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ABSTRACT

A flexible display and a method of manufacturing the same
are disclosed. In one aspect, the method includes forming a
sacrificial metal layer over a Support Substrate, the sacrificial
metal layer formed of a metal material, and forming a barrier
layer over the sacrificial metal layer, the barrier layer formed
of an organic material. The method also includes exposing
the sacrificial metal layer to oxygen so as to form a sacri
ficial metal oxide layer, forming a display unit over the
barrier layer, and separating the barrier layer from the
Support Substrate.
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0010. The organic material may be formed of a material
having a low viscosity greater than about 1 cB and equal to
or less than about 100 cp.

CROSS-REFERENCE TO RELATED
APPLICATION

0001. This application claims the benefit of Korean Pat
ent Application No. 10-2015-01 13370, filed on Aug. 11,
2015, in the Korean Intellectual Property Office, the disclo
sure of which is incorporated herein in its entirety by
reference.
BACKGROUND

Field

0002 The described technology generally relates to a
flexible display and a method of manufacturing the same.
Description of the Related Technology
0003. From among display devices, an organic light
emitting diode (OLED) display has drawn attention as a
next-generation display apparatus due to its desirable char
acteristics including a wide viewing angle, a high contrast
ratio, and a rapid response rate.
0004 Generally, when the OLED display is manufac
tured, thin-film transistors (TFTs) and OLEDs are formed on
a substrate, and the OLEDs emit light during operation of
the OLED technology can be applied to a small device such
as a cellular phone or a large product such as a TV.
0005 Recently, market demand for flexible display appa
ratuses has increased, and research on flexible display appa
ratuses is being actively performed.
0006. The above information disclosed in this Back
ground section is only for understanding the background of
the described technology, and therefore, it may contain
information that does not constitute the prior art that is
already known to the public in this country.
SUMMARY OF CERTAIN INVENTIVE
ASPECTS

0007. One inventive aspect is a flexible display and a
method of manufacturing the same, where the flexible
display includes a display unit in which damage is mini
mized caused by heat or a crack when a flexible substrate is
delaminated from a Support Substrate.
0008 Another aspect is a flexible display apparatus, in
which a damage of a display unit, which is caused by heat
or a crack generated in a process of manufacturing the
flexible display apparatus, is reduced and a method of
manufacturing the same, so as to solve problems including
the problem described above. However, this is only an
example, and does not pose a limitation on the scope of the
described technology.
0009. Another aspect is a method of manufacturing a
flexible display apparatus that includes: forming a sacrificial
metal layer on a Support Substrate, the sacrificial metal layer
including a metal material; forming a barrier layer on the
sacrificial metal layer, the barrier layer including an organic
material; forming a sacrificial metal oxide layer by exposing
the sacrificial metal layer to oxygen; forming a display unit
on the barrier layer; and separating the barrier layer from the
Support Substrate.

0011. The barrier layer may be formed of an imide-based,
acrylic-based, phenylene-based, or siloxane-based material.
0012. The barrier layer may be formed to have a thick
ness equal to or greater than about 10 nm and equal to or less
than about 1 Lum.
0013 The sacrificial metal layer may include molybde
num (Mo).
0014. The barrier layer may include the organic material
and a solvent, and the method may further include vapor
izing the solvent from the barrier layer at same time when
the sacrificial metal oxide layer is formed.
0015 The barrier layer may include the organic material
and a cross-linking agent, and the method may further
include cross-linking the barrier layer with the cross-linking
agent by exposing the barrier layer to heat at same time
when the sacrificial metal oxide layer is formed.
0016. The separating of the barrier layer from the support
Substrate may include separating the barrier layer from the
Support Substrate by radiating a laser light to the sacrificial
metal oxide layer.
0017. The separating of the barrier layer from the support
Substrate may include separating the barrier layer from the
Support Substrate by dissolving the sacrificial metal oxide
layer in water.
0018. The forming of the sacrificial metal oxide layer
may be performed after the barrier layer is formed.
0019. Another aspect is a flexible display apparatus that
includes: a barrier layer including a low-viscosity organic
material; and a display unit on the barrier layer and including
a thin-film transistor and a light-emitting device electrically
connected to the thin-film transistor.

0020. The organic material may be a low-viscosity mate
rial having a viscosity greater than about 1 cP and equal to
or less than about 100 cp.

