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COLOR CONTROL ENCAPSULATION
LAYER AND DISPLAY APPARATUS
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0155807, filed on Nov. 21, 2017,
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
1. Field
[0002] Embodiments set forth herein relate to display
apparatuses.
2. Description of the Related Art
[0003] Organic light-emitting devices (“OLED”) are self-

light-emitting type devices having a wide viewing angle,
excellent contrast, high response speed, superior character-
istics in terms of a driving voltage, luminance, etc. and being
capable of generating multiple colors.

[0004] An OLED may include an anode, a cathode, and an
emission layer (an organic material-including emission
layer) interposed between the anode and the cathode. A hole
transport region may be located between the anode and the
emission layer. An electron transport region may be located
between the emission layer and the cathode. Holes injected
from the anode may move to the emission layer via the hole
transport region. Electrons injected from the cathode may
move to the emission layer via the electron transport region.
Carriers such as holes and electrons may recombine in the
emission layer to produce excitons. Light may be generated
as the excitons change from an excited state to a ground
state.

[0005] Hybrid technologies of applying quantum-dot
materials to organic light-emitting device (“OLED”) type
displays have drawn attention. Quantum dots are nanometer
sized semiconductor crystals. An energy gap of quantum
dots may be controlled according to a size and shape of the
quantum dots. When a semiconductor material is reduced to
a size of nanometers like the quantum dot, unique optical
characteristics may be generated due to a quantum mechan-
ics phenomenon. Particularly, the quantum dots have high
luminous efficiency and a narrow full width at half maxi-
mum (“FWHM”) in a visible-light region, and thus are
expected to be a next-generation display material.

SUMMARY

[0006] Provided are display apparatuses which have
excellent encapsulation properties with regard to an external
environment and which may be relatively easily manufac-
tured.

[0007] Provided are display apparatuses capable of sup-
pressing color blurring or color mixing.

[0008] Provided are display apparatuses in which color
conversion elements are applied in an encapsulation layer
structure.

[0009] Provided are methods of manufacturing the display
apparatuses.
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[0010] Additional features will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0011] According to an embodiment, a display apparatus
includes an organic light-emitting device (“OLED”) sub-
strate which generates and emits a first light, and an encap-
sulation layer to which the emitted first light from the
organic light-emitting device substrate is incident and from
which a second light is emitted, the encapsulation layer
including an inorganic material layer and an organic material
layer alternately stacked with each other. The organic mate-
rial layer of the encapsulation layer includes a plurality of
color control elements which color-convert the emitted first
light incident to the encapsulation layer. The plurality of
color control elements include a first color control element
including a first quantum dot with which a color of the
emitted first light incident to the encapsulation layer is
converted to a first color, and a second color control element
including a second quantum dot with which the color of the
emitted first light incident to the encapsulation layer is
converted to a second color.

[0012] The encapsulation layer may further include a first
inorganic material layer, a second inorganic material layer
and the organic material layer including the plurality of color
control elements between the first and second inorganic
material layers.

[0013] The first quantum dot of the first color control
element may convert the color of the emitted first light
incident to the encapsulation layer into red, and the second
quantum dot of the second color control element may
convert the color of the emitted first light incident to the
encapsulation layer into green.

[0014] The organic material layer may further include a
light-scattering element adjacent along the organic light-
emitting device substrate to the plurality of color control
elements. The light-scattering element may maintain the
color of the emitted first light incident to the encapsulation
layer.

[0015] The plurality of color control elements may further
include a third color control element adjacent along the
organic light-emitting device substrate to the first and sec-
ond color control elements, the third color control element,
the third color control element including a third quantum dot
with which the color of the emitted first light incident to the
encapsulation layer is converted to a third color.

[0016] The display apparatus may further include a color
filter layer to which the emitted second light from the
encapsulation layer is incident.

[0017] The display apparatus may further include a plu-
rality of sub-pixel regions at which color light is emitted to
display an image. The color filter layer may include respec-
tively corresponding to the plurality of sub-pixel regions: a
first color filter which corresponds to the first color control
element of the encapsulation layer, a second color filter
which corresponds to the second color control element of the
encapsulation layer, and a third color filter.

[0018] Within the color filter layer to which the emitted
second light from the encapsulation layer is incident, the first
color filter may be a first cut-off filter which selectively
transmits light in a red light wavelength region. The second
color filter may be a second cut-off filter which selectively
transmits light in a green light wavelength region. The third
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color filter may be a third cut-off filter which selectively
transmits light in a blue light wavelength region.

[0019] Within the color filter layer to which the emitted
second light from the encapsulation layer is incident, the first
color filter may be an absorption type red color filter. The
second color filter may be an absorption-type green color
filter. The third color filter may be an absorption-type blue
color filter.

[0020] The OLED substrate may include a first electrode,
a second electrode, and an organic emission layer between
the first and second electrodes. The first and second elec-
trodes may be electrically separated from the inorganic
material layer of the encapsulation layer.

[0021] The organic material layer of the encapsulation
layer may include a photocurable organic material and a
light-scattering agent.

[0022] The organic material layer of the encapsulation
layer may have a thickness of about 10 nanometers (nm) to
about 10000 nm.

[0023] The inorganic material layer of the encapsulation
layer may include any one of a metal nitride, a metal oxide,
a metal oxynitride, a metal carbide and a combination
thereof.

[0024] The inorganic material layer of the encapsulation
layer may be an insulating layer or a semiconductor layer.
[0025] The inorganic material layer of the encapsulation
layer may have a thickness of about 10 nm to about 5000
nm.

[0026] Within the encapsulation layer, the first and second
inorganic material layers may each extend along the organic
material layer to dispose ends of the first and second
inorganic material layers spaced apart from outer sides of the
organic material layer, the first and second inorganic mate-
rial layers being bonded to each other at the ends thereof.

[0027] The OLED substrate may be a blue OLED sub-
strate which emits blue first light, a white OLED substrate
which emits white first light, or a cyan OLED substrate
which emits cyan first light.

