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METHOD OF MANUFACTURING ORGANIC
LIGHT-EMITTING DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] Korean Patent Application No. 10-2017-0036921,
filed on Mar. 23, 2017, in the Korean Intellectual Property
Office, and entitled: “Method Of Manufacturing Organic
Light-Emitting Display Device,” is incorporated by refer-
ence herein in its entirety.

BACKGROUND

1. Field

[0002] One or more embodiments relate to a method of
manufacturing an organic light-emitting display device.

2. Description of the Related Art

[0003] An organic light-emitting display device, which is
a self-emissive display device, does not require a separate
light source. Thus, the organic light-emitting display device
may be driven by low voltage, may be configured as a
lightweight thin type display device, and is gaining attention
as a next-generation display device due to high-quality
characteristics, e.g., a wide viewing angle, a high contrast
ratio, and a high response speed.

SUMMARY

[0004] According to one or more embodiments, a method
of manufacturing an organic light-emitting display device
may include forming a plurality of pixel electrodes on a
substrate, forming a first protective layer over the plurality
of pixel electrodes, such that a first exposure portion through
the first protective layer exposes a first pixel electrode of the
plurality of pixel electrodes, forming a first intermediate
layer and a first blocking layer on the first pixel electrode,
such that the first blocking layer covers the first intermediate
layer, removing the first protective layer, forming a second
protective layer over the plurality of pixel electrodes, such
that a second exposure portion through the second protective
layer exposes a second pixel electrode of the plurality of
pixel electrodes, forming a second intermediate layer and a
second blocking layer on the second pixel electrode, such
that the second blocking layer covers the second interme-
diate layer, removing the second protective layer, forming a
third protective layer over the plurality of pixel electrodes,
such that a third exposure portion through the third protec-
tive layer exposes a third pixel electrode of the plurality of
pixel electrodes, and forming a third intermediate layer on
the third pixel electrode, wherein each of the first blocking
layer and the second blocking layer includes a self-as-
sembled monolayer.

[0005] In the present embodiment, the self-assembled
monolayer may include a chain including at least one of a
fluorine-based polymer and a hydrocarbon-based polymer,
and a head group including an organic-inorganic silane
compound.

[0006] In the present embodiment, the fluorine-based
polymer may include at least one of perfluoropolyether,
vinylidene fluoride, tetrafluoroethylene, hexafluoropropyl-
ene, and chlorotrifluoroethylene, and the hydrocarbon-based
polymer may include at least one of octadecyltrichloro and
dichlorodimethyl.

Sep. 27,2018

[0007] 1In the present embodiment, the organic-inorganic
silane compound may include at least one functional group
from among an amino group, a vinyl group, an epoxy group,
an alkoxy group, a halogen group, a mercapto group, and a
sulfide group.

[0008] In the present embodiment, the forming of the first
blocking layer and the second blocking layer may include
vacuum-depositing a blocker on each of the first intermedi-
ate layer and the second intermediate layer, the blocker
formed by polymerizing and condensing the at least one of
the fluorine-based polymer and the hydrocarbon-based poly-
mer with the organic-inorganic silane compound.

[0009] In the present embodiment, the first exposure por-
tion may be formed by coating the first protective layer with
a first photosensitive resin layer, forming a first groove by
partially exposing and etching the first photosensitive resin
layer, and then etching the first protective layer via the first
groove.

[0010] In the present embodiment, a size of the first
exposure portion may be greater than that of the first groove.
[0011] Inthe present embodiment, the method may further
include removing the third protective layer and the first and
second blocking layers.

[0012] Inthe present embodiment, the method may further
include forming an opposite electrode on the first interme-
diate layer, the second intermediate layer, and the third
intermediate layer.

[0013] Inthe present embodiment, the method may further
include forming a thin film encapsulation layer on the
opposite electrode.

[0014] In the present embodiment, a plurality of thin film
transistors electrically connected to the plurality of pixel
electrodes may be formed above the substrate.

[0015] In the present embodiment, forming the first pro-
tective layer may include forming the first exposure portion
to expose only the first pixel electrode, while the second and
third pixel electrodes are covered by the first protective layer

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings, in which:

[0017] FIG. 1 illustrates a schematic cross-sectional view
of an example of an organic light-emitting display device
according to an embodiment; and

[0018] FIGS. 2 to 10 illustrate schematic cross-sectional
views of stages in a method of manufacturing the organic
light-emitting display device of FIG. 1.

DETAILED DESCRIPTION

[0019] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in different forms and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey exemplary implementations to those skilled in the
art.

[0020] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
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may also be present. In addition, it will also be understood
that when a layer is referred to as being “between” two
layers, it can be the only layer between the two layers, or one
or more intervening layers may also be present. Like refer-
ence numerals refer to like elements throughout.

