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(57) ABSTRACT

An organic light-emitting diode (OLED) display and method
of manufacturing the same are disclosed. In one aspect, the
OLED display includes at least two OLED display modules
arranged in the same plane so as to be adjacent to each other,
a connection portion bonding the adjacent OLED display
modules to each other, and a flexible window substrate posi-
tioned over the OLED display modules. The OLED display
modules are electrically connected to each other.
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY AND METHOD OF
MANUFACTURING THE SAME

RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0016353 filed in the
Korean Intellectual Property Office on Feb. 2, 2015, the entire
contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display and a method of
manufacturing the same.

[0004] 2. Description of the Related Technology

[0005] OLED displays have recently been drawing atten-
tion due to their favorable characteristics. In contrast to liquid
crystal displays (LCDs), OLED displays are self-emissive,
and thus, do not require a separate light source to display
images. Consequently, OLED displays are manufactured
with a reduced profile and weight compared to LCDs. OLED
displays have additional high-quality characteristics such as
low power consumption, high luminance, a high reaction
speed, and the like.

[0006] Recently, ongoing research and development has
been directed towards flexible OLED displays that can be
bent, rolled, and stretched. Various methods for increasing the
flexibility of such displays include forming a base substrate
using flexible organic materials such as polyimide (PI), form-
ing a flexible adhesive layer such as an optical clear adhesive
(OCA) or pressure sensitive adhesive (PSA), or the like.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0007] Oneinventive aspect is an OLED display that can be
repeatedly bent, rolled, and/or stretched and a method of
manufacturing the same.

[0008] Another aspect is an OLED display that can mini-
mize the damage of an organic emission layer, an encapsula-
tion layer, and the like even when the OLED display is repeat-
edly bent, rolled, or stretched, while displaying one image as
an integrated image by connecting at least two OLED display
modules to each other.

[0009] Another aspect is an OLED display including: at
least two OLED display modules arranged on substantially
the same plane to be adjacent to each other; a bonded part
bonding between the adjacent OLED display modules; and
flexible window substrates positioned on at least two OLED
display modules, in which at least two OLED display mod-
ules each are electrically connected to each other.

[0010] The OLED display module can include: a first sub-
strate having flexibility; an organic emission layer positioned
on the first substrate; a second substrate positioned on the
organic emission layer; and a support film positioned beneath
the first substrate.

[0011] A cross section length of the first substrate can be
formed to be greater than that of the organic emission layer
and the second substrate.

[0012] The first substrate can be formed in a substantially
quadrangular shape and at least one corner of the first sub-
strate can be provided with a conductor.
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[0013] The adjacent OLED display modules can be
arranged so that the conductors are opposite to each other and
an insulating film can be arranged between the conductors
opposite to each other.

[0014] The first substrate can be bent to cover at least one
side of the support film.

[0015] The organic emission layer and the second substrate
can be bent together with the first substrate.

[0016] The lower portion of the first substrate can be pro-
vided with at least two grooves and the groove can have a
wedge shape.

[0017] The adjacent OLED display modules can be
arranged so that the bent portions of the first substrate are
opposite to each other and the bonded part can bond between
the bent portions of the first substrates.

[0018] Thebonded part can include an amorphous conduc-
tive film.
[0019] The OLED display can further include: reinforcing

films contacting the bonded part and the first substrate,
respectively.

[0020] Another aspect is an OLED display, including:
forming a protruding pattern on a carrier substrate; sequen-
tially stacking a first substrate, an organic emission layer, and
a second substrate on the carrier substrate and the protruding
pattern; separating the carrier substrate and the protruding
pattern from the first substrate; arranging the first substrate on
a support film; cutting the support film based on a position of
the groove formed beneath the first substrate; and completing
the OLED display module by bending the first substrate, the
organic emission layer, and the second substrate toward a side
of the support film along the groove.

[0021] The method can further include: arranging at least
two conipleted OLED display modules on substantially the
same plane to be adjacent to each other; and bonding the
adjacent OLED display modules.

[0022] The method can further include: attaching a flexible
window substrate to the upper portions of at least two bonded
OLED display modules.

[0023] Another aspect is an OLED display comprising at
least two OLED display modules arranged in the same plane
so as to be adjacent to each other; a connection portion bond-
ing the adjacent OLED display modules to each other, and a
flexible window substrate positioned over the OLED display
modules, wherein the OLED display modules are electrically
connected to each other.

