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7) ABSTRACT

A display apparatus includes a substrate, a patterned layer, a
light-shielding layer, a first electrode, a second electrode, an
electroluminescent layer (EL), a first insulating layer (FIL),
and a color filter (CF). The patterned layer is disposed on the
substrate, and includes: first body portions, and a first
opening between the first body portions. The light-shielding
layer is disposed on the patterned layer, and includes: second
body portions, and a second opening between the second
body portions. The first electrode is disposed on the sub-
strate, the first and second openings overlap the first elec-
trode. The second electrode overlaps the first electrode. The
EL is disposed between the first and second electrodes. The
FIL is disposed on the second electrode. The CF is disposed
on the FIL. The EL is at least disposed in the first opening,
and the FIL and the CF are at least disposed in the second
opening.
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DISPLAY APPARATUS AND METHOD OF
MANUFACTURING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2017-0024294,
filed on Feb. 23, 2017, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] One or more exemplary embodiments relate to
display technology, and, more particularly, to a display
apparatus and a method of manufacturing the display appa-
ratus.

Discussion

[0003] Organic and inorganic light-emitting display
devices are self-luminous display devices capable of pro-
viding relatively wide viewing angles and high contrast
ratios, as well as relatively fast response times. As such,
self-luminous display devices attract attention in many dif-
ferent applications, such as televisions, media players, note-
book computers, gaming devices, tablets, monitors, naviga-
tional aids, pendant devices, billboards, watches,
headphones, earpieces, consumer appliances, etc. Conven-
tional organic light-emitting display devices, in which a
formative substance of a light emitting layer includes
organic matter, additionally offer relatively high brightness,
low driving voltage, and a wide color gamut.

[0004] Typically, a display device may include a light-
shielding layer with openings (or apertures) through which
light emitted from the light emitting layer is output. The
light-shielding layer may prevent (or at least reduce) the
light emitted from the light emitting layer from mixing with
light from adjacent light emitting layers, as well as absorb
light from an ambient environment. A conventional display
device may also include color filters to modify a color of
light emitted from the light emitting layer. A need, however,
exists for efficient, cost-effective techniques to reduce the
thickness of a display device, but provide sufficient light
blocking, ambient light absorbing, and color tuning features.
[0005] The above information disclosed in this section is
only for enhancement of an understanding of the back-
ground of the inventive concepts, and, therefore, it may
contain information that does not form prior art already
known to a person of ordinary skill in the art.

SUMMARY

[0006] One or more exemplary embodiments provide a
display apparatus.

[0007] One or more exemplary embodiments provide a
method of manufacturing a display apparatus.

[0008] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concepts.

[0009] According to one or more exemplary embodi-
ments, a display apparatus includes a substrate, a patterned
layer, a light-shielding layer, a first electrode, a second
electrode, an electroluminescent layer, a first insulating
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layer, and a color filter. The patterned layer is disposed on
the substrate. The patterned layer includes: first body por-
tions, and a first opening disposed between the first body
portions. The light-shielding layer is disposed on the pat-
terned layer. The light-shielding layer includes: second body
portions, and a second opening disposed between the second
body portions. The first electrode is disposed on the sub-
strate. The first opening and the second opening overlap the
first electrode. The second electrode overlaps the first elec-
trode. The electroluminescent layer is disposed between the
first electrode and the second electrode. The first insulating
layer is disposed on the second electrode. The color filter is
disposed on the first insulating layer. The electroluminescent
layer is at least disposed in the first opening. The first
insulating layer and the color filter are at least disposed in
the second opening.

[0010] According to one or more exemplary embodi-
ments, a display apparatus includes a first electrode, a
patterned layer, a light-shielding layer, an electrolumines-
cent layer, a second electrode, and a color filter. The pat-
terned layer includes a first aperture exposing a portion of
the first electrode. The light-shielding layer is disposed on
the patterned layer. The light-shielding layer includes a
second aperture overlapping the first aperture. The electrolu-
minescent layer is disposed in a portion of the first aperture.
The second electrode is disposed in portions of the second
aperture and the first aperture. The electroluminescent layer
is stacked between the first electrode and the second elec-
trode. The color filter extends into at least one of the second
aperture and the first aperture. The second electrode overlaps
the light-shielding layer, the patterned layer, and the elec-
troluminescent layer.

[0011] According to one or more exemplary embodiments,
a method of manufacturing a display apparatus includes:
forming a patterned layer on a substrate including a first
electrode, the patterned layer including a first aperture
exposing a portion of the first electrode; forming a light-
shielding layer on the patterned layer, the light-shielding
layer including a second aperture overlapping the first
aperture; depositing, through the second aperture, an elec-
troluminescent material on the portion of first electrode;
forming a second electrode on the electroluminescent mate-
rial, the second electrode extending at least into the second
aperture; and forming a color filter overlapping the elec-
troluminescent material, the color filter extending at least
into the second aperture.

[0012] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The accompanying drawings, which are included
to provide a further understanding of the inventive concepts,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concepts, and, together with the description, serve to explain
principles of the inventive concepts.

[0014] FIG. 11is a perspective view of a display apparatus,
according to one or more exemplary embodiments.

[0015] FIG. 2 is an equivalent circuit diagram of a pixel of
the display apparatus of FIG. 1, according to one or more
exemplary embodiments.
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[0016] FIG. 3 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

[0017] FIGS. 4A, 4B, 4C, 4D, and 4E are cross-sectional
views of a display apparatus at various stages of manufac-
ture, according to one or more exemplary embodiments.
[0018] FIG. 5 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

[0019] FIG. 6 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

[0020] FIGS. 7A and 7B are cross-sectional views of a
display apparatus at various stages of manufacture, accord-
ing to one or more exemplary embodiments.

[0021] FIG. 8 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

[0022] FIG. 9 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0023] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0024] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of various exemplary
embodiments. Therefore, unless otherwise specified, the
features, components, modules, layers, films, panels,
regions, aspects, etc. (hereinafter collectively referred to as
“elements”), of the various illustrations may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the disclosed exemplary embodiments.

[0025] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalities between illustrated elements, and/
or any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
figures, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.

[0026] When an element is referred to as being “on,”
“connected to,” or “coupled to” another element, it may be
directly on, connected to, or coupled to the other element or
intervening elements may be present. When, however, an
element is referred to as being “directly on,” “directly
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connected to,” or “directly coupled to” another element,
there are no intervening elements present. Further, the
D1-axis, the D2-axis, and the D3-axis are not limited to three
axes of a rectangular coordinate system, and may be inter-
preted in a broader sense. For example, the D1-axis, the
D2-axis, and the D3-axis may be perpendicular to one
another, or may represent different directions that are not
perpendicular to one another. For the purposes of this
disclosure, “at least one of X, Y, and 7Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and 77. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0027] Although the terms “first,” “second,” etc. may be
used herein to describe various elements, these elements
should not be limited by these terms. These terms are used
to distinguish one element from another element. Thus, a
first element discussed below could be termed a second
element without departing from the teachings of the present
disclosure.