[0028] The display apparatus may further include a thin-
film transistor (“TFT”) array substrate connected to the
OLED substrate to drive the substrate. The TFT array
substrate may include a plurality of TFTs connected to pixel
regions of the OLED substrate to drive the pixel regions of
the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] These and/or other features will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0030] FIG. 1 is a cross-sectional view of a display appa-
ratus according to an embodiment;

[0031] FIG. 2 is a cross-sectional view of a display appa-
ratus according to another embodiment;

[0032] FIG. 3 is a cross-sectional view of a display appa-
ratus according to another embodiment;

[0033] FIG. 4 is a cross-sectional view of a display appa-
ratus according to another embodiment;

[0034] FIG. 5 is a cross-sectional view of a display appa-
ratus according to another embodiment;

[0035] FIG. 6 is a cross-sectional view of a display appa-
ratus according to another embodiment;
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[0036] FIG. 7 is a detailed cross-sectional view of a
structure of a display apparatus, according to an embodi-
ment;

[0037] FIG. 8 is a cross-sectional view of a structure of an
encapsulation layer applicable to a display apparatus,
according to another embodiment;

[0038] FIG. 9 is a cross-sectional view of a display appa-
ratus according to another embodiment;

[0039] FIG. 10 is a cross-sectional view of a display
apparatus according to another embodiment;

[0040] FIG. 11 is a graph showing an electroluminescence
(“EL”) spectrum of a blue organic light-emitting display
device (“OLED”) substrate applicable to a display apparatus
according to an embodiment;

[0041] FIG. 12 is a graph showing photoluminescence
(“PL”) quantum yield (%) according to wavelengths of a
color conversion element including a red quantum dot
(“QD”) and a color conversion element including a green
QD, applicable to a display apparatus according to an
embodiment;

[0042] FIG. 13 is a graph showing a variation in trans-
mittance (%) versus wavelengths of a color conversion
element including a red QD and a color conversion element
including a green QD, applicable to a display apparatus
according to an embodiment;

[0043] FIG. 14 is a graph showing a variation in trans-
mittance (%) versus wavelength of an absorption-type color
filter applicable to a display apparatus according to an
embodiment;

[0044] FIG. 15 is a graph showing a variation in trans-
mittance (%) versus wavelength of a cut-off-type color filter
applicable to a display apparatus according to an embodi-
ment;

[0045] FIG. 16 is a graph showing a spectral radiance
difference between when a light-scattering agent is applied
to blue light and when the light-scattering agent is not
applied to blue light; and

[0046] FIG. 17 is a graph showing an emission spectrum
according to a wavelength of a display apparatus according
to an embodiment.

DETAILED DESCRIPTION

[0047] Various example embodiments will now be
described more fully with reference to the accompanying
drawings in which example embodiments are shown.
[0048] It will be understood that when an element is
referred to as being related to another element such as being
“connected” or “coupled” to another element, it can be
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an
element is referred to as being related to another element
such as being “directly connected” or “directly coupled” to
another element, there are no intervening elements present.
[0049] 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. “At least one”
is not to be construed as limiting “a” or “an.” “Or” means
“and/or.”

[0050] It will be understood that, although the terms
“first,” “second,” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
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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,
component, region, layer or section without departing from
the teachings of example embodiments.

[0051] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship 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 is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” 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.
[0052] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting of example embodiments. 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
“comprise” and/or “comprising,” when used in this speci-
fication, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other
features, integers, steps, operations, elements, components,
and/or groups thereof.

[0053] Example embodiments are described herein with
reference to cross-sectional illustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of example embodiments. As such, variations
from the shapes of the illustrations as a result, for example,
of manufacturing techniques and/or tolerances, are to be
expected. Thus, example embodiments should not be con-
strued as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, an
implanted region illustrated as a rectangle will, typically,
have rounded or curved features and/or a gradient of implant
concentration at its edges rather than a binary change from
implanted to non-implanted region. Likewise, a buried
region formed by implantation may result in some implan-
tation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the figures are schematic in nature
and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit
the scope of example embodiments.

[0054] “About” or “approximately” as used herein is
inclusive 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% or 5% of the
stated value.

» <
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[0055] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which example embodiments belong. It will be further
understood that terms, such as those defined in commonly-
used dictionaries, 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.
[0056] Hereinafter, display apparatuses according to
embodiments will be described in detail with reference to
the accompanying drawings. In the drawings, a width and
thickness of each layer or region may be exaggerated for
clarity and convenience of explanation. Throughout the
detailed description, same reference numerals represent
same elements.

[0057] FIG. 1 is a cross-sectional view of a display appa-
ratus according to an embodiment.

[0058] Referring to FIG. 1, an organic light-emitting
device (“OLED”) substrate 100A may be provided. A multi-
layer encapsulation layer 200 A may be located on the OLED
substrate 100A.

[0059] The display apparatus and elements thereof may be
disposed along first and second directions which cross each
other. In FIG. 1, for example, the horizontal direction may
represent the first and/or the second direction. A thickness of
the display apparatus and element thereof is taken along a
third direction which crosses each of the first and second
directions. In FIG. 1, for example, the vertical direction
represents the thickness (e.g., third) direction. A top or front
of the display apparatus may be defined at a side thereof at
which light is emitted.

[0060] The OLED substrate 100A may be a light-source
OLED. The OLED substrate 100A may include a first
electrode, a second electrode, and an organic emission layer
between the first and second electrodes. The first electrode
may be an anode and the second electrode may be a cathode,
or vice versa. The OLED substrate 100A may further include
an electron transport layer and a hole transport layer, and
may additionally include a hole injection layer and an
electron injection layer.

[0061] The OLED substrate 100A may be, for example, a
blue-OLED substrate emitting blue light, a white-OLED
substrate emitting white light, or a cyan-OLED substrate
emitting cyan light. However, colors of light emitted from
the OLED substrate 100A are not limited thereto and are
variable. In the following description with reference to FIG.
1, the OLED substrate 100A is a blue-OLED substrate but
is merely an example. In an embodiment of manufacturing
the OLED substrate 100A, the OLED substrate 100A may be
formed using an open mask process such that the OLED
substrate 100A has the same structure (a uniform structure)
at all locations when viewed from a top view (e.g., along the
thickness direction from the top or front), but the open mask
process may not be used according to circumstances.
[0062] The encapsulation layer 200A may have a structure
in which an inorganic material layer and an organic material
layer are alternately stacked with each other at least once. At
least one organic material layer of the encapsulation layer
200A may include color control elements including quantum
dots (“QDs”). When one inorganic material layer and one
organic material layer together form one encapsulation unit,
‘n’ number of encapsulation units may be provided. Here,
‘n’ may be greater than or equal to 1.
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[0063] Referring to FIG. 1, for example, the encapsulation
layer 200A may have a structure in which a first inorganic
material layer 210, an organic material layer 220 and a
second inorganic material layer 230 are sequentially stacked
along the thickness direction of the display apparatus.
[0064] The organic material layer 220 may include a
plurality of color control elements 20a and 205 to control a
color of light generated by the OLED substrate 100A. The
color control elements 20a and 205 may include a first color
control element 20q including a first QD to realize a first
color, and a second color control element 206 including a
second QD to realize a second color. The second color may
be different from the first color.