[0024] In exemplary embodiments, each of the OLED dis-
play modules includes a first substrate; an organic emission
layer formed over the first substrate; a second substrate
formed over the organic emission layer; and a support film
positioned below the first substrate. A cross sectional length
of the first substrate can be greater than that of the organic
emission layer and the second substrate. The first substrate
can have a substantially quadrangular shape, and at least one
corner of the first substrate can comprise a conductive area.
The adjacent OLED display modules can be arranged so that
the conductive areas oppose each other and an insulating film
can be interposed between the opposing conductive areas.
[0025] In exemplary embodiments, the first substrate is
bent so as to cover at least one side of the support film. The
organic emission layer and the second substrate can be bent
together with the first substrate. At least two grooves can be
defined in the lower portion of the first substrate. Each of the
grooves can have a substantially triangular cross-section.
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[0026] Inexemplary embodiments, the adjacent OLED dis-
play modules are arranged so that the bent portions of the first
substrates oppose each other and the connection portion is
interposed between the bent portions of the first substrates.
The bonded part can include an amorphous conductive film.
The OLED display can further comprise at least two reinforc-
ing films, each contacting the connection portion and a cor-
responding one of the first substrates.

[0027] Another aspect is a method of manufacturing an
OLED display comprising forming a protruding pattern over
a carrier substrate; sequentially stacking a first substrate, an
organic emission layer, and a second substrate over the carrier
substrate and the protruding pattern, wherein the first sub-
strate has at least one groove defined therein; separating the
carrier substrate and the protruding pattern from the first
substrate; arranging the first substrate over a support film;
cutting the support film based on the location of the groove;
and bending the first substrate, the organic emission layer, and
the second substrate toward a side of the support film along
the groove so as to form an OLED display module.

[0028] In exemplary embodiments, the method further
comprises arranging at least two OLED display modules on
the same plane so as to be adjacent to each other; and bonding
the adjacent OLED display modules to each other. The
method can further comprise attaching a flexible window
substrate to upper portions of the bonded OLED display
modules.

[0029] According to at least one exemplary embodiment,
the OLED display includes at least two OLED display mod-
ules arranged on substantially the same plane to control each
OLED display module to display the integrated image and
can physically connect the adjacent OLED display modules
to elastically deform the OLED display modules, such that
the OLED display can be easily stretched, bent, or rolled,
thereby minimizing the damage of the organic emission layer,
the encapsulation layer, and the like even when the OLED
display is repeatedly bent, rolled, or stretched.

[0030] Further, according to at least one exemplary
embodiment, the OLED display can electrically connect
between the adjacent OLED display modules and thus does
not require a separate panel for supplying the driving power to
each of the OLED display modules unlike the general tile-
type display device, thereby forming the OLED display to
have a thin profile.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] FIG.11isa perspective view schematically illustrat-
ing an OLED display according to an exemplary embodi-
ment.

[0032] FIG.2isacross-sectional view taken along line II-11
of FIG. 1.
[0033] FIG. 3 is a cross-sectional view illustrating an

OLED display of the OLED display according to the exem-
plary embodiment.

[0034] FIG. 4 is a plan view of a pair of adjacent OLED
display modules of the OLED display according to the exem-
plary embodiment.

[0035] FIG. 5 is a cross-sectional view illustrating an insu-
lating film which is interposed between the pair of adjacent
OLED display modules of the OLED display according to the
exemplary embodiment.

[0036] FIG. 61s a diagram illustrating stress distribution in
the OLED display when the OLED display according to the
exemplary embodiment is stretched.
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[0037] FIG. 7is a diagram illustrating an internal change in
the OLED display when the OLED display according to the
exemplary embodiment is bent.

[0038] FIGS. 8 to 13 are diagrams illustrating a method of
manufacturing an OLED display according to an exemplary
embodiment.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0039] When flexible OLED displays are repeatedly bent,
rolled, or stretched, stress is concentrated on localized areas
of the display. As a result, organic emission layers, encapsu-
lation layers, and the like, which are formed over a flexible
substrate in the localized areas are more prone to being dam-
aged due to the increased stress in the localized areas.
[0040] In the following detailed description, only certain
exemplary embodiments have been shown and described,
simply by way of illustration. As those skilled in the art would
realize, the described embodiments may be modified in vari-
ous different ways, all without departing from the spirit or
scopeofthe described technology. The drawings and descrip-
tion are to be regarded as illustrative in nature and not restric-
tive. Like reference numerals designate like elements
throughout the specification.

