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FIG. 2
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FIG. 3D
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METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DIODE DISPLAY

[0001] INCORPORATION BY REFERENCE TO ANY
PRIORITY APPLICATIONS

[0002] This application claims the benefit of Korean Patent
Application No. 10-2014-0195087, filed on Dec. 31,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein in its entirety by reference.

BACKGROUND
[0003] 1.Field
[0004] The described technology generally relates to a
method of manufacturing an organic light-emitting diode dis-
play.
[0005] 2. Description of the Related Technology
[0006] Each pixel of an organic light-emitting diode

(OLED) display includes a hole injection electrode, an elec-
tron injection electrode, and an organic emission layer
formed between the hole injection electrode and the electron
injection electrode. An OLED emits light when excitons gen-
erated by recombining holes injected from the hole injection
electrode and electrons injected from the electron injection
electrode in the organic emission layer drop from an excited
state to a ground state.

[0007] As OLED displays have self-emitting characteris-
tics, they do notrequire a separate light source. Thus, they can
be driven at a low voltage, can be formed to be lightweight
and thin, and have favorable characteristics such as wide view
angles, good contrast, and quick response times. Accordingly,
this technology has drawn attention for use in next-generation
displays.

SUMMARY OF CERTAIN INVENTIVE ASPECTS

[0008] One inventive aspect relates to a method of manu-
facturing an OLED display.

[0009] Another aspect is a method of manufacturing an
OLED display that includes: preparing donor glass; evapo-
rating a material to form abarrier thin-film on the donor glass
through a high-temperature process; preparing acceptor glass
having a lower substrate thereon; providing an organic light-
emitting device (OLED) unit on the lower substrate; turning
over the donor glass and bonding the donor glass to the
acceptor glass; and irradiating a laser beam on the barrier
thin-film to delaminate the donor glass from the barrier thin-
film.

[0010] Themethod can further include forming a sacrificial
layer on the donor glass before the evaporating of a material
to form the barrier thin-film.

[0011] The sacrificial layer can be formed of a material
which is not disintegrated at a temperature of 550° C. or less.
[0012] The sacrificial layer can be formed of an inorganic
material containing hydrogen of 4 wt % or more.

[0013] The sacrificial layer can be formed of an oxide, a
nitride, a dielectric, or a semiconductor.

[0014] Thebarrier thin-film can be a high-density thin layer
formed by a high-temperature process.

[0015] The barrier thin-film can be an inorganic single
layer, an inorganic multi-layer, or an organic and inorganic
multi-layer.

[0016] The method can further include forming a buffer
layer on an OLED after providing the OLED on the lower
substrate.
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[0017] Thedonor glass can be delaminated from the barrier
thin-film by irradiating a laser beam on the sacrificial layer.
[0018] The method can further include attaching an upper
protective film on the barrier thin-film after delaminating the
donor glass from the barrier thin-film.

[0019] The method can further include turning over the
acceptor glass and delaminating the acceptor glass by irradi-
ating a laser beam thereon, after delaminating the donor glass
from the barrier thin-film.

[0020] The method can further include attaching a lower
protective film below the lower substrate after delaminating
the acceptor glass.

[0021] The method can further include sequentially attach-
ing a pol film, a TSP, and a window onto the barrier thin-film
after removing the upper protective film attached to the bar-
rier thin-film.

[0022] Thebonding of the donor glass to the acceptor glass
can be performed by aligning and firmly bonding the donor
glass to the acceptor glass in a vacuum environment.

[0023] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising: providing a donor substrate including a material
formed on one surface thereof, heating the material so as to
form a barrier thin-film on the donor substrate; providing an
acceptor substrate and a substrate attached to the acceptor
substrate; forming an OLED unit over the substrate; bonding
the OLED unit and the barrier thin-film together; and irradi-
ating a laser beam on the barrier thin-film so as to delaminate
the donor substrate from the barrier thin-film.

[0024] The above method further comprises forming a sac-
rificial layer over the donor substrate before the heating.
[0025] In the above method, the sacrificial layer is formed
of a material which is not disintegrated at a temperature of
about 550° C. or less.

[0026] In the above method, the sacrificial layer is formed
of an inorganic material including hydrogen of about 4 wt %
or more.

[0027] In the above method, the sacrificial layer is formed
of an oxide, a nitride, a dielectric, or a semiconductor.
[0028] In the above method, the barrier thin-film has a
thickness substantially the same as the sacrificial layer.
[0029] In the above method, the barrier thin-film includes
an inorganic single layer, an inorganic multi-layer, or an
organic and inorganic multi-layer.

[0030] The above method further comprises forming a
buffer layer over the OLED unit after forming the OLED unit
over the substrate.

[0031] The above method further comprises attaching an
upper protective film on the barrier thin-film after the irradi-
ating.

[0032] The above method further comprises: removing the
upper protective film from the barrier thin-film; and sequen-
tially attaching a polarizing film, a touch screen panel (TSP),
and a window onto the barrier thin-film film.

[0033] The above method further comprises irradiating a
laser beam on the substrate so as to delaminate the acceptor
substrate from the substrate after delaminating the donor
substrate from the barrier thin-film.

[0034] The above method further comprises attaching a
protective film to the substrate after delaminating the acceptor
substrate.

[0035] In the above method, the bonding includes aligning
the donor substrate to the acceptor substrate and performing
the bonding in a vacuum environment.
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[0036] Another aspect is a method of manufacturing an
organic light-emitting diode (OLED) display, the method
comprising: forming a barrier thin-film on a donor substrate
so as to form a donor portion; attaching an intermediate
substrate to an acceptor substrate so as to form an acceptor
portion; forming an OLED unit over the intermediate sub-
strate; bonding the OLED unit and the barrier thin-film
together so as to attach the acceptor portion to the donor
portion; and delaminating the donor substrate from the barrier
thin-film.

[0037] Intheabove method, the forming includes heating a
material formed on the donor substrate so as to form the
barrier thin-film.

