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ORGANIC LIGHT-EMITTING DISPLAY
APPARATUS AND METHOD FOR
MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0064321, filed on Jun. 4, 2013, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1.Field

[0003] The invention relates to an organic light-emitting
display apparatus and a method for manufacturing the same,
and more particularly, to an organic light-emitting display
apparatus capable of improving the efficiency of light and a
method for manufacturing the same.

[0004] 2. Description of the Related Art

[0005] Generally, an organic light-emitting display appara-
tus is a self-emissive display apparatus that includes an
organic light-emitting device (“OLED”), and the OLED
includes a hole injecting electrode, an electron injecting elec-
trode, and an organic emission layer between the hole inject-
ing electrode and electron injecting electrode. In the organic
light-emitting display apparatus, holes injected from the hole
injecting electrode and electrons injected from the electron
injecting electrode are combined in the organic emission
layer to generate excitons, and the excitons fall from an
excited state to a ground state and generate light.

[0006] The organic light-emitting display apparatus, which
1s a self-emissive display apparatus, does not require a sepa-
rate light source. Therefore, the organic light-emitting display
apparatus is capable of operating at a low voltage, is light-
weight and thin, and includes high-quality features such as a
wide viewing angle, high contrast and a fast response. Thus,
the organic light-emitting display apparatus receives consid-
eration as a next-generation display apparatus.

SUMMARY

[0007] One or more exemplary embodiment provides an
organic light-emitting display apparatus capable of improv-
ing the efficiency of light and a method for manufacturing the
same.

[0008] According to an exemplary embodiment of the
invention, there is provided an organic light-emitting display
apparatus including an insulating layer including an inclined
structure; a first electrode on the insulating layer; a pixel
defining layer on the insulating layer and the first electrode,
and defining an emissive region and a non-emissive region; a
bump on the pixel defining layer; an organic emission layer on
the first electrode; and a second electrode on the organic
emission layer.

[0009] Thefirst electrode may overlap a bottom surface and
a sidewall of the inclined structure.

[0010] The pixel defining layer may overlap a bottom sur-
face and a sidewall of the inclined structure of the insulating
layer, and an opening may be defined in the pixel defining
layer and which exposes the first electrode in the emissive
region.

[0011] The bump may be adjacent to the emissive region.
[0012] A width of the bump may range from about 3
micrometers ((um) to about 20 um.

[0013] A height of the bump may range from about 0.3
micrometer (um) to about 5 pum.
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[0014] A sidewall of the inclined structure may form an
angle of about 20° to about 70° with respect to a line extended
from a bottom surface of the inclined structure.

[0015] Theinclined structure may be a recess defined in the
insulating layer, and the first electrode may have a concave
shape corresponding to the recess.

[0016] An opening may be defined in the pixel defining
layer and which exposes the first electrode in the emissive
region, and the organic emission layer may overlap a sidewall
of the pixel defining layer at the opening.

[0017] The organic emission layer may overlap the pixel
defining layer and the bump.

[0018] The bump may include a first bump layer having a
first width; and a second bump layer on the first bump layer
and having a second width, and the first width may be greater
than the second width.

[0019] The first electrode may overlap a sidewall of the
inclined structure of the insulating layer, and reflect light
which is emitted by the organic emission layer.

[0020] Thebump may redirect light emitted by the organic
emission layer.
[0021] According to another exemplary embodiment of the

invention, there is provided an organic light-emitting display
apparatus including a substrate; an insulating layer on the
substrate, a recess defined in the insulating layer and having a
sloped sidewall; an organic light-emitting diode on the insu-
lating layer, and including a first electrode, an organic emis-
sion layer and a second electrode; a pixel defining layer
between the first and second electrodes, and defining an emis-
sive region and a non-emissive region; and a bump on the
pixel defining layer.

[0022] The first electrode may overlap the sloped sidewall
of the recess defined in the insulating layer.

[0023] The organic light-emitting display apparatus may
include a plurality of recesses and a plurality of organic
light-emitting diodes, and the organic light-emitting diodes
may be respectively in the plurality of recesses.

[0024] The bump may include a plurality of bump layers,
and the plurality of bump layers may be vertically stacked.
[0025] The bump may include a curved surface.

[0026] The organic light-emitting apparatus may further
include a thin film transistor connected to the first electrode.
[0027] The organic light-emitting apparatus may further
include a sealing film which covers the organic light-emitting
diode.

[0028] According to another exemplary embodiment of the
invention, there is provided a method of manufacturing an
organic light-emitting apparatus, the method including pro-
viding an insulating layer on a substrate; providing an
inclined structure in the insulating layer; providing a first
electrode on the insulating layer; providing a pixel defining
layer on the insulating layer and the first electrode; providing
an opening in the pixel defining layer which exposes the first
electrode; providing a bump on the pixel defining layer; pro-
viding an organic emission layer on the first electrode; and
providing a second electrode on the organic emission layer.

[0029] The organic emission layer may overlap the bump.
[0030] The bump may include a plurality of bump layers.

[0031] Theproviding abump may include using a half-tone
mask.

[0032] The bump may include an organic material.

[0033] Theproviding a bump may include a reflow process.
[0034] the inclined structure includes a sloped sidewall

which forms an angle with a bottom surface of the inclined
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structure, and the angle of the inclined structure may be
adjusted according to manufacturing conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other features and advantages of the
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings in which:

[0036] FIG.1isacross-sectional view illustrating an exem-
plary embodiment of an organic light-emitting display appa-
ratus according to the invention;

[0037] FIG. 2is a cross-sectional view illustrating another
exemplary embodiment of an organic light-emitting display
apparatus according to the invention;

[0038] FIG. 3 is an enlarged cross-sectional view of an
exemplary embodiment of section “T” illustrated in FIGS. 1
and 2, according to the invention;

[0039] FIGS. 4A through 4G are sequential cross-sectional
views for describing an exemplary embodiment of a method
for manufacturing the organic light-emitting display appara-
tus of FIG. 3, according to the invention;

[0040] FIG.S5isanenlarged cross-sectional view of another
exemplary embodiment of section “I” illustrated in FIGS. 1
and 2, according to the invention;

[0041] FIG. 6 is an enlarged cross-sectional view of still
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention;

[0042] FIG. 7 is an enlarged cross-sectional view of yet
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention; and

[0043] FIG. 8 is an enlarged cross-sectional view of yet
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention.

DETAILED DESCRIPTION

[0044] Exemplary embodiments will now be described
more fully with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown. In
the drawings, like reference numerals denote like elements,
and the thicknesses of layers and regions are exaggerated for
clarity.