[0041] Further, in the specification, the word “on” gener-
ally refers to positioning on or below a specified object, but
does not necessarily mean positioning on the upper side ofthe
object with respect to the ground or z-axis.

[0042] In addition, the sizes and thicknesses of elements
shown in the drawings may be exaggerated to facilitate the
understanding and ease of description, but the described tech-
nology is not limited thereto.

[0043] In addition, unless explicitly described to the con-
trary, the word “comprise” and variations such as “com-
prises” or “comprising”, will be understood to imply the
inclusion of stated elements but not the exclusion of any other
elements.

[0044] First, a schematic configuration of an OLED display
according to an exemplary embodiment will be described
with reference to FIG. 1.

[0045] FIG. 1 is a perspective view schematically illustrat-
ing an OLED display according to an exemplary embodi-
ment.

[0046] The OLED display 100 according to an exemplary
embodiment includes at least two OLED display modules
110. The OLED display 100 can be a tile-type display device
which can display one image on each OLED display module
110 and combing the images to form an integrated image by
arranging at least two OLED display modules 110 to be
adjacent to each other. As illustrated in FIG. 1, in the OLED
display 100, at least two OLED display modules 110 can be
arranged on substantially the same plane (e.g., the x-y plane
shown in FIG. 1) along a y-axis direction.

[0047] At least two OLED display modules 110 each have
a bar-shaped structure which extends in one-axis direction.
Each of the OLED display modules 110 can emit an image in
the Z-axis direction of FIG. 1. According to the exemplary
embodiment, the OLED display 100 has a structure in which
atleast two adjacent OLED display modules 110 are arranged
along the y-axis direction of FIG. 1 but the scope of the
exemplary embodiment is not necessarily limited thereto, and
therefore, the OLED display 100 can have various tile-type
structures in which one image can be displayed on each
OLED display module 110 to form an integrated image, such
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as a structure in which the OLED display modules 110 adja-
cent to each other in the x-axis and y-axis directions of FIG.
1 are connected to each other.

[0048] Hereinafter, a detailed configuration of an OLED
display module according to an exemplary embodiment will
be described with reference to FIGS. 2 to 5.

[0049] FIG.2isacross-sectional view taken along line II-11
of FIG. 1, FIG. 3 is a cross-sectional view illustrating an
OLED display module of the OLED display according to the
exemplary embodiment, and FIG. 4 is a plan view of a pair of
adjacent OLED display modules of the OLED display
according to the exemplary embodiment.

[0050] The OLED display 100 further includes a bonded
part or connection portion 120, a flexible window substrate
130, and a reinforcing film 140, in addition to at least two
OLED display modules 110.

[0051] As illustrated in FIG. 2, at least two OLED display
modules 110 are arranged to be adjacent to each other along
the y-axis direction. In more detail, each of the OLED display
modules 110 includes a first substrate 111, an organic emis-
sion layer 112, a second substrate 113, a support film 114, and
a conductor or conductive area 115.

[0052] In some embodiments, the substrate 111 is formed
as asubstantially quadrangular insulating substrate formed of
glass, quartz, ceramic, metal, plastic, or thelike. As illustrated
in FIG. 3, the first substrate 111 can be formed of flexible
plastic materials such as polyimide so that the first substrate
111 can be bent based along one axis as a rotation center axis.
According to the exemplary embodiment, two opposing ends
of the first substrate 111 can be bent to cover opposing sides
of the support film 114.

[0053] Meanwhile, the first substrate 111 can include
grooves 111a provided on one surface thereof.

[0054] As illustrated in FIG. 3 the groove 111a can be
formed on a lower surface of the first surface 111 to have a
substantially triangular wedge shape. At least two grooves
111a can be formed on the lower surface of the first substrate
111 to be spaced apart from each other at a predetermined
interval. In the embodiments of FIG. 3, the grooves 11/ a are
formed at a position of the lower surface of the first substrate
111 along at least a portion of opposing ends of the support
film 114. The grooves 1114 can along extend along the entire
surface of the opposing ends of the support film 114.