[0028] Spatially relative terms, such as “beneath,”
“below,” “under,” “lower,” “above,” “upper,” “over,” and
the like, may be used herein for descriptive purposes, and,
thereby, to describe one element’s relationship to another
element(s) as illustrated in the drawings. Spatially relative
terms are intended to encompass different orientations of an
apparatus in use, operation, and/or manufacture in addition
to the orientation depicted in the drawings. For example, if
the apparatus in the drawings is turned over, elements
described as “below” or “beneath” other elements or fea-
tures would then be oriented “above” the other elements or
features. Thus, the exemplary term “below” can encompass
both an orientation of above and below. Furthermore, the
apparatus may be otherwise oriented (e.g., rotated 90
degrees or at other orientations), and, as such, the spatially
relative descriptors used herein interpreted accordingly.
[0029] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. 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. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0030] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. 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, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
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shapes that result from, for instance, manufacturing. In this
manner, regions illustrated in the drawings are schematic in
nature and shapes of these regions may not illustrate the
actual shapes of regions of a device, and, as such, are not
intended to be limiting.

[0031] 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 this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted 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.

[0032] Although various exemplary embodiments are
described with respect to organic light emitting display
devices, it is contemplated that various exemplary embodi-
ments are also applicable to other types of display devices,
such as liquid crystal display devices, inorganic electrolu-
minescent display devices, field emission display devices,
plasma display devices, electrophoretic display devices,
electrowetting display devices, and the like.

[0033] FIG. 11is a perspective view of a display apparatus,
according to one or more exemplary embodiments.

[0034] Referring to FIG. 1, display apparatus 10 includes
display area DA and non-display area NDA disposed outside
of display area DA. In one or more exemplary embodiments,
display apparatus 10 may be deformable, e.g., bendable,
foldable, flexible, etc. It is contemplated, however, that
display apparatus 10 may be rigid, or may include one or
more rigid portions and one or more deformable portions.
Display apparatus 10 may be a display panel.

[0035] Display area DA may correspond to an active area
of display apparatus 10. The active area is a region in which
a function of display apparatus 10 is provided to a user, such
as a display function. Display area DA may be configured to
display an image by combining light from pixels PXL
included as part of display area DA. Pixels PXL may be
arranged in any suitable formation, such as a matrix forma-
tion. For example, pixels PXL may be arranged in first
direction D1 and second direction D2 that intersects first
direction D1. In this manner, light may be emitted from
display apparatus 10 in third direction D3 intersecting first
direction D1 and second direction D2. It is noted that third
direction D3 may be perpendicular to first direction D1 and
second direction D2.

[0036] Non-display area NDA is disposed outside display
area DA. Non-display area NDA may correspond to an
inactive area of display apparatus 10. The inactive area is a
region in which the function of display apparatus 10 is not
provided. At least part of signal lines (not shown) and
circuits (not illustrated) for operating pixels PXL may be
disposed in non-display area NDA. In one or more exem-
plary embodiments, portions of the signal lines and the
circuits may be covered with, for example, a light-blocking
layer (not shown), such as a black matrix, that is disposed in
non-display area NDA. It is noted that the light blocking
layer may be disposed between pixels PXL of display area
DA. In this manner, the light blocking layer may include
apertures through which pixels PXL emit light.

[0037] Display apparatus 10 may further include a periph-
eral circuit (not shown) configured to drive pixels PXL of
display area DA. The peripheral circuit may include any
suitable component(s) for controlling pixels PXL, such as a
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gate driver, a data driver, and a power source. The peripheral
circuit may receive an input image signal from a source
(e.g., a source external to display apparatus 10) and control
at least one of pixels PXL based on the input image signal.
Signal lines (not illustrated) connecting pixels PXL to the
peripheral circuit may pass through non-display area NDA
and extend into display area DA. As such, pixels PXL may
display an image based on signals received via the signal
lines. An equivalent circuit of a representative pixel PXL is
described in more detail in association with FIG. 2.

[0038] A cover window (not illustrated) may be provided
on display apparatus 10. The cover window may cover, and,
thereby, protect display apparatus 10 from (or reduce the
extent of) external impacts, scratches, contaminants, etc.
Display apparatus 10 may be coupled to the cover window
via, for instance, a transparent adhesive layer; however, it is
contemplated that any other suitable coupling mechanism
may be utilized, e.g., chemical, mechanical, etc. It is also
contemplated that the cover window may be formed as a
portion (e.g., one or more layers) of display apparatus 10.
Further, a touch screen (not shown) may be provided
between display apparatus 10 and the cover window. It is
also contemplated that the touch screen may be incorporated
as a portion, e.g., one or more layers, of display apparatus
10.

[0039] FIG. 2 is an equivalent circuit diagram of a pixel of
the display apparatus of FIG. 1, according to one or more
exemplary embodiments.

[0040] Referring to FIG. 2, pixel 50 may be representative
of pixels PXL of display apparatus 10. Pixel 50 may include
organic light-emitting diode (OLED) 51 and pixel circuit 52
for controlling OLED 51. Pixel circuit 52 may include
switching transistor 53, driving transistor 54, and sustain
capacitor 55. Although reference will be made to this
implementation, it is also contemplated that pixel 50 may
embody many forms and include multiple and/or alternative
components and configurations. For instance, pixel 50 may
include any suitable number of thin film transistors and any
suitable number of capacitors. As such, the equivalent circuit
diagram of FIG. 2 is merely illustrative; exemplary embodi-
ments are not limited thereto or thereby.

[0041] Switching transistor 53 may include a gate elec-
trode connected to scan line SL, a first electrode connected
to data line DL, and a second electrode connected to a gate
electrode of driving transistor 54. Scan line SL and data line
DL may correspond to at least some of the above-noted
signal lines, and, thereby, may be connected to a peripheral
circuit, e.g., gate driver, data driver, etc. Switching transistor
53 may be turned on by a gate on voltage of a scan signal
applied to scan line SL. A data voltage received via data line
DL may be transmitted to the gate electrode of driving
transistor 54 when switching transistor 53 is turned on.
[0042] Driving transistor 54 may include a gate electrode
connected to the second electrode of switching transistor 53,
a first electrode for receiving first power source voltage 56,
and a second electrode connected to an anode of OLED 51.
Driving transistor 54 may control a current flow to OLED 51
from first power source voltage 56 according to a data
voltage applied to the gate electrode of driving transistor 54.
[0043] Sustain capacitor 55 may include a first electrode
connected to the gate electrode of driving transistor 54 and
the second electrode of switching transistor 53. Sustain
capacitor 55 may include a second electrode for receiving
first power source voltage 56. Sustain capacitor 55 may
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charge a data voltage received from driving transistor 54 and
may maintain a charge when, for instance, switching tran-
sistor 53 is turned off.

[0044] OLED 51 may include an anode electrode con-
nected to the second electrode of driving transistor 54 and a
cathode electrode for receiving second power source voltage
57. In this manner, OLED 51 may emit light of any suitable
color, e.g., a primary color. For example, OLED 51 may
emit light having at least one of a red color, a green color,
a blue color, a white color, etc. A desired image may be
displayed on display apparatus 10 via a spatial or temporal
sum of the output of pixels PXL.

[0045] Switching transistor 53 and driving transistor 54
may be p-channel field effect transistors. As such, the gate on
voltage for turning on switching transistor 53 and driving
transistor 54 may be a logic low level voltage and the gate
off voltage for turning off the same may be a logic high level
voltage. At least one of switching transistor 53 and driving
transistor 54 may be an n-channel field effect transistor. As
such, the gate on voltage for turning on the n-channel field
effect transistor may be a logic high level voltage and the
gate off voltage for turning the same off may be a logic low
level voltage.