[0045] The embodiments of the invention described here-
inafter are only provided as examples, and various changes in
form and details may be made therein. When a layer is
described using terms such as “above,” “on the top of,” or
“on” another layer, the layer may be directly on the another
layer, or a separate layer may be disposed therebetween.
[0046] The terminology used herein is for describing par-
ticular embodiments only and is not intended to limit the
invention. 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” and/or “comprising,”
when used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof.

[0047] 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.

Dec. 4, 2014

[0048] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the invention.

[0049] Spatially relative terms, such as “lower,” “under,”
“above,” “upper” and the like, may be used herein for ease of
description to describe the relationship of one element or
feature to another element(s) or feature(s) as illustrated in the
figures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the device
in use or operation, in addition to the orientation depicted in
the figures. For example, if the device in the figures 1s turned
over, elements described as “lower” or “under” relative to
other elements or features would then be oriented “above”
relative to the other elements or features. Thus, the exemplary
term “under” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0050] Embodiments of the invention are described herein
with reference to cross-section illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
butare to include deviations in shapes that result, for example,
from manufacturing.

[0051] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within £30%, 20%, 10%, 5% of the
stated value.

[0052] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0053] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

2 <
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[0054] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings

[0055] FIGS. 1 and 2 are cross-sectional views of exem-
plary embodiments of organic light-emitting display appara-
tuses 1 and 2, respectively, according to the invention.
[0056] Referring to FIG. 1, the organic light-emitting dis-
play apparatus 1 includes an organic light-emitting unit 22
disposed on a substrate 21, and a sealing substrate 23 facing
the substrate 21. The organic light-emitting unit 22 is sealed
between the facing substrates 21 and 23.

[0057] The sealing substrate 23 includes transparent mate-
rial to allow display of an image using light from the light-
emitting unit 22, and reduces or effectively prevents inflow of
oxygen and/or moisture to the organic light-emitting unit 22.
[0058] Edges of the substrate 21 and the sealing substrate
23 are connected to each other by a sealing material 24, and an
inner space 25 is defined between the substrate 21, the sealing
substrate 23 and the sealing material 24. An absorbent or a
filling material may be provided in the inner space 25.
[0059] Referring to FIG. 2, the organic light-emitting dis-
play apparatus 2 includes the organic light-emitting unit 22
disposed on the substrate 21, and a sealing film 26 facing the
substrate 21. The organic light-emitting unit 22 is sealed
between the facing substrates 21 and 23.

[0060] Unlike the organic light-emitting display apparatus
1 of FIG. 1, the organic light-emitting display apparatus 2 of
FIG. 2 includes the sealing film 26 instead of the sealing
substrate 23. The sealing film 26 may cover the organic light-
emitting unit 22 to protect the organic light-emitting unit 22
from exposure to oxygen and/or moisture. In one exemplary
embodiment, for example, the sealing film 26 may include a
multi-layer structure including an inorganic layer including
an inorganic material such as silicon oxide or silicon nitride,
alternated with an organic layer including an organic material
such as polyimide.

[0061] The inorganic layer and/or the organic layer may be
plural within the multi-layer structure of the sealing film 26.
[0062] The organic layer may include a polymer, and for
example, may be a single layer or a stacked layer including
one of polyethylene terephthalate, polyimide, polycarbonate,
epoxy, polyethylene and polyacrylate, and a combination
thereof. In detail, the organic layer may include polyacrylate,
and in more detail, may include a polymerized monomer
composition including a diacrylate-based monomer and a
triacrylate-based monomer. A monoacrylate-based monomer
may be further included in the polymerized monomer com-
position. Also, the polymerized monomer composition may
further include a well-known photoinitiator, such as
monoacrylphosphine oxide (“TPO”), but is not limited
thereto.

[0063] The inorganic layer may include a single layer or a
stacked layer including a metal oxide or a metal nitride. In
detail, the inorganic layer may include one of SiN_, Al,O;,
Si0O, and TiO,, and a combination thereof.

[0064] Anuppermost layer of the sealing film 26, which is
externally exposed, may include the inorganic layer in order
to reduce or effectively prevent inflow of water vapor trans-
mission, oxygen or moisture to the organic light-emitting unit
22 and/or an organic light-emitting diode therein.

[0065] Inexemplary embodiments, the sealing film 26 may
include a multi-layer structure, in which at least one organic
layer is inserted between at least two inorganic layers. In other
exemplary embodiments, the sealing film 26 may include a
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multi-layer structure, in which at least one inorganic layer is
inserted between at least two organic layers.

[0066] The sealing film 26 may include a first inorganic
layer, a first organic layer and a second inorganic layer
sequentially stacked from a top of the organic light-emitting
unit 22. The sealing film 26 may include a first inorganic
layer, a first organic layer, a second inorganic layer, a second
organic layer and a third inorganic layer sequentially stacked
from the top of the organic light-emitting unit 22. Alterna-
tively, the sealing film 26 may include a first inorganic layer,
a first organic layer, a second inorganic layer, a second
organic layer, a third inorganic layer, a third organic layer and
a fourth inorganic layer sequentially stacked from the top of
the organic light-emitting unit 22.

[0067] A halogenated metal layer including LiF may be
further disposed between the organic light-emitting unit 22
and the first inorganic layer of the sealing film 26. In an
exemplary embodiment of manufacturing an organic light-
emitting display apparatus, the halogenated metal layer may
reduce or effectively prevent the organic light-emitting unit
22 from being damaged while forming (e.g., providing) the
first inorganic layer via a sputtering method or a plasma
deposition method.

[0068] A size of the first organic layer may be smaller than
that of the second inorganic layer, and the size of the second
organic layer may be smaller than that of the third inorganic
layer. The size of a layer may refer to a cross-sectional thick-
ness and/or a planar dimension (e.g., planar length and width)
of the layer, but not being limited thereto. Also, the first
organic layer may be completely covered by the second inor-
ganic layer, and the second organic layer may be completely
covered by the third inorganic layer. That is, no portion of the
covered layer may be exposed to outside the sealing film 26.

[0069] Alternatively, the sealing film 26 may have a struc-
ture including low melting glass such as tin oxide (SnO), but
is not limited thereto.

[0070] FIG. 3 is an enlarged cross-sectional view of section
“I” illustrated in FIGS. 1 and 2, according to the invention.

[0071] Referring to FIG. 3, an organic light-emitting dis-
play apparatus 100 may include the substrate 21, a buffer
layer 211, a thin film transistor TR, an insulating layer 210
including an inclined structure 209, an organic light-emitting
diode (“OLED”), a pixel defining layer 223, and a bump 225.