[0055] According to the exemplary embodiment, due to the
formation of the grooves 111a, there is a difference in thick-
ness between a point at which the groove 1114 is formed in
the first substrate 111 and a point at which the groove 111a is
not formed. Accordingly, when the first substrate 111 is bent,
the first substrate 111 can be bent along an arrow direction of
FIG. 3 based on the point at which the groove 1114 is formed
due to the bending stress. Therefore, the bending stress
applied to the first substrate 111 is concentrated at each of the
points at which the grooves 111a are formed on the first
substrate 111, and thus as illustrated in FIG. 2, the ends of the
first substrate 111 are easily bent so as to respectively cover
the sides of the support film 114.

[0056] However, the scope of the exemplary embodiment is
not limited thereto, but the shape, number, and arrangement
of the grooves 111a can be variously designed depending on
the final shape of the OLED display module 110 or the OLED
display 100.

[0057] The organic emission layer 112 is positioned on the
first substrate 111 and caninclude an organic layer, or the like,
which emits light having various colors such as red, green,
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blue, and/or white. Further, although not illustrated, pixel
circuits which include wirings, for example, signal lines
including at least one scan line, a data line, a driving power
supply line, a common power supply line, or the like can be
formed on or beneath the organic emission layer 112. The
pixels circuits can also include at least two thin film transis-
tors (TFTs), and at least one capacitor connected to the wir-
ings.

[0058] The second substrate 113 is formed on the organic
emission layer 112. In some embodiments, the second sub-
strate 113 is an insulating substrate which is formed of glass,
quartz, ceramic, metal, plastic, or the like. The second sub-
strate 113 can be formed of a plurality of organic layers, a
plurality of inorganic layers, and/or a thin film encapsulation
layer on which the inorganic layers or the organic layers are
alternately stacked to prevent moisture, gas, and the like, from
penetrating into the organic emission layer 112. Similar to the
first substrate 111, the second substrate 113 can be formed of
a flexible material.

[0059] Meanwhile, according to the exemplary embodi-
ment, the cross sectional length of the first substrate 111 can
be longer than that of the organic emission layer 112 and the
second substrate 113. That is, as illustrated in FIG. 4, the
organic emission layer 112 and the second substrate 113 can
be formed to have a smaller area than that of the first substrate
111. Therefore, it is possible to prevent defects such as cracks
from occurring at a corner region of the first substrate 111 in
the organic emission layer 112 and the second substrate 113.
The wiring unit (not illustrated) for driving the organic emis-
sion layer 112 can be formed at an area where the organic
emission layer 112 and the second substrate 113 in the first
substrate 111 are not formed.

[0060] The support film 114 is positioned beneath the first
substrate 111 to support the first substrate 111, the organic
emission layer 112, and the lower portion of the second sub-
strate 113. The support film 114 can have a smaller area than
that of the first substrate 111. Therefore, as illustrated in FIG.
3, the first substrate 111 can be bent to enclose the sides of the
support film 114 based on the grooves 111a.

[0061] In some embodiments, the support film 114 is
formed to have a thickness that is greater than that of the first
substrate 111 and thus the first substrate 111 can be bet to
cover only a portion of the sides of the support film 114. As
illustrated in FIG. 2, the organic emission layer 112 and the
second substrate 113 can also be bent along with the first
substrate 111. That is, the area of the organic emission layer
112 and the second substrate 113 can be greater than that of
the support film 114, and thus, the first substrate 111, the
organic emission layer 112, and the second substrate 113 can
be simultaneously bent along a bending line BL as shown in
FIG. 4.

[0062] When the OLED display modules 110 are bent
along the bending line BL and arranged to be adjacent to each
other as described above, the bent portions of the second
substrates 113 opposing to each other can contact each other
and a space is formed between the portions where the organic
emission layers 112 and the second substrates 113 in the first
substrates 111 opposing each other are not formed as illus-
trated in F1G. 2.

[0063] FIG. 5is a cross-sectional view illustrating an insu-
lating film which is interposed between the pair of OLED
display modules adjacent to each other in the OLED display
according to the exemplary embodiment.
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[0064] The conductors 115 can be arranged on each corner
of the first substrate 111. The first substrate 111, the organic
emission layer 112, and the second substrate 113 can be bent
along the bending line BL of FIG. 4, and thus, the conductors
115 arranged between the adjacent OLED display modules
are placed at positions opposite to each other. According to
the exemplary embodiment, as illustrated in FIG. 5, an insu-
lating film IF is interposed between the opposing conductors
115 and the opposing conductors 115 can be connected to a
circuit tester CT. As a result, when the insulating film IF is
damaged by bending, rolling, and/or stretching of the OLED
display 100 to a critical stress or greater, a change in the
voltage between the opposing conductors 115 due to the
damage to the insulating film IF can be measured in real time.
Accordingly, it can be determined whether the adjacent
OLED display modules 110 are spaced apart from each other.
[0065] Hereinafter, a detailed configuration of the bonded
part, the flexible window substrate, and the reinforcing film
according to the exemplary embodiment will be described
with reference again to FIG. 2.