[0038] The above method further comprises attaching an
upper protective film on the barrier thin-film after delaminat-
ing the donor substrate from the barrier thin-film.

[0039] The above method further comprises: removing the
upper protective film from the barrier thin-film; and sequen-
tially attaching a polarizing film, a touch screen panel (TSP),
and a window onto the barrier thin-film film.

[0040] The above method further comprises irradiating a
laser beam on the intermediate substrate so as to delaminate
the acceptor substrate from the intermediate substrate after
delaminating the donor substrate from the barrier thin-film.
[0041] The above method further comprises attaching a
lower protective film to the intermediate substrate after
delaminating the acceptor substrate.

[0042] In the above method, the bonding includes aligning
the donor substrate to the acceptor substrate and performing
the bonding in a vacuum environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] FIGS. 1A, 1B, 1C, 1D and 1E illustrate cross-sec-
tional views of an OLED display manufactured by a method
of manufacturing the OLED display, according to an embodi-
ment.

[0044] FIG. 2illustrates a cross-sectional view of an OLED
unit formed on a lower substrate.

[0045] FIGS. 3A, 3B, 3C, 3D and 3E illustrate cross-sec-
tional views for explaining a method of manufacturing an
OLED display, according to another embodiment.

[0046] FIGS. 4A, 4B, 4C, 4D and 4E illustrate cross-sec-
tional views for explaining a method of manufacturing an
OLED display, according to another embodiment.

[0047] FIG.5illustrates a cross-sectional view for explain-
ing one operation of a method of manufacturing an OLED
display, according to an embodiment.

[0048] FIGS. 6A and 6B illustrate cross-sectional views for
explaining operations of a method of manufacturing an
OLED display, according to an embodiment.

[0049] FIG.7illustrates a cross-sectional view of an OLED
display manufactured by a method of manufacturing the
OLED display, according to an embodiment.

[0050] FIG. 8 illustrates a flowchart of a method of manu-
facturing an OLED display, according to an embodiment.
[0051] FIG. 9 illustrates a flowchart of a method of manu-
facturing an OLED display, according to another embodi-
ment.

[0052] FIG. 10 illustrates a flowchart of a method of manu-
facturing an OLED display, according to another embodi-
ment.
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DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0053] 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 can 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.

[0054] It will be understood that although the terms “first”,
“second”, etc. can be used herein to describe various compo-
nents, these components should not be limited by these terms.
These components are only used to distinguish one compo-
nent from another,

[0055] 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.

[0056] It will be further understood that the terms “com-
prises” and/or “comprising” used herein specify the presence
of stated features or components, but do not preclude the
presence or addition of one or more other features or compo-
nents.

[0057] 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 can be present.
[0058] Sizes of elements in the drawings can be exagger-
ated for convenience of explanation. In other words, since
sizes and thicknesses of components in the drawings are
arbitrarily illustrated for convenience of explanation, the fol-
lowing embodiments are not limited thereto.

[0059] When a certain embodiment can be implemented
differently, a specific process order can be performed differ-
ently from the described order. For example, two consecu-
tively described processes can be performed substantially at
the same time or performed in an order opposite to the
described order.

[0060] 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 elements and do not modify
the individual elements of the list. In this disclosure, the term
“substantially” includes the meanings of completely, almost
completely or to any significant degree under some applica-
tions and in accordance with those skilled in the art. More-
over, “formed on” can also mean “formed over.” The term
“connected” can include an electrical connection.

[0061] FIGS. 1A to 1E illustrate cross-sectional views of an
OLED display manufactured by a method of manufacturing
the OLED display, according to an embodiment.

[0062] Referring to FIG. 1A, a donor glass 100 is first
prepared, and a barrier thin-film 130 is formed on the donor
glass 100.

[0063] The donor glass 100 can be a transparent glass sub-
strate. However, the present embodiment is not limited
thereto, and a substrate of various materials can be used.
[0064] The barrier thin-film 130 can be an inorganic layer
or an organic layer or can have a multi-thin-film-layer struc-
ture in which the organic layer and the inorganic layer are
alternately stacked.
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[0065] That is, the barrier thin-film 130 can be a single
inorganic layer, a multi-inorganic-thin-film layer in which a
plurality of inorganic layers are stacked, a single organic
layer, ora multi-organic-thin-film layer in which a plurality of
organic layers are stacked.

[0066] When an organic layer and an inorganic layer are
alternately stacked, the number of thin-film layers can vary
according to the designed implementation.

[0067] In this case, the inorganic layer can firmly prevent
infiltration of oxygen and moisture, and the organic layer can
absorb stress of the inorganic layer to exhibit flexibility.
[0068] The inorganic layer can be a single layer or a stack
layer formed ofa metal oxide or a metal nitride. For example,
the inorganic layer is formed of silicon nitride (SiN_ ), alumi-
num oxide (Al,0,), silicon oxide (Si0,), or titanium oxide
(Ti0,).

[0069] The organic layer can be formed of a polymer and
can be a single layer or a stack layer formed of polyethylene
terephthalate (PET), polyimide (PI), polycarbonate (PC),
epoxy, polyethylene, or polyacrylate. For example, the
organic layer is formed of polyacrylate. For example, the
organic layer is formed of a polymer of a monomer compo-
sitionincluding a diacrylate monomer and a triacrylate mono-
mer. The monomer composition can further include a photo-
initiator such as thermoplastic polyolefin (TPO) but is not
limited thereto.

[0070] In the method of manufacturing the OLED display
according to an embodiment, a process of evaporating amate-
rial to form the barrier thin-film 130 can be performed in a
high-temperature environment.

[0071] Commonly, a barrier thin-film of an OLED display
can be formed on an OLED to prevent infiltration of external
oxygen or moisture and to exhibit flexibility after forming the
OLED.

[0072] Typically, a process of evaporating or heating a
material or unheated material to form the barrier thin-film is
not performed at a high temperature of about 80° C. or more
because anorganic material ofthe OLED is damaged at a high
temperature. Therefore, a process of forming an OLED and
evaporating a material to form a barrier thin-film on the
OLED is typically performed at a low temperature of about
80° C. or less.

