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Description

BACKGROUND

1. Field

[0001] The present invention relate to a display device.

2. Description of the Related Art

[0002] Display devices are devices configured to dis-
play images, and recently, organic light emitting diode
displays have been receiving attention.
[0003] As organic light emitting diode displays have
self-emission characteristics and do not require separate
light sources, unlike liquid crystal displays which include
a separate light source, organic light emitting diode dis-
plays can have a relatively lower thickness and weight.
Further, organic light emitting diode displays have high-
quality characteristics such as low power consumption,
high luminance, and a high response speed.
[0004] In general, organic light emitting diode displays
may includes a substrate, a thin film transistor positioned
on the substrate, and an organic light emitting diode po-
sitioned on the thin film transistor and connected with the
thin film transistor.
[0005] Recently, a flexible organic light emitting diode
display in which a flexible substrate including a polymer
material is included and at least a part of the flexible sub-
strate is bent has been developed.
[0006] The above information disclosed in this Back-
ground section is only for enhancement of understanding
of the background of the invention and therefore it may
contain information that does not form the prior art that
is already known in this country to a person of ordinary
skill in the art.

SUMMARY

[0007] The present invention relate to a display device,
and more particularly to a display device including a flex-
ible substrate.
[0008] According to aspects of embodiments of the
present invention, a display device may prevent or re-
duce instances of damage to thin film transistors corre-
sponding to a bent part of the display device from being
damaged by stress even though at least a part of a flexible
substrate is bent.
[0009] According to example embodiments of the
present invention, a display device includes: a flexible
substrate; a display unit on the flexible substrate and con-
figured to display an image; and a compensation layer
between the flexible substrate and the display unit.
[0010] The compensation layer may include an allevi-
ation layer having smaller Young’s modulus than the flex-
ible substrate.
[0011] A brittleness of the alleviation layer may be
stronger (higher) than a brittleness of the flexible sub-

strate. That is to say, the alleviation layer is more brittle
than the flexible substrate.
[0012] The alleviation layer may include metal.
[0013] The alleviation layer may include metal oxide.
[0014] The compensation layer may further include a
first passivation layer between the alleviation layer and
the display unit.
[0015] A Young’s modulus of the first passivation layer
may be larger than a Young’s modulus of the alleviation
layer.
[0016] A thickness of the alleviation layer may be less
than a thickness of the first passivation layer.
[0017] The first passivation layer may contact the al-
leviation layer.
[0018] The alleviation layer may contact the flexible
substrate.
[0019] The alleviation layer may include a plurality of
openings.
[0020] The first passivation layer may be in each of the
plurality of openings.
[0021] The compensation layer may further include a
second passivation layer between the alleviation layer
and the flexible substrate.
[0022] A Young’s modulus of the second passivation
layer may be larger than a Young’s modulus of the alle-
viation layer.
[0023] The second passivation layer may contact the
alleviation layer.
[0024] The flexible substrate may include a bending
area configured to be bent in a direction.
[0025] The flexible substrate may include a non-bend-
ing area adjacent to the bending area.
[0026] A first part of the alleviation layer corresponding
to the non-bending area may be uncracked.
[0027] A second part of the alleviation layer corre-
sponding to the bending area may include one or more
cracks.
[0028] The cracks may be atypical cracks.
[0029] A part of the alleviation layer corresponding to
the bending area may be thicker than a part of the alle-
viation layer outside the bending area.
[0030] The flexible substrate corresponding to the
bending area may have a curvature radius, and a thick-
ness of the alleviation layer may be inversely proportional
to a size of the curvature radius.
[0031] The display unit may include an organic light
emitting diode on the flexible substrate, and the display
device may further include a driving unit between the
compensation layer and the display unit and comprising
a thin film transistor connected to the organic light emit-
ting diode.
[0032] The thin film transistor may include an active
layer on the flexible substrate, and compressive stress
may be applied to the active layer corresponding to the
bending area.
[0033] According to some example embodiments of
the present invention, a display device includes: a flexible
substrate; a display unit on the flexible substrate and con-
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figured to display an image; and a compensation layer
between the flexible substrate and the display unit and
having smaller Young’s modulus than the flexible sub-
strate.
[0034] According to some example embodiments of
the present invention, a display device includes: a flexible
substrate; a display unit on the flexible substrate and con-
figured to display an image; and a compensation layer
between the flexible substrate and the display unit and
having higher brittleness than the flexible substrate.
[0035] According to some example embodiments of
the present invention, a display device includes: a flexible
substrate comprising a bending area configured to be
bent in a direction; a display unit on the flexible substrate
and configured to display an image; and a compensation
layer between the flexible substrate and the display unit,
wherein a first part of the compensation layer corre-
sponding to the bending area comprises one or more
cracks.
[0036] The flexible substrate may further include a non-
bending area contiguous with the bending area.
[0037] A second part of the compensation layer corre-
sponding to the non-bending area may be uncracked.
[0038] The cracks may be atypical cracks.
[0039] A Young’s modulus of the compensation layer
may be smaller than a Young’s modulus of the flexible
substrate.
[0040] According to example embodiments of the
present invention, a display device may prevent or re-
duce instances of a thin film transistor corresponding to
a bent part from being damaged by stress even though
at least a part of the flexible substrate is bent.
[0041] At least some of the above and other features
of the invention are set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042]

FIG. 1 is a cross-sectional view schematically illus-
trating a display device according to an example em-
bodiment of the present invention.
FIG. 2 is a cross-sectional view illustrating a view in
which the display device illustrated in FIG. 1 is bent.
FIG. 3 is a cross-sectional view illustrating each of
part A, part B, and part C of the display device illus-
trated in FIG. 2.
FIG. 4 is a cross-sectional view schematically illus-
trating a neutral plane where the display device ac-
cording to example embodiments of the present in-
vention is bent.
FIG. 5 is a cross-sectional view illustrating each of
a bending area and a non-bending area of the display
device according to example embodiments of the
present invention.
FIG. 6 is a cross-sectional view illustrating each of
the bending area and the non-bending area of the
display device according to example embodiments

of the present invention.
FIG. 7 is a cross-sectional view illustrating each of
the bending area and the non-bending area of the
display device according to example embodiments
of the present invention.