0021. The organic material may be formed of an imide
based, acrylic-based, phenylene-based, or siloxane-based
material.

0022. The barrier layer may have a thickness equal to or
greater than about 10 nm and equal to or less than about 1
lm.

0023 The flexible display apparatus may further include:
a protective film on a Surface opposite to a surface on which
the display unit is on the barrier layer.
0024. These general and specific embodiments may be
implemented by using a system, a method, a computer
program, or a combination of the system, the method, and
the computer program.
0025. Another aspect is a method of manufacturing a
flexible display, the method comprising: forming a sacrifi
cial metal layer over a Support Substrate, the sacrificial metal
layer formed of a metal material; forming a barrier layer
over the sacrificial metal layer, the barrier layer formed of an
organic material; exposing the sacrificial metal layer to
oxygen so as to form a sacrificial metal oxide layer, forming
a display unit over the barrier layer, and separating the
barrier layer from the support substrate.
0026. In the above method, the organic material has a
Viscosity greater than about 1 cB and equal to or less than
about 100 cp.
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0027. In the above method, the barrier layer is formed of
an imide-based, acrylic-based, phenylene-based, or silox

0047 FIG. 6 is a schematic cross-sectional view of the
flexible display apparatus according to an exemplary

ane-based material.

embodiment.

0028. In the above method, the barrier layer has a thick
ness equal to or greater than about 10 nm and equal to or less
than about 1 Lum.
0029. In the above method, the sacrificial metal layer is
formed of molybdenum (Mo).
0030. In the above method, the forming of the barrier
layer comprises concurrently vaporizing the solvent from
the organic material and forming the sacrificial metal oxide
layer.
0031. In the above method, the barrier layer is addition
ally formed of a cross-linking agent, wherein the method
further comprises concurrently heating the barrier layer and
forming the sacrificial metal oxide layer so as to cross-link
the barrier layer with the cross-linking agent.
0032. In the above method, the separating comprises
radiating a laser beam onto the sacrificial metal oxide layer.
0033. In the above method, the separating comprises
dissolving the sacrificial metal oxide layer in water.
0034. In the above method, the sacrificial metal oxide
layer is formed after the barrier layer is formed.
0035 Another aspect is a flexible display comprising: a
barrier layer formed of an organic material where the barrier
layer includes first and second Surfaces opposing each other;
and a display unit over the first surface of the barrier layer
and comprising a thin-film transistor (TFT) and a light
emitting device (LED) electrically connected to the TFT.
0036. The above flexible display further comprises a
protective film over the second surface of the barrier layer.
0037. In the above flexible display, the organic material
has a viscosity greater than about 1 cB and equal to or less
than about 100 cp.

0038. The above flexible display further comprises a
protective film over the second surface of the barrier layer.
0039. In the above flexible display, the organic material
includes an imide-based, acrylic-based, phenylene-based, or
siloxane-based material.

0040. The above flexible display further comprises a
protective film over the second surface of the barrier layer.
0041. In the above flexible display, the barrier layer has
a thickness equal to or greater than about 10 nm and equal
to or less than about 1 Jum.
0042. The above flexible display further comprises a
protective film over the second surface of the barrier layer.
0043. Another aspect is a method of manufacturing a
flexible display, the method comprising: depositing a metal
over a Support Substrate so as to form a sacrificial metal
layer, depositing an organic material over the sacrificial
metal layer so as to form a barrier layer; exposing the
sacrificial metal layer to oxygen so as to form a sacrificial
metal oxide layer in a chamber; and separating the barrier
layer from the support substrate.
0044) The above method further comprises forming a
protective film over the barrier layer after the separating.
BRIEF DESCRIPTION OF THE DRAWINGS

0045 FIGS. 1, 2, 3 and 5 illustrate schematic diagrams of
a process of manufacturing a flexible display apparatus
according to an exemplary embodiment.
0046 FIG. 4 is a schematic magnified cross-sectional
view of a structure of a display unit shown in FIG. 3.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

0048. A glass substrate is generally used to manufacture
a flexible substrate. However, a flexible substrate formed of

a material Such as synthetic resin has been used recently to
implement a flexible display. Since the flexible substrate can
easily bend, it may be difficult to handle the flexible sub
strate in a manufacturing process. Accordingly, a flexible
Substrate is formed on a Support Substrate having Sufficient
rigidity, several processes are performed, and then, the
flexible substrate is separated from the support substrate.
0049 Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments
are merely described below, by referring to the figures, to
explain aspects of the present description. As used herein,
the term “and/or includes any and all combinations of one
or more of the associated listed items.