[0073] Typically, since a process of evaporating a material
to form abarrier thin-film is not performed in a high-tempera-
ture environment, a density of the barrier thin-film formed by
evaporating a material in a low-temperature environment is
low.

[0074] When a density of a barrier thin-film is low, a func-
tion of preventing infiltration of external oxygen or moisture
deteriorates, and thus, the barrier thin-film has to be thick to
prevent damage of an OLED due to oxygen/moisture.
[0075] For example, even with an inorganic layer having a
thickness of about 10000 A or more, an OLED is damaged
due to infiltration of oxygen/moisture, and thus, reliability is
not satisfied.

[0076] As aresult, a barrier thin-film is formed with a large
thickness, and the flexibility of an OLED display decreases
according to the large thickness of the barrier thin-film.
[0077] Accordingly, cracks can occur when the OLED dis-
play is repeatedly curved or bent, and thus, it is difficult to use
the OLED display as a flexible display.

[0078] However, in the method of manufacturing the
OLED display according to the present embodiment, the
barrier thin-film 130 is separately formed by evaporating a
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material on the donor glass 100 instead of being formed on an
OLED, and thus, the barrier thin-film 130 can be fornied by
evaporating a material in a high-temperature process.

[0079] When the barrier thin-film 130 is formed by evapo-
rating a material in a high-temperature process of about 80°
C. or more, a density of the barrier thin-film 130 can be high,
thereby improving a function of preventing infiltration of
moisture or oxygen. [0060]

[0080] Accordingly, since the barrier thin-film 130, which
is formed by evaporation of a material, according to the
present embodiment, sufficiently prevents the infiltration of
moisture even without a great thickness, the barrier thin-film
130 can be formed with a small thickness, and both moisture
infiltration prevention efficiency and flexibility can increase,
and thus, the OLED display according to the present embodi-
ment can be used as a flexible display.

[0081] Referring to FIG. 1B, an acceptor glass 200 is pre-
pared separately from the donor glass 100. The acceptor glass
200 can have a lower substrate or an intermediate substrate
210 formed thereon.

[0082] The acceptor glass 200 can be formed of the same
material as that of the donor glass 100, but is not limited
thereto.

[0083] The lower substrate 210 can be formed of a plastic
material having strong heat-resistance characteristics, e.g.,
PI. However, a material of the lower substrate 210 is not
limited thereto, and various materials can be used.

[0084] An OLED unit 230 can be provided on the lower
substrate 210.
[0085] FIG. 2 illustrates a cross-sectional view of the

OLED unit 230 (hereinafter referred to as a display unit). A
configuration of the display unit 230 will now be described in
brief with reference to FIG. 2.

[0086] A buffer layer 2310 can be formed on the lower
substrate 210. The buffer layer 2310 can prevent spread of
impurity ions, prevent infiltration of moisture or external air,
and act as a barrier layer for planarizing a surface and/or a
blocking layer.

[0087] A semiconductor layer A of a thin-film transistor
TFT is formed on the buffer layer 2310. The semiconductor
layer A can be formed of polysilicon and can include a chan-
nel region that is not doped with impurities and source and
drain regions that are doped with impurities at both sides of
the channel region. The impurities can vary according to a
type of the thin-film transistor TFT, e.g., N-type impurities or
P-type impurities.

[0088] The semiconductor layer A can be formed of a semi-
conductor including amorphous silicon or crystalline silicon
and can be deposited by various deposition methods. In this
case, the crystalline silicon can be formed by crystallizing the
amorphous silicon. There are various methods of crystalizing
amorphous silicon, such as a rapid thermal annealing (RTA)
method, a solid phase crystallization (SPC) method, an exci-
mer laser annealing (ELA) method, a metal-induced crystal-
lization (MIC) method, a metal-induced lateral crystalliza-
tion (MILC) method, and a sequential lateral solidification
(SLS) method. The semiconductor layer A can be patterned
through a photolithography process.

[0089] A gate insulating layer 2330 is stacked completely
on the lower substrate 210 such that the gate insulating layer
2330 covers the semiconductor layer A. The gate insulating
layer 2330 can be a layer formed of an inorganic material such
as silicon oxide or silicon nitride and formed in a multi-layer
or single-layer structure. According to one or more embodi-
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ments, the gate insulating layer 2330 can be formed of silicon
oxide (8i0,), hafnium oxide, aluminum oxide, or the like.
The gate insulating layer 2330 can be formed by various
depositing methods such as chemical vapor deposition
(CVD) and plasma-enhanced chemical vapor deposition
(PECVD). The gate insulating layer 2330 insulates the semi-
conductor layer A from a gate electrode G.

[0090] The gate electrode G can be formed of at least one of
molybdenum (Mo), aluminum (Al), platinum (Pt), palladium
(Pd), silver (Ag), magnesium (Mg), gold (Au), nickel (Ni),
neodymium (Nd), iridium (Ir), chromium (Cr), lithium (Li),
calcium (Ca), titanium (T1), tungsten (W), and copper (Cu).
[0091] An interlayer insulating layer 2350 is formed over
the lower substrate 210 such that the interlayer insulating
layer 2350 covers the gate electrode G.

[0092] The interlayer insulating layer 2350 can be formed
of an inorganic material or an organic material. According to
one or more embodiments, the interlayer insulating layer
2350 is formed of an inorganic material. For example, the
interlayer insulating layer 2350 is formed of metal oxide or
metal nitride. For example, the inorganic material is silicon
oxide (8i0,), silicon nitride (SiN,), silicon oxynitride
(SiON), aluminum oxide (Al,O,), titanium oxide (TiO,),
tantalum oxide (Ta,Os), hafnium oxide (HfO,), zinc oxide
(Zn0,), or the like. The interlayer insulating layer 2350 can
be a layer formed of inorganic materials such as SiO_ and/or
SiN, and formed in a single-layer or multi-layer structure.
According to one or more embodiments, the interlayer insu-
lating layer 2350 is formed in a double-layer structure of
Si0,/SiN,, or SiN./SiO,.. The interlayer insulating layer 2350
can be formed by various deposition methods such as CVD
and PECVD.

