrate are arranged on the first surface of the supporting
substrate.

6. The display apparatus of claim 1, wherein the flexible
substrate comprises a plastic material.

7. A display apparatus comprising:

a supporting substrate comprising a first surface and a

second surface opposite to the first surface;

a flexible substrate on the supporting substrate and com-

prising a display region and a non-display region;

an emitting unit on the flexible substrate; and

an encapsulation member on the emitting unit,

wherein the flexible substrate is folded and extends from

the first surface of the supporting substrate to the
second surface of the supporting substrate, and
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wherein an edge of the supporting substrate protrudes
from an edge of the display region in a cross-sectional
view of the display apparatus.

8. The display apparatus of claim 7, wherein the display
region and a portion of the non-display region of the flexible
substrate are arranged on the first surface of the supporting
substrate.

9. The display apparatus of claim 7, wherein the flexible
substrate comprises a plastic material.

10. The display apparatus of claim 7, wherein the flexible
substrate further comprises a folding region outside the
display region, the folding region being disposed at a side
surface of the flexible substrate, and

wherein an edge of the supporting substrate is closer to the
folding region than an edge of the display region.

11. The display apparatus of claim 10, wherein the folding
region is a portion of the non-display region.

* ok %k



patsnap

TRAFROE) BNAXREREEREGHES
NIF(2E)E US20200212339A1 K (2E)R 2020-07-02
RS US16/812080 iR 2020-03-06

HRIRE(ERR)AGE) =EETERAH
B (T M) A(F) = EDISPLAY CO. , LTD.

LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA CHOI JUNGMI
PARK YONGHWAN
KA CHOI, JUNGMI

PARK, YONGHWAN

IPCH %S HO1L51/52 HO5K3/30 H05B33/12 HO5B33/10 HO1L51/00

CPCH %S Y02E10/549 HO5K3/30 HO1L51/524 HO1L51/0097 Y10T29/4913 Y02P70/521 H05B33/10 Y10T29
/49131 HO5B33/12 HO1L51/003 HO1L51/5237 HO1L51/5253 HO1L51/5256 HO1L2251/5338

15 1020110095821 2011-09-22 KR

ShEBEEEE Espacenet  USPTO

BE(®) 100
~HENEKXETEE A5 FHER LEAE FREAYTEREA N S .
HABKE M IS RKE, ZIEE RKEAN FERX TS, FHER WH WN

10 2RI LB E D —MEHLAR S = 4R E(OLED); H3iaft MR E R

|
X, |
]



https://share-analytics.zhihuiya.com/view/849b6706-7bb4-452e-afca-63171518f774
https://worldwide.espacenet.com/patent/search/family/047910553/publication/US2020212339A1?q=US2020212339A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200212339%22.PGNR.&OS=DN/20200212339&RS=DN/20200212339