[0065] The organic material layer 220 may further include
a light-scattering element 21¢ located at a side (lateral side)
of the color control elements 20a and 205, such as along the
first and/or second direction. The light-scattering element
21¢ may be a region that does not include a QD, e.g., a
non-QD-including region. That is, the light-scattering ele-
ment 21¢ maintains the color of the light emitted from the
OLED substrate 100A and incident to the encapsulation
layer 200A. The organic material layer 220 including the
color control elements 20a and 205 to which QDs are
applied may be sandwiched between the two inorganic
material layers 210 and 230. Thus, a lowermost layer and an
uppermost layer of the encapsulation layer 200A may be
respectively the inorganic material layers 210 and 230. The
light-scattering element 21¢ may be provided in plurality
within the display apparatus. The color control elements 20a
and 205 and the light-scattering element 21¢ within a same
organic material layer 220 are disposed at substantially a
same distance as each other from the OLED substrate 100A
along the thickness direction of the display apparatus.
[0066] The encapsulation layer 200A may encapsulate the
color control elements 20a and 205 therein while encapsu-
lating the OLED substrate 100A thereunder. Furthermore,
the encapsulation layer 200A may have a color control
function since the color control elements 20a and 205 are
included therein.

[0067] The first color control element 20a may be a
red-QD-including layer and may convert a color of light
generated by the OLED substrate 100A into light having a
red (R) color. The second color control element 205 may be
a green-QD-including layer and may convert a color of light
generated by the OLED substrate 100A into light having a
green (G) color. Thus, the first color control element 20a
may be referred to as a first color converter (or color
conversion element), and the second color control element
205 may be referred to as a second color conversion ele-
ment. In an embodiment of manufacturing the encapsulation
layer 200A, the color conversion elements may be formed
by combining a photocurable organic material, certain QDs
and a light-scattering agent. The photocurable organic mate-
rial may include, for example, a resin material such as a
photoresist (“PR”) material.

[0068] The light-scattering element 21¢ may scatter light
without changing the color of light generated by the OLED
substrate 100A. Since each of the first and second color
control elements 204 and 205 may include a light-scattering
agent, the light-scattering element 21¢ may be provided at a
side of the first and second color control elements 20a and
205 to achieve color balance. The light-scattering element
21c¢ may include a photocurable organic material and a
light-scattering agent. Here, the photocurable organic mate-
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rial may include a photoresist (“PR”) material, and the
light-scattering agent may include, for example, titanium
oxide (TiO,) or the like but embodiments are not limited
thereto.

[0069] The first QD included in the first color control
element 20a may be a red QD. The second QD included in
the second color control element 205 may be a green QD.
Each of the QDs may be a semiconductor particle having a
nanometer (nm) sized spherical shape or a shape similar
thereto and having a size (e.g., diameter) of about several to
several tens of nanometers.

[0070] The QD may have a monolithic structure or a
core-shell structure. When the QD has the core-shell struc-
ture, the QD may have a single-shell structure of a multi-
shell structure. In an embodiment, for example, the QD may
consist of a core portion (e.g., center portion) including or
formed of a first semiconductor and a skin portion (e.g., shell
portion) including or formed of a second semiconductor.
Here, a material of the core portion (e.g., center portion) may
be cadmium selenide (CdSe), cadmium telluride (CdTe),
cadmium sulfide (CdS), or the like. A material of the skin
portion (e.g., shell portion) may be zinc sulfide (ZnS) or the
like. Alternatively, a material of the skin portion (e.g., shell
portion) may be a cadmium-free based QD. That is, various
materials that do not include cadmium (Cd) may be applied
to the QD. However, the above-described materials are
merely examples and other various materials may be applied
to the QD. In embodiments, for example, the QD may
include at least one among a Group I1-VI-based semicon-
ductor, a Group III-V-based semiconductor, a Group IV-VI-
based semiconductor, and a Group IV-based semiconductor.
[0071] The QD has a relatively very small size and may
thus exhibit the quantum confinement effect. When a size of
a particle is relatively very small, electrons in the particle
form a discontinuous energy state due to the outer walls of
the particle. As the size of an inner space of the particle
decreases, an energy state of the electrons relatively
increases and energy band intervals increases. This effect
refers to the quantum confinement effect. Due to the quan-
tum confinement effect, when light such as an ultraviolet ray
or visible light is incident on the QD, light of various
wavelength ranges may be generated.

[0072] A wavelength of light generated by the QD may be
determined by a size, material and/or structure of the QD. In
detail, when light of a wavelength having energy higher than
an energy band interval is incident on the QD, the QD
absorbs the energy of the light and is thus excited, emits light
of a specific wavelength, and changes to a ground state. In
this case, when the size of the QD (or the core portion of the
QD) is relatively small, light of a relatively short wave-
length, e.g., blue or green light, may be generated. When the
size of the QD (or the core portion of the QD) is relatively
large, light of a relatively long wavelength, e.g., red light,
may be generated. Accordingly, light of various colors may
be achieved according to the size of the QD (or the core
portion of the QD).

[0073] A QD particle emitting green light may be referred
to as a green-light QD particle (e.g., a green QD particle). A
QD particle emitting red light may be referred to as a
red-light QD particle (e.g., a red QD particle). In an embodi-
ment, for example, the green-light QD particle (or core
portion) may be a particle having a width (e.g., diameter) of
about 2 nm to about 3 nm, and the red-light QD particle (or
core portion) may be a particle having a width (e.g., diam-
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eter) of about 5 nm to about 6 nm. A wavelength of emitted
light may be controlled according to a material and structure
of the QD, as well as the size (e.g., diameter) of the QD.
[0074] A color filter layer 300A may be further provided
on the encapsulation layer 200A. An upper surface of the
color filter layer 300A may define a light emitting surface of
the display apparatus without being limited thereto. The
color filter layer 300A may include first, second and third
color filters 30a, 305 and 30c¢ respectively corresponding to
a plurality of sub-pixel regions of the display apparatus at
which color light is emitted such as to display an image. The
first color filter 30a may correspond to the first color control
element 20a. The second color filter 305 may correspond to
the second color control element 205. The third color filter
30¢ may correspond to the light-scattering element 21c.
[0075] The first, second and third color filters 30a, 305 and
30c¢ may be absorption type color filters including pigment
or dye. The first color filter 30a may be an absorption type
red-color filter (C/F). The second color filter 305 may be an
absorption type green-color filter (C/F). The third color filter
30c¢ may be an absorption type blue-color filter (C/F). The
red-color filter 30a may selectively transmit light of a red
wavelength region and absorb light of the other wavelength
regions. The green-color filter 305 may selectively transmit
light of a green wavelength region and absorb light of the
other wavelength regions. The blue-color filter 30¢ may
selectively transmit light of a blue wavelength region and
absorb light of the other wavelength regions. By such
transmitting and absorbing described above, the first color
filter 30¢ may filter out undesired light among light incident
thereto after passing through the first color control element
20q. Similarly, the second color filter 305 may filter out
undesired light among light incident thereto after passing
through the second color control element 205 and the third
color filter 30¢ may filter out undesired light among light
incident thereto after passing through the light-scattering
element 21¢. Full RGB colors may be achieved using the
color control elements 20a and 205 and the color filter layer
300A. Here, the above-described order or method of the
arrangement of RGB sub-pixels are merely an example and
may be changed variously.