[0021] While such terms as “first” and “second” may be
used to describe various components, such components must
not be limited to the above terms. The above terms are used
only to distinguish one component from another.

[0022] The singular forms “a,” “an,” and “the” used herein
are intended to include the plural forms as well, unless the
context clearly indicates otherwise. Further, it will be under-
stood that terms such as “include,” “comprise,” and “have”
used herein specify the presence of stated features or com-
ponents, but do not preclude the presence or addition of one
or more other features or components.

[0023] When an embodiment may be implemented differ-
ently, a specific process order may be performed differently
from the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order.

[0024] 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.

[0025] FIG. 1 is a schematic cross-sectional view of an
example of an organic light-emitting display device 10
according to an embodiment. FIGS. 2 to 10 are schematic
cross-sectional views of stages in a method of manufactur-
ing the organic light-emitting display device 10 of FIG. 1.
[0026] Referring to FIGS. 1 to 10, a method of manufac-
turing the organic light-emitting display device 10, accord-
ing to an embodiment, may include preparing a substrate
100 with a plurality of pixel electrodes 210R, 210G, and
210B, and using a first protective layer 410 including a first
exposure portion 412, which exposes a first pixel electrode
210R from among the plurality of pixel electrodes 210R,
210G, and 210B, to form a first intermediate layer 220R and
a first blocking layer 291 covering the first intermediate
layer 220R over the first pixel electrode 210R. The method
may further include removing the first protective layer 410,
and by using a second protective layer 420 including a
second exposure portion 414 which exposes a second pixel
electrode 210G from among the pixel electrodes 210R,
210G, and 210B, forming, over the second pixel electrode
210G, a second intermediate layer 220G and a second
blocking layer 293 covering the second intermediate layer
220G. The method may further include removing the second
protective layer 420, and by using a third protective layer
430 including a third exposure portion 416 which exposes a
third pixel electrode 210B from among the pixel electrodes
210R, 210G, and 210B, forming a third intermediate layer
2208 on the third pixel electrode 210B.

[0027] After the third intermediate layer 220B is formed,
the third protective layer 430 and the first and second
blocking layers 291 and 293 may be removed, and an
opposite electrode 230 may be formed on the first interme-
diate layer 220R, the second intermediate layer 220G, and
the third intermediate layer 220B. The pixel electrodes
210R, 210G, and 210B may be respectively electrically
connected to a plurality of thin film transistors TFT formed
above the substrate 100, and a plurality of capacitors Cap
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may be formed above the substrate 100 together with the
plurality of thin film transistors TFT. Each of the thin film
transistors TFT may include an active layer 120, a gate
electrode 140, a source electrode 160, and a drain electrode
162.

[0028] In detail, referring to FIGS. 1-2, formation of the
thin film transistors TFT and the pixel electrodes 210R,
210G, and 210B electrically connected to the thin film
transistors TFT on the substrate 100 will be described first.
[0029] The substrate 100 may include a transparent glass
material, e.g., mainly composed of SiO,. However, the
substrate 100 is not limited thereto, and may include a
transparent plastic material. The plastic material used to
form the substrate 100 may be an insulating organic mate-
rial, and may be at least one of, e.g., polyethersulfone (PES),
polyacrylate, polyetherimide (PEI), polyethylene naphtha-
late (PEN), polyethylene terephthalate (PET), polyphe-
nylene sulfide (PPS), polyarylate (PAR), polyimide (PI),
polycarbonate (PC), cellulose triacetate (TAC), and cellu-
lose acetate propionate (CAP).

[0030] In a bottom emission type, i.e., where an image is
implemented toward the substrate 100, the substrate 100
needs to include a transparent material. However, in a top
emission type, i.e., where an image is implemented in an
opposite direction to the substrate 100, the substrate 100
does not need to include a transparent material. In this case,
the substrate 100 may include metal. When the substrate 100
includes metal, the substrate 100 may include, but is not
limited to, at least one of, e.g., carbon, steel, chromium (Cr),
manganese (Mn), nickel (Ni), titanium (Ti), molybdenum
(Mo), and stainless steel (SUS).

[0031] As illustrated I FIG. 2, a buffer layer 110 may be
formed on the substrate 100 to prevent intrusion of impu-
rities, etc. into the active layer 120 of a thin film transistor
TFT. The buffer layer 110 may include an inorganic material,
e.g., silicon oxide, silicon nitride, silicon oxynitride, alumi-
num oxide, aluminum nitride, titanium oxide, or titanium
nitride, or an organic material, e.g., PI, polyester, or acryl, or
may have a stack structure of these materials. The buffer
layer 110 may be deposited by using various deposition
methods, e.g., a plasma-enhanced chemical vapor deposition
(PECVD) method, an atmospheric pressure CVD (APCVD)
method, or a low pressure CVD (LPCVD) method.

