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(57) ABSTRACT

An organic light-emitting diode (OLED) display is dis-
closed. In one aspect, the OLED display includes a first
substrate, an insulating layer disposed over the first substrate
and including a first inclined portion and a first electrode
disposed over the insulating layer. The OLED display also
includes a light-emitting element layer disposed over the
first electrode, a second electrode disposed over the light-
emitting element layer and a color conversion layer and a
transmissive layer disposed over the second electrode. The
first electrode includes a second inclined portion disposed
over and inclined along the first inclined portion of the
insulating layer.
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ORGANIC LIGHT-EMITTING DIODE
DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0152548 filed in
the Korean Intellectual Property Office on Oct. 30, 2015, the
entire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] Field

[0003] The described technology generally relates to an
organic light-emitting diode (OLED) display.

[0004] Description of the Related Technology

[0005] An OLED display includes organic light-emitting
elements that include a hole injection electrode, an organic
emission layer, and an electron injection electrode. Each
organic light-emitting element emits light using energy
generated when excitons, which are created by combining
electrons with holes, fall from an excited state to a ground
state inside the organic emission layer, and using such light
emission, the combination of pixels (including the OLED)
can display a predetermined image.

[0006] An OLED display generally has a structure in
which an anode and a cathode are disposed to face each
other on an insulating layer covering a thin film transistor
provided on a substrate and in which an organic emission
layer is disposed between the anode and the cathode. How-
ever, since light generated from the organic emission layer
is partially or totally reflected between the organic emission
layer and one of the electrodes, efficiency of light transmit-
ted to the environment is reduced.

[0007] In addition, color shift caused by the color shade
(hue) varying in dependence on the angle between the
viewer and the display may occur.

[0008] The above information disclosed in this Back-
ground section is only to enhance the understanding of the
background of the disclosure and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY OF CERTAIN INVENTIVE
ASPECTS

[0009] One inventive aspect relates to an OLED display
that can improve color reproducibility and reduce color shift
associated with a viewing angle.

[0010] Another aspect is an OLED display that includes:
a first substrate; an insulating layer disposed over the first
substrate and having an first inclined portion; a first elec-
trode disposed over the insulating layer; a light-emitting
element layer disposed over the first electrode; a second
electrode disposed over the light-emitting element layer; and
a color conversion layer and a transmissive layer disposed
over the second electrode. The first electrode includes a
second inclined portion disposed over and inclined along the
first inclined portion of the insulating layer based on a
surface substantially parallel to the first substrate.

[0011] The OLED display may further include a passiva-
tion layer disposed between the first substrate and the
insulating layer, wherein the second inclined portion of the
first electrode disposed in the inclined portion of the insu-
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lating layer may be extended such that the first electrode is
disposed over the passivation layer.

[0012] The OLED display may further include a pixel
defining layer disposed over the insulating layer, wherein the
pixel defining layer may overlap a side surface of the
inclined portion in the depth dimension of the OLED
display.

[0013] The pixel defining layer may include scattering
particles having a nano-structure that are dispersed.

[0014] The scattering particles may include at least one
selected from the group consisting of inorganic particles and
polymer particles.

[0015] The inclined portion may have at least one of the
first and second inclined portions has an acute inclination
angle with respect to the first substrate.

[0016] The first electrode may include a reflecting elec-
trode.

[0017] The first electrode may include a plurality of pro-
trusions.

[0018] The insulating layer may include a protrusion-

depression structure that corresponds to the protrusions of
the first electrode.

[0019] The color conversion layer may include at least one
of a quantum dot and a phosphor.

[0020] The color conversion layer may include a red color
conversion media layer and a green color conversion media
layer, and the color conversion layer may further include a
light blocking member that is disposed between the red color
conversion media layer and the green color conversion
media layer, between the red color conversion media layer
and the transmissive layer, and between the green color
conversion media layer and the transmissive layer.

[0021] The OLED display may further include a blue
light-cutting filter that overlaps the red color conversion
media layer and the green color conversion media layer in
the depth dimension of the OLED display.

[0022] The light-emitting element layer may include a
plurality of blue emission layers that respectively corre-
spond to the red color conversion media layer, the green
color conversion media layer, and the transmissive layer.
[0023] Thered color conversion media layer and the green
color conversion media layer may respectively include at
least one of the quantum dot and the phosphor, and the
transmissive layer may not include the quantum dot and the
phosphor.

[0024] At least one of the red color conversion media
layer, the green color conversion media layer, and the
transmissive layer may include a plurality of scatterers.
[0025] The OLED display may further include a capping
layer that is disposed between the second electrode and the
color conversion layer and between the second electrode and
the transmissive layer.

[0026] The OLED display may further include a second
substrate that is disposed over the color conversion layer and
the transmissive layer.

[0027] The OLED display may further include a pixel
defining layer disposed over the insulating layer, wherein the
color conversion layer and the transmissive layer may be
disposed between the pixel defining layers.

[0028] The light-emitting element layer may include a
blue emission layer that has a tandem structure.

[0029] Another aspect is an OLED display that includes:
a first substrate; an insulating layer disposed over the first
substrate; an organic light-emitting element disposed over
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the insulating layer; a color conversion layer and a trans-
missive layer disposed over the organic light-emitting ele-
ment; and a reflective metal layer disposed over the color
conversion layer and the transmissive layer. The reflective
metal layer includes an inclined portion.

[0030] The color conversion layer may include a red color
conversion media layer and a green color conversion media
layer, and the color conversion layer may further include a
light blocking member disposed between the red color
conversion media layer and the green color conversion
media layer, between the red color conversion media layer
and the transmissive layer, and between the green color
conversion media layer and the transmissive layer.

[0031] The inclined portion of the reflective metal layer
may be disposed between the light blocking member and the
red color conversion media layer, between the light blocking
member and the green color conversion media layer, and
between the light blocking member and the transmissive
layer.

[0032] The OLED display may further include a blue
light-cutting filter that overlaps the red color conversion
media layer and the green color conversion media layer in
the depth dimension of the OLED display.