[0093] Theinterlayer insulating layer 2350 can insulate the
gate electrode G from wirings formed on the interlayer insu-
lating layer 2350.

[0094] A source electrode S and a drain electrode D of the
thin-film transistor TFT are formed on the interlayer insulat-
ing layer 2350.

[0095] A planarization layer 2370 is formed all over the
lower substrate 210 such that the planarization layer 2370
covers the source electrode S and the drain electrode D. A
pixel electrode 2381 can be formed on the planarization layer
2370. The pixel electrode 2381 is connected to the drain
electrode D of the thin-film transistor TFT through a via hole.
[0096] The planarization layer 2370 can be formed of an
insulating material. For example, the planarization layer 2370
is formed of an inorganic material, an organic material, or an
organic/inorganic complex, formed in a single-layer or a
multi-layer structure, and by various deposition methods.
According to one or more embodiments, the planarization
layer 2370 is formed of one or more of polyacrylate resin,
epoxy resin, phenolic resin, polyamide resin, polyimide resin,
unsaturated polyester resin, poly-phenylenether resin, poly
(phenylenesulfide) resin, and benzocyclobutene (BCB).
[0097] An OLED can be provided on the thin-film transis-
tor TFT. The OLED includes the pixel electrode 2381, an
intermediate layer 2383 including an organic emission layer,
and an opposite electrode 2385. The OLED display can fur-
ther include a pixel-defining layer 2390 and a spacer (not
shown).

[0098] The pixel electrode 2381 can fill the via hole of the
planarization layer 2370 and can be electrically connected to
the drain electrode D. The pixel electrode 2381 and/or the
opposite electrode 2385 can be a transparent electrode or a
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reflective electrode. When the pixel electrode 2381 and/or the
opposite electrode 2385 are a transparent electrode, the pixel
electrode 2381 and/or the opposite electrode 2385 can be
formed of indium tin oxide (ITO), indium zinc oxide (IZ0),
zinc oxide (ZnO), or indium oxide (In,0,), and when the
pixel electrode 2381 and/or the opposite electrode 2385 are a
reflective electrode, the pixel electrode 2381 and/or the oppo-
site electrode 2385 can be formed of a reflective layer formed
of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, a compound thereof,
or the like and a transparent layer formed of ITO, 17O, ZnO,
or In,0;. According to one or more embodiments, the pixel
electrode 2381 or the opposite electrode 2385 has an [TO/Ag/
ITO structure.

[0099] Thepixel-defining layer 2390 can define a pixel area
and a non-pixel area. The pixel-defining layer 2390 can
include an opening through which the pixel electrode 2381 is
exposed and can be formed to substantially or completely
cover the lower substrate 210. The intermediate layer 2383
can be formed in the opening, which is a substantial pixel
area.

[0100] The pixel electrode 2381, the intermediate layer
2383, and the opposite electrode 2385 form the OLED. Holes
and electrons respectively injected from the pixel electrode
2381 and the opposite electrode 2385 of the OLED can
recombine in the organic emission layer, thereby emitting
light.

[0101] Theintermediate layer 2383 can include the organic
emission layer. As another example, the intermediate layer
2383 includes the organic emission layer and further includes
at least one of a hole injection layer (HIL), a hole transport
layer (HTL), an emission layer (EML), an electron transport
layer (ETL), and an electron injection layer (EIL). The
present embodiment is not limited thereto, and the interme-
diate layer 2383 includes the organic emission layer and can
further include other various function layers.

[0102] The HIL can be formed of a phthalocyanine com-
pound, such as copper phthalocyanine, or a starburst-type
amine derivative such as 4.4',4"-Tri(N-carbozolyptripheny-
lamine (TCTA), 4,4',4"1Tris(3-metholyphenyphenyl-amino)
triphenylamine (m-MTDATA), or 1,3,5-tris[4-(3-methylphe-
nylphenylamino)phenyl|benzene (m-MTDAPB).

[0103] The HTL can be formed of N-N'-bis(3-methylphe-
nyl)-N-N'-diphenyl-[1-1-biphenyl]-4,4'-diamine (TPD),
N,N-Di(naphthalenel-y1)-N,N'-diphenyl-benzidine (NPD),
or the like.

[0104] The EIL can be formed of lithium fluoride (LiF),
sodium chloride (NaCl), cesium fluoride (CsF), lithium oxide
(Li,0), barium oxide (BaO), or lithium quinolinate (Liq).
[0105] The ETL can be formed using Lig,.

[0106] The organic emission layer can be formed of a host
material and a dopant material. The host material of the
organic emission layer can be tris(8-hydroxyquinolinate )alu-
minum (Alq,), 9,10-di(naphth-2-yl)anthracene (AND),
3-tert-butyl-9,10-di (naphth-2-yl) anthracene (TBADN),
4,4'-bis(2,2-diphenyl-ethene-1-yl)-4,4'-dimethylphenyl
(DPVBi),  4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-dimeth-
ylphenyl (p-DMDPVBI), tert(9,9-diarylfluorene)s (TDAF),
2-(9,9'-spirobifluorene-2-y1)-9,9"-spirobifluorene  (BSDF),
2,7-bis(9,9'-spirobifluorene-2-y1)-9,9'-spirobifluorene
(TSDF), bis(9,9-diarylfluorene)s (BDAF), 4,4'-bis(2,2-
diphenyl-ethene-1-yl)-4,4'-di-(tert-butyl)phenyl (p-TD-
PVBIi), 1,3-bis(carbazole-9-yl)benzene (mCP), 1,3,5-tris
(carbazole-9-yl)benzene (1CP), 4,4'.4"-tris(carbazole-9-yl)
triphenylamine (TcTa), 4,4'-bis(carbazole-9-yl)biphenyl
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(CBP), 4 4'-bis(9-carbazolyl)-2,2'-dimethyl-biphenyl
(CBDP), 4 4'-bis(carbazole-9-y1)-9,9-dimethyl-fluorene
(DMFL-CBP),  4.4'-bis(carbazole-9-y1)-9,9-bis(9-phenyl-

9H-carbazole)fluorene (FL-4CBP), 4.4'-bis(carbazole-9-y1)-
9,9-di-tolyl-fluorene (DPFL-CBP), 9,9-bis(9-phenyl-9H-
carbazole)fluorene (FL-2CBP), or the like.