[0032] The active layer 120 including an inorganic semi-
conductor, e.g., silicon, an organic semiconductor, or an
oxide semiconductor material may be formed on the buffer
layer 110. The active layer 120 has a source region, a drain
region, and a channel region therebetween. For example,
when the active layer 120 is formed by using amorphous
silicon, an amorphous silicon layer is formed on the entire
surface of the substrate 100 and then crystallized to form a
polycrystalline silicon layer. After the polycrystalline silicon
layer is patterned, a source region and a drain region at
opposite edges thereof are doped with impurities to form the
active layer 120 including a source region, a drain region,
and a channel region between the doped source and drain
regions.

[0033] A gate insulating film 130 may be formed on the
active layer 120. The gate insulating film 130, which insu-
lates the active layer 120 and the gate electrode 140 from
each other, may include, e.g., SiN, or SiO,.

[0034] The gate electrode 140 may be formed above the
active layer 120 with the gate insulating film 130 therebe-
tween. The gate electrode 140 may be formed of at least one
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of, e.g., aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), Ni, neodymium (Nd),
iridium (Ir), Cr, lithium (Li), calcium (Ca), Mo, Ti, tungsten
(W), and copper (Cu), in a single layer or a multilayer
structure.

[0035] An interlayer insulating film 150 may be formed on
the gate electrode 140. The interlayer insulating film 150
may be formed of, e.g., silicon oxide or silicon nitride, in a
single layer or a multilayer structure.

[0036] The source electrode 160 and the drain electrode
162 are formed on the interlayer insulating film 150 to
finalize the thin film transistor TFT. In detail, the interlayer
insulating film 150 and the gate insulating film 130 expose
the source region and the drain region of the active layer
120. The source electrode 160 and the drain electrode 162
contact the exposed source and drain regions of the active
layer 120, respectively. The source electrode 160 and the
drain electrode 162 may be formed of at least one of, e.g.,
Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Li, Ca, Mo, Ti, W, and
Cu, in a single layer or a multilayer structure.

[0037] Although FIG. 1 illustrates a top gate-type thin film
transistor TFT sequentially including the active layer 120,
the gate electrode 140, the source electrode 160, and the
drain electrode 162, the present disclosure is not limited
thereto. For example, the gate electrode 140 may be dis-
posed below the active layer 120.

[0038] A first insulating film 170 may be formed on the
source electrode 160 and the drain electrode 162, e.g., to
cover a plurality of thin film transistors TFT on the substrate
100. When an organic light-emitting device is disposed
above the thin film transistor TFT, the first insulating film
170 may planarize an upper surface of the thin film transistor
TFT and may protect the thin film transistors TFT and
various devices. The first insulating film 170 may include an
inorganic insulating film and/or an organic insulating film.
The inorganic insulating film may include, e.g., Si0,, SiN_,
SiON, Al,0,, TiO,, Ta,0s, HfO,, ZrO,, BST, or PZT. The
organic insulating film may include, e.g., a commodity
polymer (PMMA or PS), polymer derivatives containing a
phenol-based group, an acrylic polymer, an imide-based
polymer, an aryl ether-based polymer, an amide-based poly-
met, a fluorine-based polymer, a p-xylene-based polymer, a
vinyl alcohol-based polymer, or a blend thereof. Also, the
first insulating film 170 may be a complex stack of an
inorganic insulating film and an organic insulating film.
[0039] Organic light-emitting devices including a first
sub-pixel 250R, a second sub-pixel 250G, and a third
sub-pixel 250B may be formed on the first insulating film
170. For example, the first sub-pixel 250R may be a red
sub-pixel, the second sub-pixel 250G may be a green
sub-pixel, and the third sub-pixel 250B may be a blue
sub-pixel. The first sub-pixel 250R may include the first
pixel electrode 210R, the first intermediate layer 220R, and
the opposite electrode 230, the second sub-pixel 250G may
include the second pixel electrode 210G, the second inter-
mediate layer 220G, and the opposite electrode 230, and the
third sub-pixel 250B may include the third pixel electrode
210B, the third intermediate layer 220B, and the opposite
electrode 230.