[0033] The OLED display may further include a second
substrate that is disposed over the light blocking member
and the reflective metal layer.

[0034] The organic light-emitting element may include a
light-emitting element layer, and the light-emitting element
layer may include a plurality of blue emission layers that
respectively correspond to the red color conversion media
layer, the green color conversion media layer, and the
transmissive layer.

[0035] The red color conversion media layer and the green
color conversion media layer may respectively include at
least one of the quantum dot and the phosphor, and the
transmissive layer may not include the quantum dot and the
phosphor.

[0036] At least one of the red color conversion media
layer, the green color conversion media layer, and the
transmissive layer may include a plurality of scatterers.

[0037] The reflective metal layer may include a plurality
of protrusions.
[0038] The OLED display may further include an auxil-

iary layer that is disposed over the reflective metal layer,
wherein the auxiliary layer may include a protrusion-depres-
sion structure that corresponds to the plurality of protru-
sions.

[0039] The organic light-emitting element may include: a
first electrode disposed over the insulating layer; a light-
emitting element layer disposed over the first electrode; and
a second electrode disposed over the light-emitting element
layer. A top surface of the insulating layer may have a
structure that is smooth.

[0040] According to at least one of the disclosed embodi-
ments, the OLED display with improved color reproducibil-
ity and reduced color shift can be implemented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] FIG. 1 is a cross-sectional view of an OLED
display according to an exemplary embodiment.

[0042] FIG. 2 is a cross-sectional view of a green pixel
area in the exemplary embodiment of FIG. 1.

[0043] FIG. 3 is a cross-sectional view of a blue pixel area
in the exemplary embodiment of FIG. 1.

May 4, 2017

[0044] FIG. 4 is a cross-sectional view of an organic
light-emitting element of the OLED display of FIG. 1.
[0045] FIG. 5 is a cross-sectional view of a tandem
structure in which the organic light-emitting element of FIG.
4 is modified.

[0046] FIG. 6 is a schematic cross-sectional view of a path
of light generated in an emission layer of the OLED display
of FIG. 1.

[0047] FIG. 7 is a cross-sectional view of an electrode
including a protrusion-depression structure in the exemplary
embodiment of FIG. 1.

[0048] FIG. 8 is a cross-sectional view of an OLED
display according to an exemplary embodiment.

[0049] FIG. 9 is a cross-sectional view of an OLED
display according to an exemplary embodiment.

[0050] FIG. 10 is a cross-sectional view of a reflective
metal layer including a protrusion-depression structure in
the exemplary embodiment of FIG. 9.

DETAILED DESCRIPTION OF CERTAIN
INVENTIVE EMBODIMENTS

[0051] Embodiments will be described more fully herein-
after with reference to the accompanying drawings. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without
departing from the spirit or scope of the present disclosure.
[0052] Parts that are irrelevant to the description will be
omitted to clearly describe the present disclosure, and like
reference numerals designate like elements throughout the
specification.

[0053] Further, in the drawings, the size and thickness of
each element are arbitrarily illustrated for ease of descrip-
tion, and the present disclosure is not necessarily limited to
those illustrated in the drawings. In the drawings, the
thickness of layers, films, panels, regions, etc. are exagger-
ated for clarity. In the drawings, for ease of description, the
thicknesses of some layers and regions are exaggerated.
[0054] In this disclosure, the term “substantially” includes
the meanings of completely, almost completely or to any
significant degree under some applications and in accor-
dance with those skilled in the art. Moreover, “formed,
disposed over positioned over” can also mean “formed,
disposed or positioned on.” The term “connected” includes
an electrical connection.

[0055] Further, throughout the specification, the word “on
aplane” means viewing a target portion from the top, and the
word “on a cross-section” means viewing a cross-section
formed by vertically cutting a target portion from the side.
[0056] FIG. 1 is a cross-sectional view of an OLED
display 10 according to an exemplary embodiment. FIG. 2
is a cross-sectional view of a green pixel area in the
exemplary embodiment of FIG. 1. FIG. 3 is a cross-sectional
view of a blue pixel area in the exemplary embodiment of
FIG. 1. FIG. 4 is a cross-sectional view of an organic
light-emitting element of the OLED display of FIG. 1.
[0057] Referring to FIG. 1, the OLED display includes 10
a buffer layer 55 disposed over a first substrate 50. The first
substrate may be transparent.

[0058] The buffer layer 55 may perform a function of
preventing diffusion of metal atoms, impurities, and the like
from the first substrate 50. For example, the buffer layer 55
may include a silicon oxide, a silicon nitride, a silicon
oxynitride, a silicon oxycarbide, a silicon carbonitride, etc.
The buffer layer 55 may be omitted.
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[0059] A semiconductor layer is disposed over the buffer
layer 55. The semiconductor layer may include a plurality of
extrinsic regions including an n-type or p-type conductive
impurity, and at least one intrinsic region including no
conductive impurity.

[0060] In the semiconductor layer, the extrinsic regions
includes source and drain regions 75 and 80, which are
doped with a p-type impurity and are separated from each
other. A channel region 85 is provided between the source
region 75 and the drain region 80. Alternatively, the extrinsic
regions 75 and 80 of the semiconductor layer may be doped
with an n-type impurity.

[0061] A gate insulating layer 65 is disposed over the
semiconductor layer and the buffer layer 55. The gate
insulating layer 65 can be made of a silicon oxide or a silicon
nitride.

[0062] A gate electrode 70 is disposed over the gate
insulating layer 65. The gate electrode 70 is disposed over a
portion of the gate insulating layer 65 below which the
semiconductor layer is disposed.

[0063] Though not illustrated, along with the gate elec-
trode 70, a gate line connected to the gate electrode 70 is
disposed over the gate insulating layer 65.