[0076] In the color filter layer 300A, partitions 35 may be
respectively provided between the first color filter 30a and
the second color filter 305 and between the second color
filter 304 and the third color filter 30c. The partitions 35 may
be a type of black matrices. In an embodiment of manufac-
turing the color filter layer 3004, after the partitions 35 are
formed, the first to third color filters 30a, 305, and 30c may
be formed in regions defined by the partitions 35. The
partitions 35 may reduce or effectively prevent different
colors of light emitted at pixels or sub-pixels from being
mixed with each other.

[0077] The inorganic material layers 210 and 230 of the
encapsulation layer 200A may include a metal nitride, a
metal oxide, a metal oxynitride, a metal carbide, or a
combination thereof. In an embodiment, for example, the
inorganic material layers 210 and 230 may include a silicon
nitride, an aluminum nitride, a zirconium nitride, a titanium
nitride, a hafnium nitride, a tantalum nitride, a silicon oxide,
an aluminum oxide, a titanium oxide, a tin oxide, a cerium
oxide, a silicon oxynitride, or a combination thereof. The
inorganic material layers 210 and 230 may be insulating
layers or semiconductor layers. The inorganic material lay-
ers 210 and 230 may each have a thickness of about 10 nm
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to about 5000 nm, for example, a thickness of about 50 nm
to about 1000 nm, along the thickness direction of the
display apparatus. The thickness may be a total thickness
and/or maximum thickness of such layer(s). When the
thickness of each of the inorganic material layers 210 and
230 satisfies the above-described thickness range, the encap-
sulation layer 200A may have a relatively high sealing
property to reduce or effectively prevent contamination
(e.g., moisture, etc.) from reaching other elements of the
encapsulation layer 200A. However, the material and thick-
ness range of the inorganic material layers 210 and 230 are
not limited thereto.

[0078] The organic material layer 220 of the encapsulation
layer 200A may include a photocurable organic material.
The photocurable organic material may include a photoresist
(“PR”) material. The organic material layer 220 may include
a titanium oxide (Ti0,) or the like as a light-scattering agent.
The organic material layer 220 may planarize a step portion
(not shown) formed due to a pixel defining layer of the
OLED substrate 100A and/or may lessen stress caused by
the inorganic material layer 210 or 230. As a basic function,
the organic material layer 220 includes the color control
elements 20¢ and 205 and may thus have a color control
function. The organic material layer 220 may have a thick-
ness of about 10 nm to about 10000 nm, for example, a
thickness of about 1000 nm to about 10000 nm. The
thickness may be a total thickness and/or maximum thick-
ness of such layer(s). Accordingly, the organic material layer
220 may have a thickness greater than those of the inorganic
material layers 210 and 230. When the thickness of the
organic material layer 220 satisfies the above-described
thickness range, a planarizing process may be effectively
performed using the organic material layer 220. However,
the material and thickness range of the organic material layer
220 are not limited thereto. When there are two or more
organic material layers 220, the thicknesses thereof may be
the same or different. In an embodiment of manufacturing
the encapsulation layer 2004, the organic material layer 220
may be easily formed using a printing process, a photolitho-
graphic process, or the like.

[0079] In another embodiment, a cut-off filter type color
filter may be used instead of one or more of the absorption
type color filters 30a, 306 and 30¢ of FIG. 1. Examples of
the cut-off filter type color filters are illustrated in FIG. 2.

[0080] Referring to FIG. 2, a color filter layer 310A may
include cut-off filter type first to third color filters 31a, 31
and 31c¢. The first color filter 31a may filter out light of a blue
wavelength region and light of a green wavelength region
among light incident thereto after passing through a first
color control element 20a. The second color filter 315 may
filter out light of a blue wavelength region and light of a red
wavelength region among light incident thereto after passing
through a second color control element 205. The third color
filter 31¢ may filter out light of a green wavelength region
and light of a red wavelength region among light incident
thereto after passing through a light-scattering element 21c¢.
The first color filter 31a may be referred to as a blue-and-
green-cut filter (B,G cut filter). The second color filter 315
may be referred to as a blue-and-red-cut filter (B,R cut
filter). The third color filter 31¢ may be referred to as a
green-and-red-cut filter (G,R cut filter). In other words, the
first color filter 31a may be a first cut-off filter configured to
selectively transmit light of a red wavelength region. The
second color filter 315 may be a second cut-off filter
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configured to selectively transmit light of a green wave-
length region. The third color filter 31¢ may be a third cut-off
filter configured to selectively transmit light of a blue
wavelength region. Color control/filtering characteristics of
the display apparatus may be improved owing to the first to
third color filters 31a, 315 and 31c.

[0081] The cut-off filter type color filters 31a, 315 and 31¢
may have, for example, a distributed Bragg reflector
(“DBR”) structure. The DBR structure may be manufac-
tured by repeatedly stacking two material layers (e.g.,
dielectrics) having different refractive indexes from each
other. The DBR structure may be manufactured to transmit
or reflect only light of a desired wavelength band by
controlling thicknesses of the material layers and a number
of times of stacking the material layers, and is applicable to
the color filters 31a, 315 and/or 31c. In an embodiment, for
example, a Si0O, layer and a TiO, layer may be repeatedly
stacked to satisfy a condition of A4 (here, “A’ represents a
wavelength of light), and a reflectance or transmittance of
light of a desired wavelength band may be increased by
controlling the thicknesses of these layers and a number of
times of stacking the layers. The DBR structure is a well-
known structure and is thus not described in detail here. At
least one among the first to third color filters 31a, 316 and
31¢ may have a structure different from the DBR structure,
e.g., a relatively high-contrast grating (“HCG”) structure. In
FIG. 2, components except the color filter layer 310A may
be the same or substantially the same as those of FIG. 1.