[0072] The substrate 21 may include transparent glass hav-
ing SiO, as a main component. However, the substrate 21 is
not limited thereto, and may include various materials such as
ceramic, transparent plastic metal, and the like.

[0073] The buffer layer 211 may be disposed on the sub-
strate 21 to reduce or effectively prevent spread of impurity
ions, and inflow of moisture or air, and planarize an upper
surface of the substrate 21. In exemplary embodiments, the
buffer layer 211 may include an inorganic material such as
silicon oxide, silicon nitride, silicon oxynitride, aluminum
oxide, aluminum nitride, titanium oxide, or titanium nitride;
an organic material such as polyimide, polyester, or acryl; or
a stacked layer thereof. In an alternative exemplary embodi-
ment, the buffer layer 211 may be omitted. In an exemplary
embodiment of manufacturing an organic light-emitting dis-
play apparatus, the buffer layer 211 may be formed (e.g.,
provided) by using various deposition methods such as
plasma enhanced chemical vapor deposition (“PECVD”),
atmospheric  pressure  chemical vapor  deposition
(“APCVD”), low pressure CVD (“LPCVD”), and the like.
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[0074] The thin film transistor TR includes an active layer
212, a gate electrode 214, a source electrode 216 and a drain
electrode 217. A gate insulating layer 213 is disposed
between the gate electrode 214 and the active layer 212 to
insulate the gate electrode 214 from the active layer 212.
[0075] The active layer 212 may be disposed on the buffer
layer 211, and include an inorganic semiconductor such as
amorphous silicon or poly silicon, or an organic semiconduc-
tor. In exemplary embodiments, the active layer 212 may
include an oxide semiconductor. In one exemplary embodi-
ment, for example, the oxide semiconductor may include an
oxide of a material selected from Group 12 to 14 metal ele-
ments such as zinc (Zn), indium (In), gallium (Ga), tin (Sn),
cadmium (Cd), germanium (Ge) and hafnium (Hf), and com-
binations thereof.

[0076] The gate insulating layer 213 is disposed on the
buffer layer 211 to cover the active layer 212, and the gate
electrode 214 is disposed on the gate insulating layer 213.
[0077] Aninterlayer insulating layer 215 is disposed on the
gate insulating layer 213 to cover the gate electrode 214. The
source and drain electrodes 216 and 217 are disposed on the
interlayer insulating layer 215. One or more contact hole may
be defined extending through a thickness of the gate insulat-
ing layer 213 and/or the interlayer insulating layer 215. The
source and drain electrodes 216 and 217 respectively contact
the active layer 212 through a contact hole.

[0078] The thin film transistor TR is not limited to the
structure described above, and may include various struc-
tures. In one exemplary embodiment, for example, the thin
film transistor TR may be a top gate type as illustrated in FIG.
3, or a bottom gate type in which the gate electrode 222 is
disposed under the active layer 212.

[0079] The organic light-emitting display apparatus may
further include a pixel circuit (not shown) which includes the
thin film transistor TR and a capacitor.

[0080] The insulating layer 210 includes an inclined struc-
ture 209, and may be disposed on the interlayer insulating
layer 215 to cover the pixel circuit which includes the thin
film transistor TR. The insulating layer 210 may include a
plurality of insulating films.

[0081] The inclined structure 209 includes a flat bottom
surface, and a sidewall which is slanted or inclined by angle 0.
In an exemplary embodiment of manufacturing an organic
light-emitting display apparatus, the inclined structure 209
may be provided by forming a recess having slanted sidewalls
in a portion of the insulating layer 210.

[0082] The angle 6 is formed by a line extended from and
parallel to the bottom surface of the inclined structure 209 and
a sidewall of the inclined structure 209, and may be adjusted.
Since the inclined structure 209 includes the sidewall which is
slanted by the angle 8, a width of an upper portion of the
inclined structure 209 taken parallel to the bottom surface
may be greater than that of a lower portion of the inclined
structure 209. In exemplary embodiments, the angle 6 may
range from about 20° to about 70° with respect to the line
extended from the bottom surface.

[0083] The insulating layer 210 may include an inorganic
material and/or organic material. In one exemplary embodi-
ment, for example, the insulating layer 210 may include one
of a photoresist, an acryl-based polymer, a polyimide-based
polymer, a polyamide-based polymer, a siloxane-based poly-
mer, a polymer including a photosensitive acrylic carboxyl
group, a novolac resin, an alkali soluble resin, silicon oxide,
silicon nitride, silicon oxynitiride, silicon oxycarbide, silicon
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carbonitride, aluminum (Al), magnesium (Mg), Zn, Hf, zir-
conium (Zr), titanium (Ti), tantalum (Ta), aluminum oxide,
titanium oxide, tantalum oxide, magnesium oxide, zinc oxide
(ZnO), hafnium oxide and zirconium oxide, and a combina-
tion thereof.

[0084] Inexemplary embodiments, the insulating layer 210
may include a first insulating sub-layer 218 and a second
insulating sub-layer 219. The first insulating sub-layer 218
may be a monolayer or a multi-layer structure including a
plurality of insulating layers. The first insulating sub-layer
218 may have a flat upper surface. The second insulating
sub-layer 219 is disposed on the first insulating sub-layer 218,
and may include the inclined structure 209. The first and
second insulating sub-layers 218 and 219 may include the
same, similar or different materials.

[0085] The OLED is disposed on the insulating layer 210,
and includes a first electrode 221, an organic emission layer
220 and a second electrode 222. The pixel defining layer 223
is disposed on the insulating layer 210 and the first electrode
221, and defines an emissive region and a non-emissive
region of the organic light-emitting display apparatus.
[0086] The organic emission layer 220 may include a low-
molecular or high-molecular organic material. If the organic
emission layer 220 includes a low-molecular organic mate-
rial, a monolayer, or a multi-layer structure of a hole injection
layer (“HIL”), a hole transport layer (“HTL”), an emission
layer (“EML”), an electron transport layer (“ETL”) and an
electroninjection layer (“FIL”") may be used. In anexemplary
embodiment of manufacturing an organic light-emitting dis-
play apparatus, the low-molecular organic material may be
formed (e.g., provided) by using a vacuum deposition
method. Where the low-molecular organic material is formed
by using the vacuum deposition method, the EML may be
independently formed in each of red, green and blue pixels,
and the HIL, the HTL, the ETL and the EIL may be formed as
acommon layer commonly applied to the red, green and blue
pixels.