DETAILED DESCRIPTION

[0043] Aspects of embodiments of the present inven-
tion will be described more fully hereinafter with reference
to the accompanying drawings, in which example em-
bodiments of the present invention are shown. As those
skilled in the art would realize, the described embodi-
ments may be modified in various different ways, all with-
out departing from the scope of the present invention.
[0044] Accordingly, the drawings and description are
to be regarded as illustrative in nature and not restrictive.
Like reference numerals designate like elements
throughout the specification.
[0045] Further, in example embodiments, because like
reference numerals designate like elements having the
same configuration, a first example embodiment is rep-
resentatively described, and in other example embodi-
ments, aspects that are different from the first example
embodiment will be described in some detail, while some
repetitive description may be omitted.
[0046] In addition, the size and thickness of each con-
figuration shown in the drawings are shown for under-
standing and ease of description, but the present inven-
tion is not limited thereto.
[0047] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. In the
drawings, for understanding and ease of description, the
thickness of some layers and areas is exaggerated. It
will be understood that when an element such as a layer,
film, region, or substrate is referred to as being "on" an-
other element, it can be directly on the other element or
intervening elements may also be present.
[0048] In addition, unless explicitly described to the
contrary, the word "comprise" and variations such as
"comprises" or "comprising", will be understood to imply
the inclusion of stated elements but not the exclusion of
any other elements. Further, throughout the specifica-
tion, the word "on" means positioning on or below the
object portion, but does not essentially mean positioning
on the upper side of the object portion based on a gravity
direction.
[0049] It will be understood that when an element or
layer is referred to as being "on," "connected to," or "cou-
pled to" another element or layer, it can be directly on,
connected to, or coupled to the other element or layer,
or one or more intervening elements or layers may be
present. In addition, it will also be understood that when
an element or layer is referred to as being "between" two
elements or layers, it can be the only element or layer
between the two elements or layers, or one or more in-
tervening elements or layers may also be present.
[0050] The terminology used herein is for the purpose
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of describing particular embodiments only and is not in-
tended to be limiting of the present invention. As used
herein, the singular forms "a" and "an" are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms "comprises," "comprising," "includes," and "includ-
ing," when used in this specification, specify the presence
of the stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the pres-
ence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. As used herein, the term "and/or" includes any
and all combinations of one or more of the associated
listed items. Expressions such as "at least one of," when
preceding a list of elements, modify the entire list of ele-
ments and do not modify the individual elements of the
list.
[0051] As used herein, the term "substantially,"
"about," and similar terms are used as terms of approx-
imation and not as terms of degree, and are intended to
account for the inherent deviations in measured or cal-
culated values that would be recognized by those of or-
dinary skill in the art. Further, the use of "may" when
describing embodiments of the present invention refers
to "one or more embodiments of the present invention."
As used herein, the terms "use," "using," and "used" may
be considered synonymous with the terms "utilize," "uti-
lizing," and "utilized," respectively. Also, the term "exem-
plary" is intended to refer to an example or illustration.
[0052] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which the present invention belongs. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of the relevant art and/or the present
specification, and should not be interpreted in an ideal-
ized or overly formal sense, unless expressly so defined
herein.
[0053] Hereinafter, a display device according to an
example embodiment of the present invention will be de-
scribed with reference to FIGS. 1 to 4.
[0054] In the following embodiment of the present in-
vention, the organic light emitting diode display including
the organic light emitting diode is described as the flexible
display panel FD. However, in other embodiments of the
present invention the flexible display panel may include
various other display devices such as liquid crystal dis-
plays (LCDs), plasma displays (PDs), field emission dis-
plays (FEDs), electrophoretic displays (EPDs), and elec-
trowetting displays (EWDs).
[0055] FIG. 1 is a cross-sectional view schematically
illustrating a display device according to the example em-
bodiment of the present invention. FIG. 2 is a cross-sec-
tional view illustrating a view or configuration in which
the display device illustrated in FIG. 1 is bent.
[0056] As illustrated in FIGS. 1 and 2, the display de-

vice according to the example embodiment of the present
invention includes a flexible substrate 100, a compensa-
tion layer 200, a driving unit 300, a display unit 400, and
an encapsulation part (or encapsulation layer or encap-
sulant) 500.
[0057] The flexible substrate 100 is flexible, but is not
limited thereto and may be stretchable, foldable, benda-
ble, or rollable. The flexible substrate 100 is flexible,
stretchable, foldable, bendable, or rollable, and as a re-
sult, the entire flexible display panel FD may be flexible,
stretchable, foldable, bendable, or rollable.
[0058] The flexible substrate 100 may be bent in one
direction. Here, one direction may be any direction on a
surface of the flexible substrate 100 and is not limited to
a predetermined direction. As one example, the flexible
substrate 100 may have a rectangular shape in a plane
and in this case, one direction in which the rectangular
flexible substrate 100 is bent may be a direction parallel
to a long side or a short side of the flexible substrate 100.
That is, the flexible substrate 100 may be bent in a short
side direction or a long side direction in plane. In other
words, the flexible substrate may be bent in a direction
about an axis lying in the plane of the flexible substrate,
wherein the axis may be generally parallel to the long
side or the short side of the flexible substrate 100.
[0059] The flexible substrate 100 may include at least
one of a polymer material such as polyimide, and the like,
a metallic material, and an inorganic material and is not
limited thereto and may include any material, which may
be bent. The flexible substrate 100 may have a film form.
[0060] The flexible substrate 100 includes a bending
area BA bendable in one direction and a non-bending
area NBA contiguous with the bending area BA. The
bending area BA may be positioned at the center of the
flexible substrate 100, and the non-bending area NBA
may be positioned closer to an end portion of the flexible
substrate 100. The bending area BA of the flexible sub-
strate 100 is contiguous with the non-bending area NBA.
In FIG. 2, the bending area BA of the flexible substrate
100 has a curvature radius in a right direction, but is not
limited thereto and the bending area BA of the flexible
substrate 100 may have the curvature radius in a left
direction or any other direction according to the orienta-
tion of the flexible substrate 100.
[0061] Each of the compensation layer 200, the driving
unit 300, the display unit 400, and the encapsulation part
500 positioned on the bending area BA of the flexible
substrate 100 is bent in one direction to correspond to
the bending of the flexible substrate 100.
[0062] In the example embodiment of the present in-
vention, the flexible substrate 100 includes the bending
area BA and the non-bending area NBA, but the present
invention is not limited thereto and in another example
embodiment of the present invention, the entirety of the
flexible substrate 100 may be formed by the bending area
BA.
[0063] Further, in the example embodiment of the
present invention, the bending area BA of the flexible
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substrate 100 is positioned at the center of the flexible
substrate 100, but the present invention is not limited
thereto and in another example embodiment of the
present invention, the bending area BA of the flexible
substrate 100 may be positioned closer to an end portion
of the flexible substrate 100.
[0064] FIG. 3 is a cross-sectional view illustrating part
A, part B, and part C of the display device illustrated in
FIG. 2. Part A and part C of FIGS. 3 and 2 correspond
to the non-bending area NBA of the flexible substrate
100 and part B corresponds to the bending area BA of
the flexible substrate 100.
[0065] As illustrated in FIGS. 1 to 3, the compensation
layer 200 is positioned between the flexible substrate 100
and the display unit 400 and, for example, the compen-
sation layer 200 is positioned between the flexible sub-
strate 100 and the driving unit 300.
[0066] The compensation layer 200 has a smaller
Young’s modulus than the flexible substrate 100 and
higher brittleness (e.g., may be more brittle) than the flex-
ible substrate 100. That is, the compensation layer 200
is more brittle than the flexible substrate 100, and as a
result, a part of the compensation layer 200 correspond-
ing to the bending area BA of the flexible substrate 100
includes one or more cracks 211. The cracks 211 of the
compensation layer 200 may occur due to the bending
of the flexible substrate 100 and may be atypical cracks.
That is, the cracks 211 may have a shape or pattern that
is arbitrary. Contrary to this, the other parts of the com-
pensation layer 200 corresponding to the non-bending
area NBA of the flexible substrate 100 may be uncracked
(e.g., may have a uniform structure without cracks or
gaps in the material). The cracks 211 formed on the com-
pensation layer 200 may be formed by air gaps.
[0067] According to some embodiments of the present
invention, the compensation layer 200 includes an alle-
viation layer 210, a first passivation layer 220, and a sec-
ond passivation layer 230.
[0068] The alleviation layer 210 is positioned between
the first passivation layer 220 and the second passivation
layer 230. The alleviation layer 210 alleviates the stress
caused due to the bending of the flexible substrate 100
and shifts the position of a neutral plane (NP) formed in
the display device 1000. The alleviation layer 210 has a
smaller Young’s modulus than the flexible substrate 100
and higher brittleness (e.g., more brittle) than the flexible
substrate 100. That is, the alleviation layer 210 is more
brittle than the flexible substrate 100, and as a result, a
part of the alleviation layer 210 corresponding to the
bending area BA of the flexible substrate 100 includes
one or more cracks 211. The cracks 211 of the alleviation
layer 210 may occur due to the bending of the flexible
substrate 100 and may be the atypical (e.g., non-uniform
or arbitrarily shaped) cracks. Additionally, the other part
of the alleviation layer 210 corresponding to the non-
bending area NBA of the flexible substrate 100 may be
uncracked.
[0069] The alleviation layer 210 contacts each of the