[0046] The peripheral circuit may apply the gate on volt-
age to scan line SL to turn on switching transistor 53. The
peripheral circuit may apply the gate on voltage or the gate
off voltage as a data voltage to data line DL. In a case where
the peripheral circuit applies the gate on voltage, sustain
capacitor 55 may be charged with a data voltage from data
line DL through switching transistor 53. In addition, the data
voltage from data line DL may turn on driving transistor 54.
A current corresponding to the data voltage may flow to
OLED 51 through turned-on driving transistor 54 from first
power source voltage 56. In this manner, OLED 51 may emit
light according to the current.

[0047] FIG. 3 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments.

[0048] Referring to FIGS. 1 and 3, display apparatus 10
may include substrate 110, which may be a flexible sub-
strate. In this manner, substrate 110 may be formed of any
suitable material, such as, for example, a glass material, a
quartz material, a ceramic material, a metal material, a
plastic material, etc. For instance, substrate 110 may be
formed of a polymer material, e.g., polyarylate (PAR),
polybeneimidazole (PBI), polycarbonate (PC), polyetherim-
ide (PEI), polyethylene naphthalate (PEN), polyethersul-
phone (PES), polyethylene terephthalate (PET), polysul-
fone, polyimide (PI), etc.

[0049] Although not illustrated, substrate 110 may be
formed as a multilayered structure including one or more
organic material layers (e.g. one or more polymer materials)
and one or more inorganic material layers (e.g., one or more
of silicon nitride (SiN,), silicon oxide (Si0,), silicon oxyni-
tride (SiON,), etc.). The one or more organic material
layers and the one or more inorganic material layers may be
stacked in any suitable fashion, e.g., alternately stacked,
symmetrically ordered, etc. It is also contemplated that one
or more conductive layers, e.g., metal layers, may be embed-
ded in substrate 110.

[0050] Buffer layer 121 may be disposed on substrate 110
to block or reduce penetration of contaminants. Buffer layer
121 may be deposited via any suitable technique, e.g.,
plasma-enhanced chemical vapor deposition (PECVD),
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atmospheric pressure CVD (APCVD), low pressure CVD
(LPCVD), and/or the like. Buffer layer 121 may be formed
of an inorganic material, such as SiN,, SiO,, SiO,N,, etc.
[0051] Thin film transistors TFT1, TFT2, and TFT3 are
disposed on substrate 110 in association with pixels PXL.
Each of thin film transistors TFT1 to TFT3 may include a
respective active layer 122, gate electrode 124, source
electrode 126, and drain electrode 127. Although illustrated
as top-gate thin film transistors, it is contemplated that any
stitable structure may be utilized in association with exem-
plary embodiments, such as bottom-gate thin film transis-
tors, dual gate thin film transistors, etc.

[0052] Active layer 122 is disposed on substrate 110.
Active layer 122 may be formed by patterning an inorganic
semiconductor, such as a silicon semiconductor, oxide semi-
conductor, organic semiconductor, etc. For example, active
layer 122 may be formed using silicon, such that an amor-
phous silicon layer is formed on a surface of substrate 110
and then crystallized to form a polycrystalline silicon layer.
The polycrystalline silicon layer may be patterned to form
active layer 122, and doped with impurities to form a source
region and a drain region. Active layer 122 includes a source
region, a drain region, and a channel region between the
source region and the drain region.

[0053] Gate insulating layer 123 is disposed on buffer
layer 121 and active layer 122. Gate insulating layer 123
may be formed of any suitable material, such as SiO,, SiN_,
SiON,, etc. Gate electrode 124 may be disposed on gate
insulating layer 123 in a region overlapping active layer 122.
Gate electrode 124 may be connected to switching transistor
53 of FIG. 2.

[0054] Interlayer insulating layer 125 is disposed on gate
insulating layer 123 and gate electrode 124. Source elec-
trode 126 and drain electrode 127 are disposed on interlayer
insulating layer 125. Source electrode 126 and drain elec-
trode 127 may respectively contact the source region and the
drain region of active layer 122 via contact holes formed in
gate insulating layer 123 and interlayer insulating layer 125.
Source electrode 126 may be connected to first power source
voltage 56, and drain electrode 127 may be connected to an
anode electrode of a corresponding OLED, e.g., pixel elec-
trode 131.

[0055] Thin film transistors TFT1 to TFT3 may be covered
by passivation layer 128. Passivation layer 128 may include
one or more inorganic insulating layers and/or one or more
organic insulating layers. Passivation layer 128 may be
formed as a stacked structure of the inorganic layer(s) and
organic insulating layer(s). For example, the inorganic insu-
lating layer may include one of SiO_, SiN_, SiON, AL,O,,
TiO,, Ta,05, HfO,, ZrO,, barium strontium titanate (BST),
lead zirconate titanate (PZT), and/or the like. The organic
insulating layer may include a polymer, for example, one of
polymethylmethacrylate (PMMA), polystyrene (PS), a poly-
mer derivative having a phenolic group, an acrylic polymer,
imide-based polymers, aryl ether-based polymers, amide-
based polymers, fluorine-containing polymers, p-xylene-
based polymers, vinyl alcohol-based polymer, and/or a
blend thereof.

[0056] For descriptive convenience, substrate 110, buffer
layer 121, thin film transistors TFT1 to TFT3, gate insulating
layer 123, interlayer insulating layer 125, and passivation
layer 128 may be considered as forming thin film transistor
substrate TFTSB. In this manner, OLEDs may be formed on
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thin film transistor substrate TFTSB and may be respectively
coupled to thin film transistors TFT1 to TFT3.

[0057] Pixel electrodes 131, 132, and 133 are disposed on
passivation layer 128 and are respectively connected to thin
film transistors TET1 to TFT3. Each of pixel electrodes 131
to 133 contact drain electrode 127 of a corresponding thin
film transistor through a contact hole formed in passivation
layer 128. Each of pixel electrodes 131 to 133 may function
as an anode electrode of a corresponding OLED; however,
exemplary embodiments are not limited thereto or thereby.
For instance, each of pixel electrodes 131 to 133 may
function as a cathode electrode of a corresponding OLED.
[0058] A patterned layer, such as a pixel definition layer,
is disposed on thin film transistor substrate TFTSB. The
patterned layer includes first body portions 141A, 141B,
141C, and 141D and first openings OP11, OP12, and OP13
disposed between first body portions 141A to 141D. First
body portions 141A to 141D may define openings (or
apertures) through which one or more electroluminescent
materials of electroluminescent layers 151, 152, and 153 are
to be deposited. First openings OP11 to OP13, which are
defined by first body portions 141A to 141D, expose respec-
tive portions of pixel electrodes 131 to 133. First body
portions 141A to 141D may cover edges of pixel electrodes
131 to 133. First body portions 141A to 141D may have a
first (e.g., bottom) surface contacting thin film transistor
substrate TFTSB, a second (e.g., top) surface opposing the
first surface, and other surfaces extending between the first
surface and the second surface. The other surfaces may be
inclined between the first surface and the second surface.
First openings OP11 to OP13 may have first widths W1
extending between adjacent first body portions, e.g.,
between first body portion 141B and first body portion
141C. For instance, first widths W1 may represent maxi-
mum distances between adjacent first body portions, e.g.,
maximum widths of first openings OP11 to OP13. It is noted,
however, that first widths W1 may be variable along the
other surfaces extending between the first surface and the
second surface of the first body portions 141A to 141D.
[0059] A light-shielding layer (e.g., a black matrix) is
disposed on the patterned layer. The light-shielding layer
includes second body portions 142A, 142B, 142C, and 142D
disposed respectively on first body portions 141A to 141D.
The light-shielding layer also includes second openings
OP21, OP22, and OP23 respectively overlapping first open-
ings OP11 to OP13. Second openings OP21 to OP23 may
expose portions of first openings OP11 to OP13, and may be
concentrically aligned with first openings OP11 to OP13. It
is also contemplated that the second openings OP21 to OP23
may respectively communicate with (e.g., open into) first
openings OP11 to OP13. Second body portions 142A to
142D may be respectively disposed directly on first body
portions 141A to 141D. The light-shielding layer may be
configured to prevent (or at least reduce) light emitted from
electroluminescent layers 151, 152, and 153 from mixing
with each other. The light-shielding layer may also be
configured to absorb at least some light from an ambient
environment to, for instance, reduce reflection of the light.
[0060] Second body portions 142A to 142D may have a
first (e.g., bottom) surface contacting first body portions
141A to 141D, a second (e.g., top) surface opposing the first
surface, and other surfaces extending between the first
surface and the second surface. The other surfaces may be
inclined between the first surface and the second surface.
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Second openings OP21 to OP23 have second widths W2
between adjacent second body portions, e.g., between sec-
ond body portion 142B and second body portion 142C. For
instance, second widths W2 may represent maximum dis-
tances between adjacent second body portions, e.g., maxi-
mum widths of second openings OP21 to OP23. Second
widths W2 may be greater than first widths W1. It is noted,
however, that second widths W2 may be variable along the
other surfaces extending between the first surface and the
second surface of the second body portions 142A to 142D.
In this manner, a width (e.g., maximum width) of a second
body portion (e.g., second body portion 142C) may be
smaller than a maximum width of a first body portion (e.g,,
first body portion 141C). In one or more exemplary embodi-
ments, a maximum width of a second body portion (e.g,,
second body portion 142C) may be equivalent (or substan-
tially equivalent) to a minimum width of a first body portion
(e.g., first body portion 141C).