[0064] An interlayer insulating layer 90 covering the gate
electrode 70 is disposed over the gate insulating layer 65.
The interlayer insulating layer 90 may be formed over gate
insulating layer 65 to have a uniform thickness according to
a profile of the gate electrode 70. Accordingly, a step portion
adjacent to the gate electrode 70 may be formed in the
interlayer insulating layer 90. A silicon compound including
a silicon oxide, a silicon nitride, a silicon oxynitride, etc.
may be used to form the interlayer insulating layer 90. The
interlayer insulating layer 90 may perform a function of
insulating the gate electrode 70 from source and drain
electrodes 95 and 100 to be described below.

[0065] The source electrode 95 and the drain electrode 100
are disposed over the interlayer insulating layer 90. The
source and drain electrodes 95 and 100 are separated based
on the gate electrode 70 while having a predetermined gap
therebetween, and are disposed adjacent to the gate electrode
70. For example, the source and drain electrodes 95 and 100
may be respectively extended from the interlayer insulating
layer 90 disposed over the source and drain regions 75 and
80 to the interlayer insulating layer 90 disposed over the gate
electrode 70. In addition, the source and drain electrodes 95
and 100 penetrate the interlayer insulating layer 90 such that
they are respectively connected to the source and drain
regions 75 and 80.

[0066] The source and drain electrodes 95 and 100 may
respectively include a metal, an alloy, a metal nitride, a
conductive metal oxide, a transparent conductive material,
etc.

[0067] Though not illustrated, a data line crossing the gate
line is disposed over the interlayer insulating layer 90 such
that it is connected to the source electrode 95.

[0068] A passivation layer 105 is disposed over the source
electrode 95 and the drain electrode 100. The passivation
layer 105 may have a sufficient thickness to completely
cover the source electrode 95 and the drain electrode 100.
The passivation layer 105 may include an organic material,
an inorganic material, etc.

[0069] In some embodiments, as shown in FIG. 1, the
OLED display 10 includes an insulating layer 110 having an
first inclined portion 120 and disposed over the passivation
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layer 105. A contact hole, which also penetrates the passi-
vation layer 105 to partially expose the drain electrode 100,
is formed in the insulating layer 110. The drain electrode 100
may be electrically connected to a first electrode 125 to be
described below via the contact hole.

[0070] The insulating layer 110 according to the current
exemplary embodiment has a partially depressed portion.
The partially depressed portion may, as shown in FIG. 2,
expose some of a top surface of the passivation layer 105. A
side surface connecting the partially depressed portion of the
insulating layer 110 to the other portion of the insulating
layer 110 that is not depressed may form the first inclined
portion 120. In the current exemplary embodiment, the first
inclined portion 120 has a first inclination angle 8,. and the
first inclination angle 6, may be an acute angle, i.e., greater
than 0 degrees and smaller than 90 degrees. The first
inclination angles 0, of the three respective emission areas
DA illustrated in FIG. 1 are illustrated to be the same as each
other, but in order to improve color shift associated with a
viewing angle, the inclination angles of the respective emis-
sion areas may be designed to be different from each other.

[0071] The first electrode 125 is disposed over the insu-
lating layer 110. The first electrode 125 is filled into the
contact hole described above such that it is connected to the
drain electrode 100. In the current exemplary embodiment,
the first electrode 125 covers the partially depressed portion
of the insulating layer 110, and includes an second inclined
portion 126 that is disposed along the first inclined portion
120. The second inclined portion 126 of the first electrode
125 may be inclined based on a surface that is substantially
parallel to the first substrate 50. In this case, the second
inclined portion 126 of the first electrode 125 may cover
most of the first inclined portion 120 of the insulating layer
110. In addition, as illustrated in FIG. 2, the first electrode
125 may contact the top surface of the passivation layer 105
in the partially depressed portion of the insulating layer 110.

[0072] The OLED display including the insulating layer
110 having the first inclined portion 120 as in the current
exemplary embodiment may be a top emission type in which
light is finally emitted in a direction toward the insulating
layer 110 from the first substrate 50. In this case, the first
electrode 125 may include a reflective material. For
example, the first electrode 125 may include a metal such as
aluminum, silver, platinum, gold (Au), chromium (Cr),
tungsten (W), molybdenum (Mo), titanium (T1), palladium
(Pd), and iridium (Ir), an alloy thereof] etc. They may be
used alone or in combination. In addition, the first electrode
125 may have a single-layered structure or a multi-layered
structure including the metal and/or the alloy described
above. Alternatively, the first electrode 125 may have a
structure such as a triple layer structure of silver (Ag)/
indium tin oxide (ITO)/silver (Ag).

[0073] A pixel defining layer 130 is disposed over the
insulating layer 110 and the first electrode 125. The pixel
defining layer 130 may overlap a side surface of the first
inclined portion 120 in the depth dimension of the OLED
display. The pixel defining layer 130 may be formed of an
organic material, an inorganic material, etc. For example, the
pixel defining layer 130 may include an organic material
such as a photoresist, a polyacrylate resin, a polyimide resin,
an acryl-based resin, etc., or an inorganic material such as a
silicon compound. In one exemplary embodiment, the pixel
defining layer 130 may also be formed of a photoresist
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including a black pigment, in which case the pixel defining
layer 130 may serve as a light blocking member.

[0074] Scattering particles having a nano-structure may be
dispersed in the pixel defining layer 130. The scattering
particles may include at least one selected from the group
consisting of inorganic particles and polymer particles. For
example, the scattering particles may include inorganic
particles such as silica, TiO,, ZrQ,, etc., or polymer particles
such as polystyrene, polymethyl methacrylate (PMMA), etc.

[0075] An opening 132 exposing some of the first elec-
trode 125 is formed in the pixel defining layer 130. A side
surface of the pixel defining layer 130 formed by the
opening 132 may have an inclined structure, and an incli-
nation angle of the inclined structure may be substantially
the same or similar to the first inclination angle 0, of the
insulating layer 110. A range being substantially the same or
similar may correspond to a difference being greater than 0
degrees and smaller than about 5 degrees. Unlike the exem-
plary embodiment described above, the inclination angle of
the pixel defining layer 130 having the inclined structure
may be different from the first inclination angle 6, regardless
of the first inclination angle 6, of the insulating layer 110.