0050. As the described technology allows for various
changes and numerous embodiments, particular embodi
ments will be illustrated in the drawings and described in
detail in the written description. Effects and features of the
described technology and a method of achieving the same
will become apparent to those skilled in the art from the
following detailed description which discloses various
embodiments of the present disclosure in conjunction with
the annexed drawings. The described technology may, how
ever, be embodied in many different forms and should not be
construed as being limited to the embodiments set forth
herein.

0051. Hereinafter, the described technology will be
described in detail by explaining embodiments with refer
ence to the attached drawings Like reference numerals in the
drawings denote like elements, and thus their descriptions
will not be repeated.
0052. It will be understood that although the terms “first”,
“second, etc. may be used herein to describe various
components, these components should not be limited by
these terms. These components are only used to distinguish
one component from another. As used herein, the singular
forms “a,” “an and “the are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
0053. It will be further understood that the terms “com
prises' and/or "comprising used herein specify the pres
ence of Stated features or components, but do not preclude
the presence or addition of one or more other features or
components. It will be understood that when a layer, region,
or component is referred to as being “formed on, another
layer, region, or component, it can be directly or indirectly
formed on the other layer, region, or component. That is, for
example, intervening layers, regions, or components may be
present.

0054 Sizes of elements in the drawings may be exag
gerated for convenience of explanation. In other words,
since sizes and thicknesses of components in the drawings
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are arbitrarily illustrated for convenience of explanation, the
following embodiments are not limited thereto.
0055. In the following examples, the x-axis, the y-axis
and the Z-axis are not limited to three axes of the rectangular
coordinate system, and may be interpreted in a broader
sense. For example, the X-axis, the y-axis, and the Z-axis
may be perpendicular to one another, or may represent
different directions that are not perpendicular to one another.
0056. When a certain embodiment may be implemented
differently, a specific process order may be performed dif
ferently from the described order. For example, two con
secutively described processes may be performed Substan
tially at the same time or performed in an order opposite to
the described order. In this disclosure, the term "substan

tially includes the meanings of completely, almost com
pletely or to any significant degree under some applications
and in accordance with those skilled in the art. Moreover,

“formed, disposed or positioned over can also mean
“formed, disposed or positioned on.” The term “connected
includes an electrical connection.

0057 FIGS. 1 through 3 and FIG. 5 illustrate schematic
diagrams of a process of manufacturing a flexible display
apparatus according to an exemplary embodiment. FIG. 4 is
a schematic magnified cross-sectional view of a structure of
a display unit shown in FIG. 3.
0058 Referring to FIG. 1, a sacrificial metal layer 20 is
formed on a support substrate 10, and then, a barrier layer
100 including an organic material may be formed on the
sacrificial metal layer 20. The Support substrate 10 may be
formed of various materials having Sufficient rigidity, Such
as glass or metal. In the current embodiment, since the
flexible display apparatus is flexible, the support substrate
10 supports the flexible display apparatus while various
layers that are to be described later are formed on the barrier
layer 100.
0059. The sacrificial metal layer 20 may be formed on the
support substrate 10. The sacrificial metal layer 20 may be
formed on the Support Substrate 10 by using a deposition
method or other various methods. The sacrificial metal layer
20 may include a metal material and may be formed of, for
example, molybdenum (Mo) by taking into account an
adhesive force with respect to the support substrate 10 and
a stripping process. However, exemplary embodiments are
not limited thereto. The sacrificial metal layer 20 may be
removed in a Subsequent process to separate a display unit
200 from the support substrate 10.
0060. The barrier layer 100 may be formed on the sac
rificial metal layer 20, and include an organic material. An
organic material having a low viscosity may be used as the
organic material of the barrier layer 100. Accordingly, the
barrier layer 100 may be formed to have a small thickness
by using the organic material having a low viscosity. The
barrier layer 100 may be formed to have a thickness of
several tens of nm to a few um. The barrier layer 100 may
be formed to have a thickness equal to or greater than about
10 nm and equal to or less than about 1 lum. The barrier layer
100 may be formed using various well-known methods in
the art. Such as a deposition method, a sputtering method, a
spin coating method, or the like.
0061 The viscosity of the organic material forming the
barrier layer 100 may be greater than about 1 c and equal
to or less than about 100 cp. Accordingly, the organic barrier
layer 100 may be formed to have a thin type. Since the
Viscosity of the organic material is greater than about 1 cB.
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the organic material has a slightly higher viscosity than
water, which has a low viscosity of 1 c. If the viscosity of
the organic material is greater than about 100 cp, it may be
not easy to form the barrier layer 100 on the support
substrate 100 to have the thickness described above.