[0040] In detail, as illustrated in FIG. 2, the first to third
pixel electrodes 210R, 210G, and 210B may be formed on
the first insulating film 170, may be respectively connected
to the thin film transistors TFT via contact holes formed in
the first insulating film 170, and may be transparent elec-
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trodes or reflective electrodes. When the first to third pixel
electrodes 210R, 210G, and 210B are transparent electrodes,
the first to third pixel electrodes 210R, 210G, and 210B may
include. e.g., ITO, 1ZO, ZnO, In,0;, 1GO, or AZO. When
the first to third pixel electrodes 210R, 210G, and 210B are
reflective electrodes, the first to third pixel electrodes 210R.
210G, and 210B may include a reflective film including,
e.g., Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or a compound
thereof, and a layer including, e.g., ITO, [ZO, ZnO, In,0;,
1GO, or AZO. However, the present disclosure is not limited
thereto. The first to third pixel electrodes 210R, 210G, and
210B may include various materials, and a structure thereof
may also be variously modified so that the first to third pixel
electrodes 210R, 210G, and 210B may have, for example, a
single layer or multi-layer structure.

[0041] A second insulating film 180 may be formed on the
first to third pixel electrodes 210R, 210G, and 210B. The
second insulating film 180 may include at least one organic
insulating material of, e.g., PI, polyamide, an acrylic resin
layer, benzocyclobutene, and a phenol resin layer, and may
be formed by, e.g., spin coating. The second insulating film
180 may be a pixel-defining film exposing predetermined
regions of the first to third pixel electrodes 210R, 210G, and
210B.

[0042] The first intermediate layer 220R, the second inter-
mediate layer 220G, and the third intermediate layer 220B
respectively included in the first sub-pixel 250R, the second
sub-pixel 250G, and the third sub-pixel 250B may be formed
in pixel regions defined by the second insulating film 180,
and may respectively include emission layers (EMLs)
respectively emitting red colored light, green colored light,
and blue colored light. In addition, the first intermediate
layer 220R, the second intermediate layer 220G, and the
third intermediate layer 220B may include a hole injection
layer (HIL), a hole transport layer (HIL), an electron
transport layer (ETL), an electron injection layer (EIL), and
the like stacked in a single or complex structure, and may
have various structures. Also, a metal film including, e.g.,
Ag and Mg, may be included on top of the first intermediate
layer 220R, the second intermediate layer 220G, and the
third intermediate layer 220B.

[0043] Hereinafter, 2 method of forming the first interme-
diate layer 220R, the second intermediate layer 220G, and
the third intermediate layer 220B above the pixel electrodes
210R, 210G, and 210B, respectively, will be described in
more detail below with reference to FIGS. 2-3.

[0044] First, referring to FIG. 2, the first protective layer
410 may be formed above the substrate 100 so as to cover
the, e.g., entire, second insulating film 180 and, e.g., all, the
exposed portions of the pixel electrodes 210R, 210G, and
210B. Next, a first photosensitive resin layer 510 may be
formed on the top surface of the first protective layer 410,
and a first groove 512 may be formed through the first
photosensitive resin layer 510 in a region overlapping the
first pixel electrode 210R.

[0045] Referring to FIG. 3, the first exposure portion 412
exposing the first pixel electrode 210R may be formed
through the first protective layer 410. Then, the first inter-
mediate layer 220R and the first blocking layer 291 may be,
e.g., sequentially, formed over the first pixel electrode 210R.
[0046] The first protective layer 410 may cover not only
the pixel electrodes 210R, 210G, and 210B but also the
second insulating film 180. For example, the first protective
layer 410 may include a fluorine-based resin. That is, the
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first protective layer 410 is unreactive with an organic
material, and thus may be prevented from reacting with the
second insulating film 180 including an organic material.
For example, the first protective layer 410 may include, but
is not limited to, 75 wt % to 95 wt % of fluoro ether having
hydrogen partially substituted with fluorine in an ether
structure, and 5 wt % to 25 wt % of resin polymer.

[0047] The first exposure portion 412 may be formed by
coating the first protective layer 410 with the first photo-
sensitive resin layer 510, forming the first groove 512 by
partially exposing and etching the first photosensitive resin
layer 510, and then etching the first protective layer 410 via
the first groove 512. The first exposure portion 412 may be
formed by wet-etching the first protective layer 410 by using
a stripper capable of selectively removing the first protective
layer 410. For example, the first exposure portion 412 may
be formed by removing the first protective layer 410
exposed via the first groove 512 by using a stripper in the
form of a solution including hydro fluoro ether. As described
above, the first exposure portion 412 may be formed by wet
etching, and thus, a size of the first exposure portion 412
may be greater than that of the first groove 512, as illustrated
in FIG. 3.

