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(57) ABSTRACT

An organic light-emitting display apparatus is provided. The
display apparatus includes a pixel-defining layer disposed on
a substrate, wherein the pixel-defining layer defines an emis-
sion region and a non-emission region, an organic light-emit-
ting device disposed in the emission region, and a protruding
portion disposed on a portion of the pixel-defining layer in the
non-emission region. The display apparatus also includes a
thin film encapsulating layer disposed on the substrate for
sealing the organic light-emitting device and the protruding
portion, the thin film encapsulating layer comprising at least
one organic film and at least one inorganic film, wherein at
least one organic film corresponds to a functional organic
film, and a height of a first upper surface of the functional
organic film disposed away from the protruding portion is

HO1L 51/52 (2006.01) lower than a height of a second upper surface of the functional
HOIL 51/56 (2006.01) organic film disposed near a top of the protruding portion.
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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. 10-2013-0082439 filed on Jul. 12, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present disclosure relates to an organic light-

emitting display apparatus and a method of manufacturing
the organic light-emitting display apparatus.

[0004] 2. Description of the Related Art

[0005] An organic light-emitting display apparatus
includes an organic light-emitting device (OLED). The
OLED typically includes a hole-injecting electrode, an elec-
tron-injecting electrode, and an organic emission layer dis-
posed between the electrodes. The organic light-emitting dis-
play apparatus is a self-emissive display device that generates
light when excitons (which are generated when holes from the
hole-injecting electrode and electrons from the electron-in-
jecting electrode combine in the organic emission layer) drop
from an excitation state to a ground state.

[0006] Being a self-emissive display device, the organic
light-emitting display apparatus does not need an additional
light source, may be driven using a low voltage, and may be
configured having a thin and lightweight design. Addition-
ally, the organic light-emitting display apparatus possesses
superior characteristics such as wide viewing angles, high
contrast, and rapid response times. As a result of their superior
characteristics, the organic light-emitting display apparatus
has been identified as next-generation display apparatuses.
[0007] In a conventional organic light-emitting display
apparatus, an encapsulating layer comprising an organic film
may be formed sealing a protruding portion disposed on a
pixel-defining layer. However, the organic film used in the
conventional light-emitting display apparatus typically has
low viscosity and may expose the top of the protruding por-
tions when the organic film spreads. To ensure that the pro-
truding portions are covered/sealed in the conventional light-
emitting display apparatus, the thickness of the thin film
encapsulating layer may need to be increased. Accordingly,
this may result in an increase in the thickness of the conven-
tional organic light-emitting display apparatus (i.e., thicker
form factor). Furthermore, processing time and cost of the
organic film material may also increase.

SUMMARY

[0008] The present disclosure is directed to address at least
the above problems relating to the encapsulation of organic
light-emitting devices (OLEDs) having protruding portions
on a pixel-defining layer.

[0009] According to some embodiments of the inventive
concept, an organic light-emitting display apparatus is pro-
vided. The organic light-emitting display apparatus includes
a pixel-defining layer disposed on a substrate, wherein the
pixel-defining layer defines an emission region and a non-
emission region; an organic light-emitting device disposed in
the emission region; a protruding portion disposed on a por-
tion of the pixel-defining layer in the non-emission region;
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and a thin film encapsulating layer disposed on the substrate
for sealing the organic light-emitting device and the protrud-
ing portion, the thin film encapsulating layer comprising at
least one organic film and at least one inorganic film, wherein
at least one organic film corresponds to a functional organic
film, and a height of a first upper surface of the functional
organic film disposed away from the protruding portion is
lower than a height of a second upper surface of the functional
organic film disposed near a top of the protruding portion.
[0010] In some embodiments, the functional organic film
may have a first thickness near the top of the protruding
portion, and the first thickness may have a value that is equal
to or greater than about 100 A.

[0011] In some embodiments, the first thickness may be
less than or equal to a thickness of a planarized portion of the
functional organic film near the top of the protruding portion.
[0012] In some embodiments, the top of the protruding
portion may be disposed above the first upper surface of the
functional organic film.

[0013] In some embodiments, the protruding portion may
correspond to a spacer disposed in the non-emission region.
[0014] In some embodiments, the functional organic film
may include a photo-initiator.

[0015] In some embodiments, the functional organic film
may include a material having a viscosity that is adjustable
using light or temperature.

[0016] In some embodiments, the organic light-emitting
display apparatus may further include a protective layer inter-
posed between the organic light-emitting device and the thin
film encapsulating layer.

[0017] In some embodiments, the protruding portion may
include foreign material.

[0018] In some embodiments, an uppermost layer of the
thin film encapsulating layer may be exposed, and the upper-
most layer may include an inorganic film.

[0019] In some embodiments, an uppermost layer of the
thin film encapsulating layer may be exposed, and the upper-
most layer may include an organic film.

[0020] In some embodiments, the organic light-emitting
display apparatus may further include a plurality of func-
tional organic films, wherein the functional organic films
have different thicknesses near the top of the protruding por-
tion.

[0021] According to some other embodiments of the inven-
tive concept, a method of manufacturing an organic light-
emitting display apparatus is provided. The method includes
forming a pixel-defining layer on a substrate, wherein the
pixel-defining layer defines an emission region and a non-
emission region; forming an organic light-emitting device in
the emission region; forming a protruding portion on a por-
tion of the pixel-defining layer in the non-emission region;
and forming a thin film encapsulating layer on the substrate
for sealing the organic light-emitting device and the protrud-
ing portion, the thin film encapsulating layer comprising at
least one organic film and at least one inorganic film, wherein
at least one organic film corresponds to a functional organic
film, and a height of a first upper surface of the functional
organic film disposed away from the protruding portion is
lower than a height of a second upper surface of the functional
organic film disposed near a top of the protruding portion.
[0022] In some embodiments, the method may further
include forming the functional organic film by depositing or
coating a liquid pre-functional organic film, and adjusting a
viscosity of the liquid pre-functional organic film.
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[0023] Insomeembodiments, adjusting the viscosity of the
liquid pre-functional organic film may include adjusting the
viscosity by adjusting a temperature of the substrate or by
irradiating light onto the liquid pre-functional organic film.
[0024] In some embodiments, the method may include
forming the protruding portion and the pixel-defining layer
using a half-tone mask process.

[0025] In some embodiments, the functional organic film
may include a photo-initiator.

[0026] In some embodiments, the method may include
forming the organic film using flash evaporation or inkjet
printing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 11is a cross-sectional view of an organic light-
emitting display apparatus according to an embodiment of the
inventive concept.

[0028] FIG.2isamagnified cross-sectional view of portion
T of the organic light-emitting display apparatus in FIG. 1.
[0029] FIGS. 3A through 3D are cross-sectional views
illustrating an exemplary method of manufacturing the
organic light-emitting display apparatus in FIG. 2.