0062. As described above, the barrier layer 100 may be
formed of an organic material having a low viscosity. The
barrier layer 100 may be formed of, for example, an imide
based, acrylic-based, phenylene-based, or siloxane-based
material, from among organic materials having a low vis
cosity. The barrier layer 100 is exposed to a high temperature
in a Subsequent process of forming the display unit 200 or
stripping the display unit 200 from the support substrate 10
after forming the display unit 200 as a Subsequent process.
Accordingly, as described above, the barrier layer 100 may
need to be an organic material having a low viscosity and
endure a high temperature. Since the above-described mate
rials are strong at a high temperature and may be formed to
have a low viscosity, the materials may form the barrier layer
100 in the current embodiment.

0063. According to an exemplary embodiment, the bar
rier layer 100 may include a solvent in addition to an organic
material. Alternately, according to another exemplary
embodiment, the barrier layer 100 may include a cross
linking agent in addition to an organic material. If the barrier
layer 100 includes a solvent, the barrier layer 100 may be
hardened while the solvent is vaporized.
0064 Referring to FIG. 2, after the sacrificial metal layer
20 and the barrier layer 100 are formed on the support
Substrate 10, a Subsequence processing process may be
performed in a chamber 30. A sacrificial metal oxidation
layer 20' may be formed by establishing an atmosphere of
oxygen (O) in the chamber 30. For example, metal oxide
may be formed by exposing the sacrificial metal layer 20 to
O. so as to combine metal with O. Various types of metal
oxides may be used as a metal oxide. A metal oxide may be,
for example, molybdenum oxide (MoC)x), but is not limited
thereto.

0065. Additionally, heat processing may be performed in
the chamber 30. If the barrier layer 100 contains a cross
linking agent, the barrier layer 100 may be exposed to heat
so that the organic material is cross-linked with the cross
linking agent. The barrier layer 100 may be hardened by
using such a process. Additionally, the sacrificial metal layer
20 may be formed as the sacrificial metal oxide layer 20' and
the organic material may be cross-linked with a cross
linking agent, by applying O and heat to the sacrificial
metal layer 20 in the chamber 20. Thus, processing time may
be reduced and a process may be simplified.
0066 Referring to FIGS. 3 and 4, the display unit 200
may be formed on the barrier layer 100. The display unit 200
may include a thin-film transistor TFT and a capacitor CAP
which are disposed on the buffer layer 201, and include a
light-emitting device 240 electrically connected to the thin
film capacitor TFT. The light-emitting device 240 may be a
liquid-crystal light-emitting device or an organic light-emit
ting device (OLED). In the current embodiment, a case
when an OLED is included is described.

0067. The display unit 200 may be formed of a plurality
of pixels. Each of the plurality of pixels may be electrically
connected to the thin-film transistor TFT so as to control

whether to emit light or a degree of light-emitting. Thus, the
display unit 200 may display an image to outside. FIG. 4 is
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a schematic magnified cross-sectional view of a structure of
a single pixel included in the display unit 200.
0068 Referring to FIG. 4, the display unit 200 may be
generally formed by Stacking layers in a certain order. A
buffer layer 201 may be formed of silicon oxide, silicon
nitride, or the like on the barrier layer 100, so as to planarize
a surface of the barrier layer 100 or prevent impurities from
penetrating into a semiconductor layer 202 of the thin-film
transistor TFT. The semiconductor layer 202 may be pat
terned on the buffer layer 201.
0069. A gate electrode 204 is formed on the semiconduc
tor layer 202. A source electrode 206s and a drain electrode
206d are electrically conducted to each other according to a
signal applied to the gate electrode 204. The gate electrode
204 may be formed of one from among aluminum (Al),
platinum (Pt), palladium (Pd), silver (Ag), magnesium (Mg),
gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir).
chrome (Cr), lithium (Li), calcium (Ca), molybdenum (Mo),
titanium (Ti), tungsten (W), and copper (Cu) to form a single
layer or multiple layers, by taking into account adhesion to
adjacent layers, planarizability, and fabricability.
0070 Agate insulating layer 203 formed of silicon oxide
and/or silicon nitride may be interposed between the semi
conductor layer 202 and the gate electrode 204, so as to
ensure insulation between the semiconductor layer 202 and
the gate electrode 204.
0071. An interlayer insulating layer 205 may be formed
on the gate electrode 204. The interlayer insulating layer 205
may be formed of a material such as silicon oxide or silicon
nitride to form a single layer or multiple layers.
0072. The source electrode 206s and the drain electrode
206d are formed on the interlayer insulating layer 205. The
source electrode 206s and the drain electrode 206d are