[0066] Thebonded part 120 bonds the adjacent OLED dis-
play modules 110 to each other. According to the exemplary
embodiment, when at least two OLED display modules 110
are bent along the bending line BL of FIG. 4 as described
above and arranged to be adjacent to each other, as illustrated
in FIG. 2, the bonded part 120 can be formed to fill the space
between the portions where the organic emission layers 111
and the second substrates 113 in the first substrates 111
opposing each other are not arranged. The bonded part 120
can include an amorphous conductive film (ACF) to electri-
cally connect the opposing first substrates 111 to each other.
[0067] As described above, even when the OLED display
110 is bent, stretched, and/or extended, by physically and
electrically connecting the adjacent OLED display modules
110 using the bonded part 120, it is possible to omit a separate
panel for supplying a driving power to each of the OLED
display modules 110 while preventing the adjacent OLED
display modules 110 from being spaced from each other,
thereby reducing the thickness of the OLED display 100.
[0068] As illustrated in FIG. 2, the flexible window sub-
strate 130 can be arranged to completely cover the upper
portions of at least two OLED display modules 110 arranged
to be adjacent to each other on substantially the same plane.
According to the exemplary embodiment, similar to the first
substrate 111, the flexible window substrate 130 can be
formed of flexible materials, such that the OLED display 100
can be bent, rolled, and/or stretched.

[0069] As illustrated in F1G. 2, the reinforcing film 140 can
contact the bonded part 120 and the opposing first substrates
111. The reinforcing film 140 is bonded to both of the bonded
part 120 and the opposing first substrates 111 to reinforce the
adhesion of the bonded part 120. That is, when the OLED
display 100 is bent, rolled, and/or stretched over the adhesion
of the bonded part 120, the reinforcing film 140 can also
prevent the adjacent OLED display modules 110 from being
spaced apart from each other due to the damage of the bonded
part 120.

[0070] Hereinafter, the stress distribution inside the OLED
display and the change of the OLED display depending
thereon when the OLED display according to the exemplary
embodiment is stretched or bent will be described with ref-
erence to FIGS. 6 and 7.

[0071] FIG. 6is adiagramillustrating the stress distribution
ofthe OLED display when the OLED display according to the
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exemplary embodiment is stretched. FIG. 7 is a diagram
illustrating an internal change in the OLED display when the
OLED display according to the exemplary embodiment is
bent.

[0072] The types of external force directly applied to the
OLED display 100 according to the exemplary embodiment
can be largely divided into tensile forces, e.g., where the
OLED display is tensioned by being pulled to both sides (case
of FIG. 6) and bending forces, where the OLED display is
bent based on one axis as the rotation center axis (case of FIG.
7) to be folded and/or rolled.

[0073] The exemplary embodiment discloses a structure in
which the organic emission layer 112 and the second sub-
strate 113 are partially bent toward the sides of the support
film 114, and thus, when the OLED display 100 is simply
used as illustrated in FI1G. 2 described above, it can be difficult
to observe images displayed from the opposing sides of the
support film 114 on the organic emission layer 112. There-
fore, as illustrated in FIG. 6, the first substrates 111, the
organic emission layers 112, and the second substrates 113 of
the adjacent OLED display modules are maintained at prede-
termined intervals from each other by pulling both surfaces of
the OLED display 100 from each other, such that it the images
displayed from the opposing sides of the support film 114 of
the organic emission layer 112 can be observed.