[0107] The dopant material of the organic emission layer
can be 4,4'-bis[4-(di-p-tolylamino)styryl]biphenyl
(DPAVBI), 9,10-di(naph-2-thyl)anthracene (ADN), 3-tert-
butyl-9,10-di(naph-2-thyl)anthracene (TBADN), or the like.
[0108] The opposite electrode 2385 is formed on the inter-
mediate layer 2383. The opposite electrode 2385 forms an
electric field together with the pixel electrode 2381 so that the
intermediate layer 2383 emits light. The pixel electrode 2381
can be patterned for each pixel, and the opposite electrode
2385 can be formed such that a common voltage is applied to
all pixels.

[0109] The pixel electrode 2381 and the opposite electrode
2385 can be a transparent electrode or a reflective electrode.
The pixel electrode 2381 can function as an anode electrode,
and the opposite electrode 2385 can function as a cathode
electrode, However, the present embodiment is not limited
thereto. For example, the pixel electrode 2381 functions as a
cathode electrode, and the opposite electrode 2385 functions
as an anode electrode.

[0110] Although FIG. 2 shows only one OLED, a display
panel includes a matrix of OLEDs. Each OLED can emit a
red, green, blue, or white color.

[0111] However, the present embodiment is not limited,
thereto. The intermediate layer 2383 can be formed com-
monly for all pixel electrodes 2381. In this case, the organic
emission layer can be formed, for example, by stacking ver-
tically or mixing layers respectively including materials for
emitting red, green, and blue lights. However, a combination
of other colors is acceptable as long as white light is emitted.
In addition, a color conversion layer for converting the emit-
ted white color into a predetermined color or a color filter can
be further included.

[0112] Referring to FIG. 1C, the donor glass 100, on which
the barrier thin-film 130 is formed, and the acceptor glass 200,
on which the OLED unit 230 is formed, are bonded to each
other.

[0113] Inthis case, a bonding process can be performed by
turning over the donor glass 100 and bringing the barrier
thin-film 130 into contact with the OLED unit 230.

[0114] After aligning the donor glass 100 and the acceptor
glass 200 together, the bonding process can be performed in
a vacuum environment. The bonding process can be per-
formed by adding an adhesive layer between the donor glass
100 and the acceptor glass 200. However, a processing
method is not limited thereto. The bonding process can be
performed in any environment as long as the donor glass 100
and the acceptor glass 200 are firmly bonded to each other.
[0115] Referring to FIGS. 1D and 1E, the donor glass 100
is delaminated by irradiating a laser beam on the barrier
thin-film 130.

[0116] That is, when a laser scans from left to right while
irradiating a laser beam, delamination occurs between layers
due to heat. Therefore, when a scan process of irradiating a
laser beam on the barrier thin-film 130 is performed, the
donor glass 100 can be delaminated from the barrier thin-film
130, as shown in FIG. 1E.

[0117] Inthiscase, when a laser beam is irradiated, delami-
nation occurs due to heat, but if the barrier thin-film 130 is
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formed on the OLED unit 230 and a laser beam is irradiated
on the barrier thin-film 130, the OLED is not damaged.
[0118] Therefore, the OLED display manufactured by the
method according to the present embodiment can include the
barrier thin-film 130 for preventing infiltration of moisture/
oxygen on the OLED unit 230 and exhibit both efficient
moisture infiltration prevention and flexible characteristics
with a high density, and a small thickness of the barrier
thin-film 130 according to high-temperature evaporation of a
material to form the barrier thin-film 130.

[0119] FIGS. 3A to 3E illustrate cross-sectional views for
explaining a method of manufacturing an OLED display,
according to another embodiment. In FIGS. 3A to 3E, like
reference numerals in FIGS. 1A to 1E indicate like members,
and descriptions thereof are omitted for convenience of
description.

[0120] Referring to FIG. 3A, the donor glass 100 is pre-
pared, and a sacrificial layer 110 is formed on the donor glass
100.

[0121] Thesacrificial layer 110 can prevent the barrier thin-
film 130 from being damaged in a process of delaminating the
donor glass 100 from the barrier thin-film 130 thereafter. A
process of delaminating the sacrificial layer 110 will be
described in detail below.

[0122] Since a portion of the sacrificial layer 110 is delami-
nated by irradiating a laser beam thereto, the sacrificial layer
110 can be formed of a material that is disintegrated by heat
that is applied during irradiation of a laser beam thereto.
[0123] In addition, since the barrier thin-film 130 formed
on the sacrificial layer 110 can be formed in a high-tempera-
ture environment as described above, the sacrificial layer 110
can be formed of a material which is not disintegrated at a
temperature at which the barrier thin-film 130 is formed.
[0124] That is, since the barrier thin-film 130 is formed by
evaporation of a material in high-temperature environment of
at most about 550° C., the sacrificial layer 110 can be formed
of a material of which a melting point is about 550° C. or
more.

[0125] The sacrificial layer 110 can be formed of an inor-
ganic material containing hydrogen of about 4 wt % or more.
[0126] The sacrificial layer 110 can be formed as a thin film
formed of hydrogen or a metal hydride material, such as
a-Si:H or SiC:H, by CVD. For example, the sacrificial layer
110 is formed of TiH, or the like.

[0127] If the sacrificial layer 110 is formed of a material
including hydrogen, when the sacrificial layer 110 absorbs a
laser beam, the sacrificial layer 110 can be melted down and
effuse hydrogen, and thus a portion of the sacrificial layer 110
can be delaminated.

