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(57) ABSTRACT

An organic electroluminescence display apparatus includes:
an insulating layer including a flat surface, a first concave
surface and a second concave surface extending from one
end and another end of the flat surface, respectively; a first
electrode on the insulating layer and including a first con-
cave electrode surface overlapping with the first concave
surface, a second concave electrode surface overlapping
with the second concave surface, and a flat electrode surface
overlapping with the flat surface; an organic layer on the first
electrode; a second electrode on the organic layer, and a
plurality of light shielding members on the second electrode
with an opening therebetween, the opening overlapping with

HOIL 51/52 (2006.01) the organic layer. One end of each of the light shielding
HOIL 27/32 (2006.01) members is closer to the second concave surface than to the
HOIL 51/50 (2006.01) first concave surface.
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ORGANIC ELECTROLUMINESCENCE
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2017-0060144, filed
on May 15, 2017 in the Korean Intellectual Property Office,
the entire content of which is herein incorporated by refer-
ence.

BACKGROUND

1. Field

[0002] Aspects of embodiments of the invention relate to
an organic electroluminescence display apparatus.

2. Description of the Related Art

[0003] Various display apparatuses used in multimedia
apparatuses, such as televisions, portable phones, tablet
computers, navigation systems, and game consoles have
been developed, and a self-luminous organic electrolumi-
nescence display apparatus has been developed as one kind
of these display apparatuses. In the organic electrolumines-
cence display apparatus, holes provided from a first elec-
trode are recombined with electrons provided from a second
electrode in a light-emitting layer to emit light. The organic
electroluminescence display apparatus displays an image
using the emitted light.

[0004] The organic electroluminescence display apparatus
may have a structure in which an electrode and a light-
emitting layer are stacked on an insulating layer referred to
as a planarization layer. In this case, light emitted from the
light-emitting layer may travel in parallel to a thickness
direction of the organic electroluminescence display appa-
ratus and may also be dispersed in both lateral directions.
Thus, light efficiency of the organic electroluminescence
display apparatus may be deteriorated, and lights of adjacent
sub-pixels may be mixed with each other.

SUMMARY

[0005] According to an aspect of embodiments of the
invention, an organic electroluminescence display apparatus
has improved or increased light efficiency.

[0006] According to one or more embodiments, an organic
electroluminescence display apparatus includes: an insulat-
ing layer including a flat surface and a first concave surface
and a second concave surface extending from one end and
another end of the flat surface, respectively; a first electrode
disposed on the insulating layer and including a first concave
electrode surface overlapping with the first concave surface,
a second concave electrode surface overlapping with the
second concave surface, and a flat electrode surface over-
lapping with the flat surface; an organic layer disposed on
the first electrode; a second electrode disposed on the
organic layer; and a plurality of light shielding members
disposed on the second electrode and disposed with an
opening therebetween, the opening overlapping with the
organic layer. One end of a light shielding member of the
plurality of light shielding members is opposite to the
opening. A first shortest distance is defined from the one end
of the light shielding member to a first boundary axis
between the first concave surface and the flat surface, a
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second shortest distance is defined from another end of the
light shielding member adjacent to the first concave surface
to the first boundary axis, and a third shortest distance is
defined from the insulating layer to the light shielding
member. The first shortest distance is greater than twice the
third shortest distance.

[0007] In one or more embodiments, the second shortest
distance may be shorter than the first shortest distance.
[0008] In one or more embodiments, the first shortest
distance and the third shortest distance may satisfy the
following Equation 1:

X
=>2,
Y

where “X” is the first shortest distance, and “Y” is the third
shortest distance, and the third shortest distance may be
fixed.

[0009] In one or more embodiments, the second shortest
distance may be from 1 um to 100 pum.

[0010] In one or more embodiments, a fourth shortest
distance may be defined to correspond to a width of the
opening, and a ratio of the second shortest distance to the
fourth shortest distance may be greater than 0.005:1 and less
than 0.5:1.

[0011] In one or more embodiments, a fifth shortest dis-
tance is defined from another end of the light shielding
member adjacent to the second concave surface to a second
boundary axis between the second concave surface and the
flat surface, and a sixth shortest distance is defined from the
one end of the light shielding member adjacent to the second
concave surface to the second boundary axis. The sixth
shortest distance is greater than twice the third shortest
distance.