respectively connected to the semiconductor layer 202 via a
contact hole respectively formed on the interlayer insulating
layer 205 and the gate insulating layer 203. The source
electrode 206s and the drain electrode 206d are formed of

one of Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti,
W. and Cutoform a single layer or multiple layers, by taking
into account conductivity.
0073. A planarization layer 207 may be formed on the
barrier layer 100. If an OLED is disposed on the thin-film
transistor TFT, the planarization layer 206 planarizes a top
surface of the thin-film transistor TFT, and protects the
thin-film transistor TFT and various devices. The planariza
tion layer 207 may be formed of, for example, an acrylic
based organic material, Benzocyclobutene (BCB), or the
like.

0074. A protection layer (not shown) may be further
formed below the planarization layer 207 to protect the
thin-film transistor TFT and various devices. The protection
layer may be formed of for example, silicon oxide or silicon
nitride to form a single layer or multiple layers.
0075. The buffer layer 201, the gate insulating layer 203,
and the interlayer insulating layer 205 may be formed on a
whole surface of the barrier layer 100.
0076 A pixel electrode 201 may be patterned on the
planarization layer 207. The pixel electrode 210 may be
electrically connected to the source layer 206s or the drain
electrode 206d via a via hole formed on the planarization
layer 207.
0077. A pixel-defining layer 208 may be disposed on the
thin-film transistor TFT. The pixel-defining layer 208 may
be located on the planarization layer 207 described above,
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and have an opening exposing a center part of the pixel
electrode 210. The pixel-defining layer 208 defines a pixel
aca.

0078. The pixel-defining layer 208 may include, for
example, an organic insulating layer. The organic insulating
layer may include an acrylic-based polymer Such as polym
ethyl methacrylate (PMMA), polystyrene, a polymer deriva
tive containing a phenol group, an imide-based polymer, an
arylether-based polymer, an amide-based polymer, fluorine
based polymer, a p-Xylene-based polymer, a vinyl alcohol
based polymer, or a mixture thereof.
(0079 An OLED 240 may be formed on the pixel-defin
ing layer 208. The OLED 240 may include a pixel electrode
210, an intermediate layer 220 that includes an emission
layer (EML), and an opposite electrode 230.
0080. The pixel electrode 210 may be formed of a
transparent electrode, a semitransparent electrode or a
reflective electrode. If the pixel electrode 210 is formed of
a transparent electrode or a semitransparent electrode, the
pixel electrode 210 may be formed of indium tin oxide
(ITO), indium zinc oxide (IZO), Zinc oxide (ZnO), indium
oxide (In O), indium gallium oxide (IGO), or aluminum
Zinc oxide (AZO). If the pixel electrode 210 is formed of a
reflective electrode, the pixel electrode 210 may include a
reflective layer formed of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir,
Cr, or a compound thereof, and a layer formed of ITO, IZO.
ZnO, InO, IGO or AZO. However, exemplary embodi
ments are not limited thereto. The pixel electrode 210 may
be formed of various materials, and modified in various
ways such as having a single or multi-layered structure.
I0081. The intermediate layer 220 may be respectively on
pixel areas defined by the pixel-defining layer 208. The
intermediate layer 220 includes an EML emitting light
according to an electrical signal, and may be formed by
stacking a hole injection layer (HIL) disposed between the
EML and the pixel electrode 210, a hole transport layer
(HTL), and an electron transport layer (ETL) disposed
between the EML and the opposite electrode 230, and an
electron injection layer (EIL) in a single or multiple struc
ture. However, the intermediate layer 220 is not limited
thereto, and may be formed of various structures.
I0082. The opposite electrode 230 may be formed on a
whole surface of the barrier layer 100 to cover the interme
diate layer 220 that includes the EML and face the opposite
electrode 210. The opposite electrode 230 may be formed of
a transparent electrode, a semitransparent electrode, or a
reflective electrode.