[0030] FIG. 4is a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the inventive concept.

[0031] FIG. 51is a cross-sectional view of an organic light-
emitting display apparatus according to a further embodiment
of the inventive concept.

DETAILED DESCRIPTION

[0032] The inventive concept will be described more fully
with reference to the accompanying drawings, in which dif-
ferent embodiments are shown. Like reference numerals in
the drawings denote like elements, and thus a repeated
description of those similar elements will be omitted. In the
drawings, the lengths and sizes of elements may have been
exaggerated for clarity and convenience of description.
[0033] Itshould be noted that the inventive concept may be
embodied in many different forms and should not be con-
strued as being limited to the disclosed embodiments. Also, it
will be understood that when a layer is referred to as being
“on” or “on the top of”” another layer, the layer can be disposed
directly on the other layer, or disposed on the other layer with
one or more intervening layers being present.

[0034] The terminology used herein is for describing par-
ticular embodiments and is not intended to limit the inventive
concept. 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. It will be further
understood that the terms “comprises,” “comprising,”
“includes,” and/or “including,” when used herein, specify the
presence of stated steps, operations, and/or elements, but do
not preclude the presence or addition of one or more other
steps, operations, and/or elements. It will be understood that,
although the terms, “first’, ‘second’, etc. may be used herein
to describe various elements, these elements should not be
limited by these terms. These terms are only used to distin-
guish one element from another.

[0035] 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.
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[0036] FIG. 1 is a cross-sectional view of an organic light-
emitting display apparatus according to an embodiment.
[0037] Referring to FIG. 1, an organic light-emitting dis-
play apparatus 100 includes an organic emissive portion 22
disposed on a substrate 21 and a thin film encapsulating layer
30 for sealing the organic emissive portion 22.

[0038] Theorganic emissive portion 22 includes a plurality
of organic light-emitting devices capable of emitting red,
green, blue, or white light. The organic emissive portion 22
may display an image via the organic light-emitting devices.
[0039] The thin film encapsulating layer 30 may be formed
of atransparent material which allows an observer to view the
image from the organic emissive portion 22. The thin film
encapsulating layer 30 may cover the upper and side surfaces
of the organic emissive portion 22, thus preventing air and
moisture from reaching the organic emissive portion 22.
[0040] FIG.21samagnified cross-sectional view of portion
Tofthe organic light-emitting display apparatus 100 in FIG. 1.
[0041] Referring to FIG. 2, the organic light-emitting dis-
play apparatus 100 includes a substrate 21, a pixel-defining
layer 219, an organic light-emitting device OLED, a protrud-
ing portion 223, and a thin film encapsulating layer 30. The
organic light-emitting display apparatus 100 may further
include a buffer film 211, a thin film transistor (TFT) TR, and
a protective layer 225.

[0042] The substrate 21 may be formed of a transparent
glass material (e.g., having silicon dioxide (810,) as a main
component). However, the substrate 21 is not limited to trans-
parent glass materials. In some embodiments, the substrate 21
may be formed of other materials such as ceramic, transparent
plastic, or metal. In some further embodiments, the substrate
21 may be a flexible substrate that is bendable.

[0043] The buffer film 211 acts as a barrier layer, and pre-
vents impurity ions in the substrate 21 from diffusing to layers
disposed on the top surface of the substrate 21. The buffer film
211 also protects the substrate 21 from air and moisture in the
ambient environment. Additionally, the buffer film 211 pro-
vides a planar surface on which subsequent layers can be
deposited. In some embodiments, the buffer film 211 may be
formed of an inorganic material such as silicon oxide, silicon
nitride, silicon oxynitride, aluminum oxide, aluminum
nitride, titanium oxide, or titanium nitride. In other embodi-
ments, the buffer film 211 may be formed of an organic
material such as polyimide, polyester, or acryl, or a stack
thereof. In some particular embodiments, the buffer film 211
may be omitted. The buffer film 211 may be formed using
deposition methods such as plasma-enhanced chemical vapor
deposition (PECVD), atmospheric pressure CVD (APCVD),
or low pressure CVD (LPCVD).

[0044] The TFT TR includes an active layer 212, a gate
electrode 214, a source electrode 216, and a drain electrode
217. As shown in FIG. 2, the gate electrode 214 and the active
layer 212 are insulated from each other by a gate insulating
film 213 interposed between the gate electrode 214 and the
active layer 212.

[0045] The active layer 212 is disposed on the buffer film
211. The active layer 212 may be formed of an inorganic
semiconductor (such as amorphous silicon or poly-silicon) or
an organic semiconductor. In some embodiments, the active
layer 212 may be formed of an oxide semiconductor. An
oxide semiconductor may include an oxide formed from one
or more Groups 12, 13, and 14 metal elements (such as zinc
(Zn), indium (In), gallium (Ga), tin (Sn), cadmium (Cd),
germanium (Ge), and hafnium (Hf)).
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[0046] The gate insulating film 213 is disposed on the
buffer film 211 covering the active layer 212, and the gate
electrode 214 is disposed on the gate insulating film 213.
[0047] An interlayer insulating film 215 is disposed on the
gate insulating film 213 covering the gate electrode 214. The
source electrode 216 and the drain electrode 217 are disposed
on the interlayer insulating film 215. Also, the source and
drain electrodes 216 and 217 contact the active layer 212
through contact holes formed in the interlayer insulating film
215 and gate insulating film 213.

[0048] It should be noted that the TFT TR is not limited to
the above-described structure, and may include other types of
structure. In the embodiment of FIG. 2, the TFT TR is
depicted having a top gate structure. In other embodiments,
the TFT TR may have a bottom gate structure in which the
gate electrode 214 is disposed beneath the active layer 212.
[0049] In some embodiments, a pixel circuit including a
capacitor (not shown) may be formed along with the TFT TR.
[0050] A planarization film 218 is disposed on the inter-
layer insulating film 215 covering the TFT TR. The planariza-
tion film 218 serves to reduce stepped portions created by the
underlying layers, and provides a planar surface on which the
organic light-emitting device OLED is formed. As a result of
the planar surface, the light emission efficiency of the OLED
may be improved. As shown in FIG. 2, a through-hole 208
may be formed in the planarization film 218 to expose a
portion of the drain electrode 217.

[0051] The planarization film 218 may be formed of an
insulating material. In some embodiments, the planarization
film 218 may be formed as a single layer or multi-layered
structure comprising an inorganic material, an organic mate-
rial, or acombination of organic/inorganic materials. In some
embodiments, the planarization film 218 may include at least
one of the following resins: acrylic resin, epoxy resin, phe-
nolic resin, polyamide-based resin, polyimide-based resin,
unsaturated polyester-based resin, polyphenylene-based
resin, polyphenylenesulfide-based resin, and benzocy-
clobutene (BCB).