[0087] If the organic emission layer 220 is includes of a
high-molecular organic material, only the HTL may be
formed in a direction toward the first electrode 221 from the
EML. In an exemplary embodiment of manufacturing an
organic light-emitting display apparatus, the HTL may be
formed on the first electrode 221 by using poly-(2,4)-ethyl-
ene-dihydroxy thiophene (“PEDOT”) or polyaniline
(“PANT"), and inkjet printing or spin coating. Where the HTL
is formed on the first electrode 221 by using PEDOT or PANT,
and inkjet printing or spin coating, a poly-phenylenevinylene
(“PPV”)-based high-molecular organic material or a poly-
fluorene-based high-molecular organic material may be used,
and a color pattern may be formed by using a typical method
such as inkjet printing, spin coating or thermal transfer print-
ing using a laser.

[0088] The HIL may include, for example, a phthalocya-
nine compound such as copper phthalocyanine, or a starburst-
type amine such as 4,4',4"-tri(N-carbazolyl)triphenylamine
(“TCTA™), 4,4' 4"-tris(3-methylphenyl-N-phenylamino)
triphenylamine (“m-MTDATA”), or 1,3,5-tris[4-(3-meth-
ylphenyl)phenylamino|phenyl]benzene (“m-MTDAPB”).
[0089] The HTL may include, for example, N,N'-bis(3-
methylphenyl)-N,N'-diphenyl-[ 1,1-biphenyl]-4,4'diamine
(“TPD”) or N,N'-di(naphthalene-1-y1)-N,N'-diphenyl benzi-
dine (“a-NPD”).

[0090] The EIL may include, for example, LiF, NaCl, CsF,
Li,0, BaO or 8-hydroxyquinolinolato-lithium (“Liq”).



US 2014/0353595 Al

[0091] The ETL may include, for example, tris(8-hydroxy-
quinolinato)aluminum (“Alg;”).

[0092] The EML may include a host material and a dopant
material.

[0093] The host material may include tris(8-hydroxy-
quinolinato)aluminum (“Alq;”), 9,10-di(naphth-2-yl)an-
thracene (“ADN”), 3-tert-butyl-9,10-di(naphth-2-y1)an-
thracene  (“TBADN™),  4,4'-bis(2,2-diphenylvinyl)-1,1'-
biphenyl (“DPVBi”), 4,4'-Bis[2,2-di(4-methylphenyl)-

ethen-1-yl|biphenyl (“p-DMDPVBi”), tert(9,9-
diarylfluorene) (“ITDAF”, CAS 474918-42-8), 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) (“BDAF”, CAS 854046-47-2), 4,4'-
bis(2,2-diphenyl-ethen-1-y1)-4,4'-di-(tert-butyl)phenyl (“p-
TDPVBI”), 1,3-bis(carbazol-9-yl)benzene (“mCP”), 1,3,5-
tris(carbazol-9-yl)benzene (“tCP”), 4,4'.4"-tris(carbazol-9-
yDtriphenylamine (“TcTa”), 4,4'-bis(carbazol-9-y1)biphenyl
(“CBP”), 4,4"-bis(9-carbazolyl)-2,2'-di  methyl-biphenyl
(“CBDP”),  4.4'-bis(carbazol-9-y1)-9,9-dimethyl-fluorene
(“DMFL-CBP”), 4,4'-bis(carbazol-9-y1)-9,9-bis(9-phenyl-
9H-carbazol)fluorene (“FL-4CBP”), 4,4'-bis(carbazol-9-y1)-
9,9-di-tolyl-fluorene (“DPFL-CBP”), or 9,9-bis(9-phenyl-
9H-carbazol)fluorene (“FL-2CBP”).

[0094] The dopant material may include 4,4'-bis[4-(di-p-
tolylamino)styryl]biphenyl (“DPAVBI”), 9,10-di(naph-2-tyl)
anthracene (“ADN”), 2-tert-butyl-9,10-di(naph-2-tyl)an-
thracene or  3-tert-butyl-9,10-di(naph-2-tyl)anthracene
(“TBADN™).

[0095] The first electrode 221 is disposed on the insulating
layer 210. The first electrode 221 may be disposed on the
bottom surface of the inclined structure 209 and extended to
and along the sidewall of the inclined structure 209. An angle
formed by a line extended from the bottom surface, and the
first electrode 221 may be the same as or similar to the angle
0. Since the first electrode 221 is disposed on the sidewall of
the inclined structure 209, the first electrode 221 may have a
concave shape.

[0096] When light generated by the organic emission layer
220 is incident upon the portion of the first electrode 221
which is disposed on the sidewall of the inclined structure
209, the incident light may be reflected by the portion of the
first electrode 221 and emitted to the outside. Where the
incident light is reflected by a portion of the first electrode
221, the angle 8 formed by the line extended from and parallel
to the bottom surface of the inclined structure 209 and a
sidewall of the inclined structure 209, may be adjusted to
direct the light generated by the organic emission layer 220
and reflected by the first electrode 221 toward a desirable
direction. Therefore, the efficiency of light, emitted to the
outside by portion of the OLED disposed in the inclined
structure 209, may be improved.

[0097] The first electrode 221 may be physically and/or
electrically connected to the drain electrode 217 of the thin
film transistor TR through a through hole 208 defined to
penetrate through the insulating layer 210. Although the
through hole 208 illustrated in FIG. 3 is defined extended
through the bottom surface of the inclined structure 209, the
through hole 208 is not limited thereto. The through hole 208
may be defined to extend through the sidewall of the inclined
structure 209 or the upper surface of the insulating layer 210.

[0098] Thefirstelectrode 221 may function as an anode and
the second electrode 222 may function as a cathode. How-
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ever, the polarities of the first and second electrodes 221 and
222 are not limited thereto and may be switched.

[0099] If the first electrode 221 functions as an anode, the
first electrode 221 may include indium tin oxide (“ITO”),
indium zine oxide (“IZ0”), ZnO or indium oxide (In,0,)
having a high work function. If the organic light-emitting
display apparatus 100 is a top emission type display for dis-
playing an image in a direction opposite to the substrate 21,
the first electrode 221 may further include a reflective layer
including metal such as silver (Ag), Mg, Al, platinum (Pt),
palladium (Pd), gold (Au), nickel (Ni), neodymium (Nd),
iridium (Ir), chromium (Cr), lithium (Li), ytterbium (Yb), or
calcium (Ca) or an alloy thereof. Also, the first electrode 221
may have a monolayer or a multi-layer structure including the
above-mentioned metal or alloy. In exemplary embodiments,
the first electrode 221 may include an ITO/Ag/ITO multi-
layer structure as a reflective electrode.