[0082] In another embodiment, the display apparatus may
further include a fourth sub-pixel region, as well as an
R-sub-pixel (e.g., first sub-pixel) region, a G-sub-pixel (e.g.,
second sub-pixel) region and a B-sub-pixel (e.g., third
sub-pixel) region. The fourth sub-pixel region may be pro-
vided to exhibit a color (e.g., a fourth color) except for colors
of red (R), green (G) and blue (B). The color (e.g., the fourth
color) may be, for example, white (W) but is not limited
thereto. Cases in which the fourth sub-pixel region is further
provided are illustrated in FIGS. 3 and 4.

[0083] Referring to FIG. 3, similar to FIG. 1, an organic
material layer 220a of an encapsulation layer 200B may
include a first color control element 21a, a second color
control element 215, a first light-scattering element 22¢ and
a second light-scattering element 22d. A first inorganic
material layer 210a may be provided below the organic
material layer 220a and a second inorganic material layer
230a may be provided on the organic material layer 220q. In
this case, an OLED substrate 100B may be a white-OLED
substrate which emits a white color light.

[0084] A color filter layer 300B may include first to third
color filters 32a, 326 and 32¢, and a blank region corre-
sponding to the second light-scattering element 22d. The
blank region may correspond to the fourth sub-pixel region
described above, and white (W) color may be generated
from the blank region. An upper surface of the color filter
layer 300A at the first through third sub-pixel regions and an
upper surface of the encapsulation layer 200B at the fourth
sub-pixel region together may define a light emitting surface
of the display apparatus without being limited thereto.

[0085] Referring to FIG. 4, similar to FIG. 3, a color filter
layer 310B may include cut-off filter type color filters 33aq,
335 and 33c. The color filter layer 310B may further include
a blank region corresponding to the fourth sub-pixel region
described above.
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[0086] In another embodiment, a color conversion element
including a QD (a blue QD) may be used instead of the
light-scattering element 21c of FIG. 1. An example of the
color conversion element is illustrated in FIG. 5.

[0087] Referring to FIG. 5, an organic material layer 221
of an encapsulation layer 201A may include a third color
control element 20¢ including a QD instead of the light-
scattering element 21¢ of FIG. 1. The QD of the third color
control element 20c may be a blue QD. Thus, the third color
control element 20¢ may convert a color of light generated
by an OLED substrate 100A into blue light. In this case, the
OLED substrate 100A may be a light source generating light
of color other than pure blue. The third color control element
20¢ including the blue QD may be used according to the type
of the OLED substrate 100A. Although not shown, in the
present embodiment, a fourth sub-pixel region may be
further provided as shown in FIGS. 3 and 4. Although not
shown, in the present embodiment, the cut-off filters 31a,
315 and 31c may be provided as shown in FIG. 2.

[0088] According to one or more embodiment of the
present disclosure, a display apparatus which has relatively
high protective (encapsulation) properties with respect to an
external environment and which is relatively easy to manu-
facture may be provided. Furthermore, a display apparatus
capable of suppressing and/or minimizing color blurring or
color mixing may be provided.

[0089] In manufacturing a conventional display apparatus,
since an outgassing phenomenon may occur during a pro-
cess for forming a QD color conversion layer, in order to
apply a QD color conversion layer to a top-emission light-
emitting device, the QD color conversion layer may be
directly formed by patterning on an OLED device (e.g., at a
display portion thereof) encapsulated with a multi-layer thin
film or may be formed on a separate glass substrate and
thereafter bonded with an OLED device (e.g., at a display
portion thereof). However, if the QD color conversion layer
is directly formed by patterning on the OLED device (e.g.,
at the display portion thereof) encapsulated with the multi-
layer thin film, a photoluminescence (“PL”) property may be
deteriorated when the QD color conversion layer is exposed
to a general environment. Thus, the QD color conversion
layer may be encapsulated by an additional encapsulation
process. In this case, the OLED device is primarily encap-
sulated with a multi-layer thin film and is then secondarily
encapsulated. Thus, the encapsulation process is relatively
complicated. Furthermore, since the distance between the
OLED device and the QD color conversion layer is rela-
tively large, color implementation characteristics may be
poor. If the QD color conversion layer is formed on the
separate glass substrate and subsequently bonded with the
OLED device (e.g., at the display portion thereof), two
substrates are used and thus manufacturing costs may
increase and a manufacturing process may be complicated.
Furthermore, the distance between the OLED device and the
QD color conversion layer may increase and thus color
mixing may occur.

[0090] However, according to one or more embodiment of
the present disclosure, at least one organic material film,
e.g., among the organic material layers 220, 220a and 221,
may be provided in the encapsulation layers 200A, 200B and
201A encapsulating the OLED substrates 100A and 1006,
and the color control elements 20a, 205, 20c, 21a and 215
including QDs may be disposed or formed in the organic
material layers 220, 220a and 221. Accordingly, each of the
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OLED substrates 100A and 1006 and the color control
elements 20qa, 205, 20c, 21a and 215 may be encapsulated
with one of the encapsulation layers 200A, 200B and 201A.
Furthermore, since the distances between the OLED sub-
strates 100A and 100B and the color control elements 20q,
205, 20¢, 21a and 215 are relatively small, color blurring
may be suppressed or minimized. In addition, the distances
between the color control elements 20a, 205, 20c, 21a and
215 and the color filter layers 300A, 300B, 310A and 310B
on the color control elements 20a, 205, 20c, 21a and 215
may be maintained to a minimum. Thus, color mixing may
be also suppressed or minimized. Accordingly, a display
apparatus that has relatively high protective (encapsulation)
characteristics, is easy to manufacture, and is capable of
suppressing and/or minimizing color blurring or color mix-
ing may be provided.

[0091] A display apparatus according to an embodiment
may further include a thin-film transistor (“TFT”) array
substrate having a plurality of TFTs which drive pixel
regions (or sub-pixel regions) of the OLED substrates 100A
and 1006. An example of the display apparatus is illustrated
in FIG. 6. FIG. 6 illustrates a case in which a TFT array
substrate 10 is applied to the display apparatus of FIG. 1.
However, it will be understood that the TFT array substrate
10 in FIG. 6 may be is applied to any one of the display
apparatus disclosed in FIGS. 1 to 5.