[0052] In some particular embodiments, the planarization
film 218 and/or interlayer insulating film 215 may be omitted.
[0053] The pixel-defining layer 219 includes (and also
defines) an emission region and a non-emission region. The
organic light-emitting device OLED is disposed in the emis-
sion region of the pixel-defining layer 219. The organic light-
emitting device OLED is disposed on the planarization film
218, and includes a first electrode 221, an organic emission
layer 220, and a second electrode 222. The pixel-defining
layer 219 is disposed on the first electrode 221 of the organic
light-emitting device OLED, and includes an opening expos-
ing the first electrode 221. The opening may correspond to the
emission region of the pixel-defining layer 219.

[0054] An organic emission layer 220 is disposed in the
emission region of the pixel-defining layer 219. As shown in
FIG. 2, the organic emission layer 220 is disposed on the first
electrode 221 in the opening of the pixel-defining layer 219,
and may extend onto a side portion of the pixel-defining layer
219.

[0055] The pixel-defining layer 219 may be formed of an
organic material (e.g., photoresist, polyacrylic resin, polyim-
ide-based resin, or acrylic resin) or an inorganic material
(e.g., a silicon compound).

[0056] In some embodiments, the organic emission layer
220 may be formed of a low-molecular-weight organic mate-
rial. In those embodiments, the organic emission layer 220
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may be formed as a single layer or multi-layered structure.
The multi-layered structure may include a hole injection layer
(HIL), a hole transport layer (HTL), an electron transport
layer (ETL), an electron injection layer (EIL), and other lay-
ers stacked together with an emission layer (EML) as the
center layer. The low-molecular-weight organic material may
be deposited using vacuum deposition. The EML may be
independently formed for each of the red, green, blue, and
white pixels. The HIL, HTL, ETL, and EIL are blanket layers
disposed over the substrate 21, and are therefore common to
the red, green, blue, and white pixels.

[0057] In some embodiments, the organic emission layer
220 may be formed of a high-molecular-weight organic mate-
rial. In those embodiments, the organic emission layer 220
may include a HTL and an EML disposed on the first elec-
trode 221. The HTL may be formed of poly-(2,4)-ethylene-
dihydroxy thiophene (PEDOT) or polyaniline (PANI) using
an inkjet printing or spin coating method. Examples of a
high-molecular-weight organic material include poly-phe-
nylene vinylene (PPV)-based organic materials and polyfluo-
rene-based organic materials. A color pattern in the organic
emission layer 220 may be formed using inkjet printing, spin
coating, or laser-induced thermal imaging.

[0058] The HIL may be formed of a phthalocyanine com-
pound (such as copper phthalocyanine) or a starburst-type
amine derivative (such as TCTA, m-MTDATA, or m-MT-
DAPB).

[0059] The HTL may be formed of N,N'-bis(3-methylphe-
nyl)-N,N'-diphenyl-[1,1-biphenyl]-4,4'-diamine (TPD) or
N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzidine
(0-NPD).

[0060] The EIL may be formed of LiF, NaCl, CsF, Li20,
BaO, or Lig.

[0061] The ETL may be formed of Alqs.

[0062] The EML may include a host material and a dopant
material.

[0063] Examples of a host material include tris(8-hydroxy-
quinolinato)aluminum (Alq3), 9,10-di(naphthyl-2-yl)an-
thracene (AND), 3-Tert-butyl-9,10-di(naphthyl-2-yl)an-
thracene (TBADN), 4,4'-bis(2,2-diphenyl-ethene-1-y1)-4,4'-
dimethylphenyl (DPVBI), 4,4'-bis(2,2-diphenyl-ethene-1-
y1)-4,4'-dimethylphenyl(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-y1)-4,4'-di-(tert-bu-
tyDphenyl (p-TDPVBI), 1,3-bis(carbazole-9-yl)benzene
(mCP), 1,3,5-tris(carbazole-9-yl)benzene (tCP), 4,4',4"-tris
(carbazole-9-yl)triphenylamine (TcTa), 4,4'-bis(carbazole-9-
yDbiphenyl (CBP), 4,4'-bis(9-carbazolyl)-2,2'-dimethyl-bi-
phenyl (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), or 9,9-
bis(9-phenyl-9H-carbazole)fluorene (FL-2CBP).

[0064] Examples of a dopant material include 4,4-bis[4-
(di-p-tolylamino)styryl]biphenyl (DPAVBI), 9,10-di-(2-
naphthyl)anthracene (ADN), or 2-(t-buty1)-9.10-bis(2'-naph-
thyl)anthracene (TBADN).

[0065] The first electrode 221 is disposed on the planariza-
tion film 218. The first electrode 221 may be electrically
connected to the drain electrode 217 of the TFT TR via the
through-hole 208 in the planarization film 218.
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[0066] Thesecond electrode 222 is disposed on the organic
emission layer 220, and may be disposed covering all pixels.
[0067] The first electrode 221 may function as an anode,
and the second electrode 222 may function as a cathode.
However, the inventive concept is not limited to the above
configuration. In some embodiments, the polarities of the first
electrode 221 and the second electrode 222 may be reversed,
such that the first electrode 221 may function as a cathode,
and the second electrode 222 may function as an anode.
[0068] When the first electrode 221 functions as an anode,
the first electrode 221 may include materials having a high
work function (e.g., ITO, IZO, ZnO, or In,0;). When the
organic light-emitting display apparatus 100 is a top emission
type (in which an image is formed away from the substrate
21), the first electrode 221 may further include a reflective
film formed of a metal such as silver (Ag), magnesium (Mg),
aluminum (Al), platinum (Pt), palladium (Pd), gold (Au),
nickel (N1), neodymium (Nd), iridium (Ir), chromium (Cr),
lithium (Li), ytterbium (Yb), calcium (Ca), or a combination
thereof. Also, the first electrode 221 may be formed as a single
layer or a multi-layered structure. In some embodiments, the
first electrode 221 may be a reflective electrode having an
ITO/Ag/TTO structure.

[0069] When the second electrode 222 functions as a cath-
ode, the second electrode 222 may be formed of a metal such
as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, or a combi-
nation thereof. When the organic light-emitting display appa-
ratus 100 is a top emission type, the second electrode 222 has
to be transparent in order to transmit light. Accordingly, in
some embodiments, the second electrode 222 may include a
transparent conductive metal oxide such as ITO, [ZO, ZTO,
7Zn0, or In,O;. Alternatively, the second electrode 222 may
be a thin film including at least one of the following elements
orcompounds: L1, Ca, LiF/Ca, LiF/Al Al, Ag, Mg, orYb. The
second electrode 222 may be formed as a single layer or a
multi-layered structure including Mg:Ag, Ag:Yb, and/or Ag.
[0070] The second electrode 222 may be formed having a
configuration that allows a common voltage to be applied to
all pixels.