first passivation layer 220 and the second passivation
layer 230, and the first passivation layer 220 and the sec-
ond passivation layer 230 prevent fragments of the alle-
viation layer 210 in which the cracks 211 occur from un-
intentionally moving toward the flexible substrate 100 or
the driving unit 300.
[0070] The alleviation layer 210 includes brittle metal
or metal oxide. As one example, the alleviation layer 210
may include brittle metal or metal oxide such as MoOx,
Mo, Ti, and the like. The alleviation layer 210 may have
a smaller Young’s modulus and higher brittleness (e.g.,
more brittle) than each of the first passivation layer 220
and the second passivation layer 230 and the first pas-
sivation layer 220 and the second passivation layer 230
may have larger Young’s modulus than the alleviation
layer 210. As a result, a part of the alleviation layer 210
corresponding to the bending area BA of the flexible sub-
strate 100 may include one or more cracks 211 and even
though the cracks 211 occur at a part of the alleviation
layer 210, no crack may occur in each of the first passi-
vation layer 220 and the second passivation layer 230.
The alleviation layer 210 may have a smaller thickness
than each of the first passivation layer 220 and the sec-
ond passivation layer 230.
[0071] Meanwhile, in the example embodiment of the
present invention, the alleviation layer 210 includes the
brittle metal or metal oxide, but the present invention is
not limited thereto and the alleviation layer 210 may in-
clude an inorganic material such as brittle glass, brittle
ceramics, and the like or brittle silicon (Si), and the like
and the alleviation layer 210 may include any material
which is brittle.
[0072] The first passivation layer 220 is positioned be-
tween the alleviation layer 210 between the alleviation
layer 210 and the display unit 400, and the driving unit
300 and the second passivation layer 230 is positioned
between the alleviation layer 210 and the flexible sub-
strate 100.
[0073] The first passivation layer 220 and the second
passivation layer 230 are separated from each other with
the alleviation layer 210 interposed therebetween and
contact the alleviation layer 210. Each of the first passi-
vation layer 220 and the second passivation layer 230
may have larger Young’s modulus than the alleviation
layer 210. Each of the first passivation layer 220 and the
second passivation layer 230 may include a high elastic
polymer material such as PSA and PDMS or a high flex-
ible metallic material such as Al and Au, but is not limited
thereto and may include various polymer materials or
various metallic materials. Each of the first passivation
layer 220 and the second passivation layer 230 prevents
the fragments of the alleviation layer 210 by the cracks
211 in the alleviation layer 210 from moving to the driving
unit 300 and the flexible substrate 100.
[0074] The driving unit 300 and the display unit 400
are positioned on the compensation layer 200.
[0075] The driving unit 300 is positioned on the flexible
substrate 100 with the compensation layer 200 inter-
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posed therebetween and includes one or more thin film
transistors 310 connected with the display unit 400.
[0076] Meanwhile, in the example embodiment of the
present invention, for convenience of description, the
driving unit 300 includes the thin film transistor 310, but
the present invention is not limited thereto, and the driving
unit 300 may further include one or more scan wires, one
or more data wires, a plurality of thin film transistors, and
one or more capacitors, and these components may have
various known structures.
[0077] The thin film transistor 310 includes an active
layer 311, a gate electrode 312, a source electrode 313,
and a drain electrode 314.
[0078] The active layer 311 is positioned on the com-
pensation layer 200 and may be made of polysilicon or
an oxide semiconductor. The oxide semiconductor may
include any one of oxides based on titanium (Ti), hafnium
(Hf), zirconium (Zr), aluminum (Al), tantalum (Ta), ger-
manium (Ge), zinc (Zn), gallium (Ga), tin (Sn), or indium
(In), and zinc oxide (ZnO), indium-gallium-zinc oxide
(InGaZnO4), indium-zinc oxide (Zn-In-O), zinc tin oxide
(Zn-Sn-O), indium-gallium oxide (In-Ga-O), indium-tin
oxide (In-Sn-O), indium-zirconium oxide (In-Zr-O), indi-
um-zirconium-zinc oxide (In-Zr-Zn-O), indium -zirconi-
um-tin oxide (In-Zr-Sn-O), indium-zirconium-gallium ox-
ide (In-Zr-Ga-O), indium aluminum oxide (In-Al-O), indi-
um-zinc-aluminum oxide (In-Zn-Al-O), indium-tin-alumi-
num oxide (In-Sn-Al-O), indium-aluminum-gallium oxide
(In-Al-Ga-O), indium-tantalum oxide (In-Ta- O), indium-
tantalum-zinc oxide (In-Ta-Zn-O), indium-tantalum-tin
oxide (In-Ta-Sn-O), indium-tantalum-gallium oxide (In-
Ta-Ga-O), indium-germanium oxide (In-Ge-O), indium-
germanium-zinc oxide (In-Ge-Zn-O), indium-germani-
um-tin oxide (In-Ge-Sn-O), indium-germanium-gallium
oxide (In-Ge-Ga-O), titanium-indium-zinc oxide (Ti-In-
Zn-O), and hafnium-indium- zinc oxide (Hf-In-Zn-O)
which are complex oxides thereof.
[0079] The active layer 311 includes a channel region
in which impurities are not doped, and a source region
and a drain region formed when impurities are doped to
two sides of the channel region. Herein, the impurities
may vary according to the kind of the thin film transistor,
and may be N-type impurities or P-type impurities. In the
case where the active layer 311 is formed of the oxide
semiconductor, in order to protect the oxide semiconduc-
tor, which is vulnerable to an external environment such
as exposure to a high temperature, a separate passiva-
tion layer may be added.
[0080] Compressive stress is applied to the active layer
311 in the region corresponding to the bending area BA
of the flexible substrate 100 by the compensation layer
200. In the display device 1000, the neutral plane NP is
generally formed between the compensation layer 200
and the flexible substrate 100 which is a center portion
of a total thickness to correspond to the total thickness
formed by each of the flexible substrate 100, the com-
pensation layer 200, the driving unit 300, the display unit
400, and the encapsulation part 500, but the neutral plane