[0048] The first intermediate layer 220R may be formed
by a thermal deposition method, etc., so as to correspond to
the entire area of the substrate 100. Accordingly, the first
intermediate layer 220R may be formed not only on the first
pixel electrode 210R but also on the first photosensitive
resin layer 510. For example, a plurality of first intermediate
layers 220R may be formed, e.g., simultaneously, on a
plurality of corresponding first pixel electrodes 210R, while
the second and third pixel electrodes 210G and 210B are
covered by the first protective layer 410 (FIG. 3). For
example, a plurality of first blocking layers 291 may be
formed, e.g., simultaneously, on a plurality of corresponding
first intermediate layers 220R, while the second and third
pixel electrodes 210G and 210B are covered by the first
protective layer 410 (FIG. 3).

[0049] The first intermediate layer 220R may include an
EML, and may have an HIL, an HTL, an ETL, an EIL, and
the like stacked in a single or complex structure. Also, a
metal film including, e.g., Ag and Mg, may further be
included on top of the first intermediate layer 220R.
[0050] The first blocking layer 291 may cover the, e.g.,
entire exposed surface of the, first intermediate layer 220R.
The first blocking layer 291 may be formed by a vapor
deposition method. The first blocking layer 291 may be
formed not only on the first intermediate layer 220R in the
first exposure portion 412, but also on the first intermediate
layer 220R on the first photosensitive resin layer 510. Since
the first exposure portion 412 is larger, e.g., wider along a
direction parallel to the substrate 100, than the first groove
512, the first blocking layer 291 formed by the vapor
deposition method may be deposited in a direction perpen-
dicular to the substrate 100 and a direction oblique to the
substrate 100, and thus may cover edges of the first inter-
mediate layer 220R in the first exposure portion 412 having
a width greater than that of the first groove 512. For
example, as illustrated in FIG. 3, the first blocking layer 291
may extend to completely overlap and cover the upper
surface of the first intermediate layer 220R, and may extend
beyond edges of the first intermediate layer 220R to contact
sidewalls of the second insulating film 180, e.g., so the first
intermediate layer 220R may be completely enclosed by the
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first blocking layer 291, the first pixel electrode 210R, and
the second insulating film 180.

[0051] The first blocking layer 291 may block exposure of
the first intermediate layer 220R to a process environment
during a process of forming the second intermediate layer
220G (of FIG. 1) and the third intermediate layer 220B (of
FIG. 1), which will be described later, and thus may prevent
damage to the first intermediate layer 220R. For example, as
the first blocking layer 291 may completely cover the first
intermediate layer 220R, the first intermediate layer 220R
may be protected from any damage during subsequent
processing stages, e.g., stages forming the second and third
intermediate layers 220G and 220B.

[0052] Therefore, the first blocking layer 291 according to
embodiments exhibits excellent binding strength with
respect to the second protective layer 420 (of FIG. 5) and the
third protective layer 430 (of FIG. 8) formed thereon during
subsequent processes, and is stably maintained when the
first protective layer 410, the second protective layer 420 (of
FIG. 5), and the third protective layer 430 (of FIG. 8) are
removed. At the same time, the first blocking layer 291 is
easily removed from the first intermediate layer 220R with-
out residue remaining on the first intermediate layer 220R
after the second intermediate layer 220G (of FIG. 1) and the
third intermediate layer 220B (of FIG. 1) are formed.
[0053] Thatis, a first side, i.e., surface, of the first blocking
layer 291 facing the first intermediate layer 220R and a
second side, i.e., surface, opposite the first side of the first
blocking layer 291 have different characteristics from each
other. Accordingly, the first blocking layer 291 may be a
self-assembled monolayer. For example, the first blocking
layer 291 may be a self-assembled monolayer including a
chain, e.g., at least one of a fluorine-based polymer and a
hydrocarbon-based polymer to have water repellency, and a
terminal group, e.g., a head group of the polymer chain
including an organic-inorganic silane compound binding to
the first intermediate layer 220R.

[0054] The fluorine-based polymer and the hydrocarbon-
based polymer have low surface energy and thus may have
excellent binding strength with respect to the second pro-
tective layer 420 (of FIG. 5) and the third protective layer
430 (of FIG. 8). For example, the fluorine-based polymer
may include at least one of perfluoropolyether, vinylidene
fluoride, tetrafluoroethylene, hexafluoropropylene, and chlo-
rotrifluoroethylene, and the hydrocarbon-based polymer
may include at least one of octadecyltrichloro and dichlo-
rodimethyl, but the present disclosure is not limited thereto.
[0055] The organic-inorganic silane compound may per-
form condensation and polymerization reactions with the
fluorine-based polymer and/or the hydrocarbon-based poly-
mer, and may include an adhesion promoter for increasing
adhesive strength with respect to the first intermediate layer
220R. For example, the organic-inorganic silane compound
may have at least one functional group from among an
amino group, a vinyl group, an epoxy group, an alkoxy
group, a halogen group, a mercapto group, and a sulfide
group.