[0071] The protruding portion 223 is disposed on a portion
of the pixel-defining layer 219. The protruding portion 223
may constitute a spacer that is disposed in the non-emission
region of the pixel-defining layer 219. The spacer serves to
separate adjacent organic light-emitting device OLEDs. It
should be noted that the protruding portion 223 is not limited
to the above-described configuration. In some embodiments,
the protruding portion 223 may include any structure (that is
disposed on the pixel-defining layer 219) protruding above
the organic light-emitting device OLED. In some embodi-
ments, the protruding portion 223 may include foreign mate-
rial (e.g. foreign particles) that is disposed on the pixel-de-
fining layer 219 during the manufacturing process.

[0072] The protruding portion 223 may be formed of an
organic material (e.g., photoresist, polyacrylic resin, polyim-
ide-based resin, or acrylic resin) or an inorganic material
(e.g., spin on glass (SOG)).

[0073] In the above-described embodiment, the organic
emission layer 220 is formed in the opening of the pixel-
defining layer 219 and includes light-emitting material for
eachindependent pixel. Nevertheless, the inventive concept is
not limited to the above-described configuration. In some
other embodiments, the organic emission layer 220 may be
formed over theentire planarization film 218 regardless of the
positions of the pixels. In those other embodiments, the
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organic emission layer 220 may be formed, for example, by:
(1) vertically stacking layers including light-emitting mate-
rials that emit red, green, and blue light; or (2) mixing light-
emitting materials that emit red, green, and blue light. Differ-
ent colors may be combined to produce white light. In some
embodiments, the organic light-emitting display apparatus
100 may include a color conversion layer for converting the
emitted white light to a particular color, or a color filter for
filtering a particular color.

[0074] The thin film encapsulating layer 30 seals the
organic light-emitting device OLED and the protruding por-
tion 223. The thin film encapsulating layer 30 includes an
organic film 320 and an inorganic film 310. It should be noted
that the thin film encapsulating layer 30 can include a plural-
ity of organic films 320 and inorganic films 310.

[0075] In some embodiments, the films within the organic
film 320 and the inorganic film 310 may be alternately dis-
posed (in the thin film encapsulating layer 30).

[0076] Referringto FIG. 2, the thin film encapsulating layer
30 may include a first inorganic film 301, a functional organic
film 302, a second inorganic film 303, a first organic film 304,
a third inorganic film 305, a second organic film 306, and a
fourth inorganic film 307 that are sequentially stacked
together. Accordingly, the inorganic film 310 includes the first
to fourth inorganic films 301, 303, 305, and 307. The organic
film 320 includes the functional organic film 302, and the first
and second organic films 304 and 306.

[0077] The inorganic film 310 may be formed as a single
film or stacked film including a metal oxide or metal nitride.
For example, the inorganic film 310 may include at least one
of the following metal oxides or nitrides: SiNx, Al,O;, SiO,,
TiO,, SiON, ITO, AZO, ZnO, or ZrO.

[0078] As shown in FIG. 2, the fourth inorganic film 307
constitutes the uppermost layer of the thin film encapsulating
layer 30 that is exposed to the ambient environment. The
fourth inorganic film 307 is formed of an inorganic material,
and prevents air and moisture from reaching the organic light-
emitting device OLED. Nevertheless, in some other embodi-
ments, the uppermost layer of the thin film encapsulating
layer 30 (that is exposed to the ambient environment) may be
formed of an organic material.

[0079] The organic film 320 may be formed as a single
layer or stacked layer comprising at least one of the following
polymers: polyethylene terephthalate, polyimide, polycar-
bonate, epoxy, polyethylene, or polyacrylate. The organic
film 320 may also be formed of a high molecular monomer
component including a monoacrylate-based monomer, dia-
crylate-based monomer, or a triacrylate-based monomer.
[0080] It should be noted that the structure of the thin film
encapsulating layer 30 is not limited to the embodiment
depicted in F1G. 2. In some embodiments, the thin film encap-
sulating layer 30 may include a structure having a plurality of
sequentially stacked organic films. In other embodiments, the
thin film encapsulating layer 30 may include a structure hav-
ing a plurality of sequentially stacked inorganic films. In
some particularembodiments, at least one of the organic films
320 and/or inorganic films 310 may be omitted from the thin
film encapsulating layer 30.

[0081] The functional organic film 302 may be fully cov-
ered by the second inorganic film 303. The functional organic
film 302 may be formed having a first thickness t1 near the top
of the protruding portion 223.

[0082] In a conventional light-emitting display apparatus,
an encapsulating layer comprising an organic film may be
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formed sealing a protruding portion disposed on a pixel-
defining layer. However, the organic film used in the conven-
tional light-emitting display apparatus typically has low vis-
cosity and may expose the top of the protruding portions
when the organic film spreads. To ensure that the protruding
portions are covered/sealed in the conventional light-emitting
display apparatus, the thickness of the thin film encapsulating
layer may need to be increased. Accordingly. this may result
in an increase in the thickness of the conventional organic
light-emitting display apparatus (i.e., thicker form factor).
Furthermore, processing time and cost of the organic film
material may also increase.

[0083] The functional organic film 302 according to the
inventive concept can address the above problems relating to
the encapsulating layer in a conventional light-emitting dis-
play apparatus. As shown in FIG. 2, the functional organic
film 302 may be formed covering the protruding portion 223,
and having a thickness t1 near the top of the protruding
portion 223. In some embodiments, the functional organic
film 302 may have a maximum thickness of about 3 um. In
particular, it should be noted that the thickness of the func-
tional organic film 302 can vary depending on the height of
the protruding portion 223.

[0084] The functional organic film 302 may be formed of a
material having a viscosity that is adjustable using light or
temperature. By adjusting the viscosity of the functional
organic film 302, the functional organic film 302 may be
formed having the first thickness t1 near the top of the pro-
truding portion 223.

[0085] The first thickness t1 may be adjusted such that the
second inorganic film 303 (which is formed on the functional
organic film 302) does not come into direct contact with the
protruding portion 223 even when a defect (e.g., a mask stab)
arises during the fabrication of the second electrode 222,
protective layer 225, or first inorganic film 301 on the pro-
truding portion 223. In some embodiments, the first thickness
t1 may be equal or greater than about 100 A. For example, the
first thickness t1 may have a value ranging between about 100
A and about 500 A. In some embodiments, the first thickness
t1 may have a value that is less than or equal to a thickness of
a substantially planar portion of the functional organic film
302 near the top of the protruding portion 223.

[0086] As shown in FIG. 2, the height of the upper surface
of the functional organic film 302 may vary at different loca-
tions of the organic light-emitting display apparatus 100.