[0128] Alternatively, the sacrificial layer 110 can be formed
of an oxide ceramic material, such as zirconium silicon oxide
(ZrSi0,),M00,, Zn0, 170, or ITO, a dielectric material, and
a semiconductor material.

[0129] Alternatively, the sacrificial layer 110 can be formed
of a nitride ceramic material, such as AIN_, TiN_, or gallium
nitride (GaN), a dielectric material, and a semiconductor
material.

[0130] The barrier thin-film 130, formed by evaporation of
a material at a high temperature, as described above, can be
formed on the sacrificial layer 110. The barrier thin-film 130
according to the present embodiment has good moisture infil-
tration prevention efficiency with a high density and secures
flexibility with a small thickness.
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[0131] Referring to FIG. 3B, the lower substrate 210 is
formed on the acceptor glass 200, and the OLED unit 230 can
be formed on the lower substrate 210. Descriptions thereof
are the same as described with reference to FIG. 1B and are
thus omitted for convenience of description.

[0132] Referring to FIG. 3C, the donor glass 100, on which
the sacrificial layer 110 and the barrier thin-film 130 are
formed, and the acceptor glass 200, on which the OLED unit
230 is formed, are bonded to each other.

[0133] Inthis case, a bonding process can be performed by
turning over the donor glass 100 and bringing the barrier
thin-film 130 into contact with the OLED unit 230.

[0134] Descriptions of the process of bonding the donor
glass 100 and the acceptor glass 200 to each other are the
same as described with reference to FIG. 1C and are thus
omitted for convenience of description.

[0135] Referring to FIGS. 3D and 3E, the donor glass 100
is delaminated by irradiating a laser beam on the sacrificial
layer 110.

[0136] That is, when a laser scans from left to right while
irradiating a laser beam to the sacrificial layer 110, delami-
nation occurs between layers due to heat. Therefore, when a
scan process of irradiating a laser beam on the sacrificial layer
110 is performed, a portion of the sacrificial layer 110 and the
donor glass 100 can be delaminated from the acceptor glass
200 due to segmentation of the sacrificial layer 110, as shown
in FIG. 3E.

[0137] As described above, since the sacrificial layer 110
can be formed of a material which is disintegrated by heat
when a laser beam is irradiated thereon, if a laser beam is
irradiated on the sacrificial layer 110, the sacrificial layer 110
can be segmented.

[0138] In this case, when a laser beam is irradiated on the
sacrificial layer 110, the sacrificial layer 110 is segmented,
but the barrier thin-film 130 is formed on the OLED unit 230,
and thus, even when the laser beam is irradiated on the barrier
thin-film 130, the OLED is not damaged.

[0139] In addition, since the sacrificial layer 110 is seg-
mented therein according to irradiation of a laser beam, the
barrier thin-film 130 can also not be damaged by heat.
[0140] As a result, the OLED display manufactured by the
method according to the present embodiment can include the
barrier thin-film 130 for preventing infiltration of moisture/
oxygen on the OLED unit 230 and exhibit both efficient
moisture infiltration prevention and flexible characteristics
with a high density and a small thickness of the barrier thin-
film 130 according to high-temperature evaporation of a
material to form the barrier thin-film 130.

[0141] FIGS. 4A to 4E illustrate cross-sectional views for
explaining a method of manufacturing an OLED display,
according to another embodiment. In FIGS. 4A to 4E, like
reference numerals in FIGS. 3A to 3E indicate like members,
and descriptions thereof are omitted for convenience of
description.

[0142] Referring to FIG. 4A, the sacrificial layer 110 and
the barrier thin-film 130 are formed on the donor glass 100.
[0143] Referring to FIG. 4B, the lower substrate 210 and
the OLED unit 230 are formed on the separate acceptor glass
200.

[0144] In addition, a protective layer 250 can be further
formed on the OLED unit 230.

[0145] The protective layer 250 can be additionally pro-
vided to protect the OLED unit 230 from damage by external
impact.
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[0146] In some embodiments, the OLED unit 230 is pro-
tected by the barrier thin-film 130 and the sacrificial layer 110
and is not damaged in a laser beam irradiating process to be
performed thereafter. In some embodiments, the OLED unit
230 is substantially prevented from being damaged by exter-
nal impact by additionally forming the protective layer 250
according to the present embodiment.

[0147] The protective layer 250 can include an inorganic
layer and/or an organic layer. Howevet, amaterial forming the
protective layer 250 is not limited thereto.

[0148] Referring to FIG. 4C, the donor glass 100, on which
the sacrificial layer 110 and the barrier thin-film 130 are
formed, and the acceptor glass 200, on which the OLED unit
230 is formed, are bonded to each other.

[0149] Inthis case, a bonding process can be performed by
turning over the donor glass 100 and bringing the barrier
thin-film 130 into contact with the protective layer 250.

[0150] Except for the difference that the protective layer
250 is additionally formed between the barrier thin-film 130
and the OLED unit 230, descriptions of the process of bond-
ing the donor glass 100 and the acceptor glass 200 are the
same as described with reference to FIG. 3C and are thus
omitted for convenience of description.

[0151] Referring to FIGS. 4D and 4FE, the donor glass 100
is delaminated by irradiating a laser beam on the sacrificial
layer 110.

[0152] That is, when a laser scans from left to right while
irradiating a laser beam to the sacrificial layer 110, delami-
nation occurs between layers due to heat. Therefore, when a
scan process of irradiating a laser beam on the sacrificial layer
110 is performed, a portion of the sacrificial layer 110 and the
donor glass 100 can be delaminated from the acceptor glass
200 due to segmentation of the sacrificial layer 110, as shown
in FIG. 4E.

[0153] FIG. Sillustrates a cross-sectional view for explain-
ing one operation of a method of manufacturing an OLED
display, according to an embodiment. The operation of FIG. 5
can be performed after the operation of FIG. 4E. In FIG. 5,
like reference numerals in FIG. 4E indicate like members, and
descriptions thereof are omitted for convenience of descrip-
tion.