[0076] The pixel defining layer 130 may define an emis-
sion area DA and a non-emission area PA in the OLED
display. An area where the opening 132 of the pixel defining
layer 130 is disposed corresponds to the emission area DA,
while an area where the pixel defining layer 130 except for
the opening 132 is disposed corresponds to the non-emission
area PA. The emission area DA may correspond to a portion
of an organic element layer 135 to be described below from
which light is emitted, while the non-emission area PA may
correspond to the rest of the area other than the emission
area DA.

[0077] Most of the first inclined portion 120 of the insu-
lating layer 110 is disposed in the emission area DA, and the
first electrode 125 is disposed in the emission area DA to
cover a side surface of the first inclined portion 120. In this
case, the pixel defining layer 130 covers a portion of the first
electrode 125 in the emission area DA that covers the side
surface of the first inclined portion 120.

[0078] A light-emitting element layer 135 is disposed over
the first electrode 125 that is disposed in the emission area
DA, and a second electrode 145 is disposed over the
light-emitting element layer 135. The first electrode 125, the
light-emitting element layer 135, and the second electrode
145 may configure the organic light-emitting element.

[0079] In the exemplary embodiment illustrated in FIG. 1,
the light-emitting element layer 135 extends along the side
surface of the inclined structure of the pixel defining layer
130 such that it is disposed over some of a top surface of the
pixel defining layer 130. However, in a modified exemplary
embodiment, the light-emitting element layer 135 is dis-
posed only in a portion of the first electrode 125 substan-
tially exposed by the opening 132, or is disposed only in a
portion of the first electrode 125 exposed by the opening 132
and extends therefrom to be disposed only at an inclined side
surface of the pixel defining layer 130.

[0080] The light-emitting element layer 135 according to
the current exemplary embodiment included a multi-layered
structure including a hole injection layer, a hole transporting
layer, an organic emission layer, an electron transporting
layer, an electron injection layer, etc. The organic emission
layer may be formed in each pixel by laminating a material
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for generating blue light or by laminating a plurality of
light-emitting materials for generating white light.

[0081] In this regard, an organic light-emitting element
according to an exemplary embodiment of the present
disclosure will now be described with reference to FIG. 4.

[0082] Referring to FIG. 4, the organic light-emitting
element includes a hole transporting region 1351 disposed
over the first electrode 125, an organic emission layer 1354
disposed over the hole transporting region 1351, an electron
transporting region 1355 disposed over the organic emission
layer 1354, and the second electrode 145 disposed over the
electron transporting region 1355.

[0083] The hole transporting region 1351 may include an
auxiliary layer that is disposed between the first electrode
125 and the emission layer 1354. The hole transporting
region 1351 may include at least one of the hole transporting
layer and the hole injection layer. The hole transporting layer
may perform a function of efliciently transporting holes
transferred from the first electrode 125. The hole transport-
ing layer may include an organic material. For example, the
hole transporting layer may include N,N-dinaphthyl-N,N'-
diphenyl benzidine (NPD), TPD (N,N'-bis-(3-methylphe-
nyl)-N,N'-bis-(phenyl)-benzidine), s-TAD, 4,4' 4"-tris-(N-3-
methylphenyl-N-phenyl-amino)-triphenylamine
(MTDATA), and the like, but it is not limited thereto.
[0084] The organic emission layer 1354 may include a
material that emits blue light. A material for forming the
organic emission layer 1354 is not specifically limited.
Specifically, the organic emission layer 1354 may be made
of oxadiazole dimer dyes (bis-DAPDXP), spiro compounds
(spiro-DPVBI, spiro-6P), triarylamine compounds, bis
(styryDamine (DPVBi, DSA), 4,4'-bis(9-ethyl-3-carbazovi-
nylene)-1,1'-biphenyl (BCzVBi), perylene, 2.,5,8,11-tetra-
tert-butylperylene (TPBe), 9H-carbazol-3,3'-(1,4-
phenylene-di-2,1-ethene-diyl)bis[9-ethyl-9C]  (BCzVB),
4 4-bis[4-(di-p-tolylamino)styryl|biphenyl (DPAVBI),
4-(di-p-tolylamino)-4'-[ (di-p-tolylamino)styryl] stilbene
(DPAVB), 4,4'-bis[4-(diphenylamino)styryl |biphenyl
(BDAVBIi),  bis(3,5-difluoro-2-(2-pyridyl)phenyl-(2-car-
boxypyridyl)iridium IIT (FIrPic), etc.

[0085] The organic emission layer 1354 may further
include a dopant that is added to a host.

[0086] FIG. 5 is a cross-sectional view of a tandem
structure in which the organic light-emitting element of FIG.
4 is modified.

[0087] Referring to FIG. 5, the organic light-emitting
element according to the current exemplary embodiment has
a tandem type of structure. For example, the organic emis-
sion layer 1354 may include two layers 1352 and 1353 that
respectively emit the same color or different colors. The two
layers 1352 and 1353 respectively emitting the same color
may be blue emission layers. The two layers 1352 and 1353
emitting different colors may be mixed to emit a color that
represents white. For example, one of the two layers 1352
and 1353 may be a blue emission layer, while the other may
be a yellow emission layer. While not being limited thereto,
the organic emission layer 1354 may include three layers
that respectively emit different colors, and in this case, the
three layers may respectively emit red, green, and blue or
blue, yellow, and blue.

[0088] Though not illustrated, a charge generation layer
may be disposed between the two layers 1352 and 1353. The
charge generation layer is generally formed between the
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neighboring emission layers, serving to control charge bal-
ance between the adjacent emission layers.