[0061] Electroluminescent layers 151 to 153 are respec-
tively disposed on portions of pixel electrodes 131 to 133.
As such, electroluminescent layers 151 to 153 may be
disposed in first openings OP11 to OP13. For example,
electroluminescent layers 151 to 153 may be disposed on
surfaces of first body portions 141A to 141D, as well as pixel
electrodes 131 to 133. Although not illustrated, electrolu-
minescence layers 151 to 153 may extend into second
openings OP21 to OP23.

[0062] Common electrode 160 may be disposed on elec-
troluminescent lavers 151 to 153, first body portions 141A
to 141D, and second body portions 142A to 142D. Itis noted
that common electrode 160 may contact electroluminescent
layers 151 to 153. Common electrode 160 may be connected
to second power source voltage 57 of FIG. 2. In one or more
exemplary embodiments, common electrode 160 may func-
tion as a cathode electrode of one or more OLEDs of display
apparatus 10; however, exemplary embodiments are not
limited thereto or thereby. For instance, common electrode
160 may function as an anode electrode of one or more
OLED:s of display apparatus 10.

[0063] First pixel electrode 131, first electroluminescent
layer 151, and common electrode 160 may form a first
OLED. Second pixel electrode 132, second electrolumines-
cent layer 152, and common electrode 160 may form a
second OLED. Third pixel electrode 133, third electrolumi-
nescence layer 153, and common electrode 160 may form a
third OLED. It is noted that the first to third OLEDs may
emit the same color as one another, such as a white color, a
blue color, etc. As another example, first to third OLEDs
may emit different colors, such as red, green, and blue
colors. It is contemplated, however, that any other suitable

color of light may be emitted from one or more of first to
third OLEDs.

[0064] Thin film transistors TFT1 to TFT3 are connected
to the first to third OLEDs, respectively. Each of thin film
transistors TFT1 to TFT3 may be driving transistors 54 of
respective OLEDs of FIG. 2. Although not illustrated in FIG.
3, it is contemplated that thin film transistor substrate
TFTSB may further include switching transistor 53 and
sustain capacitor 55.

[0065] First insulating layer 171 is disposed on common
electrode 160. First insulating layer 171 may extend into first
openings OP11 to OP13 and second openings OP21 to
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OP23. Second insulating layer 172 is disposed on first
insulating layer 171, as well as disposed on color filters 181,
182, and 183.

[0066] First insulating layer 171 and second insulating
layer 172 may form an encapsulation film that covers pixel
electrodes 131 to 133, common electrode 160, first body
portions 141 A to 141D, second body portions 142A to 142D,
and electroluminescent layers 151 to 153. The encapsulation
film may prevent (or at least reduce) electroluminescent
layers 151 to 153 from being deteriorated by, for instance,
moisture and/or oxygen from an ambient environment. Each
of first insulating layer 171 and second insulating layer 172
may be (or include) at least one organic layer and/or
inorganic layer. The inorganic layer may function to inhibit
the penetration of moisture, oxygen, and/or the like, into
electroluminescent layers 151 to 153. The organic layer may
function to relieve stress of the inorganic layer, to comple-
ment defects of the inorganic layer, and/or to planarize first
insulating layer 171 and second insulating layer 172.
[0067] Although two insulating layers are shown, exem-
plary embodiments are not limited thereto or thereby. For
instance, more than two insulating layers may be provided
for encapsulation. For example, one or more of first insu-
lating layer 171 and second insulating layer 172 may cor-
respond to stacks of organic and/or inorganic insulating
layers.

[0068] Color filters 181 to 183 are disposed on first
insulating layer 171 and at least overlap electroluminescent
layers 151 to 153, respectively. Color filters 181 to 183 may
filter light emitted from electroluminescent layers 151 to
153, respectively, such as tune a color of the light. Each of
color filters 181 to 183 is configured to selectively pass (or
transmit) light of a given range of wavelengths. For instance,
each of color filters 181 to 183 is one of a blue color filter,
a green color filter, a red color filter, a yellow color filter, etc.
In other words, any suitable color filter may be utilized in
association with exemplary embodiments.

[0069] According to one or more exemplary embodi-
ments, color filters 181 to 183 may include particles sus-
pended therein. The particles may be configured to scatter
light emitted from electroluminescent layers 151 to 153. For
example, the particles may include any suitable material for
scattering light, such as ZrO,, TiO,, etc. In one or more
exemplary embodiments, the particles may correspond to
quantum dots, e.g., semiconductor crystals, such as semi-
conductor nanocrystals. In this manner, the particles may be
photo-active (e.g., photoluminescent) and/or electro-active
(e.g., electroluminescent). As such, the particles may
enhance (e.g., widen, purify, etc.) a color gamut of pixels
PXL of display apparatus 10.

[0070] Color filters 181 to 183 are disposed between first
insulating layer 171 and second insulating layer 172. Color
filters 181 to 183 may include chromogenic materials and
organic materials in which chromogenic materials are dis-
tributed. The chromogenic materials may be common pig-
ments or dyes, and the organic materials may be common
dispersing agents. Color filters 181 to 183 may function to
relieve stress of first insulating layer 171 and second insu-
lating layer 172, to complement defects in, for instance, an
inorganic layer, and/or to planarize surfaces of color filters
181 to 183. Color filters 181 to 183 may be disposed in
concave portions of first insulating layer 171. The concave
portions may correspond to first openings OP11 to OP13
and/or second openings OP21 to OP23.
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[0071] According to one or more exemplary embodi-
ments, the light-shielding layer may be provided to prevent
(or reduce) light emitted from electroluminescent layers 151
to 153 from mixing and to reduce reflection of ambient light.
Moreover, a determined thickness of a color filter over a
threshold thickness value may improve color reproducibility
of display apparatus 10. In other instances, a color filter
thicker than a determined threshold may increase reliability
and manufacturing yield. Furthermore, a color filter thicker
than a determined threshold may enable a suitable amount of
pigments to be provided such that a filtering function may be
improved. It is noted, however, that the thickness of a color
filter is typically balanced with an attempt to reduce an
overall thickness of a display apparatus.