NP is formed between the driving unit 300 and the display
unit 400 due to the compensation layer 200 at a part of
the display device 1000 corresponding to the bending
area BA of the flexible substrate 100, and as a result, an
alleviated compressive stress is applied to the active lay-
er 311.
[0081] For example, when a bending moment occurs
at a part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, the allevi-
ation layer 210 of the compensation layer 200 corre-
sponding to the bending area BA is transformed (de-
formed) due to the cracks 211 according to the stress
applied to the display device 1000, and as a result, the
stress applied to a part of the display device 1000 corre-
sponding to the bending area BA of the flexible substrate
100 is alleviated and the neutral plane NP moves be-
tween the driving unit 300 and the display unit 400 to
correspond to a thickness formed by the driving unit 300
and the display unit 400. That is to say, the neutral plane
NP moves to be positioned between the driving unit 300
and the display unit 400, and the moved position of the
neutral plane NP depends on the thickness formed by
the driving unit 300 and the display unit 400. Therefore,
the alleviated compressive stress is applied to the active
layer 311.
[0082] That is, when the bending moment occurs at a
part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, cracks 211
occur in the part of the compensation layer 200 (which
has a smaller Young’s modulus and higher brittleness
(e.g., more brittle), which corresponds to the bending ar-
ea BA of the flexible substrate 100 due to the stress, and
as a result, the stress applied to the part of the display
device 1000 corresponding to the bending area BA is
alleviated and the neutral plane NP moves between the
driving unit 300 and the display unit 400 to correspond
to the bending area BA with the transformation of the
compensation layer 200. Therefore, not tensile stress but
the alleviated compressive stress is applied to the active
layer 311 to prevent or reduce instances of the active
layer 311 being broken.
[0083] The gate electrode 312 is positioned on the ac-
tive layer 311, and each of the source electrode 313 and
the drain electrode 314 are positioned on an upper side
of the gate electrode 312, and as a result, each of the
source electrode 313 and the drain electrode 314 is con-
nected with a source region and a drain region of the
active layer 311 through a contact hole.
[0084] In order to prevent or reduce instances of a
short-circuit between the active layer 311, the gate elec-
trode 312, the source electrode 313, and the drain elec-
trode 314, which are components of the thin film transistor
310, one or more insulating layers are positioned among
the components of the thin film transistor 310. The insu-
lating layer includes an inorganic material such as silicon
nitride or silicon oxide, and for example, the insulating
layer may include one or more of SiNx, Al2O3, SiO2, and
TiO2.
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[0085] The drain electrode 314 of the thin film transistor
310 is connected with the organic light emitting diode of
the display unit 400.
[0086] The display unit 400 may be positioned on the
flexible substrate 100 with the compensation layer 200
and the driving unit 300 interposed therebetween and
display an image by using a plurality of pixels. Here, the
pixel may refer to a minimum unit configured to displaying
the image.
[0087] The display unit 400 includes an organic light
emitting diode that emits light.
[0088] The organic light emitting diode includes a first
electrode 410 connected with the drain electrode 314 of
the thin film transistor 310, an organic emission layer 420
positioned on the first electrode 410, and a second elec-
trode 430 positioned on the organic emission layer 420.
That is, the first electrode 410, the organic light emitting
layer 420, and the second electrode 430 of the display
unit 400 form the organic light emitting diode.
[0089] The first electrode 410 may be an anode, which
is a hole injection electrode, and may be any one elec-
trode of light-reflective, light-transflective, and light-trans-
missive electrodes. Meanwhile, in another example em-
bodiment of the present invention, the first electrode 410
may be a cathode, which is an electron injection elec-
trode.
[0090] The organic emission layer 420 is positioned on
the first electrode 410. The organic emission layer 420
may be made of a low-molecular organic material or a
high-molecular organic material such as poly 3,4-ethyl-
enedioxythiophene (PEDOT). The organic emission lay-
er 420 may include a red organic emission layer for emit-
ting red light, a green organic emission layer for emitting
green light, and a blue organic emission layer for emitting
blue light. The red organic emission layer, the green or-
ganic emission layer, and the blue organic emission layer
are formed in a red pixel, a green pixel, and a blue pixel,
respectively, thereby implementing a colored image. In
the organic emission layer 420, all of the red organic
emission layer, the green organic emission layer, and
the blue organic emission layer are together laminated
on the red pixel, the green pixel, and the blue pixel, and
a red color filter, a green color filter, and a blue color filter
are formed for each pixel, thereby implementing a color
image. As another example, white organic emission lay-
ers emitting white light are formed in all of the red pixel,
the green pixel, and the blue pixel, and a red color filter,
a green color filter, and a blue color filter are formed for
each pixel, thereby implementing the color image. In the
case of implementing the color image by using the white
organic emission layer as the organic emission layer 420
and the color filters, a deposition mask may not be utilized
for depositing the red organic emission layer, the green
organic emission layer, and the blue organic emission
layer on respective pixels, that is, the red pixel, the green
pixel, and the blue pixel. The white organic emission layer
as the organic emission layer 420 described in another
example may be formed by one organic emission layer,