[0087] Referring to FIG. 2, a height h is measured from a
top surface of the planarization film 218 to a first upper
surface of the functional organic film 302 disposed away from
the protruding portion 223. A height H is measured from the
top surface of the planarization film 218 to a second upper
surface of the functional organic film 302 near the top of a
protruding portion 223. As shown in FIG. 2, the height h may
be less than the height H, such that the top of the protruding
portion 223 protrudes above the first upper surface of the
functional organic film 302. In other words, the height hofthe
first upper surface of the functional organic film disposed
away from the protruding portion is lower than the height H of
the second upper surface of the functional organic film dis-
posed near the top of the protruding portion. Accordingly, the
protruding portion 223 may be covered by a functional
organic film 302 having a low first thickness t1, thereby
reducing the thickness of the organic light-emitting display
apparatus 100.
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[0088] In some embodiments, the functional organic film
302 may be formed of polyacrylate. For example, the func-
tional organic film 302 may be formed of a high molecular
monomer component including a monoacrylate-based mono-
mer, a diacrylate-based monomer, or a triacrylate-based
monomer. In the above embodiments, the functional organic
film 302 is formed by lowering the temperature of the sub-
strate 21 to increase the viscosity of the functional organic
film 302. As such, the viscosity of the functional organic film
302 may be adjusted by varying the temperature of the sub-
strate 21.

[0089] In some other embodiments, the monomer compo-
nent of the functional organic film 302 may include a photo-
initiator such as 2,4,6- Trimethylbenzoyl-diphenyl-phosphin-
eoxide (TPO). When the functional organic film 302 includes
a photo-initiator, a cross-linking reaction may occur when
light is irradiated onto the functional organic film 302. The
cross-linking reaction increases the viscosity of the func-
tional organic film 302. The viscosity of the functional
organic film 302 may be adjusted according to the wavelength
or/and amount of the light irradiated.

[0090] Inthe embodiment of FIG. 2, the functional organic
film 302 is formed as a single layer. In some embodiments
(not shown), the functional organic film 302 may include a
plurality of layers having different viscosities.

[0091] The protective layer 225 is interposed between the
organic light-emitting device OLED and the thin film encap-
sulating layer 30. The protective layer 225 protects the
organic light-emitting device OLED from damage during the
formation of the thin film encapsulating layer 30. In some
embodiments, the protective layer 225 may include a metal
halide such as lithium fluoride (LiF).

[0092] FIGS. 3A through 3D are cross-sectional views
illustrating an exemplary method of manufacturing the dis-
play apparatus 100 of FIG. 2.

[0093] Referring to FIG. 3A, a buffer film 211 is formed on
a substrate 21.
[0094] The buffer film 211 may be formed using various

deposition methods such as PECVD, APCVD, or LPCVD. In
some embodiments, a planarization process may be per-
formed on the substrate 21 prior to forming the buffer film 211
on the substrate 21. The planarization process may include,
for example, performing chemical mechanical polishing and/
or etch-back of the substrate 21, so as to yield a substantially
flat top surface.

[0095] Next, an active layer 212 is formed on the buffer film
211. The active layer 212 may be formed of an inorganic
semiconductor (such as amorphous silicon or poly-silicon) or
an organic semiconductor. In some embodiments, the active
layer 212 may be formed of an oxide semiconductor. The
active layer 212 may be formed using PECVD, APCVD, or
LPCVD. The active layer 212 may be formed first as a blanket
layer on the buffer film 211, and subsequently patterned using
amask. In some embodiments, a crystallization process (e.g.
crystal growth of a seed layer to form the active layer 212)
may be performed.

[0096] Next, a gate insulating film 213 is formed on the
buffer film 211 covering the active layer 212. The gate insu-
lating film 213 may be formed (having a substantially uni-
form thickness) on the buffer film 211 along a profile of the
active layer 212.

[0097] Next, a gate electrode 214 is formed on the gate
insulating film 213. Specifically, the gate electrode 214 is
formed on a portion of the gate insulating film 213 (above the
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underlying active layer 212). The gate electrode 214 may be
formed of a metal, an alloy, a metal nitride, a conductive metal
oxide, or a transparent conductive material.

[0098] Next, an interlayer insulating film 215 is formed on
the gate insulating film 213 covering the gate electrode 214.
The interlayer insulating film 215 may be formed (having a
substantially uniform thickness) on the gate insulating film
213 along a profile of the gate electrode 214. The interlayer
insulating film 215 may include a silicon compound. Contact
holes are etched through the interlayer insulating film 215 and
the gate insulating film 213, so as to expose portions of the
active layer 212.

[0099] Next, a source electrode 216 and a drain electrode
217 are formed on the interlayer insulating film 215. The
source/drain electrodes 216 and 217 are spaced apart from
each other by a predetermined interval with reference to the
gate electrode 214, and are disposed adjacent to the gate
electrode 214. The source/drain electrodes 216 and 217 are
formed filling the contact holes, so as to contact both ends of
the active layer 212. The source electrode 216 and the drain
electrode 217 may be formed of a metal, an alloy, a metal
nitride, a conductive metal oxide, or a transparent conductive
material.

[0100] In some embodiments, a conductive film (not
shown) may be formed on the interlayer insulating film 215
(with the conductive film filling the contact holes), and pat-
terned to form the source/drain electrodes 216 and 217. Next,
a planarization film 218 is formed on the interlayer insulating
film 215 covering the source electrode 216 and drain elec-
trode 217. The planarization film 218 may be formed having
a thickness sufficient to completely cover the source/drain
electrodes 216 and 217. The planarization film 218 may be
formed of an inorganic material and/or an organic material.
The planarization film 218 may be formed using various
methods such as spin coating, printing, sputtering, CVD,
atomic layer deposition (ALD), PECVD, high density
plasma-CVD (HDP-CVD), or vacuum deposition, depending
on the type of material that is used to form the planarization
film 218.

[0101] Referring to FIG. 3B, an organic light-emitting
device OLED, a pixel-defining layer 219, and a protruding
portion 223 are formed on the planarization film 218. As
mentioned previously, the protruding portion 223 functions
as a spacer separating adjacent OLEDs.

[0102] The OLED includes a first electrode 221, an organic
emission layer 220, and a second electrode 19. First, a
through-hole 208 is formed in the planarization film 218, so
as to expose a portion of the drain electrode 217. Next, the first
electrode 221 is formed on the planarization film 218, with
the first electrode 221 filling the through-hole 208. The first
electrode 221 is electrically connected to the drain electrode
217 of the TFT TR via the through-hole 208.

[0103] The first electrode 221 may include a reflective
material. For example, the first electrode 221 may include Ag,
Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Yb, or Ca, or a combi-
nation thereof. Also, the first electrode 221 may be formed as
a single layer or a multi-layered structure. In some embodi-
ments, the first electrode 221 may be formed as a reflective
electrode having an ITO/Ag/ITO structure.