[0072] According to one or more exemplary embodi-
ments, first body portions 141A to 141D of the patterned
layer and second body portions 142A to 142D of the
light-shielding layer are stacked on one another, and color
filters 181 to 183 are disposed in first openings OP11 to
OP13 and second openings OP21 to OP23 to not only
increase thicknesses of color filters 181 to 183 and to
provide light-blocking effects, but also to reduce an overall
thickness of display apparatus 10. To this end, the respective
heights of first body portions 141A to 141D and second body
portions 142A to 142D may be determined to provide a
determined thickness of color filters 181 to 183. It is also
noted that reducing the overall thickness of display appara-
tus 10 may increase the flexibility of display apparatus 10.
[0073] In one or more exemplary embodiments, color
filters 181 to 183 may fill concave portions of first insulating
layer 171, and may be disposed between first insulating layer
171 and second insulating layer 172. Color filters 181 to 183
may planarize a surface on which second insulating layer
172 is disposed. In this manner, a surface (e.g., uppermost
surface) of second insulating layer 172 may be planar.
[0074] Color filters 181 to 183 may extend from second
insulating laver 172 into second openings OP21 to OP23,
respectively. To this end, color filters 181 to 183 may have
a first surface closer to second insulating layer 172 and a
second surface opposing the first surface. Second body
portions 142A to 142D may have a first surface closer to
second insulating layer 172 and a second surface opposing
the first surface. In this manner, the second surface of color
filters 181 to 183 may be closer to thin film transistor
substrate TFTSB than the first surface of second body
portions 142A to 142D.

[0075] In one or more exemplary embodiments, color
filters 181 to 183 may extend into second openings OP21 to
OP23 and first openings OP11 to OP13. First body portions
141A to 141D may have a first surface closer to second
insulating layer 172 and a second surface opposing the first
surface. The second surface of color filters 181 to 183 may
be closer to thin film transistor substrate TFTSB than the
first surface of first body portions 141A to 141D.

[0076] For instance, the thicknesses of first body portions
141A to 141D may be greater than 0 pm and less than or
equal to 2 um, such as about 1.5 pm. The thicknesses of
second body portions 142A to 142D may be greater than or
equal to 1 pm and less than or equal to 2.5 um, such as
greater than or equal to 1.5 um and less than or equal to 2
pm. The thicknesses of pixel electrodes 131 to 133 may be
greater than 0 A and less than or equal to 2000 A, such as
greater than or equal 1000 A and less than or equal to 1500
A, e.g., about 1200 A. The thicknesses of electroluminescent
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layers 151 to 153 may be greater than 0 A and less than or
equal to 3000 A, such as greater than or equal to 1000 A and
less than or equal to 2500 A, e.g., about 2200 A. The
thicknesses of common electrode 160 in regions overlapping
electroluminescent layers 151 to 153 may be greater than or
equal to 50 A and less than or equal to 750 A, such as greater
than or equal to 100 A and less than or equal to 700 A, e.g.,
about 120 A to about 670 A. The thicknesses of first
insulating layer 171 in regions overlapping electrolumines-
cent layers 151 to 153 may be greater than O um and less
than or equal to 1.5 pum, such as about 1 pm. The thickness
of second insulating layer 172 may be greater than 0 A and
less than or equal to 8000 A, such as greater than or equal
to0 5000 A and less than or equal to 7500 A, e.g., about 7000
A. The thicknesses of color filters 181 to 183 may be greater
than or equal to 2 pm and less than or equal to 5 um, such
as greater than or equal to 2.5 um and less than or equal to
4.5 um, e.g., about 3 um to about 4 pm.

[0077] According to one or more exemplary embodi-
ments, a height of the first surfaces of the color filters 181
to 183 from an upper surface of thin film transistor substrate
TFTSB may be less than or equal to a height of uppermost
surfaces of first insulating layer 171 in regions overlapping
first body portions 141A to 141D and second body portions
142A to 142D. Further, first insulating layer 171 and second
insulating layer 172 may contact each other in regions
overlapping first body portions 141A to 141D and second
body portions 142A to 142D.

[0078] FIGS. 4A to 4E are cross-sectional views of a
display apparatus at various stages of manufacture, accord-
ing to one or more exemplary embodiments.

[0079] Referring to FIG. 4A, pixel electrodes 131 to 133
are formed on thin film transistor substrate TFTSB. Each of
pixel electrodes 131 to 133 may be formed by patterning one
or more deposited conductive layers into an island form. In
one or more exemplary embodiments, at least portions of the
islands may correspondingly overlap with first openings
OP11 to OP13 of the patterned layer, as will become more
apparent below. Pixel electrodes 131 to 133 may include a
reflecting layer formed of at least one of silver (Ag),
magnesium (Mg), aluminum (Al), platinum (Pt), palladium
(Pd), gold (Au), nickel (Ni), neodymium (Nd), iridium (Ir),
and chromium (Cr). Pixel electrodes 131 may include a
transparent layer disposed on the reflecting layer. The trans-
parent layer may be formed of at least one of indium tin
oxide (ITO), indium zinc oxide (IZO), zinc oxide (ZnO),
indium oxide (In,0,), indium gallium oxide (IGO), alumi-
num zinc oxide (AZO), etc. In this manner, pixel electrodes
131 to 133 may be formed with a single layer or a multiple
layer configuration. For instance, pixel electrodes 131 to 133
may include a layer formation of ITO/TVITO, Ti,0 /Ag/
Ti,0,, etc.

[0080] A patterned layer may be formed on and overlap-
ping portions of pixel electrodes 131 to 133. First apertures
in the patterned layer may expose other portions of pixel
electrodes 131 to 133. As seen in FIG. 4A, the patterned
layer may include first body portions 141 A to 141D disposed
on thin film transistor substrate TFTSB. The first body
portions 141A to 141D may include first openings OP11 to
OP13 corresponding to the first apertures.

[0081] In one or more exemplary embodiments, a layer of
organic insulating material may be deposited on pixel elec-
trodes 131 to 133 and thin film transistor substrate TFTSB
via any suitable deposition technique. The deposited organic
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insulating material may include, for instance, at least one of
polystylene, poly methyl methacrylate (PMMA), polyacry-
lonitrile (PAN), polyamide, polyimide, polyarylether, het-
erocyclic polymer, parylene, fluorine series polymer, epoxy
resin, acrylic resin, benzocyclobutene series resin, siloxane
series resin, and silane. Exemplary embodiments are not
limited thereto or thereby. The deposited organic insulating
material may then be patterned to form first body portions
141A to 141D including first openings OP11 to OP13.
[0082] As seen in FIG. 4B, a light-shielding layer includ-
ing second openings OP21 to OP23 at least partially over-
lapping first openings OP11 to OP23 may be formed on the
patterned layer. The light-shielding layer may include sec-
ond body portions 142A to 142D disposed on first body
portions 141A to 141D, respectively. Second body portions
142A to 142D may provide second openings OP21 to OP23
as second apertures.