[0089] Referring back to FIG. 4, the electron transporting
region 1355 may be disposed over the organic emission
layer 1354. The electron transporting region 1355 may
include the auxiliary layer that is disposed between the
organic emission layer 1354 and the second electrode 145.
The electron transporting region 1355 may include at least
one of the electron transporting layer and the electron
injection layer. In this case, the electron transporting layer
may include an organic material. For example, the electron
transporting layer may be made of at least one selected from
a group of tris(8-hydroxyquinolino)aluminum (Alg3), 2-[4-
biphenyl-5-[4-tert-butylphenyl]]-1,3,4-0xadiazole  (PBD),
1,24-triazole (TAZ), spiro-2-[4-biphenyl-5-[4-tert-butyl-
phenyl]]-1,3,4-oxadiazole (spiro-PBD), and 8-hydroxyqui-
noline beryllium salt (BAlg), but it is not limited thereto.
[0090] Referring back to FIG. 1, the second electrode 145
is disposed over the light-emitting element layer 135 and the
pixel defining layer 130. The second electrode 145 may
include a transparent conductive material. For example, the
second electrode 145 may include an indium tin oxide, an
indium zinc oxide, a zinc tin oxide, a zinc oxide, a tin oxide,
a gallium oxide, etc., or may include Lig/Al. They may be
used alone or in combination.

[0091] As shown in FIG. 1, the second electrode 145 may
be extended from the emission area DA to the non-emission
area PA. The second electrode 145 is not limited thereto, and
it may be disposed in the emission area DA or only at a top
surface of the light-emitting element layer 135.

[0092] A capping layer 150 is disposed over the second
electrode 145. The capping layer 150 may be extended from
the emission area DA to the non-emission area PA. The
capping layer 150 may be formed of an organic material, an
inorganic material, etc. For example, the capping layer 150
may include a photoresist, an acryl-based polymer, a poly-
imide-based polymer, a polyamide-based polymer, a silox-
ane-based polymer, a photosensitive acryl carboxylic group-
containing polymer, a novolac resin, an alkali soluble resin,
a silicon oxide, a silicon nitride, a silicon oxynitride, a
silicon oxycarbide, a silicon carbonitride, aluminum, mag-
nesium, zinc, hafnium, zirconium, titanium, tantalum, an
aluminum oxide, a titanium oxide, a tantalum oxide, a
magnesium oxide, a zinc oxide, a hafnium oxide, a zirco-
nium oxide, a titanium oxide, etc. They may be used alone
or in combination.

[0093] Color conversion layers 340R and 340G and a
transmissive layer 340B are disposed over the capping layer
150. The color conversion layers 340R and 340G include a
red color conversion media layer 340R and a green color
conversion media layer 340G. A light blocking member 372
is disposed between the neighboring red and green color
conversion media layers 340R and 340G, between the red
color conversion media layer 340R and the transmissive
layer 340B, and between the green color conversion media
layer 340G and the transmissive layer 340B. The light
blocking member 372 may more effectively prevent color
mixture that is generated between the adjacent color con-
version media layers 340R and 340G and between the
adjacent color conversion media layers 340R and 340G and
the transmissive layer 340B.

[0094] A green pixel area including the green color con-
version media layer 340G and a red pixel area having a
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configuration substantially similar to that of the green pixel
area will now be described with reference to FIG. 2.
[0095] Referring to FIGS. 1 and 2, a band pass filter 350
is disposed between the capping layer 150 and the green
color conversion media layer 340G. The band pass filter 350
is also disposed between the neighboring color conversion
media layers 340R and 340G and between the neighboring
color conversion media layers 340R and 340G and the
transmissive layer 340B, and in this case, may be disposed
between a second substrate 310 and a light blocking member
372 to be described below in a direction substantially
perpendicular to the first substrate 50. The band pass filter
350 may more efficiently provide light that is received from
the organic emission layer 1354, and may be omitted.
[0096] An auxiliary metal layer 362 is disposed between
the green color conversion media layer 340G and the light
blocking member 372. The auxiliary metal layer 362 may be
a metal material that can reflect light, and may increase an
amount of light emitted to a user by reflecting light incident
on the auxiliary metal layer 362 back to the color conversion
media layers 340R and 340G, the transmissive layer 3408,
or the second substrate 310.

[0097] A blue light-cutting filter 322 is disposed over the
green color conversion media layer 340G. The blue light-
cutting filter 322 is also disposed over the red color con-
version media layer 340R. The blue light-cutting filter 322
performs a function to be described below. When the organic
emission layer 1354 including a material for emitting blue is
used, color mixture is prevented from being generated
during a process of implementing green when blue light
passes through the green color conversion media layer 340G
and the red color conversion media layer 340R.

[0098] The blue light-cutting filter 322 may be made of a
mixture of any one of Bi0O,, ZnO, and Ce,0; and any one
of CaCQOy, Zr0O,, TiO,, and Ar,0;. A material for forming
the blue light-cutting filter 322 is not limited to the examples
described above, and any materials that can block blue light
may be applied.

[0099] The green color conversion media layer 340G may
convert blue light provided from the organic emission layer
1354 to green light. The green color conversion media layer
340G may include a green phosphor, and the green phosphor
may be at least one of yttrium aluminum garnet (YAG), (Ca,
Sr, Ba),Si0O,, SrGa,S,, BAM, a-SiAION, (-SiAlON,
Ca,S¢,8i,0,,, Th;ALO,,, BaSiO,, CaAlSiON, and (Sr,_
*Ba )Si,0,N,. In this case, the x may be a random number
between 0 and 1.

[0100] The red color conversion media layer 340R may
convert blue light provided from the organic emission layer
1354 1o red light. For this purpose, the red color conversion
media layer 340R may include a red phosphor, and the red
phosphor may be at least one of (Ca, Sr, Ba)S, (Ca, Sr,
Ba),SisNg. CaAlSiN;, CaMoQ,, and Fu,SisNg.

[0101] In addition, the red color conversion media layer
340R and the green color conversion media layer 340G may
include a color-converting quantum dot. The quantum dot
may be selected from a group 11-VI compound, a group 1T-V
compound, a group IV-VI compound, a group IV element, a
group IV compound, and a combination thereof.