[0056] In detail, the organic-inorganic silane compound
may include at least one of aminopropyltriethoxysilane,
aminopropyltrimethoxysilane, amino-methoxysilane, phe-
nylaminopropyltrimethoxysilane, N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane, N-(p-aminoethyl)-y-amino-
propylmethyldimethoxysilane,
y-aminopropyltridimethoxysilane, y-aminopropyldimethox-



US 2018/0277612 Al

ysilane, aminopropyltriethoxysilane, y-aminopropyldiethox-
ysilane, vinyltriethoxysilane, vinyltrimethoxysilane, vinyltri
(methoxyethoxy)silane, di-, tri- or tetraalkoxysilane,
vinylmethoxysilane, vinyltrimethoxysilane, vinylepoxysi-
lane, vinyltriepoxysilane, 3-glycidoxypropyltrimethoxysi-
lane, 3-methacryloxypropyltrimethoxysilane, y-glycidoxy-
propyltriethoxysilane,

y-methacryloxypropyltrimethoxysilane, chlorotrimethylsi-
lane, trichloroethylsilane, trichloromethylsilane, trichloro-
phenylsilane, trichlorovinylsilane, mercaptopropyltriethox-

ysilane, trifluoropropyltrimethoxysilane, bis
(trimethoxysilylpropyl)amine,  bis(3-triethoxysilylpropyl)
tetrasulfide, bis(triethoxysilylpropyl)disulfide,

(methacryloxy)propyltrimethoxysilane, 2-(3,4-epoxycyclo-
hexyl)ethyltrimethoxysilane, 3-glycidoxypropylmethyldi-
ethoxysilane, 3-glycidoxypropyldiethoxysilane, 3-glyci-
doxypropyltriethoxysilane, and p-styryltrimethoxysilane.

[0057] The first blocking layer 291 may be formed by
mixing at least one of the fluorine-based polymer and the
hydrocarbon-based polymer with the organic-inorganic
silane compound, forming a blocker for forming the first
blocking layer 291 by polymerizing and condensing at least
one of the fluorine-based polymer and the hydrocarbon-
based polymer with the organic-inorganic silane compound
in an inactive gas atmosphere, e.g., argon gas, and then
vacuum-depositing the blocker. The formed first blocking
layer 291 may include at least one of, e.g., FOTS(CF;(CF,)
5(CH,),SiCly), FDTS(CF4(CF,),(CH,),SiCl;), FOMDS
(CF,(CE,)5(CH,),Si(CH,)CL,), FOMMS(CF,(CF,)5(CH,)
,8i(CH;),Cl), OTS(CH,(CH,),,(CH,),SiCl;), and DDMS
((CH,),SiCL).

[0058] As illustrated in FIG. 4, after the first blocking
layer 291 is formed, the first protective layer 410 (of FIG. 3)
is removed. The first protective layer 410 (of FIG. 3) may be
removed by a stripper capable of selectively removing only
the first protective layer 410 (of FIG. 3). For example, the
first protective layer 410 (of FIG. 3) may be removed by a
method of dipping the substrate 100 into a stripper in the
form of a solution including hydro fluoro ether. In this
regard, the first intermediate layer 220R is covered by the
first blocking layer 291, and accordingly, when the first
protective layer 410 (of FIG. 3) is removed, the first inter-
mediate layer 220R is not exposed to the stripper while
removing the first protective layer 410 (of FIG. 3).

[0059] Next, as illustrated in FIGS. 5 and 6, the second
protective layer 420 may be formed above the substrate 100
so as to cover the pixel electrodes 210R, 210G, and 210B.
The second exposure portion 414 exposing the second pixel
electrode 210G may be formed in the second protective
layer 420, and then, the second intermediate layer 220G and
the second blocking layer 293 may be formed over the
second pixel electrode 210G.

[0060] In detail, the second protective layer 420 may
include the same material as that of the first protective layer
410 (of FIG. 3). Also, the second exposure portion 414 may
be formed by the same method used to form the first
exposure portion 412. That is, the second exposure portion
414 may be formed by coating the second protective layer
420 with a second photosensitive resin layer 520, forming a
second groove by patterning the second photosensitive resin
layer 520 through a photolithography process, and then
etching the second protective layer 420 via the second
groove.
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[0061] The second intermediate layer 220G and the sec-
ond blocking layer 293 may be formed so as to correspond
to the entire area of the substrate 100, and thus may also be
formed over the second photosensitive resin layer 520. Also,
the second blocking layer 293 may be larger than the second
intermediate layer 220G. The second blocking layer 293
may include the same material as that of the first blocking
layer 291.