[0083] In one or more exemplary embodiments, second
body portions 142A to 142D may be formed of any suitable
material for absorbing light, such as an organic material
having a high light absorptivity. Second body portions 142A
to 142D may include at least one of black pigment and black
dye. For example, second body portions 141A to 142D may
include at least one of aniline black, carbon black, lamp
black, graphite, paliogen black, and perylene black.

[0084] Itis noted that electroluminescent layers 151 to 153
may be damaged or at least deteriorated by exposure to
excessive heat and/or oxygen. According to one or more
exemplary embodiments, the light-shielding layer may be
formed before formation of electroluminescent layers 151 to
153 are formed. In this manner, the light-shielding layer may
be formed using a relatively high temperature process and/or
a relatively low temperature process without affecting for-
mation of electroluminescent layers 151 to 153. It is noted,
however, that the light-shielding layer may be formed after
formation of electroluminescent layers 151 to 153.

[0085] Adverting to FIG. 4C, electroluminescent layers
151 to 153 may be at least deposited on exposed portions of
pixel electrodes 131 to 133, respectively. In this manner,
electroluminescent layers 151 to 153 may be deposited
through first openings OP11 to OP13 and/or second open-
ings OP21 to OP23. For instance, when the light-shielding
layer is formed before formation of electroluminescent
layers 151 to 153, a material forming electroluminescent
layers 151 to 153 may be deposited through second openings
OP21 to OP23 and first openings OP11 to OP13.

[0086] Common electrode 160 may be formed on elec-
troluminescent layers 151 to 153, first body portions 141A
to 141D, and second body portions 142A to 142D. For
instance, common electrode 160 may be formed by depos-
iting a transparent layer of at least one of molybdenum (Mo),
tungsten (W), silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), lithium (Li),
calcium (Ca), and alloys thereof. It is also contemplated that
common electrode 160 may be formed of indium tin oxide
(ITO), indium zinc oxide (IZ0), zinc oxide (ZnO), indium
oxide (In,0;), indium gallium oxide (IGO), aluminum zinc
oxide (AZ0O), etc. It is also contemplated that a work-
function of common electrode 160 may be smaller than a
work-function of pixel electrodes 131 to 133.

[0087] Referring to FIG. 4D, first insulating layer 171 is
formed on common electrode 160. First insulating layer 171
may be formed of at least one of an organic layer and
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inorganic layer. Any suitable deposition technique may be
utilized to form first insulating layer 171. In one or more
exemplary embodiments, an inorganic layer may include
any suitable material to prevent or reduce penetration of
external moisture, oxygen, and/or the like, such as metal
oxides, metal nitrides, metal carbides, and compounds
thereof, for example, at least one of aluminum oxide, silicon
oxide, silicon nitride, etc. An organic layer may include any
suitable material for relieving stress of the inorganic layer
and/or to planar upper surfaces of first insulating layer 171
and/or later formed structures. The organic layer may be
formed of, for instance, a polymeric organic compound
including at least one of epoxy, acrylate, and urethane
acrylate.

[0088] Adverting to FIG. 4E, color filters 181 to 183 are
formed in concave portions of first insulating layer 171 that
correspond to first openings OP11 to OP13 and second
openings OP21 to OP23. In one or more exemplary embodi-
ments, color filters 181 to 183 may be formed using an inkjet
printing manner, however, exemplary embodiments are not
limited thereto or thereby. For example, inkjet head unit 60
may be disposed above first insulating layer 171 and may
deposit ink corresponding to materials of color filters 181 to
183 in the concave portions of first insulating layer 171. The
deposited materials may be cured by, for example, exposing
the deposited material to a determined temperature and/or
radiating the deposited material with ultraviolet rays.

[0089] Referring to FIG. 3. second insulating layer 172
may be formed on first insulating layer 171 and color filters
181 to 183. Second insulating layer 172 may be formed of
at least one of an organic layer and/or inorganic layer. It is
noted that first insulating layer 171, second insulating layer
172, and color filters 181 to 183 may function as an
encapsulation layer configured to prevent or at least reduce
exposure of electroluminescent layers 151 to 153 to con-
taminants, e.g., moisture, oxygen, and/or the like.

[0090] FIG. 5 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments. Display apparatus
10 of FIG. 5 is similar to display apparatus 10 of FIG. 3, and,
as such, duplicative descriptions are primarily omitted to
avoid obscuring exemplary embodiments.

[0091] Referring to FIG. 5, display apparatus 10 includes
thin film transistor substrate TFTSB, pixel electrodes 231,
232, and 233, a patterned layer having first body portions
241A, 241B, 241C, and 241D, a light-shielding layer having
second body portions 242A, 242B, 242C, and 242D, elec-
troluminescent layers 251, 252, and 253, common electrode
260, first insulating layer 271, second insulating layer 272,
and color filters 281, 282, and 283.

[0092] First body portions 241A to 241D of the patterned
layer include first openings OP11 to OP13 as described with
reference to FIG. 3. Second body portions 242A to 242D of
the light-shielding layer are disposed on first body portions
241A to 241D of the patterned layer, respectively. As seen in
FIG. 5, the maximum widths of second body portions 242A
to 242D of the light-shielding layer are wider than the
maximum widths of second body portions 142A to 142D of
FIG. 3, and, as such, reflection of ambient light may be
decreased. In a conventional display apparatus, a light-
shielding layer may be disposed above an encapsulation
layer, and, as such, the light-shielding layer may be rela-
tively much further from electroluminescent layers 251 to
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253. In this manner, a viewing angle of light emitted from
corresponding pixels may be narrowed.

[0093] According to one or more exemplary embodi-
ments, the light-shielding layer includes second body por-
tions 242A to 242D disposed on first body portions 241A to
241D, each of which may be disposed below an encapsu-
lation layer formed of, for instance, first insulating layer 271
and second insulating 272. Given that the light-shielding
layer is relatively closer to electroluminescent layers 251 to
253 than in a conventional display apparatus, sufficient
viewing angles may be obtained even though corresponding
maximum widths of second body portions 242A to 242D of
the light-shielding layer are formed wider than correspond-
ing maximum widths of second body portions 142A to 142D
in the display apparatus of FIG. 3.

[0094] In one or more exemplary embodiments, second
body portions 242A to 242D correspondingly extend into
first openings OP11 to OP13 that are disposed between first
body portions 241A to 241D. Further, second body portions
242A to 242D may be respectively disposed on uppermost
surfaces of first body portions 241A to 241D, as well as at
least portions of the inclined surfaces of first body portions
241A to 241D extending between the uppermost surfaces
and surfaces opposing the uppermost surfaces. For example,
second body portion 242B extends into first openings OP11
and OP12, whereas second body portion 242C extends into
first openings OP12 and OP13. In one or more exemplary
embodiments, each of second body portions 242A to 242D
may have third width W3 extending between opposing
surfaces in the first direction D1. For instance, third width
W3 may be a maximum width of a corresponding second
body portion of second body portions 242A to 242D. Fur-
ther, third width W3 may be equivalent (or substantially
equivalent) to a maximum width of a corresponding first
body portion of first body portions 241A to 241D.

[0095] Common electrode 260, first insulating layer 271,
color filters 281 to 283, and second insulating layer 272 are
disposed on thin film transistor substrate TFTSB. It is
contemplated that the shapes of common electrode 260, first
insulating layer 271, color filters 281 to 283, and second
insulating layer 272 may vary depending on the shapes of
second body portions 242A to 242D.