[0102] The group [I-VI compound may be selected from:
a two-element compound selected from a group of CdSe,
CdTe, 7ZnS, ZnSe, ZnTe, ZnO, HgS, HgSe, HgTe, MgSe,
MgS, and a mixture thereof; a three-element compound
selected from a group of CdSeS, CdSeTe, CdSTe, ZnSeS,
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ZnSeTe, ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe,
CdZnTe, CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe,
HgZnTe, MgZnSe, MgZnS, and a mixture thereof; and a
four-element compound selected from a group of HgZnTeS,
CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS, CdHgSeTe,
CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe, and a mixture
thereof. The group I11-V compound may be selected from: a
two-element compound selected from a group of GaN, GaP,
GaAs, GaSb, AIN, AP, AlAs, AlSb, InN, InP, InAs, InSb,
and a mixture thereof; a three-element compound selected
from a group of GaNP, GaNAs, GaNSb, GaPAs, GaPSbh,
AINP, AINAs, AINSb, AIPAs, AIPSb, InNP, InNAs, InNSb,
InNAs, InPSb, GaAINP, and a mixture thereof; and a four-
element compound selected from a group of GaAlINAs,
GaAINSb, GaAlPAs, GaAlPSb, GaloNP, GalnNAs,
GalnNSb, GalnNAs, GalnPSb, InAINP, InAINAs, InAINSb,
InAIPAs, InA1PSb, and a mixture thereof. The group IV-VI
compound may be selected from: a two-element compound
selected from a group of SnS, SnSe, SnTe, PbS, PbSe, PbTe,
and a mixture thereof; a three-element compound selected
from a group of SnSeS, SnSeTe, SnSTe, PbSeS, PbSeTe,
PbSTe, SnPbS, SnPbSe, SnPbTe, and a mixture thereof; and
a four-element compound selected from a group of SnPb-
SSe, SnPbSeTe, SnPbSTe, and a mixture thereof. The group
IV element may be selected from a group of Si, Ge, and a
mixture thereof. The group IV compound may be a two-
element compound selected from a group of SiC, SiGe, and
a mixture thereof.

[0103] In this case, the two-element compound, the three-
element compound, or the four-element compound may
exist in particles at a uniform concentration, or in the same
particle while being divided to have partially different
concentration distributions. Alternatively, it may have a
core/shell structure where one quantum dot encloses another
quantum dot. An interface between the core and the shell
may have a concentration gradient, such that a concentration
of an element existing in the shell gradually decreases closer
to a center of the interface.

[0104] The quantum dot may have a full width at half
maximum (FWHM) of the light-emitting wavelength spec-
trum that is less than about 45 nm, for example, less than
about 40 nm, or less than about 30 nm. In this range, color
purity or color reproducibility may be improved. In addition,
since light emitted via the quantum dot is emitted in all
directions, a viewing angle of light may be improved.
However, depending on the embodiment, the FWHM can be
less than about 45 nm.

[0105] In addition, the quantum dot is not specifically
limited to have shapes that are generally used in the tech-
nical field related to the present disclosure, and more spe-
cifically, may have a shape such as a nano-particle having a
spherical shape, a pyramid shape, a multi-arm shape, or a
cubic shape, or may be a nanotube, a nanowire, a nanofiber,
a planar nano-particle, etc.

[0106] A blue pixel area including the transmissive layer
340B will now be described with reference to FIG. 3.
[0107] The transmissive layer 340B may be made of a
transparent polymer, and may transmit blue light provided
from the organic emission layer 1354 to exhibit blue. The
transmissive layer 340B corresponding to a region for
emitting blue includes a material that emits received blue
even without a separate phosphor or a quantum dot. For
example, the transmissive layer 340B includes a polymer
such as a photosensitive resin or TiO,.
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[0108] In the current exemplary embodiment, the trans-
missive layer 340B further includes scatterers 335. The
scatterers 335 may make luminance of light emitted from the
transmissive layer 340B uniform at the front and at the side.
The scatterers 335 may be made of any materials that can
uniformly scatter light, and as an example, may be any one
of silica, TiO,, Zr0,, Al,O5, In,05, ZnO, SnO,, Sb,0;, and
ITO. A size of the scatterer 335 may have a range of
Equation 1.

W10<PS,p<5h

[0109] In Equation 1, A is a light-emitting wavelength
(nanometer) of the phosphor or the quantum dot, and PS,,
represents an aggregated particle size (nanometer) of the
phosphor or the quantum dot.

[0110] As shown in FIGS. 1 and 3, the scatterers 335 are
described to be included in the transmissive layer 340B, but
as a modified example, the scatterers may also be included
in the red color conversion media layer 340R and the green
color conversion media layer 340G.

[0111] Referring to FIGS. 1 to 3, the second substrate 310
is disposed over the red color conversion media layer 340R,
the green color conversion media layer 340G, and the
transmissive layer 340B. Though not illustrated, a A/4 polar-
izer, which prevents reflection of external light, may be
further included on the second substrate 310.

[0112] FIG. 6 is a schematic cross-sectional view of a path
of light generated in an emission layer of the OLED display
of FIG. 1.

[0113] Referring to FIG. 6, the inclined structure included
in the first electrode 125 prevents light from being totally
reflected, and the light may be reflected by the first electrode
125 such that it is transmitted to the color conversion layer
including the color conversion media layers 340R and 340G
and the transmissive layer 340B.

[0114] Accordingly, in the OLED display according to the
current exemplary embodiment, light generated from the
light-emitting element layer 135 can be totally reflected
between the first electrode 125 and the second electrode 145
to prevent light loss, and light-emitting efficiency can be
maximized by the color conversion layer and the transmis-
sive layer that are disposed over the organic light-emitting
element. Since the color conversion layer according to the
current exemplary embodiment is formed to include at least
one of the phosphor and the quantum dot, color shift which
is inherent in conventional OLED displays can be mini-
mized.

[0115] FIG. 7 is a cross-sectional view of an electrode
including a protrusion-depression structure in the exemplary
embodiment of FIG. 1.