and also includes a configuration formed so as to emit
white light by laminating a plurality of organic emission
layers. For example, the organic emission layer 420 may
include a configuration that may emit white light by com-
bining at least one yellow organic emission layer and at
least one blue light emitting layer, a component that may
emit white light by combining at least one cyan organic
emission layer and at least one red light emitting layer,
a component that may emit white light by combining at
least one magenta organic emission layer and at least
one green light emitting layer, and the like.
[0091] The second electrode 430 is positioned on the
organic emission layer 420 and may be a cathode that
is an electron injection electrode. The second electrode
430 may be one electrode of light-reflective, light-trans-
flective, and light-transmissive electrodes. The second
electrode 430 is positioned over (e.g., to extend across)
the flexible substrate 100 so as to cover the organic emis-
sion layer 420. Meanwhile, in another example embodi-
ment of the present invention, the second electrode 430
may be an anode that is a hole injection electrode.
[0092] The encapsulation part 500 is positioned on the
display unit 400.
[0093] The encapsulation part 500 is positioned on the
flexible substrate 100 with the compensation layer 200,
the driving unit 300, and the display unit 300 interposed
therebetween. The encapsulation part 500 is positioned
on the flexible substrate 100 over (e.g., to extend across)
the flexible substrate 100 and encapsulates the driving
unit 300 and the display unit 400 together with the flexible
substrate 100. The encapsulation part 500 may be
formed by a thin film encapsulation unit. The encapsula-
tion part 500 may include an organic layer and an inor-
ganic layer positioned on the organic layer. As one ex-
ample, the encapsulation part 500 may include one or
more organic layers and one or more inorganic layers
that are alternately laminated, and in detail, the inorganic
layers or the organic layers may be in plural, respectively,
and the plurality of inorganic layers and the plurality of
organic layers may be alternately laminated. The encap-
sulation part 500 may include at least one sandwich struc-
ture in which at least one organic layer is inserted be-
tween at least two inorganic layers. The inorganic layer
positioned on the top layer of the encapsulation part 500
may be laminated with a larger area than the organic
layer so as to cover an end of the organic layer that is
another layer. The organic layer of the encapsulation part
500 is made of polymer, and according to some embod-
iments, may be a single layer or a laminated layer formed
of any one of polyethylene terephthalate, polyimide, poly-
carbonate, epoxy, polyethylene, and polyacrylate. For
example, the organic layer may be formed of polyacrylate
and, for example, includes a material in which a monomer
composition including diacrylate-based monomers and
triacrylate-based monomers is polymerized. Herein, the
monomer composition may further include monoacr-
ylate-based monomers, and further include a known pho-
to-initiator such as TOP, but is not limited thereto. The
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inorganic layer of the encapsulation part 500 may be a
single layer or a laminated layer including metal oxide or
metal nitride. In detail, the inorganic layer may include
one or more of SiNx, Al2O3, SiO2, and TiO2. A protection
film may be positioned at each of an upper portion of the
encapsulation part 500 and a lower portion of the flexible
substrate 100. The protection film may serve to protect
each of the encapsulation part 500 and the flexible sub-
strate 100 from external interference.
[0094] As described above, in the example embodi-
ment of the present invention, when the bending moment
occurs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
cracks 211 occur in the compensation layer 200 which
has a smaller Young’s modulus and higher brittleness
(e.g., more brittle), which corresponds to the bending ar-
ea BA of the flexible substrate 100 due to the stress, and
as a result, the stress applied to a part of the display
device 1000 corresponding to the bending area BA is
alleviated and the neutral plane NP moves between the
driving unit 300 and the display unit 400 to correspond
to the bending area BA with the transformation of the
compensation layer 200. Therefore, not the tensile stress
but the alleviated compressive stress is applied to the
active layer 311 to prevent the active layer 311 from being
broken.
[0095] FIG. 4 is a cross-sectional view schematically
illustrating a neutral plane where the display device ac-
cording to the example embodiment of the present in-
vention is bent. FIG. 4A is a cross-sectional view illus-
trating the display device before being bent and FIG. 4B
is a cross-sectional view illustrating the display device
after being bent.
[0096] In the display device according to the example
embodiment of the present invention, when the display
is originally in a flat state as illustrated in FIG. 4A, and
then the bending moment occurs at a part of the display
device 1000 as illustrated in FIG. 4B, cracks occur in the
compensation layer, and as a result, an original NP
formed in the display device 1000 moves to a final NP at
the bending area. Therefore, not the tensile stress but
the alleviated compressive stress is applied to the thin
film transistor of the driving unit to prevent the driving unit
including the active layer from being broken due to the
stress.
[0097] That is, a display device 1000 is provided in
which even though at least a part of the flexible substrate
100 is bent, the thin film transistor corresponding to the
bent part is prevented from being broken due to the
stress.
[0098] Hereinafter, a display device according to an-
other example embodiment of the present invention will
be described with reference to FIG. 5. Hereinafter, dif-
ferent parts from the display device according to the ex-
ample embodiment of the present invention described
above will be described.
[0099] FIG. 5 is a cross-sectional view illustrating each
of a bending area and a non-bending area of the display

device according to another example embodiment of the
present invention.
[0100] As illustrated in FIG. 5, the compensation layer
200 of the display device 1000 according to another ex-
ample embodiment of the present invention includes an
alleviation layer 210 and the first passivation layer 220.
In this embodiment of the invention, a passivation layer
220 is present only between the alleviation layer 210 and
the driving unit 300.
[0101] The alleviation layer 210 is positioned between
the first passivation layer 220 and the flexible substrate
100. The alleviation layer 210 alleviates the stress
caused due to the bending of the flexible substrate 100
and shifts the position of the neutral plane (NP) formed
in the display device 1000. The alleviation layer 210 has
a smaller Young’s modulus than the flexible substrate
100 and higher brittleness (e.g., more brittle) than the
flexible substrate 100. That is, the alleviation layer 210
is more brittle than the flexible substrate 100, and as a
result, a part of the alleviation layer 210 corresponding
to the bending area BA of the flexible substrate 100 in-
cludes one or more cracks 211. The cracks 211 of the
alleviation layer 210 may occur due to the bending of the
flexible substrate 100 and may be the atypical cracks.
Additionally, the other part of the alleviation layer 210
corresponding to the non-bending area NBA of the flex-
ible substrate 100 is uncracked.
[0102] The alleviation layer 210 contacts each of the
first passivation layer 220 and the flexible substrate 100,
and the first passivation layer 220 and the flexible sub-
strate 100 may prevent or reduce instances of fragments
of the alleviation layer 210 in which the cracks 211 occur
from unintentionally moving toward the driving unit 300.
[0103] The alleviation layer 210 includes brittle metal
or metal oxide. As one example, the alleviation layer 210
may include brittle metal or metal oxide such as MoOx,
Mo, Ti, and the like. The alleviation layer 210 may have
a smaller Young’s modulus and higher brittleness (e.g.,
more brittle) than each of the first passivation layer 220
and the flexible substrate 100 and the first passivation
layer 220 and the flexible substrate 100 may have larger
Young’s modulus than the alleviation layer 210. As a re-
sult, a part of the alleviation layer 210 corresponding to
the bending area BA of the flexible substrate 100 may
include one or more cracks 211 and even though the
cracks 211 occur at a part of the alleviation layer 210, no
crack occurs in each of the first passivation layer 220 and
the flexible substrate 100. The alleviation layer 210 may
have a smaller thickness than each of the first passivation
layer 220 and the flexible substrate 100.
[0104] The passivation layer 220 is positioned be-
tween the alleviation layer 210 between the alleviation
layer 210 and the display unit 400, and the driving unit
300.
[0105] The first passivation layer 220 and the flexible
substrate 100 are separated from each other with the
alleviation layer 210 interposed therebetween and con-
tact the alleviation layer 210. The first passivation layer
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220 may have larger Young’s modulus than the allevia-
tion layer 210. The first passivation layer 220 may include
a high elastic polymer material such as PSA and PDMS
or a high flexible metallic material such as Al and Au, but
is not limited thereto and may include various polymer
materials or various metallic materials. The first passiva-
tion layer 220 may prevent or reduce instances of the
fragments of the alleviation layer 210 by the cracks 211
in the alleviation layer 210 from moving to the driving unit
300.
[0106] The compressive stress by the compensation
layer 200 is applied to the active layer 311 corresponding
to the bending area BA of the flexible substrate 100 in
the active layer 311 of the thin film transistor 310 of the
driving unit 300. For example, in the display device 1000,
the neutral plane NP is formed between the compensa-
tion layer 200 and the flexible substrate 100 that is a
center portion of a total thickness to correspond to the
total thickness formed by each of the flexible substrate
100, the compensation layer 200, the driving unit 300,
the display unit 400, and the encapsulation part 500, but
the neutral plane NP is formed between the driving unit
300 and the display unit 400 by the compensation layer
200 at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, and
as a result, the alleviated compressive stress is applied
to the active layer 311.
[0107] As one example, when a bending moment oc-
curs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
alleviation layer 210 of the compensation layer 200 cor-
responding to the bending area BA is transformed due
to the cracks 211 according to the stress applied to the
display device 1000, and as a result, the stress applied
to a part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100 is alleviated
and the neutral plane NP moves between the driving unit
300 and the display unit 400 to correspond to a thickness
formed by the driving unit 300 and the display unit 400.
Therefore, the alleviated compressive stress is applied
to the active layer 311.
[0108] That is, when the bending moment occurs at a
part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, the cracks
211 occur in the compensation layer 200, which has a
smaller Young’s modulus and higher brittleness (e.g.,
more brittle), at a part which corresponds to the bending
area BA of the flexible substrate 100 due to the stress,
and as a result, the stress applied to a part of the display
device 1000 corresponding to the bending area BA is
alleviated and the neutral plane NP moves between the
driving unit 300 and the display unit 400 to correspond
to the bending area BA with the transformation of the
compensation layer 200. Therefore, not tensile stress but
the alleviated compressive stress is applied to the active
layer 311 to prevent or reduce instances of the active
layer 311 being broken.
[0109] As described above, in this example embodi-