[0100] If the second electrode 222 functions as a cathode,
the second electrode 222 may include metal such as Ag, Mg,
Al Pt, Pd, Au, Ni, Nd, Ir, Cr, Li or Ca. If the organic light-
emitting display apparatus 100 is a top emission type display,
the second electrode 222 transmits light. In exemplary
embodiments, the second electrode 222 may include trans-
parent conductive metal oxide such as 1TO, 1Z0, zinc tin
oxide (“ZTO”), ZnO or In,0,.

[0101] According to another exemplary embodiment, the
second electrode 222 may have a thin film structure including
at least one selected from Li, Ca, LiF/Ca, LiF/AI, Al, Ag, Mg
andYb, and a combination thereof. In one exemplary embodi-
ment, for example, the second electrode 222 may include a
monolayer or a multi-layer structure including Mg:Ag,
Ag:Yb, and/or Ag. Unlike the first electrode 221, the second
electrode 222 may be configured to apply a common voltage
to all pixels.

[0102] Thepixel defining layer 223 is disposed on the insu-
lating layer 210 and the first electrode 221, and may define an
emissive region and a non-emissive region. The pixel defining
layer 223 covers the portion of the first electrode 221 which is
disposed on the sidewall of the inclined structure 209, and
may be extended to the upper surface of the insulating layer
210. In other words, the pixel defining layer 223 may be
disposed on a portion of the bottom surface of the inclined
structure 209 and the upper portion of the sidewall. A portion
in which the pixel defining layer 223 is disposed may be
defined as the non-emissive region, and an opening 223a
(refer to F1G. 4D) which is defined in the pixel defining layer
223 and exposes the first electrode 221 may be defined as the
emissive region. A height from a bottom surface of the open-
ing 223a to the upper surface of the pixel defining layer 223
may be a few micrometers (um). In one exemplary embodi-
ment, for example, the height may range from about 2 pm to
about 5 pm.

[0103] The organic emission layer 220 may be disposed on
the pixel defining layer 223. In other words, the organic
emission layer 220 may be disposed on the first electrode 221
in the opening 223, and extended to the upper portion of the
pixel defining layer 223.

[0104] The pixel defining layer 223 may include an organic
material and/or inorganic material. In one exemplary embodi-
ment, for example, the pixel defining layer 223 may include
an organic material such as a photoresist, a polyacryl-based
resin, a polyimide-based resin or an acryl-based resin; and/or
an inorganic material such as a silicon compound.
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[0105] Thebump 225is disposed on the pixel defining layer
223. The bump 225 is to redirect light generated from the
organic emission layer 220. Some of the light that is generated
from the organic emission layer 220 in the emissive region
may not be emitted to the outside, but transferred along the
organic emission layer 220 which is disposed on the pixel
defining layer 223. The bump 225 is to emit these kinds of
light to the outside. The surface of the bump 225 may be
curved, such as being a convex protrusion relative to the pixel
defining layer 223. At an edge of the curved surface of the
bump 225, the light may be redirected and emitted to the
outside. The bump 225 may be disposed on the pixel defining
layer 223, adjacent to the emissive region.

[0106] The organic emission layer 220 may be disposed on
the bump 225. In other words, the organic emission layer 220
may be disposed on the first electrode 221 in the opening
223a, and extended to the upper portion of the pixel defining
layer 223 and the bump 225. Also, the organic emission layer
220 may cover the bump 225, that is, extend along an entire
upper surface of the bump 225.

[0107] The second electrode 222 may be disposed on the
bump 225. Where the second electrode 222 is disposed on the
bump 225, a shape and/or size of the bump 225 may be
defined with respect to deposition conditions and/or electrical
properties of the second electrode 222. Although in FIG. 3, a
cross-section of the bump 225 is illustrated in a shape of a half
circle, the bump 225 is not limited thereto. That is, the bump
225 may be in any shape with a curved surface. In one exem-
plary embodiment, for example, a cross-section of the bump
225 may be in any of a number shapes such as a polygon or an
oval. The bump 225 may be disposed on the pixel defining
layer 233 and cover the opening 223a defined in the pixel
defining layer 223, or a plurality of bumps 225 may be dis-
posed on the pixel defining layer 233, spaced apart by a
predetermined distance.

[0108] Inexemplary embodiments, a width w of the bump
225 taken parallel to the line extended from the bottom sur-
face of the inclined structure 209 may range from a few um to
tens of um. In one exemplary embodiment, for example, the
width w of the bump 225 may range from about 3 pm to about
20 pm. In exemplary embodiments, the height h of the bump
225 taken perpendicular to the upper surface of the pixel
defining layer 223 may range from a few pum to hundreds of
pm. In one exemplary embodiment, for example, the height h
of the bump 225 may range from about 0.3 pm to about 5 um.
However, the width and height of the bump 225 are not
limited thereto.

[0109] Thebump 225 may include an organic material and/
or inorganic material. In one exemplary embodiment, for
example, the bump 225 may include an organic material such
as a photoresist, a polyacryl-based resin, a polyimide-based
resin, or an acryl-based resin; and/or an inorganic material
such as a silicon compound.

[0110] FIGS. 4A through 4G are sequential cross-sectional
views for describing an exemplary embodiment of a method
for manufacturing the organic light-emitting display appara-
tus 100 of FIG. 3, according to the invention.

[0111] Referring to FIG. 4A, the buffer layer 221 is formed
(e.g., provided) on the substrate 21, and may be formed by
using various deposition methods such as PECVD, APCVD,
LPCVD and the like. Before forming the buffer layer 211 on
the substrate 21, the substrate 21 may be planarized by using
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chemical mechanical planarization and/or an etch back pro-
cess, to provide a surface of the substrate 21 which is sub-
stantially flat.

[0112] The active layer 212 is formed on the buffer layer
211, and may include an inorganic semiconductor such as
amorphous silicon, or an organic semiconductor. In exem-
plary embodiments, the active layer 212 may include an oxide
semiconductor. The active layer 212 may be formed by using
various deposition methods such as PECVD, APCVD,
LPCVD and the like. The active layer 212 may be formed on
an entirety of the buffer layer 211, and then patterned by
etching. The active layer 212 may be additionally crystal-
lized.

[0113] The gate insulating layer 213 covering the active
layer 212 is formed on the buffer layer 211. A cross-sectional
thickness of the gate insulating layer 213 may be substantially
uniform, depending on the profile of the active layer 212.