[0116] Referring to FIG. 7, a protrusion-depression struc-
ture 115 is formed at a surface of the insulating layer 110 that
has an first inclined portion 120. Due to the protrusion-
depression structure 115, a surface of the first electrode 125
may have a protrusion 116. The protrusion 116 may have
various planar shapes such as circular, oval, thombus, and
triangular shapes, as well as a quadrangular shape. Since the
first electrode 125 has the protrusion 116, light generated
from the light-emitting element layer 135 can be reflected to
further improve luminous efficiency of the OLED display.
[0117] FIG. 8 is a cross-sectional view of an OLED
display 20 according to another exemplary embodiment. In
the OLED display 20 of FIG. 8, the elements disposed
between the first substrate 50 and the second electrode 145

(Equaticn 1)
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are substantially the same as those of the OLED display 10
of FIG. 1. However, since elements including a color con-
version layer and a transmissive layer are different, only
differences will now be described.

[0118] Referring to FIG. 8, the color conversion layer
including a red color conversion media layer 540R and a
green color conversion media layer 540, and a transmissive
layer 540B are disposed over the second electrode 145. Most
of the color conversion layer and the transmissive layer
5408 are disposed in an opening 132 between pixel defining
layers 130.

[0119] A blue light-cutting filter 522 is disposed over the
red color conversion media layer 540R and the green color
conversion media layer 540G. A capping layer 550 is
disposed over the blue light-cutting filter 522 and the
transmissive layer 540B.

[0120] In addition to the differences described above, all
the details described in FIGS. 1 to 7 may be applied unless
they contradict the exemplary embodiment of FIG. 8.
[0121] FIG. 9 is a cross-sectional view of an OLED
display 30 according to an exemplary embodiment. In the
OLED display 30 of FIG. 9, the elements disposed between
the first substrate 50 and the passivation layer 105 in a
direction substantially perpendicular to the first substrate 50
are substantially the same as those of the OLED display 10
of FIG. 1. However, since elements disposed over the
insulating layer 110 are different, only differences will now
be described.

[0122] Referring to FIG. 9, a top surface of the insulating
layer 110 may not have an inclined portion but may have a
structure that is smooth in most of the region. An organic
light-emitting element, which includes first and second
electrodes 125 and 145 and a light-emitting element layer
135, is disposed over an insulating layer 110. Specifically,
the first electrode 125 is disposed over the insulating layer
110, and the first electrode 125 may have a structure that is
smooth based on a surface substantially parallel to the first
substrate 50. The first electrode 125 may include a trans-
parent conductive material for bottom emission to be
described below. For example, the first electrode 125 may
include an indium tin oxide, an indium zinc oxide, a zinc tin
oxide, a zinc oxide, a tin oxide, a gallium oxide, etc. They
may be used alone or in combination.

[0123] A pixel defining layer 130 is disposed over the
insulating layer 110 and the first electrode 125, and an
opening 132 exposing some of the first electrode 125 is
formed in the pixel defining layer 130. A side surface of the
pixel defining layer 130 formed the by opening 132 may
have an inclined structure, and a light-emitting element layer
135 is disposed in the opening 132. The second electrode
145 is disposed over the light-emitting element layer 135,
and the second electrode 145 may include a transparent
conductive material.

[0124] A capping layer 150 is disposed over the second
electrode 145. A color conversion layer including a red color
conversion media layer 740R and a green color conversion
media layer 740G, and a transmissive layer 740B are dis-
posed over the capping layer 150. A light blocking member
772 is disposed between the adjacent red and green color
conversion media layers 740R and 740G, between the red
color conversion media layer 740R and the transmissive
layer 740B, and between the green color conversion media
layer 740G and the transmissive layer 740B. A blue light-
cutting filter 722 may be disposed between the red color
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conversion media layer 740R and the capping layer 150 and
between the green color conversion media layer 740G and
the capping layer 150.

[0125] The OLED display 30 includes a reflective metal
layer 780 on top of the red and green color conversion media
layers 740R and 740G and the transmissive layer 740B. The
reflective metal layer 780 includes a material that has a
reflective property. For example, the reflective metal layer
780 may include a metal such as aluminum (Al), silver (Ag),
platinum (Pt), gold (Au), chromium (Cr), tungsten (W),
molybdenum (Mo), titanium (Ti), palladium (Pd), or iridium
(Ir), and an alloy thereof. They may be used alone or in
combination. In addition, the reflective metal layer 780 may
be formed to have a single-layered structure or a multi-
layered structure including the metal and/or the alloy thereof
described above. Alternatively, the reflective metal layer 780
may have a triple layer structure of silver (Ag)/indium tin
oxide (ITOYsilver (Ag).

[0126] In the current exemplary embodiment, the reflec-
tive metal layer 780 has an inclined portion 720. The
inclined portion 720 may be disposed between the light
blocking member 772 and the red color conversion media
layer 740R, between the light blocking member 772 and the
green color conversion media layer 740G, and between the
light blocking member 772 and the transmissive layer 740B.
In this case, the inclined portion 720 has an inclination angle
6, and the inclination angle 8 may be greater than 0 degrees
and smaller than 90 degrees. The reflective metal layer 780
having the inclined portion 720 reflects light emitted from
the red and green color conversion media layers 740R and
740G and the transmissive layer 740B, thereby further
improving efliciency of light finally emitted in a direction
toward the first substrate 50 from a second substrate 710 to
be described below.

[0127] The second substrate 710 is disposed over the
reflective metal layer 780.

[0128] In addition to the differences described above, all
the details described in FIGS. 1 to 7 may be applied unless
they contradict the exemplary embodiment of FIG. 9.
[0129] FIG. 10 is a cross-sectional view of a reflective
metal layer including a protrusion-depression structure in
the exemplary embodiment of FIG. 9.

[0130] Referring to FIG. 10, a plurality of protrusions 716
are formed at a surface of a reflective metal layer 780 having
an inclined portion 720. In order to form the protrusions 716,
an auxiliary layer 790 having a protrusion-depression struc-
ture 715 may be further included between a second substrate
710 and the reflective metal layer 780. The auxiliary layer
790 may be an organic material.