[0096] FIG. 6 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments. Display apparatus
10 of FIG. 6 is similar to display apparatus 10 of FIGS. 3 and
5, and, as such, duplicative descriptions are primarily omit-
ted to avoid obscuring exemplary embodiments.

[0097] Referring to FIG. 6, a barrier layer including third
body portions 391, 392, 393, and 394 is further disposed
between first insulating layer 271 and second insulating
layer 372 in regions overlapping second body portions 242 A
to 242D and first body portions 241A to 241D. Third body
portions 391 to 394 include third openings (or apertures)
OP31, OP32, and OP33 disposed therebetween. In one or
more exemplary embodiments, third openings OP31 to
OP33 may have fourth widths W4 greater than fifth widths
WS5. It is noted that fifth widths W5 correspond to widths
(e.g., minimum widths) of fourth openings OP41, OP42, and
OP43 extending, in the first direction D1, between adjacent
second body portions of second body portions 242A to
242D. It is also noted that second body portions 242A to
242D may at least extend in third direction D3 into first
openings OP11 to OP13, such as illustrated in FIGS. 5 and
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6. Further, widths (e.g., maximum widths) of third body
portions 391 to 394 may be narrower than maximum widths
of second body portions 242A to 242D. Exemplary embodi-
ments, however, are not limited thereto or thereby. It is also
contemplated that maximum widths of third body portions
391 to 394 may be greater than minimum widths of second
body portions 242A to 242D. Also, third body portions 391
to 394 may be disposed on at least portions of top surfaces
of first insulating layer 271 in regions overlapping second
body portions 242A to 242D and first body portions 241A to
241D.

[0098] Color filters 381, 382, and 383 are disposed in
concave portions defined by first insulating layer 271 and
third body portions 391 to 394. As such, color filters 381 to
383 may extend into third openings OP31 to OP33. Second
insulating layer 372 is disposed on color filters 381 to 383
and third body portions 391 to 394. First insulating layer
271, second insulating layer 372, color filters 381 to 383,
and the barrier layer including third body portions 391 to
394 may function as an encapsulation layer configured to
prevent or at least reduce contaminants from degrading
electroluminescent layers 251 to 253.

[0099] According to one or more exemplary embodi-
ments, third body portions 391 to 394 may include a
lyophobic material resistive to materials of color filters 381
to 383. For instance, third body portions 391 to 394 may
include fluorine-based compounds, such as a fluorinated
silane-based promoter, a fluorinated acrylic monomer, a
fluorinated alkyl-based photo resist, and the like. In this
manner, when color filters 381 to 383 are being formed in
corresponding concave portions of first insulating layer 271,
the material of the color filters 381 to 383 may be repelled
from overlapping third body portions 391 to 394.

[0100] FIGS. 7A and 7B are cross-sectional views of a
display apparatus at various stages of manufacture, accord-
ing to one or more exemplary embodiments. A formation
process of FIGS. 7A and 7B is similar to the formation
process of FIGS. 4A to 4F, and, as such, duplicative descrip-
tions are primarily omitted to avoid obscuring exemplary
embodiments.

[0101] Referring to FIG. 7A, pixel electrodes 231 to 233,
a patterned layer including first body portions 241A to 241D,
a light-shielding layer including second body portions 242A
to 242D, electroluminescent layers 251 to 253, common
electrode 260, and first insulating layer 271 are formed on
thin film transistor substrate TFTSB. A barrier layer includ-
ing third body portions 391 to 394 may be formed on first
insulating layer 271 in regions overlapping first body por-
tions 241A to 241D and second body portions 242A to
242D.

[0102] Referring to FIG. 7B, color filters 381 to 383 are
formed in the concave portions of first insulating layer 271.
For instance, inkjet head unit 60 may be disposed above
concave portions of first insulating layer 271, and may
deposit material corresponding to materials of color filters
381 to 383 into the concave portions. Uppermost surfaces of
third body portions 391 to 394 may have first height H1 from
thin film transistor substrate TFTSB. The materials filled in
the concave portions of first insulating layer 271 may have
second height H2 from thin film transistor substrate TFTSB.
In this manner, a determined amount materials to form color
filters 381 to 383 may be filled in the concave portions of
first insulating layer 271. In one or more exemplary embodi-
ments, second height H2 may be less than first height HI.
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According to one or more exemplary embodiments, second
height H2 may be substantially equivalent to first height H1.
In this manner, second insulating layer 372 may be disposed
on a substantially planar surface of color filters 381 to 383
and an uppermost surface of first insulating layer 271.

[0103] According to one or more exemplary embodi-
ments, second height H2 may be greater than first height H1,
as shown in FIG. 7B. For example, inkjet head unit 60 may
fill a determined amount of material into the concave
portions of the first insulating layer 271. It is noted, however,
that some additional material may be deposited in at least
some of the concave portions of the first insulating layer 271
due to, for instance, manufacturing tolerances. Third body
portions 391 to 394, however, may be formed to include a
lyophobic material resistive to materials of color filters 381
to 383. In this manner, third body portions 391 to 394 may
prevent (or at least reduce) a potential of the materials of
color filters 381 to 383 from overlapping uppermost surfaces
of third body portions 391 to 394. As such, a potential for the
materials of color filters 381 to 383 to be mixed with one
another may be reduced. In this manner, purity of color
filters 381 to 383 may be maintained, and manufacturing
vield may be improved.

[0104] Second insulating layer 372 may be formed on
color filters 381 to 383 and third body portions 391 to 394,
as seen in FIG. 6. It is noted that an upper surface of second
insulating layer 372 may have a shape depending on a shape
of an upper surface of color filters 381 to 383 and third body
portions 391 to 394, however, exemplary embodiments are
not limited thereto or thereby. For example, an uppermost
surface of second insulating layer 372 may be planar.

[0105] FIG. 8 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments. Display apparatus
10 of FIG. 8 is similar to display apparatus 10 of FIGS. 3,
5, and 6, and, as such, duplicative descriptions are primarily
omitted to avoid obscuring exemplary embodiments.

[0106] Referring to FIG. 8, a barrier layer including third
body portions 491, 492, 493, and 494 is disposed between
first insulating layer 271 and second insulating layer 372 in
regions overlapping second body portions 242A to 242D and
first body portions 241A to 241B. Color filters 481, 482, and
483 are disposed in concave portions defined by first insu-
lating layer 271 and at least third body portions 491 to 494.
Second insulating layer 472 is disposed on color filters 481
to 483 and third body portions 491 to 494. A shape of second
insulating layer 472 may vary depending on shapes of color
filters 481 to 483 and third body portions 491 to 494.

[0107] According to one or more exemplary embodi-
ments, third body portions 491 to 494 may be formed of any
suitable material, such as, for instance, at least one of SiN_,
SiON, Si0x, and/or the like. Uppermost surfaces of third
body portions 491 to 494 may have third heights H3 from
thin film transistor substrate TFTSB. To this end, uppermost
surfaces of color filters 481 to 483 may have fourth heights
H4 from thin film transistor substrate TFTSB. Fourth heights
H4 may be less than or equal to third heights H3.

[0108] As part of forming color filters 481 to 483, mate-
rials deposited to form color filters 481 to 483 may be filled
to height H4, which may be may be greater than height H5
corresponding to an uppermost surface of first insulating
layer 271. It is noted, however, that because height H5 is less
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than height H3, a potential for materials of color filters 481
to 483 being mixed can be reduced via third body portions
491 to 494.