ment of the present invention, when the bending moment
occurs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
cracks 211 occur in the compensation layer 200 which
has a smaller Young’s modulus and higher brittleness
(e.g., more brittle), which corresponds to the bending ar-
ea BA of the flexible substrate 100 due to the stress, and
as a result, the stress applied to a part of the display
device 1000 corresponding to the bending area BA is
alleviated and the neutral plane NP moves between the
driving unit 300 and the display unit 400 to correspond
to the bending area BA with the transformation of the
compensation layer 200. Therefore, not the tensile stress
but the alleviated compressive stress is applied to the
active layer 311 to prevent or reduce instances of the
active layer 311 being broken.
[0110] That is, a display device 1000 is provided in
which even though a part equal to or larger than a part
of the flexible substrate 100 is bent, instances of the thin
film transistor 310 corresponding to the bent part may be
prevented or reduced from being broken due to the
stress.
[0111] Hereinafter, a display device according to an-
other example embodiment of the present invention will
be described with reference to FIG. 6. Hereinafter, dif-
ferent parts from the display device according to the ex-
ample embodiment of the present invention described
above will be described.
[0112] FIG. 6 is a cross-sectional view illustrating each
of the bending area and the non-bending area of the dis-
play device according to another example embodiment
of the present invention.
[0113] As illustrated in FIG. 6, the compensation layer
200 of the display device 1000 according to another ex-
ample embodiment of the present invention includes an
alleviation layer 210 and the first passivation layer 220.
[0114] The alleviation layer 210 is positioned between
the first passivation layer 220 and the flexible substrate
100. The alleviation layer 210 alleviates the stress
caused due to the bending of the flexible substrate 100
and shifts the position of the neutral plane (NP) formed
in the display device 1000. The alleviation layer 210 has
a smaller Young’s modulus than the flexible substrate
100 and higher brittleness (e.g., more brittle) than the
flexible substrate 100. That is, the alleviation layer 210
is more brittle than the flexible substrate 100, and as a
result, a part of the alleviation layer 210 corresponding
to the bending area BA of the flexible substrate 100 in-
cludes one or more cracks 211. The cracks 211 of the
alleviation layer 210 may occur due to the bending of the
flexible substrate 100 and may be the atypical cracks.
Contrary to this, the other part of the alleviation layer 210
corresponding to the non-bending area NBA of the flex-
ible substrate 100 is uncracked.
[0115] The alleviation layer 210 includes a plurality of
openings 212. Each of the plurality of openings 212 ex-
poses the flexible substrate 100, and as a result, the al-
leviation layer 210 may have an island shape by each of
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the plurality of openings 212. That is to say, the alleviation
layer 210 is formed of a plurality of separated portions.
[0116] The alleviation layer 210 contacts each of the
first passivation layer 220 and the flexible substrate 100,
and the first passivation layer 220 and the flexible sub-
strate 100 may prevent or reduce instances of fragments
of the alleviation layer 210 in which the cracks 211 occur
from unintentionally moving toward the driving unit 300.
[0117] The alleviation layer 210 includes brittle metal
or metal oxide. As one example, the alleviation layer 210
may include brittle metal or metal oxide such as MoOx,
Mo, Ti, and the like. The alleviation layer 210 may have
a smaller Young’s modulus and higher brittleness (e.g.,
more brittle) than each of the first passivation layer 220
and the flexible substrate 100 and the first passivation
layer 220 and the flexible substrate 100 may have larger
Young’s modulus than the alleviation layer 210. As a re-
sult, a part of the alleviation layer 210 corresponding to
the bending area BA of the flexible substrate 100 may
include one or more cracks 211 and even though the
cracks 211 occur at a part of the alleviation layer 210, no
crack occurs in each of the first passivation layer 220 and
the flexible substrate 100. The alleviation layer 210 may
have a smaller thickness than each of the first passivation
layer 220 and the flexible substrate 100.
[0118] The passivation layer 220 is positioned be-
tween the alleviation layer 210 between the alleviation
layer 210 and the display unit 400, and the driving unit
300. The first passivation layer 220 is positioned in each
of the plurality of openings 212 formed in the alleviation
layer 210, and as a result, the alleviation layer 210 having
the island shape is surrounded by the first passivation
layer 220 and the flexible substrate 100. As one example,
the alleviation layer 210 in which the cracks 211 occur
to correspond to the bending area BA may be encapsu-
lated by the first passivation layer 220 and the flexible
substrate 100, and the alleviation layer 210 in which the
cracks 211 occur is encapsulated by the first passivation
layer 220 and the flexible substrate 100 to prevent or
reduce instances of the fragments of the alleviation layer
210 from moving to the driving unit 300 or to the outside.
[0119] The first passivation layer 220 and the flexible
substrate 100 are separated from each other with the
alleviation layer 210 interposed therebetween and con-
tact the alleviation layer 210. The first passivation layer
220 may have larger Young’s modulus than the allevia-
tion layer 210. The first passivation layer 220 may include
a high elastic polymer material such as PSA and PDMS
or a high flexible metallic material such as Al and Au, but
is not limited thereto and may include various polymer
materials or various metallic materials. The first passiva-
tion layer 220 prevents the fragments of the alleviation
layer 210 by the cracks 211 in the alleviation layer 210
from moving to the driving unit 300.
[0120] The compressive stress by the compensation
layer 200 is applied to the active layer 311 corresponding
to the bending area BA of the flexible substrate 100 in
the active layer 311 of the thin film transistor 310 of the