[0154] Inaddition, even to the embodiments described with
reference to FIGS. 1E and 3E, although the difference is that
the sacrificial layer 110 or the protective layer 250 is not
formed, the operation of FIG. 5 can be performed thereafter.

[0155] Referring to FIG. 5, after a portion of the sacrificial
layer 110 and the donor glass 100 are delaminated by irradi-
ating a laser beam on the sacrificial layer 110, an upper
protective film 310 is attached to the remaining portion of the
sacrificial layer 110.

[0156] This is to prevent any damage which can occur
according to infiltration of moisture/oxygen, heat, or an
impact from the outside in a process thereafter.

[0157] FIGS. 6A and 6B illustrate cross-sectional views for
explaining operations of a method of manufacturing an
OLED display, according to an embodiment. The operations
shown in FIGS. 6A and 6B can be performed after the opera-
tion of FIG. 4E. In FIGS. 6 A and 6B, like reference numerals
in FIG. 4E indicate like members, and descriptions thereof are
omitted for convenience of description.

[0158] Inaddition, even to the embodiments described with
reference to FIGS. 1E and 3E, although the difference is that
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the sacrificial layer 110 or the protective layer 250 is not
formed, the operations of FIGS. 6 A and 6B can be performed
thereafter.

[0159] Referring to FIG. 6A, after a portion of the sacrifi-
cial layer 110 and the donor glass 100 are delaminated, the
acceptor glass 200 is turned over.

[0160] For the overturned acceptor glass 200, the acceptor
glass 200 can be delaminated by irradiating a laser beam
between the acceptor glass 200 and the lower substrate 210.
[0161] As described above, in some embodiments, since
the lower substrate 210 can be formed of a material having
strong heat-resistance characteristics, such as PI, the lower
substrate 210 is not damaged even though heat is applied to
the lower substrate 210 by irradiating a laser beam thereon.
[0162] Referring to FIG. 6B, after delaminating the accep-
tor glass 200, a lower protective film 330 is attached below the
lower substrate 210.

[0163] Thelower protective film 330 prevents infiltration of
external moisture or oxygen from the bottom.

[0164] FIG.7illustrates a cross-sectional view of an OLED
display manufactured by a method of manufacturing the
OLED display, according to an embodiment.

[0165] The OLED unit 230 and the protective layer 250 can
be sequentially formed on the lower substrate 210, and the
separately formed barrier thin-film 130 can be bonded to the
protective layer 250.

[0166] Since the barrier thin-film 130 is formed separately
by evaporating a material in a high-temperature environment
and is placed on the protective layer 250, the barrier thin-film
130 can be formed with a high density and a small thickness.
[0167] A portion of the sacrificial layer 110, which has
remained in a laser beam irradiating process, can exist on the
barrier thin-film 130.

[0168] A pol film or polarizing film 410, a touch screen
panel (TSP) 430, a window 450, and the like can be sequen-
tially stacked and formed on the barrier thin-film 130 and the
remaining portion of the sacrificial layer 110.

[0169] However, the structure formed on the barrier thin-
film 130 and the remaining portion of the sacrificial layer 110
can vary according to circumstances and is not limited
thereto.

[0170] FIG. 8 illustrates a flowchart of a method of manu-
facturing an OLED display, according to an embodiment. In
each operation, like reference numerals indicate like compo-
nents, and thus, descriptions thereof are omitted for conve-
nience of description. Depending on embodiments, addi-
tional states may be added, others removed, or the order of the
states changed in the procedure of FIG. 8. This applies to the
remaining method embodiments.

[0171] The method according to the present embodiment
will now be sequentially described with reference to FIGS.
1A to 8.

[0172] In operation S10, the donor glass 100 is prepared,
and in operation S50, the barrier thin-film 130 is formed by
evaporating a material on the donor glass 100.

[0173] As described above, operation S50 can be per-
formed in a high-temperature environment, and accordingly,
the barrier thin-film 130 having a good moisture infiltration
prevention effect because of high density and having good
flexibility because of small thickness can be formed.

[0174] In operation S70, the separate acceptor glass 200 is
prepared, and the lower substrate 210 can be formed on the
acceptor glass 200.
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[0175] 1In operation S90, the OLED unit 230 is formed on
the lower substrate 210, and in operation S130, the donor
glass 100 is turned over and is bonded to the acceptor glass
200.

[0176] In this case, the barrier thin-film 130 of the donor
glass 100 can be bonded to the OLED unit 230 of the acceptor
glass 200.

[0177] Inoperation 150, a laser beam is irradiated between
the donor glass 100 and the barrier thin-film 130 to delami-
nate the donor glass 100.

[0178] FIG. 9 illustrates a flowchart of a method of manu-
facturing an OLED display, according to another embodi-
ment. In each operation, like reference numerals indicate like
components, and thus, descriptions thereof are omitted for
convenience of description.

[0179] The method according to the present embodiment
will now be sequentially described with reference to FIGS.
1At09.

[0180] In operation S10, the donor glass 100 is prepared,
and inoperation S30, the sacrificial layer 110 is formed on the
donor glass 100. The sacrificial layer 110 protects the barrier
thin-film 130 in a process of delaminating the donor glass 100
thereafter. Accordingly, damage to the barrier thin-film 130
can be reduced.

[0181] Inoperation S50, a material for forming the barrier
thin-film 130 is evaporated on the sacrificial layer 110 after
forming the sacrificial layer 110.

[0182] As described above, operation S50 can be per-
formed in a high-temperature environment, and accordingly,
the barrier thin-film 130 having a good moisture infiltration
prevention effect because of high density and having good
flexibility because of small thickness can be formed.

[0183] In operation S70, the separate acceptor glass 200 is
prepared, and the lower substrate 210 can be formed on the
acceptor glass 200.

[0184] In operation S90, the OLED unit 230 is formed on
the lower substrate 210, and in operation S 110, the protective
layer 250 is formed on the OLED unit 230.