[0074] When both surfaces of the OLED display 100 are
tensioned by being pulled from each other in the y axis as
shown in FIG. 6, the flexible window substrate 130, the first
substrate 111, the organic emission layer 112, the second
substrate 113, the bonded part 120, and the reinforcing film
140 inside the OLED display 100 are each applied with the
stress due to the tension as illustrated by the arrows in FIG. 6.
[0075] The flexible window substrate 130 is primarily
applied with a tensile stress in an arrow direction due to the
tension, the first substrate 111, the organic emission layer
112, and the second substrate 113 in the OLED display mod-
ules which are adjacent to each other and each contact the
flexible window substrate 130 are spaced apart from one
another in an arrow direction due to the primary tensile stress.
The bonded part 120 is applied with a secondary tensile stress
that is less than the primary tensile stress and the reinforcing
film 140 is applied with a tertiary tensile stress thatis less than
the secondary tensile stress.

[0076] As illustrated in FIG. 6, according to the exemplary
embodiment, when the tensile stress is applied, the first sub-
strate 111 can be elastically deformed while being spaced
from the side of the support film 114. As described above, a
portion of the primary tensile stress creates a space between
the first substrate I11 and the support film 114 and elastically
deforms the first substrate 111, thereby further reducing the
secondary stress applied to the bonded part 120 compared to
a structure in which the first substrate 111 is bonded to the
side of the support film 114.

[0077] Further, according to the exemplary embodiment,
when the bonded part 120 is damaged due to the secondary
stress, as illustrated in FIG. 5 described above, it can be
determined whether there is a space between the adjacent
OLED display modules using the conductors 115 that are
arranged to be opposite to each other between the adjacent
OLED display modules, such that it can be determined
whether the OLED display 100 is damaged due to the appli-
cation of the tensile stress.

[0078] Meanwhile, when the OLED display 100 is bent in
a direction having a rotation axis that is perpendicular to both
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of the y axis and the z as shown in FIG. 7, the flexible window
substrate 130, the first substrate 111, the organic emission
layer 112, and the second substrate 113 are elastically
deformed due to the bending.

[0079] The flexible window substrate 130 can be elastically
deformed to be bent in an arrow direction of FIG. 7 and the
first substrate 111 can also be elastically deformed to be
spaced apart from the side of the support film 114 in an arrow
direction. The organic emission layer 112 and the second
substrate 113 are positioned on the first substrate 111, and
therefore, can be elastically deformed together depending on
the elastic deformation of the first substrate 111.

[0080] According to the exemplary embodiment, the first
substrate 111 can be spaced apart from the side of the support
film 114 and therefore the space between the adjacent OLED
display modules is set as the position of the rotation center
axis to easily bend the OLED display 100. That is, according
to the exemplary embodiment, each of at least two adjacent
OLED display modules can be bent, and therefore, any one
portion of the OLED display 100 can be simply folded and the
OLED display 100 can be stored after being rolled.

[0081] As described above, in the OLED display 100
according to the exemplary embodiment, the adjacent OLED
display modules 110 are physically connected to each other,
however, an elastic deformation can occurs between the adja-
cent OLED display modules 110, and as a result, the OLED
display 100 can be stretched, bent, or rolled.

[0082] Further, the base substrate, the organic emission
layer, and the encapsulation layer of the standard flexible
display are elastically deformed directly and repeatedly by
the external force, but in the OLED display 100 according to
at least one exemplary embodiment, only the portion of the
flexible window substrate 130 is elastically deformed directly
and repeatedly and the first substrate 111, the organic emis-
sion layer 112, and the second substrate 113 are elastically
deformed indirectly. Accordingly, even when the OLED dis-
play 1001is repeatedly bent, rolled, or stretched, the damage of
the organic emission layer 112 and the second substrate 113
can be minimized.

[0083] Hereinafter, a method of manufacturing an OLED
display according to an exemplary embodiment will be
described with reference to FIGS. 8 to 13. Depending on
embodiments, additional states may be added, others
removed, or the order ofthe states changed in the procedure of
FIG. 8. This applies to the remaining method embodiments.
[0084] Referring to FIG. 8, the method of manufacturing an
OLED display according to the exemplary embodiment
includes a process of manufacturing an OLED display mod-
ule which includes forming a protruding pattern on a carrier
substrate (S01), sequentially stacking the first substrate, the
organic emission layer, and the second substrate on the carrier
substrate and the protruding pattern (S02), and separating the
carrier substrate and the protruding pattern from the first
substrate (S03). The process further includes arranging the
first substrate on the support film (S04) and cutting the sup-
port film based on the position of the groove which is formed
beneath the first substrate (S05). The OLED display module
is completed by bending the first substrate, the organic emis-
sion layer, and the second substrate toward the sides of the
support film along the grooves (S06). The process further
includes connecting a module which includes arranging at
least two completed OLED display modules on substantially
the same plane to be adjacent to each other (S07), bonding the
adjacent OLED display modules to each other (S08), and
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attaching the flexible window substrate on at least two OLED
display modules which are arranged on substantially the same
plane to be adjacent to each other (S09).