[0104] The first electrode 221 may be formed using sput-
tering, vacuum deposition, CVD, pulse laser deposition,
printing, or ALD. The first electrode 221 may be patterned
corresponding to the pixels.
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[0105] Next, to form the pixel-defining layer 219, a pre-
pixel-defining layer (not shown) is formed on the planariza-
tion film 218 and the first electrode 221. The pre-pixel-defin-
ing layer may be formed using an organic material or an
inorganic material. The pre-pixel-defining layer may be
formed using spin coating, printing, sputtering, CVD, ALD,
PECVD, HDP-CVD, or vacuum deposition, depending on
the type of material that is used to form the pre-pixel-defining
layer.

[0106] Thepixel-defininglayer 219 is formed by etching an
opening in the pre-pixel-defining layer to expose a portion of
the first electrode 221. As mentioned previously, the pixel-
defining layer 219 defines an emission region and a non-
emission region of the organic light-emitting display device
100. Specifically, the openings of the pixel-defining layer 219
correspond to the emission region, and the areas of the pixel-
defining layer 219 (without openings) correspond to the non-
emission region.

[0107] Insome embodiments (not shown), a planarization
process may be performed on the top surface of the pixel-
defining layer 219. For example, a CVD and/or an etch-back
process may be performed on the top surface of the pixel-
defining layer 219 so as to yield a substantially flat top sur-
face.

[0108] Next, the protruding portion 223 is formed in the
non-emission region of the pixel-defining layer 219. The
protruding portion 223 may be formed using an organic mate-
rial or an inorganic material. The protruding portion 223 may
be formed using spin coating, printing, sputtering, CVD,
ALD,PECVD, HDP-CVD, or vacuum deposition, depending
on the type of material that is used to form the protruding
portion 223.

[0109] In some embodiments, the protruding portion 223
may be formed of a same material as the pixel-defining layer
219. In some embodiments, the protruding portion 223 and
the pixel-defining layer 219 may be simultaneously formed
using a half-tone mask.

[0110] Next, the organic emission layer 2201s formed in the
opening of the pixel-defining layer 219. In the embodiment of
FIG. 3B, the organic emission layer 220 is formed in the
opening of the pixel-defining layer 219. In some other
embodiments, the organic emission layer 220 may be formed
on the pixel-defining layer 219 and the protruding portion
223.

[0111] The organic emission layer 220 may be formed as a
single layer or a multi-layered structure. In some embodi-
ments, the organic emission layer 220 may be formed using
vacuum deposition. Alternatively, the organic emission layer
220 may be formed using inkjet printing, spin coating, or
laser-induced thermal imaging.

[0112] Next, the second electrode 222 is formed on the
organic emission layer 220. As shown in FIG. 3B, the second
electrode 222 may also be formed on the pixel-defining layer
219 and the protruding portion 223.

[0113] The second electrode 222 may be formed of a trans-
parent conductive material. In some embodiments, the second
electrode 222 may include a transparent conductive metal
oxide such as ITO, IZO, ZTO, Zn0O, or In203. Alternatively,
the second electrode 222 may be formed of a thin film includ-
ing at least one of the following elements or compounds: Li,
Ca, LiF/Ca, LiF/Al, Al, Ag, Mg, or Yb. Also, the second
electrode 222 may be formed as a single layer or a multi-
layered structure including Mg: Ag, Ag:Yb, and/or Ag.



US 2015/0014636 A1l

[0114] The second electrode 222 may be formed using
sputtering, vacuum deposition, CVD, pulse laser deposition,
printing, or ALD. In some embodiments, the second electrode
222 may be formed having a configuration that allows a
common voltage to be applied to all pixels.

[0115] Next, a protective layer 225 may be formed on the
second electrode 222. The protective layer 225 may include a
metal halide. The protective layer 225 may be deposited using
thermal evaporation, PECVD, APCVD, or LPCVD. The pro-
tective layer 225 may include different materials. For
example, in some embodiments, a lower portion of the pro-
tective layer 225 may include organic and inorganic materi-
als. In some embodiments, the protective layer 225 may
include LiF.

[0116] Referring to FIG. 3C, a first inorganic film 301 and
a functional organic film 302 are formed over the structure of
FIG. 3B. The first inorganic film 301 and the functional
organic film 302 serve to encapsulate the organic light-emit-
ting device OLED.

[0117] The first inorganic film 301 may be formed as a
single layer or a multi-layered structure. The first inorganic
film 301 may include at least one of the following oxides:
AlOx, SiNx, SiOx, SiON, ITO, AZO, ZnO, or ZrO. The first
inorganic film 301 may be deposited using CVD, ALD, or
sputtering. In some cases, the first inorganic film 301 may be
omitted.

[0118] As shown in FIG. 3C, the functional organic film
302 may be formed beneath the first inorganic film 301. In
some embodiments, the functional organic film 302 may be
interposed between the first inorganic film 301 and a second
inorganic film 303, as described later with reference to FIG.
3D. The functional organic film 302 is formed as follows.
[0119] First, a liquid pre-functional organic film (not
shown) is coated or deposited on the first inorganic film 301.
In those embodiments in which the first inorganic film 301 is
omitted, the pre-functional organic film may be coated or
deposited on the organic light-emitting device (OLED). The
pre-functional organic film may be coated or deposited using
flash evaporation, inkjet printing, slot die coating, or other
similar techniques.

[0120] The functional organic film 302 may be formed of
polyacrylate. For example, the functional organic film 302
may include a high molecular monomer component compris-
ing a monoacrylate-based monomer, diacrvlate-based mono-
met, or a triacrylate-based monomer. In some embodiments,
the monomer component of the functional organic film 302
may further include a photo-initiator such as 2,4,6-Trimeth-
ylbenzoyl-diphenyl-phosphineoxide (TPO).

[0121] The viscosity of the pre-functional organic film may
be adjusted to prevent leveling of the thickness of the pre-
functional organic film. The leveling is undesirable because it
may increase the thickness of the organic film required to
cover the protruding portion 223. The viscosity of the pre-
functional organic film may be adjusted by lowering the tem-
perature of the substrate 21.

[0122] The temperature of the substrate 21 may be lowered
by flowing a cooling water or cooling liquid onto a stage on
which the substrate 21 is placed, or by using a peltier device.
In some embodiments, the viscosity of the pre-functional
organic film may be adjusted by irradiating light onto the
pre-functional organic film.

[0123] Whenthe temperature of the substrate 21 is lowered,
the viscosity of the pre-functional organic film increases and
thus the spreadability of the pre-functional organic film
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decreases. Thus, the pre-functional organic film remains on
the upper surface of the protruding portion 223. In addition,
the pre-functional organic film hardens in this state, thereby
forming the functional organic film 302 (having the first
thickness t1) on the upper surface of the protruding portion
223. The temperature of the substrate 21 and the length of
time that is required to harden the pre-functional organic film
may be determined based on the desired viscosity of the
pre-functional organic film. Accordingly, by adjusting the
viscosity of the pre-functional organic film, a liquid pre-
functional organic film having a predetermined thickness
may be formed (as the functional organic film 302) on the
upper surface of the protruding portion 223.