driving unit 300. For example, in the display device 1000,
the neutral plane NP is formed between the compensa-
tion layer 200 and the flexible substrate 100 which is a
center portion of a total thickness to correspond to the
total thickness formed by each of the flexible substrate
100, the compensation layer 200, the driving unit 300,
the display unit 400, and the encapsulation part 500, but
the neutral plane NP is formed between the driving unit
300 and the display unit 400 by the compensation layer
200 at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, and
as a result, the alleviated compressive stress is applied
to the active layer 311.
[0121] As one example, when a bending moment oc-
curs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
alleviation layer 210 of the compensation layer 200 cor-
responding to the bending area BA is transformed due
to the cracks 211 according to the stress applied to the
display device 1000, and as a result, the stress applied
to a part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100 is alleviated
and the neutral plane NP moves between the driving unit
300 and the display unit 400 to correspond to a thickness
formed by the driving unit 300 and the display unit 400.
Therefore, the alleviated compressive stress is applied
to the active layer 311.
[0122] That is, when the bending moment occurs at a
part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, the cracks
211 occur in the compensation layer 200 which has a
smaller Young’s modulus and higher brittleness (e.g.,
more brittle), which corresponds to the bending area BA
of the flexible substrate 100 due to the stress, and as a
result, the stress applied to a part of the display device
1000 corresponding to the bending area BA is alleviated
and the neutral plane NP moves between the driving unit
300 and the display unit 400 to correspond to the bending
area BA with the transformation of the compensation lay-
er 200. Therefore, not tensile stress but the alleviated
compressive stress is applied to the active layer 311 to
prevent the active layer 311 from being broken.
[0123] As described above, in this example embodi-
ment of the present invention, when the bending moment
occurs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
cracks 211 may occur in the compensation layer 200,
which has a smaller Young’s modulus and higher brittle-
ness (e.g., more brittle), which corresponds to the bend-
ing area BA of the flexible substrate 100 due to the stress,
and as a result, the stress applied to a part of the display
device 1000 corresponding to the bending area BA may
be alleviated and the neutral plane NP may move be-
tween the driving unit 300 and the display unit 400 to
correspond to the bending area BA with the transforma-
tion of the compensation layer 200. Therefore, not the
tensile stress but the alleviated compressive stress is
applied to the active layer 311 to prevent or reduce in-
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stances of the active layer 311 being broken.
[0124] That is, a display device 1000 is provided in
which even though a part equal to or larger than a part
of the flexible substrate 100 is bent, incidences of the
thin film transistor 310 corresponding to the bent part
being broken due to stress may be prevented or reduced.
[0125] Hereinafter, a display device according to an-
other example embodiment of the present invention will
be described with reference to FIG. 7. Hereinafter, dif-
ferent parts from the display device according to the ex-
ample embodiment of the present invention described
above will be described.
[0126] FIG. 7 is a cross-sectional view illustrating each
of the bending area and the non-bending area of the dis-
play device according to another example embodiment
of the present invention.
[0127] As illustrated in FIG. 7, the compensation layer
200 of the display device 1000 according to another ex-
ample embodiment of the present invention includes an
alleviation layer 210 and the first passivation layer 220.
[0128] The alleviation layer 210 is positioned between
the first passivation layer 220 and the flexible substrate
100. The alleviation layer 210 alleviates the stress
caused due to the bending of the flexible substrate 100
and shifts the position of the neutral plane (NP) formed
in the display device 1000. The alleviation layer 210 has
a smaller Young’s modulus than the flexible substrate
100 and higher brittleness (e.g., more brittle) than the
flexible substrate 100. That is, the alleviation layer 210
is more brittle than the flexible substrate 100, and as a
result, a part of the alleviation layer 210 corresponding
to the bending area BA of the flexible substrate 100 in-
cludes one or more cracks 211. The cracks 211 of the
alleviation layer 210 may occur due to the bending of the
flexible substrate 100 and may be atypical or irregularly
shaped cracks. Additionally, the other part of the allevi-
ation layer 210 corresponding to the non-bending area
NBA of the flexible substrate 100 may be uncracked.
[0129] The alleviation layer 210 contacts each of the
first passivation layer 220 and the flexible substrate 100,
and the first passivation layer 220 and the flexible sub-
strate 100 prevent or reduces incidences of fragments
of the alleviation layer 210 in which the cracks 211 occur
from unintentionally moving toward the driving unit 300.
[0130] A part of the alleviation layer 210 corresponding
to the bending area BA of the flexible substrate 100 has
a larger thickness than the other part of the alleviation
layer 210 corresponding to the non-bending area NBA
of the flexible substrate 100.
[0131] For example, the thickness of a part of the al-
leviation layer 210 corresponding to the bending area BA
may be in proportion to the size of a curvature radius of
a part of the flexible substrate 100 corresponding to the
bending area BA. As one example, where the size of the
curvature radius of a part of the flexible substrate 100
corresponding to the bending area BA is smaller, the
thickness of a part of the alleviation layer 210 is larger
and where the size of the curvature radius of a part of