[0085] In the forming of the protruding pattern (S01), as
illustrated in FIG. 9, a triangular protruding pattern 21 is
formed on the carrier substrate 20 which is formed as a
substantially flat plate formed of glass, metal, plastic, or the
like. At least two protruding patterns 21 can be formed at a
predetermined interval. The protruding pattern 21 is used to
form a lower groove 111a in the first substrate 111 as shown
in FIG. 3 and described above and can be formed of materials
which do not chemically react with the first substrate 111,
such as silicon oxide (SiOx) so as to be separated simulta-
neously with the separating of the carrier substrate 20 from
the first substrate 110.

[0086] In the stacking of the first substrate, the organic
emission layer, and the second substrate (302), as illustrated
in FIG. 10, the first substrate 111 is formed on the carrier
substrate 20 and the protruding pattern 21 and the organic
emission layer 112 and the second substrate 113 are sequen-
tially formed on the first substrate 111. According to the
exemplary embodiment, at the time of forming the first sub-
strate 111, a flexible plastic resin such as polyimide is applied
and hardened on the first substrate 111, such that the organic
emission layer 112 and the second substrate 113 are stacked
with the protruding pattern 21 arranged beneath the first sub-
strate 111. Meanwhile, a cross sectional length of the first
substrate 111 can be formed to be greater than that of the
organic emission layer 112 and the second substrate 113.
[0087] In the separating of the carrier substrate and the
protruding pattern from the first substrate (803), as illustrated
in FIG. 11, after the stacking of the first substrate 111, the
organic emission layer 112, the second substrate 113 is com-
pleted, the carrier substrate 20 and the protruding pattern 21
are separated from the lower portion of the first substrate 111.
Therefore, the position where the protruding pattern 21 was in
contact with the first substrate 111 contains the groove 111a.
[0088] In the arranging of the first substrate on the support
film S04, as illustrated in FIG. 12, the support film 114 is
arranged beneath the first substrate 111. The upper portion of
the support film 114 and the lower portion of the first substrate
111 on which the groove 111a is not formed adhere to each
other and thus can be fixed to each other.

[0089] In the cutting of the support film S05, as illustrated
in FIG. 12, a cutting line CL is set based on the position of the
groove 111a and the support films 114 can each be cut along
the cutting line CL.

[0090] In the completing of the OLED display module
(S06), as illustrated in FIG. 13, the first substrate 111, the
organic emission layer 112, and the second substrate 113 can
be bent toward the sides of the support film 114 through the
use of the groove 111a. According to the exemplary embodi-
ment, the cross sectional length of the organic emission layer
112 and the second substrate 113 is greater than the distance
between the adjacent grooves 111a, and thus the sides of the
organic emission layer 112 and the second substrate 113 can
be bent toward the sides of the support film 114 together with
the first substrate 111.

[0091] One OLED display module 110 can be manufac-
tured by the above-mentioned steps and at least two OLED
display modules 110 can be manufactured by repeatedly per-
forming these steps.

[0092] Meanwhile, as a process of connecting at least two
OLED display modules 110 manufactured by the foregoing
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method to each other, first, in the arranging of the OLED
display modules (S07), at least two OLED display modules
110 manufactured by repeating the completing of the OLED
display module (S06) described above are arranged on sub-
stantially the same plane so as to be adjacent to each other.
That is, as illustrated in FIG. 1 described above, the OLED
display modules 110 can be arranged on the x-y plane to be
adjacent to each other.

[0093] Next, in the bonding of the OLED display modules
(S08), the adjacent OLED display modules 110 arranged in
the arranging of the OLED display modules (S07) are bonded
to each other by the bonded part 120 including the amorphous
conductive film. When at least two OLED display modules
110bent along the bending line BL of FIG. 4 described above
are arranged to be adjacent to each other, as illustrated in FIG.
2 described above, the bonded part 120 can be formed to fill
the space between the portions where the organic emission
layers 111 and the second substrates 113 in the first substrates
111 opposing each other are not arranged.