I0083. When the opposite electrode 230 is formed of a
transparent electrode or a semitransparent electrode, the
opposite electrode 230 may include a layer formed of metal
with a low work function, that is, Li, Ca, lithium-fluoride

calcium (LiF/Ca), lithium-fluoride-aluminum (LiF/Al), Al,
Mg, or a compound thereof and a transparent conductive
layer or a semitransparent conductive layer formed of ITO,
IZO, ZnO, or In-O. If the opposite electrode 230 is formed
of a reflective electrode, the opposite electrode 230 may
include a layer formed of Li, Ca, LiF/Ca, LiF/A1, Al, Ag, Mg
or a compound thereof. However, elements and materials of
the opposite electrode 230 are not limited thereto, and
various modifications thereof may be made.
I0084. Referring to FIG. 5, the display unit 200 is formed
on the barrier layer 100, and then, the barrier layer 100 is
separated from the support substrate 10. For example, the
barrier layer 100 and the display unit 200 formed on the
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barrier layer 100 may be separated from the support sub
strate 10. Although not illustrated, a polarizing plate, a touch
screen panel (TSP), or the like may be further formed on the
display unit 200. A carrier film may be formed on the display
unit 200 to prevent the display unit 200 from being damaged
while the display unit 200 is separated from the support
substrate 10.

0085. The sacrificial metal oxide layer 20' may be dis
Solved by moisture and removed so as to the separate the
display unit 200 from the support substrate 10. In the current
embodiment, if the sacrificial metal oxide layer 20' includes
MoOx, the sacrificial metal oxide layer 20' may be dissolved
by moisture. Accordingly, the sacrificial metal oxide layer
20" remaining on the barrier layer 100 may be removed
completely by dissolving the sacrificial metal oxide layer 20'
by moisture.
I0086 According to another exemplary embodiment, the
removing of the sacrificial metal oxide layer 20' may include
removing the sacrificial metal oxide layer 20' by radiating a
laser light to the sacrificial metal oxide layer 20' in a
direction from the support substrate 10 to the display unit
200. According to cases, the sacrificial metal oxide layer 20'
may not be completely removed, and a part thereof may
remain on the barrier layer 100. In this case, the sacrificial
metal oxide layer 20' may be completely removed by
dissolving the sacrificial metal oxide layer 20' remaining on
the barrier layer 100 by moisture.
0087. Typically, a display unit is separated from a support
Substrate by radiating a laser light to a sacrificial layer. In
this process, a crack may form in the sacrificial layer and
spread to an inorganic layer below the display unit, thus
deteriorating a device. Additionally, if a laser light is radi
ated to the sacrificial layer, the laser light may spread heat
to the sacrificial layer, and cause heat deformation of an
upper protective film on the display unit 200.
0088 According to an exemplary embodiment, in a
method of manufacturing the flexible display apparatus, the
barrier layer 100 formed of an organic material is formed
between the sacrificial metal layer 20 and the display unit
200 and may prevent a crack from spreading to an inorganic
layer below the display unit 200 if a crack is generated in the
sacrificial metal oxide layer 20' while a laser light is radiated
to the sacrificial metal oxide layer 20' in a process of
stripping the display unit 200 from the support substrate 10.
Additionally, the barrier layer 100 formed of an organic
material may support the display unit 200 from below. Since
the barrier layer 100 is formed of an organic material that has
a low viscosity and has strong resistance to heat, the barrier
layer 100 may be formed in a thin type. Additionally, since
the typical thick flexible substrate is not employed, flexibil
ity of the flexible display apparatus may be improved.
0089. After the display unit 200 is separated the support
substrate 10, the display unit 200 may appear as being
formed on the organic barrier layer 100. Although not shown
in FIG. 5, a protective film 300, shown in FIG. 6, may be
attached to a surface of the barrier layer 100 in a subsequent
process after the barrier layer 100 is separated from the
support substrate 10. The protective film 300 may protect a
bottom surface of the display unit 200 and the barrier layer
100 and the protective film 300 together may support the
display unit 200 in a process performed after the display unit
200 is separated from the support substrate 10.
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0090 The method of manufacturing a flexible display
apparatus has been mainly described. However, exemplary
embodiments are is not limited thereto.

0091 FIG. 6 is a schematic cross-sectional view of the
flexible display apparatus according to an exemplary
embodiment.

0092 Referring to FIG. 6, according to an exemplary
embodiment, the flexible display apparatus includes the
protective film 300, the barrier layer 100 that includes an
organic material or layer disposed on the protective film 300,
and the display unit 200 disposed on the barrier layer 100.
0093. As described with reference to the method of
manufacturing a flexible display apparatus, the protective
film 300 is attached to the barrier layer 100 after the barrier
layer 100 and the display unit 200 are separated from the
support substrate 10. Although not illustrated, an adhesive
layer may be disposed between the barrier layer 100 and the
protective film 300. The protective film 300 may protect a
bottom surface of the display unit and the barrier layer 100
and the protective film 300 may support the display unit 200.
(0094. The protective film 300 may be formed of a plastic
film or a metal foil. If a plastic film is used as the protective
film 300, the plastic film may be one of Polyethylene
terephthalate (PET), polyether sulfone (PES), polycarbonate
(PC), polyethylene naphthalate (PEN), polyallylate (PAR),
polyurethane (PU), and polyimide (PI), but is not limited
thereto. If a metal foil is selected as the protective film 300,
the metal foil may be stainless steel (STS), but is not limited
thereto.