[0185] Operation S110 is performed to prevent the OLED
unit 230 from being damaged by heat applied in a laser beam
irradiating process or external impact.

[0186] After forming the protective layer 250 in operation
S110, in operation 5130, the donor glass 100 is turned over
and is bonded to the acceptor glass 200.

[0187] In this case, the barrier thin-film 130 of the donor
glass 100 can be bonded to the protective layer 250 of the
acceptor glass 200.

[0188] In operation 150, a laser beam is irradiated on the
sacrificial layer 110.

[0189] Thesacrificial layer 110 can be disintegrated by heat
applied by an irradiated laser beam, and the donor glass 100
and a portion of the sacrificial layer 110 can be delaminated.
[0190] FIG. 10 illustrates a flowchart of a method of manu-
facturing an OLED display, according to another embodi-
ment.

[0191] Operations S10 to S150 in the method according to
the present embodiment are the same as those in the method
of FIG. 9, and thus, descriptions thereof are omitted for con-
venience of description, and operations thereafter will be
described.

[0192] After delaminating the donor glass 100 and a por-
tion of the sacrificial layer 110 in operation S150, in operation
S 170, the upper protective film 310 is formed on the remain-
ing portion of the sacrificial layer 110.
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[0193] The upper protective film 310 can be formed to
prevent the OLED unit 230 from being damaged by external
moisture, oxygen, heat, or impact during a process thereafter.
[0194] In operation S190, the acceptor glass 200 is turned
over and is delaminated by irradiating a laser beam thereto.
[0195] That is, the acceptor glass 200 can be delaminated
by heat by irradiating a laser beam between the acceptor glass
200 and the lower substrate 210.
[0196] In operation S210, the lower protective film 330 is
formed below the lower substrate 210 after delaminating the
acceptor glass 200.
[0197] The lower protective film 330 can prevent infiltra-
tion of external moisture or oxygen from the bottom of the
lower substrate 210.
[0198] In operation S230, components such as the pol film
410, the TSP 430, and the window 450 are formed on the
barrier thin-film 130 after removing the formed upper protec-
tive film 310. However, the components formed on the barrier
thin-film 130 are not limited thereto, and components for
performing various functions can be formed instead accord-
ing to circumstances.
[0199] As described above, according to at least one of the
disclosed embodiments, a barrier thin-film layer is formed by
evaporating a material in a high-temperature process, thereby
forming a high-density layer. Accordingly, even though the
barrier thin-film has a small thickness, the barrier thin-film
has a good moisture infiltration prevention effect, thereby
maintaining its flexible characteristics.
[0200] It should be understood that the exemplary embodi-
ments described therein 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.
[0201] 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 can 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 an organic light-emitting
diode (OLED) display, the method comprising:
providing a donor substrate including a material formed on
one surface thereof;
heating the material so as to form a barrier thin-film on the
donor substrate;
providing an acceptor substrate and a substrate attached to
the acceptor substrate;
forming an OLED unit over the substrate;
bonding the OLED unit and the barrier thin-film together;
and
irradiating a laser beam on the barrier thin-film so as to
delaminate the donor substrate from the barrier thin-
film.
2. The method of claim 1, further comprising forming a
sacrificial layer over the donor substrate before the heating.
3. The method of claim 2, wherein the sacrificial layer is
formed of a material which is not disintegrated at a tempera-
ture of about 550° C. or less.
4. The method of claim 2, wherein the sacrificial layer is
formed of an inorganic material including hydrogen of about
4 wt % or more.
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5. The method of claim 2, wherein the sacrificial layer is
formed of an oxide, a nitride, a dielectric, or a semiconductor.

6. The method of claim 2, wherein the barrier thin-film has
a thickness substantially the same as the sacrificial layer.

7. The method of claim 1, wherein the barrier thin-film
includes an inorganic single layer, an inorganic multi-layer,
or an organic and inorganic multi-layer.

8. The method of claim 1, further comprising forming a
buffer layer over the OLED unit after forming the OLED unit
over the substrate.

9. The method of claim 1, further comprising attaching an
upper protective film on the barrier thin-film after the irradi-
ating.

1%. The method of claim 9, further comprising:

removing the upper protective film from the barrier thin-

film; and

sequentially attaching a polarizing film, a touch screen

panel (TSP), and a window onto the barrier thin-film
film.

11. The method of claim 1, further comprising irradiating a
laser beam on the substrate so as to delaminate the acceptor
substrate from the substrate after delaminating the donor
substrate from the barrier thin-film.

12. The method of claim 11, further comprising attaching a
protective film to the substrate after delaminating the acceptor
substrate.

13. The method of claim 1, wherein the bonding includes
aligning the donor substrate to the acceptor substrate and
performing the bonding in a vacuum environment.

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

forming a barrier thin-film on a donor substrate so as to

form a donor portion;

attaching an intermediate substrate to an acceptor substrate

so as to form an acceptor portion;

forming an OLED unit over the intermediate substrate;

bonding the OLED unit and the barrier thin-film together

so as to attach the acceptor portion to the donor portion;
and

delaminating the donor substrate from the barrier thin-film.

15. The method of claim 14, wherein the forming includes
heating a material formed on the donor substrate so as to form
the barrier thin-film.

16. The method of claim 14, further comprising attaching
an upper protective film on the barrier thin-film after delami-
nating the donor substrate from the barrier thin-film.

17. The method of claim 16, further comprising:

removing the upper protective film from the barrier thin-

film; and

sequentially attaching a polarizing film, a touch screen

panel (TSP), and a window onto the barrier thin-film
film.

18. The method of claim 14, further comprising irradiating
alaser beam on the intermediate substrate so as to delaminate
the acceptor substrate from the intermediate substrate after
delaminating the donor substrate from the barrier thin-film.

19. The method of claim 18, further comprising attaching a
lower protective film to the intermediate substrate after
delaminating the acceptor substrate.

20. The method of claim 14, wherein the bonding includes
aligning the donor substrate to the acceptor substrate and
performing the bonding in a vacuum environment.
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