[0131] Since the reflective metal layer 780 has the protru-
sions 716, light emitted from the red color conversion media
layer 740R, the green color conversion media layer 740G,
and the transmissive layer 740B can be reflected, thereby
further improving luminous efficiency of the OLED display.
[0132] While the inventive technology has been described
in connection with exemplary embodiments, it is to be
understood that the disclosure is not limited to the disclosed
embodiments, but, on the contrary, is intended to cover
various modifications and equivalent arrangements included
within the spirit and scope of the appended claims.

What is claimed is:
1. An organic light-emitting diode (OLED) display com-
prising:
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a first substrate;

an insulating layer disposed over the first substrate and

including a first inclined portion;

a first electrode disposed over the insulating layer;

a light-emitting element layer disposed over the first

electrode;

a second electrode disposed over the light-emitting ele-

ment layer; and

acolor conversion layer and a transmissive layer disposed

over the second electrode,

wherein the first electrode includes a second inclined

portion disposed over and inclined along the first
inclined portion of the insulating layer.

2. The OLED display of claim 1, further comprising a
passivation layer disposed between the first substrate and the
insulating layer, wherein the second inclined portion extends
such that the first electrode is disposed over the passivation
layer.

3. The OLED display of claim 1, further comprising a
pixel defining layer disposed over the insulating layer,
wherein the pixel defining layer overlaps a side surface of
the first inclined portion in the depth dimension of the OLED
display.

4. The OLED display of claim 3, wherein the pixel
defining layer includes a plurality of scattering particles
having a nano-structure that are dispersed.

5. The OLED display of claim 4, wherein the scattering
particles include at least one selected from the group con-
sisting of inorganic particles and polymer particles.

6. The OLED display of claim 1, wherein at least one of
the first and second inclined portions has an acute inclination
angle with respect to the first substrate.

7. The OLED display of claim 1, wherein the first
electrode includes a reflecting electrode.

8. The OLED display of claim 7, wherein the first
electrode includes a plurality of protrusions.

9. The OLED display of claim 8, wherein the insulating
layer includes a protrusion-depression structure that corre-
sponds to the protrusions of the first electrode.

10. The OLED display of claim 1, wherein the color
conversion layer includes at least one of a quantum dot and
a phosphor.

11. The OLED display of claim 10, wherein the color
conversion layer includes a red color conversion media layer
and a green color conversion media layer, and wherein the
color conversion layer further includes a light blocking
member that is disposed between the red and green color
conversion media layers, between the red color conversion
media layer and the transmissive layer, and between the
green color conversion media layer and the transmissive
layer.

12. The OLED display of claim 11, further comprising a
blue light-cutting filter overlapping the red and green color
conversion media layers in the depth dimension of the
OLED display.

13. The OLED display of claim 12, wherein the light-
emitting element layer includes a plurality of blue emission
layers that respectively correspond to the red and green color
conversion media layers and the transmissive layer.

14. The OLED display of claim 13, wherein the red and
green color conversion media layers respectively include at
least one of the quantum dot and the phosphor, and wherein
the transmissive layer does not include the quantum dot and
the phosphor.
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15. The OLED display of claim 14, wherein at least one
of the red and green color conversion media layers and the
transmissive layer includes a plurality of scatterers.

16. The OLED display of claim 1, further comprising a
capping layer disposed between the second electrode and the
color conversion layer and between the second electrode and
the transmissive layer.

17. The OLED display of claim 16, further comprising a
second substrate disposed over the color conversion layer
and the transmissive layer.

18. The OLED display of claim 1, further comprising a
pixel defining layer disposed over the insulating layer,
wherein the color conversion layer and the transmissive
layer are disposed between the pixel defining layers.

19. The OLED display of claim 1, wherein the light-
emitting element layer includes a blue emission layer that
has a tandem structure.

20. An OLED display comprising:

a first substrate;

an insulating layer disposed over the first substrate;

an organic light-emitting element disposed over the insu-

lating layer;

a color conversion layer and a transmissive layer disposed

over the organic light-emitting element; and

a reflective metal layer disposed over the color conversion

layer and the transmissive layer, wherein the reflective
metal layer includes an inclined portion.

21. The OLED display of claim 20, wherein the color
conversion layer includes a red color conversion media layer
and a green color conversion media layer, and wherein the
color conversion layer further includes a light blocking
member disposed between the red and green color conver-
sion media layers, between the red color conversion media
layer and the transmissive layer, and between the green color
conversion media layer and the transmissive layer.

22. The OLED display of claim 21, wherein the inclined
portion of the reflective metal layer is disposed between the
light blocking member and the red color conversion media
layer, between the light blocking member and the green
color conversion media layer, and between the light block-
ing member and the transmissive layer.

23. The OLED display of claim 22, further comprising a
blue light-cutting filter overlapping the red and green color
conversion media layers in the depth dimension of the
OLED display.

24. The OLED display of claim 23, further comprising a
second substrate disposed over the light blocking member
and the reflective metal layer.

25. The OLED display of claim 24, wherein the organic
light-emitting element includes a light-emitting element
layer, and wherein the light-emitting element layer includes
a plurality of blue emission layers that respectively corre-
spond to the red and green color conversion media layers
and the transmissive layer.

26. The OLED display of claim 25, wherein the red and
green color conversion media layer respectively include at
least one of the quantum dot and the phosphor, and wherein
the transmissive layer does not include the quantum dot and
the phosphor.

27. The OLED display of claim 26, wherein at least one
of the red and green color conversion media layers and the
transmissive layer includes a plurality of scatterers.

28. The OLED display of claim 20, wherein the reflective
metal layer includes a plurality of protrusions.
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29. The OLED display of claim 28, further comprising an
auxiliary layer disposed over the reflective metal layer,
wherein the auxiliary layer includes a protrusion-depression
structure that corresponds to the protrusions.

30. The OLED display of claim 20, wherein the organic
light-emitting element includes:

a first electrode disposed over the insulating layer;

a light-emitting element layer disposed over the first

electrode; and

a second electrode disposed over the light-emitting ele-

ment layer,

wherein the insulating layer has a smooth top surface.
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