[0012] In one or more embodiments, the fifth shortest
distance may be shorter than the sixth shortest distance.
[0013] Inoneor more embodiments, the organic electrolu-
minescence display apparatus may further include a color
conversion layer disposed on the second electrode and
including an illuminant that absorbs first color light output-
ted from the organic layer and emits light having a color
different from the first color light.

[0014] In one or more embodiments, the illuminant may
include a first illuminant absorbing the first color light and
emitting second color light, and a second illuminant absorb-
ing the first color light and emitting third color light having
a color different from the second color light.

[0015] In one or more embodiments, the color conversion
layer may include a first conversion part including the first
illuminant, a second conversion part including the second
illuminant, and a third conversion part transmitting the first
color light.

[0016] In one or more embodiments, the first, second, and
third conversion parts may be spaced apart from each other
in a plan view, and the light shielding members may be
disposed between the first, second, and third conversion
parts spaced apart from each other.

[0017] In one or more embodiments, the first color light
may be blue light.

[0018] In one or more embodiments, the first concave
surface and the second concave surface may be symmetrical
with respect to the flat surface.
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[0019] 1Inoneor more embodiments, the organic electrolu-
minescence display apparatus may further include a pixel
defining layer disposed on the insulating layer and exposing
a portion of the first electrode overlapping with the organic
layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The above and other aspects and features of the
present invention will become more apparent by describing
in further detail some exemplary embodiments thereof with
reference to the accompanying drawings, in which:

[0021] FIG. 1is a perspective view illustrating an organic
electroluminescence display apparatus according to one or
more embodiments of the invention.

[0022] FIG. 2 is a perspective view illustrating a display
panel of the organic electroluminescence display apparatus
of FIG. 1.

[0023] FIG. 3 is a circuit diagram illustrating an example
of a pixel of the display panel of FIG. 2.

[0024] FIG. 4 is a partial plan view of the display panel
illustrated in FIG. 2.

[0025] FIG. 5 is a partial cross-sectional view illustrating
a display apparatus according to one or more embodiments
of the invention.

[0026] FIG. 6 illustrates conversion of light on the basis of
first to third organic electroluminescence elements and first
to third conversion parts of the display apparatus illustrated
in FIG. 5.

[0027] FIG. 7 is an enlarged view of a region “AA” of
FIG. 5.
[0028] FIG. 8 is a cross-sectional view illustrating the

travel of light emitted from an organic light-emitting layer
according to one or more embodiments of the invention.
[0029] FIG. 9 is a graph illustrating a ratio of light
transmitted from an organic light-emitting layer to a con-
version part in accordance with a variation of a second
shortest distance illustrated in FIG. 7.

[0030] FIG. 10 is a graph illustrating a light leakage ratio
according to variations of a first shortest distance and a third
shortest distance illustrated in FIG. 7.

DETAILED DESCRIPTION

[0031] The invention now will be described more fully
herein with reference to the accompanying drawings, in
which some various embodiments are shown. This invention
may, however, be embodied in many different forms, and
should not be construed as limited to the embodiments set
forth herein. Rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0032] It will be understood that when an element, such as
a layer, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
one or more intervening elements may be present. In con-
trast, the term “directly” means that there are no intervening
elements. As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” are intended to include the plural forms, including
“at least one,” unless the content clearly indicates otherwise.
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“Or” means “and/or.” As used herein, the term “and/or
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used in this specification, specify the
presence of stated features, regions, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

[0033] 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
should not be limited by these terms. Rather, these terms are
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 described below could be termed a “second” ele-
ment, component, region, layer, or section without departing
from the teachings herein.

[0034] FIG. 1is a perspective view illustrating an organic
electroluminescence display apparatus according to one or
more embodiments of the invention. FIG. 2 is a perspective
view illustrating a display panel of the organic electrolumi-
nescence display apparatus of FIG. 1. FIG. 3 is a circuit
diagram illustrating an example of a pixel of the display
panel of FIG. 2. FIG. 4 is a partial plan view of the display
panel illustrated in FIG. 2.

[0035] According to one or more embodiments of the
invention, an organic electroluminescence display apparatus
DD illustrated in FIG. 1 may be applied to a tablet personal
computer, a smartphone, a personal digital assistant (PDA),
a portable multimedia player (PMP), a game console, and a
watch-type electronic device, for example. In addition, the
organic electroluminescence display apparatus DD may also
be applied to large-sized electronic devices (e.g., a television
and/or an external billboard) and small and medium-sized
electronic devices (e.g., a personal computer, a notebook
computer, a car navigation unit, and/or a camera).