[0062] Next, as illustrated in FIG. 7, the second protective
layer 420 (of FIG. 6) may be removed. The second protec-
tive layer 420 (of FIG. 6) may be removed by the same
method used to remove the first protective layer 410 (of FIG.
3). In this regard, the first intermediate layer 220R and the
second intermediate layer 220G are covered and protected
by the first blocking layer 291 and the second blocking layer
293, respectively, and thus are not externally exposed during
manufacturing processes.

[0063] Next, as illustrated in FIG. 8, the third protective
layer 430 may be formed above the substrate 100 so as to
cover the pixel electrodes 210R, 210G, and 210B. The third
exposure portion 416 exposing the third pixel electrode
210B may be formed in the third protective layer 430, and
then, the third intermediate layer 220B may be formed on
the third pixel electrode 210B.

[0064] The third exposure portion 416 may be formed by
the same method used to form the first exposure portion 412
and the second exposure portion 414. That is, the third
exposure portion 416 may be formed by coating the third
protective layer 430 with a third photosensitive resin layer
530, forming a third groove by patterning the third photo-
sensitive resin layer 530 through a photolithography pro-
cess, and then etching the third protective layer 430 via the
third groove.

[0065] The third intermediate layer 220B may be formed
s0 as to correspond to the entire area of the substrate 100,
and thus may also be formed on the third photosensitive
resin layer 530.

[0066] As illustrated in FIGS. 9 and 10, after the third
intermediate layer 220B is formed, the third protective layer
430 (of FIG. 8) may be removed, the first blocking layer 291
and the second blocking layer 293 may be removed, and
then, the opposite electrode 230 may be formed over the
entire surface of the substrate 100.

[0067] The third protective layer 430 may be removed by
the same method used to remove the first protective layer
410 (of FIG. 3) and the second protective layer 420 (of FIG.
6). In this regard, the first intermediate layer 220R and the
second intermediate layer 220G are covered and protected
by the first blocking layer 291 and the second blocking layer
293, respectively, and thus are not externally exposed during
manufacturing processes. In a selective embodiment, a third
blocking layer may be further formed on the third interme-
diate layer 220B. Accordingly, when the first intermediate
layer 220R, the second intermediate layer 220G, and the
third intermediate layer 220B are formed, external exposure
of the first intermediate layer 220R, the second intermediate
layer 220G, and the third intermediate layer 220B may be
minimized, and thus, damage to the first intermediate layer
220R, the second intermediate layer 220G, and the third
intermediate layer 220B may be prevented. Accordingly,
reliability of the organic light-emitting display device 10
may increase.

[0068] The first blocking layer 291 and the second block-
ing layer 293 may be removed by various methods, e.g.,
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thermal desorption, ion sputtering, mechanical polishing, or
plasma oxidation. For example, the first blocking layer 291
and the second blocking layer 293 may be removed by
nitrogen plasma treatment. The first blocking layer 291 and
the second blocking layer 293 are self-assembled monolay-
ers including at least one of the fluorine-based polymer and
the hydrocarbon-based polymer as a chain, and including an
organic-inorganic silane compound as a head group, and
thus may be easily removed without residue remaining.
Also, when the first blocking layer 291 and the second
blocking layer 293 of the related art include 1TO, a slip
phenomenon of a driving voltage, i.e., a phenomenon in
which an organic light-emitting device is not operated by an
initial driving voltage and is driven by a higher voltage, may
be prevented.

[0069] The opposite electrode 230 may be a transparent
electrode or a reflective electrode. When the opposite elec-
trode 230 is a transparent electrode, the opposite electrode
230 may have a layer including a metal having a low work
function, e.g., Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or a
compound thereof, and a transparent conductive layer, e.g.,
ITO, 170, ZnO, or In,0,. When the opposite electrode 230
is areflective electrode, the opposite electrode 230 may have
a layer including, e.g., Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg,
or a compound thereof. However, a structure and a material
of the opposite electrode 230 is not limited thereto, and may
be variously modified.

[0070] Referring to FIG. 1 again, a thin film encapsulation
layer 300 encapsulating a display layer 200 and preventing
intrusion of external oxygen and moisture, etc. into the
display layer 200 may be formed on the opposite electrode
230.

[0071] The thin film encapsulation layer 300 may include
at least one inorganic film 310 and 330 and at least one
organic film 320. For example, as illustrated in FIG. 1, the
thin film encapsulation layer 300 may include a first inor-
ganic film 310, an organic film 320, and a second inorganic
film 330 stacked on one another in this stated order. How-
ever, the thin film encapsulation layer 300 is not limited
thereto, and may have various structures.