[0124] When the pre-functional organic film includes a
photo-initiator, the viscosity of the pre-functional organic
film may be adjusted by irradiating light onto the pre-func-
tional organic film. When light is irradiated onto the pre-
functional organic film, a cross-linking reaction may occur,
which increases the viscosity of the pre-functional organic
film. Subsequently, the pre-functional organic film hardens,
thereby forming the functional organic film 302 (having the
first thickness t1) on the upper surface of the protruding
portion 223. The viscosity of the pre-functional organic film
may be adjusted based on the wavelength and/or intensity of
the irradiated light.

[0125] Referring to FIG. 3D, a thin film encapsulating layer
30 is formed over the structure of FIG. 3C. The thin film
encapsulating layer 30 includes an organic film 320 and an
inorganic film 310. It should be noted that the thin film encap-
sulating layer 30 can include a plurality of organic films 320
and inorganic films 310. The thin film encapsulating layer 30
is formed by alternately stacking second, third, and fourth
inorganic film 303, 305, and 307, and first and second organic
film 304 and 306 on the functional organic film 302.

[0126] Each of the second, third, and fourth inorganic films
303, 305, and 307 may be formed as a single layer or multi-
layered structure. Each of the inorganic films 303, 305, and
307 may include at least one of the following oxides: AlOx,
SiNx, SiOx, SiON, ITO, AZO, ZnO, or ZrO. The inorganic
films 303, 305, and 307 may be deposited using CVD, ALD,
sputtering, or other similar techniques.

[0127] Each of the first and second organic films 304 and
306 may be formed as a single layer or a multi-layered struc-
ture. Each of the organic films 304 and 306 may include at
least one of epoxy, acrylate, silicon, and polyacrylate. The
first and second organic films 304 and 306 may be coated or
deposited using flash evaporation, inkjet printing, slot die
coating, or other similar techniques.

[0128] As shown in FIG. 3D, the fourth inorganic film 307
constitutes the uppermost layer of the thin film encapsulating
layer 30 that is exposed to the ambient environment. The
fourth inorganic film 307 prevents air and moisture from
reaching the organic light-emitting device OLED. Accord-
ingly, the organic light-emitting device OLED is effectively
sealed by the thin film encapsulating layer 30.

[0129] Inthe embodiment of FIG. 3D, the fourth inorganic
film 307 is formed of an inorganic material. Nevertheless, in
some other embodiments, the uppermost layer of the thin film
encapsulating layer 30 (that is exposed to the ambient envi-
ronment) may be formed of an organic material.

[0130] FIG. 4 is a cross-sectional view of an organic light-
emitting display apparatus according to another embodiment
of the inventive concept. The embodiment in FIG. 4 includes
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elements similar to those described in FIG. 2, and thus
description of those similar elements shall be omitted.
[0131] Referring to FIG. 4, the organic light-emitting dis-
play apparatus 200 includes a thin film encapsulating layer
31. The thin film encapsulating layer 31 includes an inorganic
film 330 and an organic film 340. The inorganic film 330 and
the organic film 340 of FIG. 4 may be formed using the same
materials and methods as the inorganic film 310 and the
organic film 320 of FIG. 2. The inorganic film 330 includes a
first inorganic film 311, a second inorganic film 313, a third
inorganic film 315, and a fourth inorganic film 317. The
organic film 340 includes a first organic film 312, a functional
organic film 314, and a second organic film 316. As shown in
FIG. 4, the films in the inorganic film 330 and the organic film
340 are sequentially stacked together.

[0132] The first inorganic film 311, the first organic film
312, and the second inorganic film 313 are disposed beneath
the functional organic film 314. Referring to FIG. 4, a height
his measured from a top surface of a planarization film 218 to
a first upper surface of the functional organic film 314 dis-
posed away from a protruding portion 223. A height H is
measured from the top surface ofthe planarization film 218 to
a second upper surface of the functional organic film 314
above the top of a protruding portion 223. The functional
organic film 314 is formed having a second thickness t2 above
the top of the protruding portion 223.

[0133] AsshowninFIG. 4, the height h may be less than the
height H. In other words, the height h of the first upper surface
of the functional organic film 314 disposed away from the
protruding portion 223 is lower than the height H of the
second upper surface of the functional organic film 314 dis-
posed above the top of the protruding portion

[0134] However, the difference between the heights h and
H in the embodiment of FIG. 4 is less than that of FIG. 2.
Referring back to FIG. 2, the top of the protruding portion 223
protrudes above the first upper surface of the functional
organic film 302. In contrast to FIG. 2, the top of the protrud-
ing portion 223 in FIG. 4 is disposed below the first upper
surface of the functional organic film 314. Nevertheless, the
protruding portion 223 in FIG. 4 remains covered by the
functional organic film 314, similar to FIG. 2.

[0135] Referring to FIG. 4, the second thickness t2 may be
adjusted such that the third inorganic film 315 (which is
formed on the functional organic film 314) does not come into
contact with the second inorganic film 313, even when a
defect (e.g., a mask stab) occurs during fabrication of the
functional organic film 314. In some embodiments, the sec-
ond thickness t2 may be equal to or greater than about 100 A.
For example, the second thickness 12 may have a value rang-
ing between about 100 A and about 500 A. In some embodi-
ments, the second thickness t2 may have a value that is equal
to or less than a thickness of a substantially planar portion of
the functional organic film 314 above the top of the protruding
portion 223. Also, the second thickness (2 may vary depend-
ing on the number (of) and thicknesses of the films in the thin
film encapsulating layer 31, as well as the height of the
protruding portion 223.

[0136] Referring to FIG. 4, the second organic film 316
constitutes the uppermost organic film of the organic light-
emitting display apparatus 200. A planarization process may
be performed on the second organic film 316 so as to yield a
substantially planar surface.

[0137] In the embodiments of FIGS. 2 and 4, the thin film
encapsulating layer 31 includes a single functional organic
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film. Nevertheless, it should be noted that in some embodi-
ments, the thin film encapsulating layer 31 may include a
plurality of functional organic films.

[0138] FIG. 5 is a cross-sectional view of an organic light-
emitting display apparatus according to a further embodiment
of the inventive concept. The embodiment in FIG. 5 includes
elements similar to those described in FIG. 2, and thus
description of those similar elements shall be omitted.
[0139] Referring to FIG. 5, the organic light-emitting dis-
play apparatus 300 includes a thin film encapsulating layer
32. The thin film encapsulating layer 32 includes an inorganic
film 350 and a functional organic film 360. The thin film
encapsulating layer 32 also includes foreign particles 41 and
42. The inorganic film 350 and the organic film 360 of F1G. 5
may be formed using the same materials and methods as the
inorganic film 310 and the organic film 320 of FIG. 2. The
inorganic film 350 includes a first inorganic film 321, a sec-
ond inorganic film 323, and a third inorganic film 325. The
functional organic film 360 includes a first functional organic
film 322 and a second functional organic film 324. As shown
in FIG. 5, the films in the inorganic film 350 and the organic
film 360 are sequentially stacked together, with the foreign
particles 41 and 42 interposed between adjacent films. It
should be noted that in some embodiments, more particles
can be encapsulated by having more than one functional
organic film.