the flexible substrate 100 corresponding to the bending
area BA is larger, the thickness of a part of the alleviation
layer 210 may be smaller. That is, the thickness of the
alleviation layer 210 may be formed stepwise to corre-
spond to the size of the curvature radius of the bending
area BA of the flexible substrate 100. In other words, at
the part where the radius of curvature is smaller (small
radius, high curvature) the alleviation layer 210 is thicker
than at the part where the radius of curvature is larger
(large radius, low curvature) the alleviation layer 210 is
thinner. That is, a thickness of the alleviation layer is in-
versely proportional to a size of the curvature radius
measured from the axis when the flexible substrate is
bent.
[0132] The alleviation layer 210 includes brittle metal
or metal oxide. As one example, the alleviation layer 210
may include brittle metal or metal oxide such as MoOx,
Mo, Ti, and the like. The alleviation layer 210 may have
a smaller Young’s modulus and higher brittleness (e.g.,
more brittle) than each of the first passivation layer 220
and the flexible substrate 100 and the first passivation
layer 220 and the flexible substrate 100 may have larger
Young’s modulus than the alleviation layer 210. As a re-
sult, a part of the alleviation layer 210 corresponding to
the bending area BA of the flexible substrate 100 may
include one or more cracks 211 and even though the
cracks 211 occur at a part of the alleviation layer 210, no
crack occurs in each of the first passivation layer 220 and
the flexible substrate 100. The alleviation layer 210 may
have a smaller thickness than each of the first passivation
layer 220 and the flexible substrate 100.
[0133] The passivation layer 220 is positioned be-
tween the alleviation layer 210 between the alleviation
layer 210 and the display unit 400, and the driving unit
300.
[0134] The first passivation layer 220 and the flexible
substrate 100 are separated from each other with the
alleviation layer 210 interposed therebetween and con-
tact the alleviation layer 210. The first passivation layer
220 may have larger Young’s modulus than the allevia-
tion layer 210. The first passivation layer 220 may include
a high elastic polymer material such as PSA and PDMS
or a high flexible metallic material such as Al and Au, but
is not limited thereto and may include various polymer
materials or various metallic materials. The first passiva-
tion layer 220 prevents or reduces incidences of the frag-
ments of the alleviation layer 210 by the cracks 211 in
the alleviation layer 210 moving to the driving unit 300.
[0135] The compressive stress by the compensation
layer 200 is applied to the active layer 311 corresponding
to the bending area BA of the flexible substrate 100 in
the active layer 311 of the thin film transistor 310 of the
driving unit 300. In detail, in the display device 1000, the
neutral plane NP is formed between the compensation
layer 200 and the flexible substrate 100 which is a center
portion of a total thickness to correspond to the total thick-
ness formed by each of the flexible substrate 100, the
compensation layer 200, the driving unit 300, the display
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unit 400, and the encapsulation part 500, but the neutral
plane NP is formed stepwise between the driving unit
300 and the display unit 400 by the thickness of the com-
pensation layer 200, which is in inverse proportion to the
size of the curvature radius of the flexible substrate 100
at a part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, and as a
result, the alleviated compressive stress is applied to the
active layer 311.
[0136] As one example, when a bending moment oc-
curs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
alleviation layer 210 of the compensation layer 200 cor-
responding to the bending area BA is transformed due
to the cracks 211 according to the stress applied to the
display device 1000, and as a result, the stress applied
to a part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100 is alleviated
and the neutral plane NP moves between the driving unit
300 and the display unit 400 to correspond to a thickness
formed by the driving unit 300 and the display unit 400.
Therefore, the alleviated compressive stress is applied
to the active layer 311.
[0137] That is, when the bending moment occurs at a
part of the display device 1000 corresponding to the
bending area BA of the flexible substrate 100, the cracks
211 occur in the compensation layer 200 which has a
smaller Young’s modulus and higher brittleness (e.g.,
more brittle), which corresponds to the bending area BA
of the flexible substrate 100 due to the stress, and as a
result, the stress applied to a part of the display device
1000 corresponding to the bending area BA is alleviated
and the neutral plane NP moves between the driving unit
300 and the display unit 400 to correspond to the bending
area BA with the transformation of the compensation lay-
er 200. Therefore, not tensile stress but the alleviated
compressive stress is applied to the active layer 311 to
prevent or reduce incidences of the active layer 311 being
broken.
[0138] As described above, in this example embodi-
ment of the present invention, when the bending moment
occurs at a part of the display device 1000 corresponding
to the bending area BA of the flexible substrate 100, the
cracks 211 occur in the compensation layer 200 which
has a smaller Young’s modulus and higher brittleness
(e.g., more brittle), which corresponds to the bending ar-
ea BA of the flexible substrate 100 due to the stress, and
as a result, the stress applied to a part of the display
device 1000 corresponding to the bending area BA is
alleviated and the neutral plane NP moves between the
driving unit 300 and the display unit 400 to correspond
to the bending area BA with the transformation of the
compensation layer 200. Therefore, not the tensile stress
but the alleviated compressive stress is applied to the
active layer 311 to prevent or reduce incidences of the
active layer 311 being broken.
[0139] That is, a display device 1000 is provided in
which even though a part equal to or larger than a part

of the flexible substrate 100 is bent, the thin film transistor
310 corresponding to the bent part is prevented from be-
ing broken due to the stress.
[0140] While this invention has been described in con-
nection with what is presently considered to be practical
example embodiments, it is to be understood that the
invention is not limited to the disclosed embodiments,
but, on the contrary, is intended to cover various modifi-
cations and equivalent arrangements included within the
scope of the appended claims, and their equivalents.

Claims

1. A display device comprising:

a flexible substrate;
a display unit on the flexible substrate and con-
figured to display an image; and
a compensation layer between the flexible sub-
strate and the display unit, wherein:

the compensation layer comprises an alle-
viation layer having smaller Young’s mod-
ulus than the flexible substrate.

2. A display device according to claim 1, wherein:

the alleviation layer is more brittle than the flex-
ible substrate.

3. A display device according to claim 1 or 2, wherein:

the alleviation layer comprises metal or metal
oxide.

4. A display device of claim 1, 2 or 3, wherein:

the compensation layer further comprises a first
passivation layer between the alleviation layer
and the display unit, wherein: a Young’s modu-
lus of the first passivation layer is larger than a
Young’s modulus of the alleviation layer.

5. A display device according to claim 4, wherein:

a thickness of the alleviation layer is less than a
thickness of the first passivation layer.

6. A display device according to claim 4 or 5, wherein:

the first passivation layer contacts the alleviation
layer.

7. A display device according to claim 6, wherein:

the alleviation layer contacts the flexible sub-
strate.
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8. A display device according to claim 6 or 7, wherein:

the alleviation layer comprises a plurality of
openings.

9. A display device of claim 11, wherein:

the first passivation layer is in each of the plu-
rality of openings.

10. A display device according to any one of claims 4 to
9, wherein:

the compensation layer further comprises a sec-
ond passivation layer between the alleviation
layer and the flexible substrate, wherein: a
Young’s modulus of the second passivation lay-
er is larger than a Young’s modulus of the alle-
viation layer.

11. A display device according to claim 10, wherein:

the second passivation layer contacts the alle-
viation layer.

12. A display device according to any preceding claim,
wherein:

the flexible substrate comprises a bending area
configured to be bent in a direction about an axis
lying in the plane of the flexible substrate.

13. A display device according to claim 12, wherein:

the flexible substrate comprises a non-bending
area adjacent to the bending area.

14. A display device according to claim 13, wherein:

a first part of the alleviation layer corresponding
to the non-bending area is uncracked.

15. A display device according to any one of claims 12
to 14, wherein:

a second part of the alleviation layer correspond-
ing to the bending area is configured to comprise
one or more cracks.

16. A display device according to claim 15, wherein:

the cracks are atypical cracks.

17. A display device according to any one of claims 12
to 16, wherein:

a part of the alleviation layer corresponding to
the bending area is thicker than a part of the

alleviation layer which does not correspond to
the bending area.

18. A display device according to any one of claims 12
to 17, wherein:

a thickness of the alleviation layer is inversely
proportional to a size of the curvature radius
measured from the axis when the flexible sub-
strate is bent.

19. A display device according to any one of claims 12
to 18, wherein the display unit comprises an organic
light emitting diode on the flexible substrate, and
the display device comprises a driving unit between
the compensation layer and the display unit and
comprising a thin film transistor connected to the or-
ganic light emitting diode.

20. A display device according to claim 19, wherein:

the thin film transistor comprises an active layer
on the flexible substrate, and
compressive stress is applied to the active layer
corresponding to the bending area.
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