[0072] The first inorganic film 310 and the second inor-
ganic film 330 may include at least one of, e.g., silicon
nitride, aluminum nitride, zirconium nitride, titanium
nitride, hafnium nitride, tantalum nitride, silicon oxide,
aluminum oxide, titanium oxide, tin oxide, cerium oxide,
and silicon oxynitride (SiON). The organic film 320 may
include at least one of, e.g., an acrylic resin layer, a meth-
acrylic resin layer, polyisoprene, a vinyl-based resin layer,
an epoxy-based resin layer, a urethane-based resin layer, a
cellulose-based resin layer, and a perylene-based resin layer.
[0073] Although FIG. 1 illustrates an example in which
the thin film encapsulation layer 300 is on the opposite
electrode 230, the present disclosure is not limited thereto.
That is, the organic light-emitting display device 10 may
include a sealing substrate instead of the thin film encapsu-
lation layer 300. The sealing substrate may be attached to the
substrate 100 by a sealing member, e.g., a sealing glass frit,
and may block external moisture and air, etc.

[0074] By way of summation and review, according to one
or more embodiments, a method of forming an organic
light-emitting display device includes sequentially forming
intermediate layers on respective pixels electrodes, while
forming a blocking layer on each of the intermediate layers
to prevent damage to each covered intermediate layer during
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formation of subsequent intermediate layers. Accordingly,
damage to an intermediate layer including an emission layer
may be prevented during a process of manufacturing an
organic light-emitting display device. Thus, reliability of the
organic light-emitting display device may be increased.
[0075] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope of
the present invention as set forth in the following claims.

What is claimed is:

1. A method of manufacturing an organic light-emitting
display device, the method comprising;

forming a plurality of pixel electrodes on a substrate;

forming a first protective layer over the plurality of pixel

electrodes, such that a first exposure portion through
the first protective layer exposes a first pixel electrode
of the plurality of pixel electrodes;

forming a first intermediate layer and a first blocking layer

on the first pixel electrode, such that the first blocking
layer covers the first intermediate layer;
removing the first protective layer;
forming a second protective layer over the plurality of
pixel electrodes, such that a second exposure portion
through the second protective layer exposes a second
pixel electrode of the plurality of pixel electrodes;

forming a second intermediate layer and a second block-
ing layer on the second pixel electrode, such that the
second blocking layer covers the second intermediate
layer;

removing the second protective layer;

forming a third protective layer over the plurality of pixel

electrodes, such that a third exposure portion through
the third protective layer exposes a third pixel electrode
of the plurality of pixel electrodes;

forming a third intermediate layer on the third pixel

electrode,

wherein each of the first blocking layer and the second

blocking layer includes a self-assembled monolayer.

2. The method as claimed in claim 1, wherein the self-
assembled monolayer includes a chain with a head group,
the chain including at least one of a fluorine-based polymer
and a hydrocarbon-based polymer, and the head group
including an organic-inorganic silane compound.

3. The method as claimed in claim 2, wherein the fluorine-
based polymer includes at least one of perfluoropolyether,
vinylidene fluoride, tetrafluoroethylene, hexafluoropropyl-
ene, and chlorotrifluoroethylene, and the hydrocarbon-based
polymer comprises at least one of octadecyltrichloro and
dichlorodimethyl.

4. The method as claimed in claim 2, wherein the organic-
inorganic silane compound includes at least one functional
group of an amino group, a vinyl group, an epoxy group, an
alkoxy group, a halogen group, a mercapto group, and a
sulfide group.
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5. The method as claimed in claim 2, wherein forming the
first blocking layer and the second blocking layer includes
vacuum-depositing a blocker on each of the first intermedi-
ate layer and the second intermediate layer, the blocker
being formed by polymerizing and condensing the at least
one of the fluorine-based polymer and the hydrocarbon-
based polymer with the organic-inorganic silane compound.

6. The method as claimed in claim 1, wherein the first
exposure portion is formed by coating the first protective
layer with a first photosensitive resin layer, forming a first
groove by partially exposing and etching the first photosen-
sitive resin layer, and then etching the first protective layer
via the first groove.

7. The method as claimed in claim 6, wherein a size of the
first exposure portion is greater than that of the first groove.

8. The method as claimed in claim 1, further comprising
removing the third protective layer and the first and second
blocking layers.
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9. The method as claimed in claim 8, further comprising
forming an opposite electrode on the first intermediate layer,
the second intermediate layer, and the third intermediate
layer.

10. The method as claimed in claim 9, further comprising
forming a thin film encapsulation layer on the opposite
electrode.

11. The method as claimed in claim 1, further comprising
forming a plurality of thin film transistors electrically con-
nected to the plurality of pixel electrodes on the substrate.

12. The method as claimed in claim 1, wherein forming
the first protective layer includes forming the first exposure
portion to expose only the first pixel electrode, while the
second and third pixel electrodes are covered by the first
protective layer.
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