[0114] The gate electrode 214 is formed on the gate insu-
lating layer 213. The gate electrode 214 is formed on a portion
of the gate insulating layer 213 in which the active layer 212
is disposed thereunder. The gate electrode 214 may include
metal, an alloy, metal nitride, conductive metal oxide, a trans-
parent conductive material or the like.

[0115] The interlayer insulating layer 215 is formed on the
gate insulating layer 213 to cover the gate electrode 214. A
cross-sectional thickness of the interlayer insulating layer
215 may be substantially uniform, depending on the profile of
the gate insulating layer 213. The interlayer insulating layer
215 may include a silicon compound.

[0116] The source and drain electrodes 216 and 217 are
formed on the interlayer insulating layer 215. The source and
drain electrodes 216 and 217 are spaced apart from each other
by a predetermined distance with respect to the gate electrode
214 in the center, and disposed near the gate electrode 214. A
through hole may be defined through the gate insulating layer
213 and the interlayer insulating layer 215, to expose the
active layer 212. The source and drain electrodes 216 and 217
penetrate through the interlayer insulating layer 215 and the
gate insulating layer 213, and respectively contact opposing
ends of the active layer 212. The source and drain electrodes
216 and 217 may include metal, an alloy, metal nitride, con-
ductive metal oxide, a transparent conductive material or the
like.

[0117] In exemplary embodiments, the interlayer insulat-
ing layer 215 and the gate insulating layer 213 may be par-
tially etched to form the through hole that exposes the active
layer 212. Then, the through hole is filled with a conductive
material, and thus a conductive layer (not shown) is formed
on the interlayer insulating layer 215. Then, the conductive
layer including the conductive material may be patterned to
form the source and drain electrodes 216 and 217.

[0118] The first insulating sub-layer 218, which covers the
source and drain electrodes 216 and 217, is formed on the
interlayer insulating layer 215. The first insulating sub-layer
218 may be thick enough to completely cover the source and
drain electrodes 216 and 217. The first insulating sub-layer
218 may include an inorganic material and/or organic mate-
rial. Depending on the material of the first insulating sub-
layer 218, the firstinsulating sub-layer 218 may be formed by
using spin coating, printing, sputtering, CVD, atomic layer
deposition (“ALD”), PECVD, high-density plasma chemical
vapor deposition (“HDP-CVD”), vacuum deposition, or the
like.
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[0119] Referring to FIG. 4B, the second insulating sub-
layer 219 with a inclined structure 209 is formed on the first
insulating sub-layer 218. The second insulating sub-layer 219
may include an inorganic material and/or organic material.
Depending on the material of the second insulating sub-layer
219, the second insulating layer 219 may be formed by using
spin coating, printing, sputtering, CVD, ALD, PECVD,
HDP-CVD, vacuum deposition or the like. The first and sec-
ond insulating sub-layers 218 and 219 of the collective insu-
lating layer 210 may be formed of the same or similar mate-
rials. The second insulating sub-layer 219 may be a
monolayer or a multi-layer structure.

[0120] To form the inclined structure 209, a recess may be
defined in the second insulating sub-layer 219. A stepped
portion (not shown) may be formed on a sidewall of the
recess. A plurality of etching processes may be performed by
using a plurality of masks to form the recess, but is not limited
thereto. A half-tone mask may be used to form the stepped
portion on the sidewall of the recess.

[0121] A reflow process may be executed on the second
insulating sub-layer 219, and thus the stepped portion may be
formed to have the overall inclined structure 209 with a fixed
angle 6. Therefore, the recess may be a recess with a sloped
sidewall. The reflow process may be executed in a tempera-
ture ranging from about 50% to about 80% of a melting point
of the material of the second insulating sub-layer 219. A
shape of the stepped portion, and processing time and tem-
perature of the reflow process may be adjusted to form the
inclined structure 209 with a desired sidewall angle 6.
[0122] Referring to FIG. 4B, the through hole 208, which
penetrates through the first insulating sub-layer 218 and
exposes the drain electrode 217 of the thin film transistor TR,
is formed. Although in FIG. 4B, the through hole 208 is
illustrated to only penetrate through the first insulating sub-
layer 218, the through hole 208 is not limited thereto. In one
exemplary embodiment, for example, according to a position
of the thin film transistor TR, the through hole 208 may
sequentially penetrate through the upper portion of the sec-
ond insulating sub-layer 219, an entire thickness of the sec-
ond insulating sub-layer 219, and an entire thickness of the
first insulating sub-layer 218, and thus reach the thin film
transistor TR.

[0123] Referring to FIG. 4C, the first electrode 221 is
formed to have an inclined structure corresponding to the
inclined structure 209 with the second insulating sub-layer
219 forming the angle 0 with the bottom surface of the
inclined structure 209. The recess having the sloped sidewalls
may be substantially in the center of the first electrode 221.
The first electrode 221 fills the through hole 208 and is physi-
cally and/or electrically connected to the drain electrode 217
of the thin film transistor TR.

[0124] The first electrode 221 may include a reflective
material. In one exemplary embodiment, for example, the
first electrode 221 may include metal such as Ag, Mg, Al, Pt,
Pd, Au, Ni, Nd, Ir, Cr, Li, Yb, or Ca or an alloy thereof. Also,
the first electrode 221 may have a mono layer or a multi-layer
structure including the metal or alloy mentioned above. In
exemplary embodiments, the first electrode 221 may include
an ITO/Ag/ITO structure as a reflective electrode.

[0125] The first electrode 221 may be formed by using
sputtering, vacuum deposition, CVD, pulse laser deposition
(PLD), printing, ALD, or the like. The first electrode 221 may
be patterned to correspond to each pixel of a plurality of
pixels. The first electrode 221 may be extended from the
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emissive region to a portion of an adjacent non-emissive
region. In other words, the first electrode 221 may be formed
on the sidewall of the inclined structure 209 of the second
insulating sub-layer 219. Also, the first electrode 221 may be
formed on the upper surface of the second insulating sub-
layer 219, as well as on the bottom part of the inclined struc-
ture 209.

[0126] Referring to FIG. 4D, the pixel defining layer 223
covering the edges of the first electrode 221 is formed on the
second insulating sub-layer 219.

[0127] To form the pixel defining layer 223, a preliminary
pixel defining layer (not shown) covering the first electrode
221 is formed on the second insulating sub-layer 219. The
preliminary pixel defining layer may include an organic mate-
rial and/or inorganic material. Depending on the material of
the preliminary pixel defining layer, the preliminary pixel
defining layer may be formed by using spin coating, printing,
sputtering, CVD, ALD, PECVD, HDP-CVD, vacuum depo-
sition, or the like.