[0036] Referring to FIG. 1, the organic electrolumines-
cence display apparatus DD may include a display panel DP
and a protective member PM disposed on the display panel
DP.

[0037] In one or more embodiments, the display panel DP
may be an organic electroluminescence display panel. The
protective member PM may be a support member supporting
the display panel DP or a window member protecting the
display panel DP.

[0038] The display panel DP is parallel to a plane defined
by a first direction DR1 and a second direction DR2. A
normal direction of the display panel DP is indicated by a
third direction DR3. The third direction DR3 also indicates
a thickness direction of the organic electroluminescence
display apparatus DD. A top surface (or a front surface) and
a bottom surface (or a back surface) of each of the members
are defined by the third direction DR3. However, the direc-
tions DR1, DR2, and DR3 may be relative concepts and may
be changed into other directions.

[0039] In an embodiment, the organic electrolumines-
cence display apparatus DD is flat, as depicted in FIG. 1.
However, the organic electroluminescence display apparatus
DD according to the invention may be realized as a flexible
display apparatus. In other words, components (e.g., the
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display panel DP and the protective member PM) included
in the organic electroluminescence display apparatus DD
may include flexible materials and can be bent, expanded, or
pressed.

[0040] Referring to FIG. 2, the display panel DP may
include a display area DP-DA, on which an image is
displayed, and a non-display area DP-NDA adjacent to the
display area DP-DA when viewed in a plan view. The
display area DP-DA and the non-display area DP-NDA may
be changed depending on a structure and/or a design of the
display panel DP.

[0041] The display panel DP may include a plurality of
pixels PX overlapping with the display area DP-DA. The
pixels PX included in the display panel DP are shown to be
arranged in a matrix form in FIG. 2. However, embodiments
of the invention are not limited thereto. In certain embodi-
ments, the pixels PX may be arranged in a non-matrix form,
e.g., a pentile form. In addition, even though not shown in
FIG. 2, the display panel DP may further include a plurality
of gate lines and a plurality of data lines, which are con-
nected to the plurality of pixels PX.

[0042] Referring to FIG. 3, each of the pixels PX receives
a gate signal from a corresponding one of the gate lines and
receives a data signal from a corresponding one of the data
lines. Each of the pixels PX may be turned on in response
to the corresponding gate signal and may generate light in
response to the corresponding data signal to display an
image.

[0043] Each of the pixels PX according to one or more
embodiments of the invention includes at least one thin film
transistor, at least one capacitor, and an organic electrolu-
minescence element. FIG. 3 illustrates an equivalent circuit
of a pixel PX, connected to an i-th gate line SLi of the gate
lines and a j-th data line DIj of the data lines.

[0044] The pixel PX,; includes a switching thin film tran-
sistor TFT1, a driving thin film transistor TFT2, a capacitor
Cap, and an organic electroluminescence element OEL,,.
The switching thin film transistor TFT1 includes a control
electrode connected to the i-th gate line SLi, an input
electrode connected to the j-th data line DLj, and an output
electrode. The switching thin film transistor TFT1 outputs
the data signal, applied to the j-th data line DL, in response
to the gate signal applied to the i-th gate line SLi.

[0045] The capacitor Cap includes a first capacitor elec-
trode connected to the switching thin film transistor TFT1,
and a second capacitor electrode receiving a first power
source voltage ELVDD. The capacitor Cap is charged with
charges corresponding to a difference between the first
power source voltage ELVDD and a voltage corresponding
to the data signal received from the switching thin film
transistor TFT1.

[0046] The driving thin film transistor TFT2 includes a
control electrode connected to the output electrode of the
switching thin film transistor TFT1 and the first capacitor
electrode of the capacitor Cap, an input electrode receiving
the first power source voltage ELVDD, and an output
electrode. The output electrode of the driving thin film
transistor TFT2 is connected to the organic electrolumines-
cence element OEL,,.