[0092] Referring to FIG. 6, a TFT array substrate 10
having a plurality of TFTs (not shown) may be provided, and
an OLED substrate 100A may be provided on the TFT array
substrate 10. The plurality of TFTs of the TFT array sub-
strate 10 may be devices configured to drive pixel regions
(or sub-pixel regions) of the OLED substrate 100A. As such,
the plurality of TFTs of the TFT array substrate 10 may be
connected to the OLED substrate 100A and structures within
the pixel regions (or sub-pixel region) to drive the pixel
regions (or sub-pixel regions) of the OLED substrate 100A.
The driving of the pixel regions (or sub-pixel regions) of the
OLED substrate 100A may control the OLED substrate
100A to generate and/or emit light to be incident on an
encapsulation layer 200A. The encapsulation layer 200A
may be provided on the OLED substrate 100A to receive
light emitted therefrom, and a color filter layer 300A may be
provided on the encapsulation layer 200A to receive light
emitted therefrom.

[0093] FIG. 7 is a detailed cross-sectional view of a
structure of a display apparatus according to an embodi-
ment.

[0094] Referring to FIG. 7, a TFT array substrate 10 may
be provided, and a first electrode layer 110 having a plurality
of first electrodes 110a, 1105 and 110¢ may be provided on
the TFT array substrate 10. The plurality of first electrodes
110a, 1105 and 110¢ may be elements patterned to respec-
tively correspond to sub-pixel regions. The plurality of first
electrodes 1104, 1105 and 110c may be electrically con-
nected to TFT devices of the TFT array substrate 10. The
plurality of first electrodes 110a, 1105 and 110¢ may include
or be formed of a transparent electrode material such as an
indium tin oxide (“ITO”).

[0095] An emission layer (EML) 130 including an organic
material-based emission material may be provided on the
first electrode layer 110. A hole transport layer (HTL) 120
may be provided between the EML 130 and the first elec-
trode layer 110. An electron transport layer (ETL) 140 may
be provided on the EML 130. A second electrode layer 150
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may be provided on the ETL 140. Although not shown, a
hole injection layer may be provided between the first
electrode layer 110 and the HTL 120, and an electron
injection layer may be provided between the second elec-
trode layer 150 and the ETL 140. An intermediate material
layer 160 may be further provided on the second electrode
layer 150. The intermediate material layer 160 may be
transparent and may be formed of an insulating material.
[0096] Although the first electrode layer 110 is patterned
and the second electrode layer 150 has a non-patterned
shape in the present embodiment, the second electrode layer
150 may be patterned into a plurality of electrode elements
according to circumstances. Alternatively, the first electrode
layer 110 may not be patterned and the second electrode
layer 150 may be patterned, or both the first electrode layer
110 and the second electrode layer 150 may be patterned.
Furthermore, the EML 130 located between the first elec-
trode layer 110 and the second electrode layer 150 may be
patterned into units corresponding to sub-pixels. In this case,
all the HTL 120, the EML 130 and the ETL 140 may be
patterned. Although a case in which one emission unit
having the HTL 120, the EML 130 and the ETL 140 is used
is illustrated and described above, a plurality of emission
units may be used and a charge generation layer may be
applied between the plurality of emission units. In other
words, an OLED device having a tandem structure may be
used. The collection of the first electrode layer 110, the HTL
120, the EML 130, the ETL 140, the second electrode layer
150 and the intermediate material layer may form a light-
emitting substrate which generates and emits light there-
from. In embodiments, the light-emitting substrate illus-
trated in FIG. 6 may be used as the OLED substrate in any
one of the display apparatus disclosed in FIGS. 1 to 6
without being limited thereto.

[0097] An encapsulation layer 200A and a color filter layer
300A according to an embodiment may be sequentially
provided on the intermediate material layer 160. The first
electrode layer 110 and the second electrode layer 150 of an
OLED substrate may be electrically separated (e.g.. discon-
nected) from an inorganic material layer 210 of the encap-
sulation layer 200A. The encapsulation layer 200A and the
color filter layer 300A are as described above with reference
to FIG. 1 and are thus not redundantly described again here.
[0098] Although FIG. 7 illustrates a case in which the TFT
array substrate 10 is located below the emission layer 130,
the TFT array substrate 10 may be located above the
emission layer 130. In an embodiment, for example, the TFT
array substrate 10 may be located between the EMIL 130 and
the encapsulation layer 200A. In addition, components of
the display apparatus described above with reference to FIG.
7 may be variously changed.

[0099] FIG. 8 is a cross-sectional view of a structure of an
encapsulation layer applicable to a display apparatus accord-
ing to another embodiment.

[0100] Referring to FIG. 8, the encapsulation layer may
include a first inorganic material layer 215, a second inor-
ganic material layer 235, and a first organic material layer
225 located between the first inorganic material layer 215
and the second inorganic material layer 235. The first
inorganic material layer 215 and the second inorganic mate-
rial layer 235 may be larger in planar size than the first
organic material layer 225 and may be bonded to each other
at outer side edges of the first organic material layer 225.
That is, the first inorganic material layer 215 and the second
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inorganic material layer 235 extend further than the side
edges of the first organic material layer 225, to dispose ends
of the first inorganic material layer 215 and the second
inorganic material layer 235 spaced apart from the side
edges of the first organic material layer 225. Thus, side
surfaces of the first organic material layer 225 may be
covered with the inorganic material layer 235. In other
words, the first organic material layer 225 may be com-
pletely sealed by the first inorganic material layer 215 and
the second inorganic material layer 235.

[0101] The first organic material layer 225 may be divided
into a plurality of sub-pixel regions, and include color
conversion elements including QDs. When the first organic
material layer 225 is completely sealed by the inorganic
material layers 215 and 235 according to the present
embodiment, the protective (e.g., encapsulation) character-
istic of the first organic material layer 225 may be more
enhanced. That is, permeation of external oxygen or mois-
ture may be reduced or effectively prevented due to the
inorganic material layers 215 and 235 sealing the first
organic material layer 225 therebetween.

[0102] FIG. 9 is a cross-sectional view of a display appa-
ratus according to another embodiment.