(0095. The barrier layer 100 may be disposed on the
protective film 300. The barrier layer 100 may include an
organic material having a low viscosity. If the barrier layer
100 includes an organic material having a low viscosity, the
barrier layer 100 may be formed in a thin type. The barrier
layer 100 may be formed to have a thickness of tens of nm
to a few lum. The barrier layer 100 may be formed to have
a thickness equal to or greater than about 10 nm and equal
to or less than about 1 Jum.
(0096. As described above, the barrier layer 100 may
include an organic material having a low viscosity and,
accordingly, a viscosity of the organic material forming the
barrier layer 100 may be greater than about 1 c and equal
to or less than about 100 cp. Since a viscosity of the organic
material is greater than about 1 cB, the organic material has
a slightly higher viscosity than that of water having a low
Viscosity, compared to the water having a viscosity of 1 cB.
If a viscosity of the organic material is greater than about
100 cp it may be not easy to form the barrier layer 100 on
the support substrate 100 to have the thickness described
above.

(0097. As described above, the barrier layer 100 may be
formed of an organic material having a low viscosity. The
barrier layer 100 may be formed of, for example, an imide
based, acrylic-based, phenylene-based, or siloxane-based
material, from among organic materials having a low vis
cosity. The barrier layer 100 is exposed to a high temperature
in a process of forming the display unit 200 or Stripping the
display unit 200 from the support substrate 10 after forming
the display unit 200. Accordingly, the barrier layer 100 may
need to be an organic material having a low viscosity and
endure a high temperature. Since the above-described mate
rials are strong at a high temperature and may be appropri
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ately formed to have a low viscosity, the barrier layer 100
may be formed of the above-described materials in the
current embodiment.

0.098 Various devices, such as the thin-film transistor
TFT and the capacitor CAP may be disposed on the display
unit 200, and the OLED 240 electrically connected to the
thin-film transistor TFT may be located in the display unit
200. A description about a pixel structure constituting the
display unit 200 is identical to a description provided with
reference to FIG. 4, and thus, is not provided here again.
0099. In the display unit 200, a common layer such as the
buffer layer 201, the gate insulating layer 201, or the
interlayer insulating layer 205 may be disposed on a whole
surface of the barrier layer 100, and the patterned semicon
ductor layer 202 that includes a channel area, a source
contact area, and a drain contact area may be disposed in the
display unit 200. The thin-film transistor TFT may include
the patterned semiconductor 202, the gate electrode 204, the
source electrode 206s, and the drain electrode 206d.

0100 Additionally, the planarization layer 207 having a
nearly planar Surface may be disposed on a whole Surface of
the barrier layer 100 and cover the thin-film transistor TFT.
The OLED 240 may be disposed on the planarization layer
207 and may include the patterned pixel electrode 210, the
opposite electrode 230 nearly corresponding to the whole
surface of the barrier layer 100, and the intermediate layer
220 that has a multilayered structure, is disposed between
the pixel electrode 210 and the opposite electrode 230, and
includes an EML. Unlike that shown in FIG. 6, the inter
mediate layer 220 may be a common layer nearly corre
sponding to the whole surface of the barrier layer 100, or the
intermediate layer 220 may be a pattern layer that is pat
terned to correspond to the pixel electrode 210. The pixel
electrode 210 may be electrically connected to the thin-film
transistor TFT via a via hole. The pixel-defining layer 208
may be disposed on the planarization layer 207 to nearly
correspond to the whole surface of the barrier layer 100,
cover an edge of the pixel electrode 210, and have an
opening defining each pixel area.
0101 Typically, the display unit 200 is separated from the
Support Substrate 10 by radiating a laser light to a sacrificial
layer. In this process, a crack may form in the sacrificial
layer and spread to an inorganic layer below the display unit
200, thus deteriorating a device. Additionally, if a laser light
is radiated to the sacrificial layer, the laser light may spread
heat to the sacrificial layer, and cause heat deformation of a
upper protective film on the display unit 200.
0102) According to an exemplary embodiment, in the
method of manufacturing the flexible display apparatus, the
barrier layer 100 formed of an organic material is formed
between the sacrificial metal layer 20 and the display unit
200. If a crack is generated in the sacrificial metal layer 20
while a laser light is radiated to the sacrificial metal layer 20
in a process of stripping the display unit 200 from the
support substrate 10, the barrier layer 100 may prevent the
crack from spreading to an inorganic layer below the display
unit 200. Additionally, the barrier layer 100 formed of an
organic material may support the display unit 200 from
below the display unit 200. Since the barrier layer 100 is
formed of an organic material that has a low viscosity and
is strong at heat, the barrier layer 100 may be formed in a
thin type. Additionally, since the typical thick flexible sub
strate is not employed, flexibility of the flexible display
apparatus may be improved.
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0103) As described above, according to an exemplary
embodiment, a flexible display apparatus in which a damage
of a display unit, which is caused by heat or a crack
generated in a process of manufacturing the flexible display
apparatus, is reduced and a method of manufacturing the
same are provided.
0104. It should be understood that exemplary embodi
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.
0105 While the inventive technology has been described
with reference to the figures, it will be understood by those
of ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope as defined by the following claims.
What is claimed is:

1. A method of manufacturing a flexible display, the
method comprising:
forming a sacrificial metal layer over a Support Substrate,
the sacrificial metal layer formed of a metal material;
forming a barrier layer over the sacrificial metal layer, the
barrier layer formed of an organic material;
exposing the sacrificial metal layer to oxygen so as to
form a sacrificial metal oxide layer;
forming a display unit over the barrier layer; and
separating the barrier layer from the Support Substrate.
2. The method of claim 1, wherein the organic material
has a viscosity greater than about 1 cB and equal to or less
than about 100 cp.

3. The method of claim 1, wherein the barrier layer is
formed of an imide-based, acrylic-based, phenylene-based,
or siloxane-based material.

4. The method of claim 1, wherein the barrier layer has a
thickness equal to or greater than about 10 nm and equal to
or less than about 1 Lum.
5. The method of claim 1, wherein the sacrificial metal

layer is formed of molybdenum (Mo).
6. The method of claim 1, wherein the forming of the
barrier layer comprises concurrently vaporizing the solvent
from the organic material and forming the sacrificial metal
oxide layer.
7. The method of claim 1, wherein the barrier layer is
additionally formed of a cross-linking agent, and wherein
the method further comprises concurrently heating the bar
rier layer and forming the sacrificial metal oxide layer so as
to cross-link the barrier layer with the cross-linking agent.
8. The method of claim 1, wherein the separating com
prises radiating a laser beam onto the sacrificial metal oxide
layer.
9. The method of claim 1, wherein the separating com
prises dissolving the sacrificial metal oxide layer in water.
10. The method of claim 1, wherein the sacrificial metal

oxide layer is formed after the barrier layer is formed.
11. A flexible display comprising:
a barrier layer formed of an organic material where the
barrier layer includes first and second Surfaces oppos
ing each other, and
a display unit over the first surface of the barrier layer and
comprising a thin-film transistor (TFT) and a light
emitting device electrically connected to the TFT.
12. The flexible display of claim 11, further comprising a
protective film over the second surface of the barrier layer.
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13. The flexible display of claim 11, wherein the organic
material has a viscosity greater than about 1 cB and equal to
or less than about 100 cp.

14. The flexible display of claim 13, further comprising a
protective film over the second surface of the barrier layer.
15. The flexible display of claim 11, wherein the organic
material includes an imide-based, acrylic-based, phenylene
based, or siloxane-based material.

16. The flexible display of claim 15, further comprising a
protective film over the second surface of the barrier layer.
17. The flexible display of claim 11, wherein the barrier
layer has a thickness equal to or greater than about 10 nm
and equal to or less than about 1 Lum.
18. The flexible display of claim 17, further comprising a
protective film over the second surface of the barrier layer.
19. A method of manufacturing a flexible display, the
method comprising:
depositing a metal over a Support Substrate so as to form
a sacrificial metal layer,
depositing an organic material over the sacrificial metal
layer so as to form a barrier layer,
exposing the sacrificial metal layer to oxygen so as to
form a sacrificial metal oxide layer in a chamber; and
separating the barrier layer from the Support Substrate.
20. The method of claim 19, further comprising forming
a protective film over the barrier layer after the separating.
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