[0109] According to one or more exemplary embodi-
ments, third body portions 491 to 494 form concave portions
with first insulating layer 271 that are deeper than corre-
sponding concave portions formed in the display apparatus
of FIG. 6. In this manner, third body portions 491 to 494 may
have thicknesses THC in the third direction D3, which may
be determined according to thickness variations associated
with manufacturing tolerances of associated processes uti-
lized to form color filters 481 to 483. It is noted that
thickness THC may correspond to a maximum thickness of
third body portions 491 to 494. Even though a height of
uppermost surfaces of color filters 481 to 483 increases to be
greater than height HS, third body portions 491 to 494 may
prevent (or reduce the potential for) the materials of color
filters 481 to 483 from being mixed with each other. In this
manner, purity of color filters 481 to 483 may be maintained,
and manufacturing yield may be improved.

[0110] FIG. 9 is a cross-sectional view of the display
apparatus of FIG. 1 taken along sectional line I-I', according
to one or more exemplary embodiments. Display apparatus
10 of FIG. 9 is similar to display apparatus 10 of FIGS. 3,
5, 6, and 8, and, as such, duplicative descriptions are
primarily omitted to avoid obscuring exemplary embodi-
ments.

[0111] Referring to FIG. 9, color filters 581, 582, and 583
are disposed in concave portions defined by first insulating
layer 271 and third body portions 491 to 494. Second
insulating layer 572 is disposed on color filters 581 to 583
and third body portions 491 to 494. It is noted that a shape
of second insulating layer 572 may vary depending on
shapes of color filters 581 to 583 and third body portions 491
to 494.

[0112] According to one or more exemplary embodiments,
portions of color filters 581 to 583 may overlap third body
portions 491 to 494. Top surfaces of color filters 581 to 583
may have sixth heights H6 that are greater than third heights
H3 corresponding to heights of uppermost surfaces of third
body portions 491 to 494. Although the heights of the
uppermost surfaces of color filters 581 to 583 may increase
as a result of manufacturing tolerances, third body portions
491 to 494 may still prevent (or reduce) materials for color
filters 481 to 483 from being mixed. In this manner, purity
of color filters 491 to 493 may be maintained, and manu-
facturing yield may be improved.

[0113] According to one or more exemplary embodiments,
color filters may be disposed between stacked first body
portions of the patterned layer and second body portions of
the light-shielding layer. In this manner, a corresponding
display apparatus may have reduced thickness, but also
include color filters of sufficient thickness to improve dis-
play quality, as well as include sufficient levels of light-
shielding features as previously described.

[0114] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concepts are not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

Aug. 23,2018

What is claimed is:

1. A display apparatus, comprising:

a substrate;

a patterned layer disposed on the substrate, the patterned

layer comprising:

first body portions; and

a first opening disposed between the first body portions;
a light-shielding layer disposed on the patterned layer, the

light-shielding layer comprising:

second body portions; and

a second opening disposed between the second body

portions;

a first electrode disposed on the substrate, the first opening

and the second opening overlapping the first electrode;

a second electrode overlapping the first electrode;

an electroluminescent layer disposed between the first

electrode and the second electrode;

a first insulating layer disposed on the second electrode;

and

a color filter disposed on the first insulating layer,

wherein:

the electroluminescent layer is at least disposed in the
first opening; and

the first insulating layer and the color filter are at least
disposed in the second opening.

2. The display apparatus of claim 1, wherein at least one
of the color filter and the first insulating layer extends into
the first opening.

3. The display apparatus of claim 1, further comprising:

a second insulating layer covering the first insulating layer

and the color filter,

wherein:

the first insulating layer covers the first body portions,
the second body portions, and the second electrode;
and

the color filter is disposed between the first insulating
layer and the second insulating layer.

4. The display apparatus of claim 3, wherein the second
insulating layer contacts the first insulating layer in regions
overlapping the second body portions.

5. The display apparatus of claim 3, further comprising:

a barrier layer comprising:

third body portions; and
a third opening disposed between the third body por-
tions,

wherein, in regions overlapping the second body portions,

the third body portions are disposed between the sec-
ond insulating layer and the first insulating layer.

6. The display apparatus of claim 5, wherein a first portion
of the color filter extends into the third opening.

7. The display apparatus of claim 6, wherein second
portions of the color filter overlap the third body portions.

8. The display apparatus of claim 5, wherein:

the barrier layer comprises:

a first surface disposed closer to the second insulating
layer than the first insulating layer; and
a second surface opposing the first surface;
the color filter comprises:
a third surface disposed closer to the second insulating
layer than the substrate; and
a fourth surface opposing the third surface; and
in a direction normal to the substrate, the first surface and
the third surface are equidistant from the substrate or
the third surface is closer to the substrate than the first
surface.
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9. The display apparatus of claim 5, wherein a maximum
width of third opening is greater than a minimum width of
the second opening.

10. The display apparatus of claim 5, wherein the third
body portions comprise a lyophobic material resistive to a
material of the color filter.

11. The display apparatus of claim 1, wherein:

the second body portions are disposed on the first body
portions; and

the second body portions extend into the first opening.

12. The display apparatus of claim 1, wherein maximum
widths of the second body portions are substantially equiva-
lent to maximum widths of the first body portions.

13. The display apparatus of claim 1, wherein the color
filter comprises particles suspended therein, the particles
being configured to scatter incident light.

14. A display apparatus, comprising:
a first electrode;

a patterned layer comprising a first aperture exposing a
portion of the first electrode;

a light-shielding layer disposed on the patterned layer, the
light-shielding layer comprising a second aperture
overlapping the first aperture;

an electroluminescent layer disposed in a portion of the
first aperture;

a second electrode disposed in portions of the second
aperture and the first aperture, the electroluminescent
layer being stacked between the first electrode and the
second electrode;

a color filter extending into at least one of the second
aperture and the first aperture,

wherein the second electrode overlaps the light-shielding
layer, the patterned layer, and the electroluminescent
layer.
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15. A method of manufacturing a display apparatus, the
method comprising:

forming a patterned layer on a substrate comprising a first

electrode, the patterned layer comprising a first aper-
ture exposing a portion of the first electrode;

forming a light-shielding layer on the patterned layer, the

light-shielding layer comprising a second aperture
overlapping the first aperture;
depositing, through the second aperture, an electrolumi-
nescent material on the portion of first electrode;

forming a second electrode on the electroluminescent
material, the second electrode extending at least into
the second aperture; and

forming a color filter overlapping the electroluminescent

material, the color filter extending at least into the
second aperture.

16. The method of claim 15, wherein the second electrode
overlaps the light-shielding layer, the patterned layer, and
the electroluminescent material.

17. The method of claim 15, further comprising:

forming, after forming the second electrode, a first insu-

lating layer on the substrate, the first insulating layer
extending at least into the second aperture,

wherein the first insulating layer is disposed between the

color filter and the second electrode.

18. The method of claim 17, further comprising:

forming, after forming the color filter, a second insulating

layer on the substrate,

wherein the color filter is disposed between the second

insulating layer and the first insulating layer.

19. The method of claim 18, further comprising:

forming, before forming the color filter, a barrier layer

comprising a third aperture overlapping the second
aperture,

wherein forming the color filter comprises depositing a

color filter material through the third aperture.

20. The method of claim 19, wherein the barrier layer
comprises a lyophobic material resistive to a material of the
color filter.
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