[0103] Referring to FIG. 9, an encapsulation layer 200C
may be provided on an OLED substrate 100. The encapsu-
lation layer 200C may have a structure in which one or more
inorganic material layers and one or more organic material
layers are alternately and repeatedly stacked, and a plurality
of color control elements may be included in at least one of
the one or more organic material layers. In an embodiment,
for example, the encapsulation layer 200C may have a
structure in which a first inorganic material layer 210, a first
organic material layer 2205, a second inorganic material
layer 2305, a second organic material layer 2405 and a third
inorganic material layer 2505 are sequentially stacked.
[0104] Color control elements 254 and 255 including QDs
may be included in at least one of the first organic material
layer 2205 and the second organic material layer 2405, e.g.,
in the first organic material layer 2205. A light-scattering
element 26¢ may be further included in the first organic
material layer 2205. Here, the encapsulation layer 200C
having a five-layer structure is illustrated as an example but
the number of material layers of the encapsulation layer
200C may vary. Alternatively, the color control elements
25a and 256 and the light-scattering element 26¢ may be
included in the second organic material layer 24056 rather
than the first organic material layer 2205. In embodiments,
where more than one organic material layer is provided, the
color control elements may be provided in only one organic
material layer, without being limited thereto. In embodi-
ments, where more than one organic material layer is
provided, the light-scattering element 26¢ may be provided
in a same organic material layer as the color control ele-
ments or in a different organic material layer from the color
control elements.

[0105] FIG. 10 is a cross-sectional view of a display
apparatus according to another embodiment. FIG. 10 is a
modified example of the display apparatus of FIG. 1.
[0106] Referring to FIG. 10, a cover layer 350 may be
further provided on a color filter layer 300A. An encapsu-
lation layer 200A may protect and encapsulate an OLED
substrate 100A and an organic material layer 220, whereas
the cover layer may protect the color filter layer 300A. An
upper surface of the cover layer 350 may define a light
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emitting surface of the display apparatus without being
limited thereto. The cover layer 350 may include or be
formed of an inorganic material and may be a transparent
insulating layer. When the color filter layer 300A includes or
is formed of an inorganic material, the cover layer 350 may
be omitted. The cover layer 350 is applicable to not only the
display apparatus of FIG. 1 but also the display apparatuses
of FIGS. 2 to 7.

[0107] FIG. 11 is a graph showing an electroluminescence
(“EL”) spectrum of a blue-OLED substrate applicable to a
display apparatus according to an embodiment. The EL
spectrum is illustrated with an intensity in arbitrary units
(a.u.) with respect to wavelength in nanometers (nm) for
blue light.

[0108] Referring to FIG. 11, blue light is generated from
the blue-OLED substrate. However, an OLED substrate
applicable to a display apparatus according to an embodi-
ment 1s not limited to the blue-OLED substrate, and may be
various other colored OLED substrates such as a white-
OLED substrate, a cyan-OLED substrate, or the like.
[0109] FIG. 12 is a graph showing a photoluminescence
(“PL”) quantum yield (“QY™) in percent (%) according to
wavelengths in nanometers (nm) of a color conversion
element including a red-QD and a color conversion element
including a green-QD applicable to a display apparatus
according to an embodiment.

[0110] Referring to FIG. 12, the color conversion element
including the green-QD has a PL quantum yield up to
approximately a green wavelength region, and the color
conversion element including the red-QD has a PL, quantum
vield approximately until a red wavelength region. The color
conversion element including the red-QD and color conver-
sion element including the green-QD may be respectively
applied to the first color control element 20a and the second
color control element 205 of FIG. 1.

[0111] FIG. 13 is a graph showing a variation in transmit-
tance in percent (%) versus wavelengths in nanometers (nm)
of a color conversion element including a red-QD and a
color conversion element including a green-QD applicable
to a display apparatus according to an embodiment.

[0112] Referring to FIG. 13, the color conversion element
including the green-QD has a relatively high transmittance
starting from approximately a wavelength corresponding to
a green wavelength region, and the color conversion element
including the red-QD has a relatively high transmittance
starting from approximately a wavelength corresponding to
a red wavelength region.

[0113] FIG. 14 is a graph showing a variation in a trans-
mittance in percent (%) versus a wavelength in nanometers
(nm) of an absorption type color filter applicable to a display
apparatus according to an embodiment. The graph of FIG.
14 shows a variation in a transmittance (%) versus a wave-
length (nm) of each of an absorption type red-color filter, an
absorption type green-color filter and an absorption type
Blue-color filter. The absorption type red-color filter, the
absorption type green-color filter and the absorption type
blue-color filter may be respectively applied to, for example,
the first color filter 30a, the second color filter 305, and the
third color filter 30¢ of FIG. 1.

[0114] FIG. 15 is a graph showing a variation in a trans-
mittance in percent (%) versus a wavelength in nanometers
(nm) of a cut-off type color filter applicable to a display
apparatus according to an embodiment. The graph of FIG.
15 shows a variation in a transmittance (%) versus a wave-
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length (nm) of each of a cut-off type red-color filter, a cut-off
type green-color filter and a cut-off type blue-color filter.
The cut-off type red-color filter, the cut-off type green-color
filter and the cut-off type blue-color filter may be respec-
tively applied to, for example, the first color filter 31a, the
second color filter 315 and the third color filter 31¢ of FIG.
2.

[0115] FIG. 16 is a graph showing a spectral radiance
difference between when a light-scattering agent is applied
to blue light and when the light-scattering agent is not
applied to the blue light. The spectral difference is expressed
in watt per steradian per square metre per nanometre (W/
(m?srnm)).

[0116] Referring to FIG. 16, when the light-scattering
agent was not applied (“Before light-scattering agent™), light
was not appropriately dispersed and thus a plurality of peaks
occurred. When the light-scattering agent was applied (“Af-
ter light-scattering agent™), light was appropriately dispersed
and thus one relatively smoothly curved one peak occurred.

[0117] FIG. 17 is a graph showing an emission spectrum
according to a wavelength of a display apparatus according
to an embodiment. The emission spectrum is expressed in
watt per steradian per square metre (W-sr™--m™>).

[0118] Referring to FIG. 17, a spectrum (“Red-AF-CF”) of
light generated from an OLED substrate (as a light source)
after the light passed through a color conversion element
including a red-QD corresponds to a red light region, a
spectrum (“Green-AF-CF”) of the light after the light passed
through a color conversion element including a green-QD
corresponds to a green light region, and a spectrum (“Blue™)
of light which has passed through a non-color-converting
region of an organic material layer such as in a blue pixel
region corresponds to a blue light region.

[0119] The display apparatuses according to one or more
embodiment described above are applicable to various types
of electronic devices. For example, the display apparatuses
are applicable to relatively small-sized electronic devices
such as portable devices or wearable devices, and medium
and relatively large-sized electronic devices such as house-
hold appliances.