[0047] The driving thin film transistor TFT2 controls a
driving current flowing through the organic electrolumines-
cence element OEL,; in accordance with the amount of the
charges stored in the capacitor Cap. A turn-on time of the
driving thin film transistor TFT2 is determined depending on

Nov. 15,2018

the amount of the charges stored in the capacitor Cap. The
output electrode of the driving thin film transistor TFT2 may
supply a voltage, a level of which is lower than that of the
first power source voltage ELVDD, to the organic electrolu-
minescence element OFEL,,.

[0048] The organic electroluminescence element OEL,;
includes a first electrode connected to the driving thin film
transistor TFT2, and a second electrode receiving a second
power source voltage ELVSS. The organic electrolumines-
cence element OEL,; may include a light-emitting pattern
disposed between the first electrode and the second elec-
trode.

[0049] The organic electroluminescence element OEL,
emits light during a turn-on period of the driving thin film
transistor TFT2. A color of the light generated from the
organic electroluminescence element OEL,; is determined by
a material of the light-emitting pattern. According to one or
more embodiments of the invention, the color of the light
generated from the organic electroluminescence element
OEL,, may be a blue color. In other words, the organic
electroluminescence elements included in the plurality of
pixels PX of the display panel DP according to the invention
may be organic electroluminescence elements outputting
blue light.

[0050] However, embodiments of the invention are not
limited to the pixel PX illustrated in FIG. 3. In certain
embodiments, the pixel PX,; may be variously changed. In
other words, although the two thin film transistors TFT1 and
TFT2, one capacitor Cap, and the organic electrolumines-
cence element OFL,; are illustrated in the pixel PX,; of FIG.
3, the numbers of the components of the pixel and/or
connection structures of the components may be variously
modified.

[0051] Referring to FIG. 4, an enlarged view of an area
DP-P of FIG. 2 is illustrated. A plurality of light emitting
areas EA-1, EA-2, and EA-3 and a non-light emitting area
NEA are defined in the display area DP-DA when viewed in
a plan view defined by the first and second directions DR1
and DR2. In FIG. 4, three types of light emitting areas EA-1,
EA-2, and EA-3 arranged in a matrix form are illustrated as
an example. In one or more embodiments, the light emitting
area EA-1 may output red light, the light emitting area EA-2
may output green light, and the light emitting area EA-3 may
output blue light.

[0052] 1In the descriptions of the invention, emitting light
of a predetermined color from a light emitting area may
mean both that light generated from a corresponding elec-
troluminescence element is emitted as it is and that a color
of light generated from a corresponding electrolumines-
cence element is converted and light having the converted
color is emitted.

[0053] The non-light emitting area NEA may include first
non-light emitting areas NEA-1 surrounding the light emit-
ting areas EA-1 to EA-3, respectively, and a second non-
light emitting area NEA-2 defining boundaries of the first
non-light emitting areas NEA-1. The second non-light emit-
ting area NEA-2 may be disposed between the first non-light
emitting areas NEA-1. A driving circuit (e.g., the thin film
transistors TFT1 and TFT2 and/or the capacitor Cap) of the
pixel may be disposed in each of the first non-light emitting
areas NEA-1. Signal lines (e.g., the gate lines and the data
lines) electrically connected to the thin film transistors may
be disposed in the second non-light emitting area NEA-2.
However, embodiments of the invention are not limited
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thereto. In certain embodiments, the first non-light emitting
areas NEA-1 and the second non-light emitting area NEA-2
may not be divided from each other.

[0054] FIG. 5 is a partial cross-sectional view illustrating
a display apparatus according to one or more embodiments
of the invention. FIG. 6 illustrates conversion of light on the
basis of first to third organic electroluminescence elements
and first to third conversion parts of the display apparatus
illustrated in FIG. 5.

[0055] Referring to FIG. 5, a display panel DP may
include a substrate SUB, and an organic electrolumines-
cence element OEL may be disposed on the substrate SUB.
In addition, the display panel DP may further include a
sealing layer TFE formed on the organic electrolumines-
cence element OEL.