[0128] Then, the preliminary pixel defining layer is par-
tially etched to form the opening 223a which exposes a por-
tion of the first electrode 221. When the opening 223a is
formed, an emissive region and a non-emissive region of the
organic light-emitting display apparatus 100 may be defined.
That is, the portion in which the pixel defining layer 223 is
formed may define the non-emissive region, and the opening
223a may define the emissive region.

[0129] Referring to FIG. 4E, the bump 225 is formed on the
pixel defining layer 223. The bump 225 may include an
organic material and/or an inorganic material. Depending on
the material of the bump 225, the bump 225 may be formed by
using spin coating, printing, sputtering, CVD, ALD, PECVD,
HDP-CVD, vacuum deposition, or the like.

[0130] Additionally, an exposure process for irradiating
light such as an ultraviolet ray or a laser may be executed to
form the bump 225. Alternatively, an etching process may be
executed to form the bump 225. The exposure process or the
etching process may be selectively executed, depending on
the material of the bump 225. Also, a mask may be used to
perform the exposure process and the etching process.

[0131] Inexemplary embodiments, the mask may be a half-
tone mask, a half-tone slit mask, or the like. The shape of the
bump 225, such as a degree of a curve of the bump 225, may
be adjusted according to the conditions of the exposure pro-
cess or the etching process. In exemplary embodiments, a
reflow process may be executed to adjust the shape of the
bump 225. The reflow process may be executed in a tempera-
ture ranging from about 50% to about 80% of a melting point
of the material of the bump 225.

[0132] Referring to FIG. 4F, the organic emission layer 220
is formed on the first electrode 221. The opening 223a in the
pixel defining layer 223 may be substantially in the center of
the organic emission layer 220. The organic emission layer
220 may be formed on the sidewall of the pixel defining layer
223 and the bump 225. The organic emission layer 220 may
be a monolayer or a multi-layer structure. In exemplary
embodiments, the organic emission layer 220 may be formed
by using vacuum deposition. According to another exemplary
embodiment, the organic emission layer 220 may be formed
by using inkjet printing, spin coating, thermal transfer print-
ing using a laser or the like.



US 2014/0353595 Al

[0133] Referring to FIG. 4G, the second electrode 222 is
formed on the organic emission layer 220. The second elec-
trode 222 may be formed on the pixel defining layer 223 and
the bump 225.

[0134] The second electrode 222 may include a transparent
conductive material. The second electrode 22 may include
conductive metal oxide such as I1TO, 1Z0, ZTO, ZnO or
In,0;. According to another exemplary embodiment, the sec-
ondelectrode 22 may include a thin film including at least one
selected from Li, Ca, LiF/Ca, LiF/Al, Al, Ag, Mg and Yb, and
a combination thereof. In one exemplary embodiment, for
example, the second electrode 222 may include a monolayer
or a multi-layer structure including Mg:Ag, Ag:Yb, and/or
Ag.

[0135] The second electrode 222 may be formed by using
sputtering, vacuum deposition, CVD, PLD, printing, ALD or
the like. In exemplary embodiments, the second electrode 22
may be disposed so that the same voltage is applied to all
pixels.

[0136] A protective layer (not shown) may be additionally
formed on the second electrode 222. The protective layer may
cover and protect the OLED. The protective layer may
include an inorganic insulating layer and/or an organic insu-
lating layer, and be formed by using various deposition meth-
ods such as PECVD, APCVD, and LPCVD.

[0137] As illustrated in FIG. 1 or 2, the organic light-emit-
ting display apparatus 100 may be completed after being
covered by the sealing substrate 23 or the sealing film 26.
[0138] Although an exemplary embodiment of a method
for manufacturing the organic light-emitting display appara-
tus 100 of FIG. 3 is described in the illustrated embodiment,
various changes may be made and maintain the spirit and
scope of the invention.

[0139] Since the organic light-emitting display apparatus
100 described above includes the insulating layer 210 with
the inclined structure 209 and the bump 225, light generated
from the organic emission layer 220 may be efficiently emit-
ted to the outside.

[0140] FIG.5isanenlarged cross-sectional view of another
exemplary embodiment of section “I” illustrated in FIGS. 1
and 2, according to the invention. Like reference numerals in
FIGS. 3 and 5 denote like elements and thus detailed descrip-
tions thereof are not repeated here for brevity of explanation.
[0141] Referring to FIG. 5, unlike the organic light-emit-
ting display apparatus 100 of FIG. 3, an organic light-emitting
display apparatus 110 includes the organic emission layer
220 which completely covers the bump 225. The organic
emission layer 220 may have a uniform thickness on the first
electrode 221, the sidewall of the pixel defining layer 223 and
the bump 225.

[0142] Where the organic emission layer 220 completely
covers the bump 225, the light generated from the emissive
region may be transferred along the organic emission layer
220 to the upper surface of the bump 225, and be emitted to
the outside due to the curved surface of the bump 225.
[0143] FIG. 6 is an enlarged cross-sectional view of still
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention. Like reference
numerals in FIGS. 3 and 6 denote like elements and thus
detailed descriptions thereof are not repeated here for brevity
of explanation.

[0144] Referring to FIG. 6, unlike the organic light-emit-
ting display apparatus 100 of FIG. 3, an organic light-emitting
display apparatus 120 includes the organic emission layer
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220 that is only disposed up to the boundary of the bump 225
and the pixel defining unit 223. That is, the organic emission
layer 220is disposed on the first electrode 221 disposed on the
bottom of the recess, and extended via the sidewall of the
pixel defining layer 223 to where the pixel defining layer 223
meets the bump 225. The organic emission layer 220 may
have a uniform thickness on the first electrode 221 and the
sidewall of the pixel defining layer 223.

[0145] Where the organic emission layer 220 is only dis-
posed up to the boundary of the bump 225 and the pixel
defining unit 223, the light generated from the emissive
region may be transferred along the organic emission layer
220 to where the pixel defining layer 223 meets the bump 225,
and reflected by the bump 225 and emitted to the outside.
[0146] FIG. 7 is an enlarged cross-sectional view of yet
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention. Like reference
numerals in FIGS. 3 and 7 denote like elements and thus
detailed descriptions thereof are not repeated here for brevity
of explanation.

[0147] Referring to FIG. 7, unlike the organic light-emit-
ting display apparatus 100 of FIG. 3, an organic light-emitting
display apparatus 130 includes a bump 225 having a multi-
layer structure. That is, the bumps 225 may include a first
bump layer 2254, and a second bump layer 2256 disposed on
the first bump layer 225a. The first and second bump layers
225a and 225b may be vertically stacked on the pixel defining
layer 223.