[0140] The organic light emitting display apparatus 300
also includes a spacer 231 having the same function as the
protruding portion 223 of FIG. 2. The spacer 231 may be
formed using the same materials and methods as the protrud-
ing portion 223 of FIG. 2.

[0141] In the embodiment of FIG. 5, the protruding por-
tions include the foreign particles 41 and 42, and the spacer
231. As shown in FIG. 5, the foreign particles 41 and 42 may
protrude above the spacer 231.

[0142] The first functional organic film 322 may be formed
having a third thickness t3 above an upper surface of the
foreign particle 41.

[0143] The second functional organic film 324 may be
formed having a fourth thickness t4 above an upper surface of
the foreign particle 42.

[0144] The third thickness t3 and the fourth thickness t4
may be different from each other, and may be adjusted by
adjusting the respective viscosities of the first functional
organic film 322 and the second functional organic film 324.
Similar to the embodiments in FIGS. 2 and 4, the first func-
tional organic film 322 and the second functional organic film
324 in FIG. 5 may be formed of materials having viscosities
that are adjustable using light or temperature.

[0145] Thus, although the organic light-emitting display
apparatus 300 may include the foreign particles 41 and 42, the
foreign particles 41 and 42 are nonetheless covered by the
first functional organic film 322 and the second functional
organic film 324. Accordingly, the organic light emitting
device OLED in FIG. 5 remains effectively sealed by the thin
film encapsulating layer 32.

[0146] The thin film encapsulating layer 32 of FIG. 5 may
be modified in different ways. For example, in some embodi-
ments, the thin film encapsulating layer 32 may have a struc-
ture in which only the first functional organic film 322 and the
second inorganic film 323 are stacked together. In some other
embodiments, the thin film encapsulating layer 32 may fur-
ther include an additional organic film and/or an additional
inorganic film interposed between the films.
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[0147] 1t should be understood that the embodiments
described above are to be considered in a descriptive sense,
and should not be construed as limiting the inventive concept.
Descriptions of features or aspects within each embodiment
are generally applicable to similar features or aspects in other
embodiments.

[0148] While one or more embodiments of the inventive
concept have been described, it will be understood by those of
ordinary skill in the art that various changes may be made to
the embodiments without departing from the spirit and scope
of the present disclosure.

What is claimed is:

1. An organic light-emitting display apparatus comprising:

a pixel-defining layer disposed on a substrate, wherein the

pixel-defining layer defines an emission region and a
non-emission region;

an organic light-emitting device disposed in the emission

region;

a protruding portion disposed on a portion of the pixel-

defining layer in the non-emission region; and

athin film encapsulating layer disposed on the substrate for

sealing the organic light-emitting device and the pro-
truding portion, the thin film encapsulating layer com-
prising at least one organic film and at least one inor-
ganic film,

wherein at least one organic film corresponds to a func-

tional organic film, and a height of a first upper surface of
the functional organic film disposed away from the pro-
truding portion is lower than a height of a second upper
surface of the functional organic film disposed near a top
of the protruding portion.

2. The organic light-emitting display apparatus of claim 1,
wherein the functional organic film has a first thickness near
the top of the protruding portion, and the first thickness has a
value that is equal to or greater than about 100 A.

3. The organic light-emitting display apparatus of claim 2,
wherein the first thickness is less than or equal to a thickness
of a planarized portion of the functional organic film near the
top of the protruding portion.

4. The organic light-emitting display apparatus of claim 1,
wherein the top of the protruding portion is disposed above
the first upper surface of the functional organic film.

5. The organic light-emitting display apparatus of claim 1,
wherein the protruding portion corresponds to a spacer dis-
posed in the non-emission region.

6. The organic light-emitting display apparatus of claim 1,
wherein the functional organic film comprises a photo-initia-
tor.

7. The organic light-emitting display apparatus of claim 1,
wherein the functional organic film comprises a material
having a viscosity that is adjustable using light or tempera-
ture.

8. The organic light-emitting display apparatus of claim 1,
further comprising a protective layer interposed between the
organic light-emitting device and the thin film encapsulating
layer.
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9. The organic light-emitting display apparatus of claim 1,
wherein the protruding portion comprises foreign material.

10. The organic light-emitting display apparatus of claim 1,
wherein an uppermost layer of the thin film encapsulating
layer is exposed, and the uppermost layer includes an inor-
ganic film.

11. The organic light-emitting display apparatus ofclaim 1,
wherein an uppermost layer of the thin film encapsulating
layer is exposed, and the uppermost layer includes an organic
film.

12. The organic light-emitting display apparatus ofclaim 1,
further comprising a plurality of functional organic films,
wherein the functional organic films have different thick-
nesses near the top of the protruding portion.

13. A method of manufacturing an organic light-emitting
display apparatus, the method comprising:

forming a pixel-defining layer on a substrate, wherein the

pixel-defining layer defines an emission region and a
non-emission region;

forming an organic light-emitting device in the emission

region;

forming a protruding portion on a portion of the pixel-

defining layer in the non-emission region; and

forming a thin film encapsulating layer on the substrate for

sealing the organic light-emitting device and the pro-
truding portion, the thin film encapsulating layer com-
prising at least one organic film and at least one inor-
ganic film,

wherein at least one organic film corresponds to a func-

tional organic film, and a height of a first upper surface of
the functional organic film disposed away from the pro-
truding portion is lower than a height of a second upper
surface of the functional organic film disposed near a top
of the protruding portion.

14. The method of claim 13, further comprising:

forming the functional organic film by depositing or coat-

ing a liquid pre-functional organic film, and adjusting a
viscosity of the liquid pre-functional organic film.

15. The method of claim 14, wherein adjusting the viscos-
ity of the liquid pre-functional organic film comprises:

adjusting the viscosity by adjusting a temperature of the

substrate or by irradiating light onto the liquid pre-func-
tional organic film.

16. The method of claim 13, further comprising forming
the protruding portion and the pixel-defining layer using a
half-tone mask process.

17. The method of claim 13, wherein the functional organic
film comprises a photo-initiator.

18. The method of claim 13, wherein the protruding portion
corresponds to a spacer disposed in the non-emission region.

19. The method of claim 13, wherein the protruding portion
comprises foreign material.

20. The method of claim 13, further comprising forming
the organic film using flash evaporation or inkjet printing.
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