[0120] Although many matters have been described above
in detail, it should be understood that they are not intended
to restrict the scope of the present disclosure and are
provided to give examples. For example, it would be appar-
ent to those of ordinary skill in the art that various changes
may be made in the structures of and relations among the
OLED substrates, the encapsulation layers, the QD color
control elements, the color filter layers and the display
apparatuses described above with reference to FIGS. 1 to 10.
In an embodiment, for example, a bottom-emission light-
emitting device may be used as an OLED substrate instead
of a top-emission light-emitting device shown in the figures,
and various changes may be made in structures of a QD
color control element and/or a color filter layer according to
color of light emitted from the OLED substrate. Further-
more, structures according to embodiments or parts thereof
are applicable to display apparatuses and other types of
devices, e.g., lighting devices. Accordingly, the scope of the
present disclosure should be determined not by the embodi-
ments set forth herein but by the technical idea defined in the
appended claims.
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What is claimed is:

1. A display apparatus comprising:

an organic light-emitting device substrate which gener-

ates and emits a first light; and

an encapsulation layer to which the emitted first light

from the organic light-emitting device substrate is
incident and from which a second light is emitted, the
encapsulation layer comprising an inorganic material
layer and an organic material layer alternately stacked
with each other,

wherein

the organic material layer of the encapsulation layer

comprises a plurality of color control elements which

color-convert the emitted first light incident to the
encapsulation layer, and

the plurality of color control elements of the organic

material layer comprise:

a first color control element including a first quantum
dot with which a color of the emitted first light
incident to the encapsulation layer is converted to a
first color, and

a second color control element including a second
quantum dot with which the color of the emitted first
light incident to the encapsulation layer is converted
to a second color.

2. The display apparatus of claim 1, wherein

the encapsulation layer further comprises:

a first inorganic material layer,

a second inorganic material layer; and

the organic material layer comprising the plurality of
color control elements between the first and second
inorganic material layers.

3. The display apparatus of claim 1, wherein

the first quantum dot of the first color control element

converts the color of the emitted first light incident to

the encapsulation layer into red, and

the second quantum dot of the second color control

element converts the color of the emitted first light

incident to the encapsulation layer into green.

4. The display apparatus of claim 1, wherein the organic
material layer further comprises a light-scattering element
adjacent along the organic light-emitting device substrate to
the plurality of color control elements,

wherein the light-scattering element maintains the color

of the emitted first light incident to the encapsulation

layer.

5. The display apparatus of claim 1, wherein the plurality
of color control elements further comprise a third color
control element adjacent along the organic light-emitting
device substrate to the first and second color control ele-
ments, the third color control element including a third
quantum dot with which the color of the emitted first light
incident to the encapsulation layer is converted to a third
color.

6. The display apparatus of claim 1, further comprising a
color filter layer to which the emitted second light from the
encapsulation layer is incident.

7. The display apparatus of claim 6, further comprising a
plurality of sub-pixel regions at which color light is emitted
to display an image,

wherein the color filter layer comprises respectively cor-

responding to the plurality of sub-pixel regions:

a first color filter which corresponds to the first color
control element of the encapsulation layer,
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a second color filter which corresponds to the second
color control element of the encapsulation layer, and
a third color filter.

8. The display apparatus of claim 7, wherein within the
color filter layer to which the emitted second light from the
encapsulation layer is incident,

the first color filter is a first cut-off filter which selectively

transmits light in a red light wavelength region,

the second color filter is a second cut-off filter which

selectively transmits light in a green light wavelength
region, and

the third color filter is a third cut-off filter which selec-

tively transmits light in a blue light wavelength region.

9. The display apparatus of claim 7, wherein within the
color filter layer to which the emitted second light from the
encapsulation layer is incident,

the first color filter is an absorption-type red color filter,

the second color filter is an absorption-type green color

filter, and

the third color filter is an absorption-type blue color filter.

10. The display apparatus of claim 1, wherein

the organic light-emitting device substrate comprises:

a first electrode;

a second electrode; and

an organic emission layer between the first and second
electrodes, and

the first and second electrodes are electrically separated

from the inorganic material layer of the encapsulation
layer.

11. The display apparatus of claim 1, wherein the organic
material layer of the encapsulation layer comprises:

a photocurable organic material; and

a light-scattering agent.

12. The display apparatus of claim 1, wherein the organic
material layer of the encapsulation layer has a thickness of
about 10 nanometers to about 10000 nanometers.

13. The display apparatus of claim 1, wherein the inor-
ganic material layer of the encapsulation layer comprises
any one of a metal nitride, a metal oxide, a metal oxynitride,
a metal carbide and a combination thereof.

14. The display apparatus of claim 1, wherein the inor-
ganic material layer of the encapsulation layer comprises an
insulating layer or a semiconductor layer.

15. The display apparatus of claim 1, wherein the inor-
ganic material layer of the encapsulation layer has a thick-
ness of about 10 nanometers to about 5000 nanometers.

16. The display apparatus of claim 2, wherein within the
encapsulation layer, the first and second inorganic material
layers each extend along the organic material layer to
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dispose ends of the first and second inorganic material layers
spaced apart from outer sides of the organic material layer,
the first and second inorganic material layers being bonded
to each other at the ends thereof.

17. The display apparatus of claim 1, wherein the organic
light-emitting device substrate comprises a blue organic
light-emitting device substrate which emits blue first light, a
white organic light-emitting device substrate which emits
white first light, or a cyan organic light-emitting device
substrate which emits cyan first light.

18. The display apparatus of claim 1, wherein within the
encapsulation layer,

the inorganic material layer and the organic material layer

are each provided in plurality,

the plurality of inorganic material layers and the plurality

of organic material layers are alternately stacked with
each other, and

each of the plurality of color control elements which

color-convert the emitted first light incident to the
encapsulation layer are provided in a single one organic
material layer among the plurality of organic material
layers.

19. The display apparatus of claim 18, wherein the single
one organic material layer in which the each of the plurality
of color control elements are provided comprises a light-
scattering element adjacent along the organic light-emitting
device substrate to the plurality of color control elements,

wherein the light-scattering element maintains the color

of the emitted first light incident to the encapsulation
layer.
20. The display apparatus of claim 1, further comprising
a color filter layer to which the emitted second light from the
encapsulation layer is incident, the color filter layer com-
prising a plurality of color filters,
wherein
within the organic material layer, the encapsulation layer
further comprises a plurality of light-scattering ele-
ments adjacent along the organic light-emitting device
substrate to the plurality of color control elements,

the color filters of the color filter layer respectively
correspond to the plurality of color control elements
and to a first light-scattering element among the plu-
rality of light-scattering elements, and

within the organic material layer, a second light-scattering

element different from the first light-scattering element
among the plurality of light-scattering elements
extends further than an end of the color filter layer to be
exposed from the color filter layer.
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