[0056] The substrate SUB may use a general substrate
known in the art, and may not be limited to a specific
substrate. The substrate SUB may be a flexible substrate.
The substrate SUB may be a glass substrate or a plastic
substrate formed using a polymer resin. For example, the
substrate SUB may include polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), polyimide, or
polyethersulfone. The substrate SUB may be selected in
consideration of one or more of mechanical strength, ther-
mal stability, transparency, surface flatness, ease of han-
dling, and waterproofing, for example. In one or more
embodiments, the substrate SUB may be transparent. How-
ever, embodiments of the invention are not limited thereto.
[0057] A substrate buffer layer (not shown) may be pro-
vided on the substrate SUB. The substrate buffer layer (not
shown) may prevent or substantially prevent impurities from
being diffused into the switching thin film transistor TFT1
and the driving thin film transistor TFT2. In an embodiment,
the substrate buffer layer (not shown) may be formed of
silicon nitride (SiN,), silicon oxide (Si0,), and/or silicon
oxynitride (SiO,N ). However, in one or more embodi-
ments, the substrate buffer layer (not shown) may be omitted
according to a material of the substrate SUB and a process
condition.

[0058] A cross-sectional structure of the driving thin film
transistor TFT2 among the switching and driving thin film
transistors TFT1 and TFT2 of FIG. 3 is illustrated as an
example in FIG. 5. According to the embodiment of FIG. 5,
three organic electroluminescence elements OEL1 to OEL3
and two driving thin film transistors TFT2 are illustrated.
Structures of the organic electroluminescence elements
OEL1 to OFEL3 may be substantially the same as each other,
and, thus, one organic electroluminescence element will be
described herein as an example. Tn addition, structures of the
driving thin film transistors TFT2 may be substantially the
same as each other, and, thus, one driving thin film transistor
will be described as an example.

[0059] A second semiconductor pattern SM2 included in
the driving thin film transistor TFT2 is provided on the
substrate SUB. The second semiconductor pattern SM2 may
be formed of a semiconductor material and may act as an
active layer of the driving thin film transistor TFT2. The
second semiconductor pattern SM2 includes a source por-
tion SA, a drain portion DA, and a channel portion CA
provided between the source portion SA and the drain
portion DA. The second semiconductor pattern SM2 may be
formed of an inorganic semiconductor or an organic semi-
conductor. The source portion SA and the drain portion DA
may be doped with N-type dopants or P-type dopants.
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[0060] Likewise, even though not shown in the drawings,
a first semiconductor pattern included in the switching thin
film transistor TFT1 may also be formed of a semiconductor
material and may act as an active layer of the switching thin
film transistor TFT1.

[0061] A gate insulating layer GI is provided on the
second semiconductor pattern SM2. The gate insulating
layer GI covers the second semiconductor pattern SM2. The
gate insulating layer GI may be formed of an organic
insulating material or an inorganic insulating material. A
second gate electrode GE2 is provided on the gate insulating
layer GI.

[0062] An interlayer insulating layer IL is provided on the
second gate electrode GE2. The interlayer insulating layer
IL covers the second gate electrode GE2. The interlayer
insulating layer I may be formed of an organic insulating
material or an inorganic insulating material.

[0063] A second source electrode SE2 and a second drain
electrode DE2 are provided on the interlayer insulating layer
IL. The second drain electrode DE2 is in contact with the
drain portion DA of the second semiconductor pattern SM2
through a first contact hole CH1 formed in the gate insulat-
ing layer GI and the interlayer insulating layer 1L, and the
second source electrode SE2 is in contact with the source
portion SA of the second semiconductor pattern SM2
through a second contact hole CH2 formed in the gate
insulating layer GI and the interlayer insulating layer IL.
[0064] An insulating layer PL is disposed on the substrate
SUB. The insulating layer PL. may cover the second source
electrode SE2 and the second drain electrode DE2 and may
be disposed on the interlayer insulating layer IL.

[0065] According to one or more embodiments of the
invention, the insulating layer PL. may include a concave
area and a flat area. In more detail, the insulating layer PL
has a bottom surface facing the interlayer insulating layer 1L,
and a top surface opposite to the bottom surface of the
insulating layer PL. In this case, the top surface of the
insulating layer PL. may include concave surfaces CS1 and
CS2 corresponding to the concave area and a flat surface PS
corresponding to the flat area. The concave surfaces CS1 and
CS2 may be disposed with the flat surface PS interposed
therebetween and may extend from one end and another end
of the flat surface PS, respectively. The concave surfaces
CS1 and CS2 may have shapes that are concave from the top
surface of the insulating layer PL toward the substrate SUB.
[0066] The concave surfaces CS1 and CS2 and the flat
surface PS included in the top surface of the insulating layer
PL may overlap with the organic electroluminescence ele-
ment OEL in the third direction DR3. In FIG. 5, the three
organic electroluminescence elements OEL1 to OEL3 are
illustrated. Thus, the top surface of the insulating layer PL
illustrated in FIG. 5§ may include the concave surfaces CS1
and CS2 and the flat surface PS, which overlap with each of
the organic electroluminescence elements OEL1 to OEL3.
In other words, the top surface of the insulating layer PL
according to the invention may include the concave surfaces
CS1 and CS2 and the flat surface PS, which overlap with
each of a plurality of the organic electroluminescence ele-
ments included in the display panel DP.