[0148] The first bump layer 2254 has a first width w1, and
a first height h1 taken from the pixel defining layer 223. The
second bump layer 2255 has a second width w2, and a second
height h2 taken from the first bump layer 225a. The first width
w1 may be greater than the second width w2. The first and
second widths w1 and w2 may range from a few pum to tens of
pm. The first and second heights h1 and h2 may range froma
few pum to hundreds of um.

[0149] The first and second bump layers 225a and 2256
may include the same material as the bump 225 of FIG. 3.
Also, in an exemplary embodiment of forming an organic
light-emitting display apparatus, the first and second bump
layers 2254 and 2255 may be formed by using the method
described with reference to FIGS. 4A through 4E. In exem-
plary embodiments, the first and second bump layers 225a
and 225b may be simultaneously formed by using a half-tone
mask.

[0150] FIG. 8 is an enlarged cross-sectional view of yet
another exemplary embodiment of section “T” illustrated in
FIGS. 1 and 2, according to the invention. Like reference
numerals in FIGS. 3 and 8 denote like elements and thus
detailed descriptions thereof are not repeated here for brevity
of explanation.

[0151] Referring to FIG. 8, unlike the organic light-emit-
ting display apparatus 100 of FIG. 3, an organic light-emitting
display apparatus 140 includes a bump 225 having a multi-
layer structure. That is, the bump 225 may include the first
bump layer 2254, the second bump layer 2255 disposed on the
first bump layer 2254, and a third bump layer 225 disposed on
the second bump layer 2255b. The number of bump layers is
not limited thereto, and may be more than three. Thus, a
plurality of bump layers may be provided for each bump 225,
and the bump layers may be vertically stacked on the pixel
defining layer.

[0152] The plurality of bump layers may include the same
material as the bump 225 of FIG. 3. Also, in an exemplary
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embodiment of manufacturing an organic light-emitting
apparatus, the plurality of bump layers may be formed by
using the method described with reference to FIGS. 4A
through 4E. In exemplary embodiments, the plurality of
bump layers may be simultaneously formed by using a half-
tone mask.

[0153] TIf a bump 225 includes a plurality of bump layers,
the outer surface of the overall bump 225 includes a plurality
of curved portions and thus the light that moves along the
organic emission layer 220 may be more easily emitted to the
outside by these multiple curved surfaces.

[0154] Although exemplary embodiments of the organic
light-emitting display apparatuses 100, 110, 120, 130 and 140
according to the invention are described above by referring to
cross-sectional views of only one pixel, the organic light-
emitting display apparatuses 100,110, 120, 130 and 140 may
include a plurality of pixels, and the inclined structure 209
may be defined in each pixel. That is, a plurality of recesses
for defining the inclined structure 209 may be provided, and
the OLED may be disposed in each recess.

[0155] While the invention has been particularly shown and
described with reference to exemplary embodiments thereof,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the invention as
defined by the following claims.

1. An organic light-emitting display apparatus comprising:

an insulating layer in which an inclined structure is
defined;

a first electrode on a bottom surface of the inclined struc-
ture and extending onto a sidewall of the inclined struc-
ture of the insulating layer;

a pixel defining layer on the insulating layer and the first
electrode, and defining an emissive region and a non-
emissive region;

a bump on the pixel defining layer;

an organic emission layer on the first electrode; and

a second electrode on the organic emission layer and
extending to the bump on the pixel defining layer.

2. (canceled)

3. The organic light-emitting display apparatus of claim 1,

wherein

the pixel defining layer extends onto the bottom surface
and onto the sidewall of the inclined structure of the
insulating layer, and

an opening is defined in the pixel defining layer and
exposes the first electrode in the emissive region.

4. The organic light-emitting display apparatus of claim 1,
wherein the bump is adjacent to the emissive region in a plan
view.

5. The organic light-emitting display apparatus of claim 1,
wherein a width of the bump ranges from about 3 microme-
ters to about 20 micrometers.

6. The organic light-emitting display apparatus of claim 1,
wherein a height of the bump ranges from about 0.3 microme-
ter to about 5 micrometers.

7. The organic light-emitting display apparatus of claim 1,
wherein the sidewall of the inclined structure forms an angle
of about 20° to about 70° with respect to a line extended from
the bottom surface of the inclined structure.
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8. The organic light-emitting display apparatus of claim 1,
wherein

the inclined structure is a recess defined in the insulating
layer, and

the first electrode has a concave shape corresponding to the
recess.

9. The organic light-emitting display apparatus of claim 1,

wherein

an opening is defined in the pixel defining layer and
exposes the first electrode in the emissive region, and

the organic emission layer overlaps a sidewall of the pixel
defining layer at the opening.

10. The organic light-emitting display apparatus ofclaim 1,
wherein the organic emission layer overlaps the pixel defin-
ing layer and the bump.

11. The organic light-emitting display apparatus ofclaim 1,
wherein the bump comprises:

a first bump layer having a first width; and

a second bump layer on the first bump layer and having a
second width,

wherein the first width is greater than the second width.

12. The organic light-emitting display apparatus ofclaim 1,
wherein the first electrode reflects light which is emitted by
the organic emission layer.

13. The organic light-emitting display apparatus ofclaim 1,
wherein the bump redirects light which is emitted by the
organic emission layer.

14. An organic light-emitting display apparatus compris-
ing:

a substrate;

an insulating layer on the substrate,

arecess defined in the insulating layer and having a sloped
sidewall;

an organic light-emitting diode on the insulating layer, and
comprising a first electrode extending onto the sloped
sidewall of the recess defined in the insulating layer, an
organic emission layer, and a second electrode;

a pixel defining layer between the first electrode and the
organic emission layer, and defining an emissive region
and a non-emissive region; and

a bump on the pixel defining layer.

15. (canceled)

16. The organic light-emitting apparatus of claim 14, fur-
ther comprising a plurality of recesses and a plurality of
organic light-emitting diodes,

wherein the plurality of organic light-emitting diodes is
respectively in the plurality of recesses.

17. The organic light-emitting apparatus of claim 14,
wherein the bump comprises a plurality of vertically stacked
bump layers.

18. The organic light-emitting apparatus of claim 14,
wherein the bump comprises a curved surface.

19. The organic light-emitting apparatus of claim 14, fur-
ther comprising a thin film transistor connected to the first
electrode.

20. The organic light-emitting apparatus of claim 14, fur-
ther comprising a sealing film which covers the organic light-
emitting diode.
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