[0094] Finally, in the attaching of the flexible window sub-
strate to the OLED display modules (S09), the flexible win-
dow substrate 130 is attached to at least two OLED display
modules to contacts the upper portions of the OLED display
modules 110 bonded to each other in the bonding of the
OLED display modules described above (S08). As a result,
the OLED display 100 as illustrated in FIG. 1 can be manu-
factured.

[0095] According to the method of manufacturing an
OLED display as described above, the OLED display mod-
ules 110 in which the organic emission layer 112 and the
second substrate 113 are partially bent toward sides of the
support film 114 are arranged on substantially the same plane
and are physically and electrically connected to each other,
thereby manufacturing the OLED display 100 controlling
each OLED display module 110 to display the integrated
image.

[0096] As described above, according to an exemplary
embodiment, the OLED display 100 can arranged the OLED
display modules, in which the organic emission layer 112 and
the second substrate 113 are partially bent toward sides of the
support film 114, on substantially the same plane to control
each OLED display module 110 to display an integrated
image and can physically connect the adjacent OLED display
modules 110 to elastically deform the OLED display mod-
ules, such that the OLED display 100 can be easily stretched,
bent, or rolled.

[0097] Further, according to an exemplary embodiment,
the OLED display 100 can electrically connect the adjacent
OLED display modules 100 and thus does not require a sepa-
rate panel for supplying the driving power to each of the
OLED display modules 100 in contrast to the standard tile-
type display device, thereby forming the OLED display 100
to have a thin profile.

[0098] According to an exemplary embodiment, the OLED
display can arranged at least two OLED display modules on
substantially the same plane to control each OLED display
module to display the integrated image and can physically
connect the adjacent OLED display modules to elastically
deform the OLED display modules, such that the OLED
display can be easily stretched, bent, or rolled.

[0099] While this disclosure has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
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trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

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

at least two OLED display modules arranged in the same

plane so as to be adjacent to each other,

a connection portion bonding the adjacent OLED display

modules to each other; and

a flexible window substrate positioned over the OLED

display modules,

wherein the OLED display modules are electrically con-

nected to each other.

2. The OLED display of claim 1, wherein each of the
OLED display modules includes:

a first substrate;

an organic emission layer formed over the first substrate;

asecond substrate formed over the organic emission layer;

and

a support film positioned below the first substrate.

3. The OLED display of claim 2, wherein a cross sectional
length of the first substrate is greater than that of the organic
emission layer and the second substrate.

4. The OLED display of claim 2, wherein the first substrate
has a substantially quadrangular shape, and wherein at least
one corner of the first substrate comprises a conductive area.

5. The OLED display of claim 4, wherein the adjacent
OLED display modules are arranged so that the conductive
areas oppose each other and wherein an insulating film is
interposed between the opposing conductive areas.

6. The OLED display of claim 2, wherein the first substrate
is bent so as to cover at least one side of the support film.

7. The OLED display of claim 6, wherein the organic
emission layer and the second substrate are bent together with
the first substrate.

8. The OLED display of claim 6, wherein at least two
grooves are defined in the lower portion of the first substrate.

9. The OLED display of claim 8, wherein each of the
grooves has a substantially triangular cross-section.

10. The OLED display of claim 6, wherein the adjacent
OLED display modules are arranged so that the bent portions
of the first substrates oppose each other and the connection
portion is interposed between the bent portions of the first
substrates.

11. The OLED display of claim 10, wherein the bonded
part includes an amorphous conductive film.

12. The OLED display of claim 10, further comprising at
least two reinforcing films, each contacting the connection
portion and a corresponding one of the first substrates.

13. A method of manufacturing an organic light-emitting
diode (OLED) display, comprising:

forming a protruding pattern over a carrier substrate;

sequentially stacking a first substrate, an organic emission

layer, and a second substrate over the carrier substrate
and the protruding pattern, wherein the first substrate has
at least one groove defined therein;

separating the carrier substrate and the protruding pattern

from the first substrate;

arranging the first substrate over a support film;

cutting the support film based on the location of the groove;

and
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bending the first substrate, the organic emission layer, and
the second substrate toward a side of the support film
along the groove so as to form an OLED display module.
14. The method of claim 13, further comprising:
arranging at least two OLED display modules on the same
plane so as to be adjacent to each other; and
bonding the adjacent OLED display modules to each other.
15. The method of claim 14, further comprising attaching a
flexible window substrate to upper portions of the bonded
OLED display modules.
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