[0067] The insulating layer PL, may act as a protective
layer that protects the driving thin film transistor TFT2. In
addition, the insulating layer PL. may also act as a planariza-
tion layer planarizing a top surface of a portion in which the
driving thin film transistor TFT2 is disposed. For example,
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as illustrated in FIG. 5, a remaining portion of the insulating
layer PL except the concave surfaces CS1 and CS2, the flat
surface PS and a third contact hole CH3 may act as the
planarization layer having the planarized top surface.
[0068] The organic electroluminescence elements OEL1
to OEL3 may be disposed on the insulating layer PL. Each
of the organic electroluminescence elements OEL1 to OEL3
may include a first electrode El1la, EL2¢, or EL3a, an
organic layer OL1, OL2, or OL3, and a second electrode
EL1&, EL2b, or EL3b, which are sequentially stacked in the
third direction DR3 corresponding to the thickness direction.
Each of the organic layers OL1 to OL3 of the organic
electroluminescence elements OEL1 to OEL3 may include
a plurality of layers. For example, the organic layers OL1,
OL2, and OL3 may include hole transfer regions HTR1,
HTR2, and HTR3, light-emitting layers EML.1, EML2, and
EML3, and electron transfer regions ETR1, ETR2, and
ETR3, respectively. Each of the organic layers OL1 to OL3
may be disposed in a first opening OP1 to be described later.
[0069] The first electrodes EL1a to EL3a may be disposed
on the insulating layer PL. The first electrodes EL1a to EL3a
have conductivity. The first electrodes Fl.1a to EL3a may be
provided as anodes and may be pixel electrodes. The first
electrodes EL1a to EL3a are connected to the second drain
electrodes DE2 of the driving thin film transistors TFT2
through third contact holes CH3 formed in the insulating
layer PL, respectively.

[0070] Each of the first electrodes EL1a to EL3a may
include concave electrode surfaces overlapping with the
concave surfaces CS1 and CS2 of the insulating layer PL,
and a flat electrode surface overlapping with the flat surface
PS of the insulating layer PL. Radii of curvature of the
concave surfaces CS1 and CS2 of the insulating layer PL
may be substantially equal to those of the concave electrode
surfaces of each of the first electrodes El.la to EL3a.
However, embodiments of the invention are not limited
thereto. In certain embodiments, the radii of curvature of the
concave surfaces CS1 and CS2 of the insulating layer PL
may be different from those of the concave electrode sur-
faces of each of the first electrodes EL1a to EL3a.

[0071] A pixel defining layer PDL may be disposed on the
insulating layer PL. The pixel defining layer PDL may define
first openings OP1, each of which exposes each of the first
electrodes EL1a to EL3¢ in the concave area and the flat
area of the insulating layer PL. A portion of the concave area
of the insulating layer PL overlaps with the pixel defining
layer PDL in FIG. 5. However, the first opening OP1 will be
described herein as overlapping with the concave area and
the flat area included in the insulating layer PL.

[0072] The pixel defining layer PDL may separate the
organic layers OL1 to OL3 from each other in such a way
that the organic layers OL1 to OL3 correspond to the pixels
PX, respectively. The first opening OP1 of the pixel defining
layer PDL may be defined to expose the concave electrode
surfaces and the flat electrode surface of each of the first
electrodes EL1a to EL3a, which are disposed on the concave
surfaces CS1 and CS2 and the flat surface PS of the
insulating layer PL.

[0073] In one or more embodiments, the pixel defining
layer PDL may be formed of a polymer resin. For example,
the pixel defining layer PDL may be formed to include a
polyacrylate-based resin or a polyimide-based resin. In an
embodiment, the pixel defining layer PDL may further
include an inorganic material except the polymer resin. In
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one or more embodiments, the pixel defining layer PDL may
include a light absorbing material or may include a black
pigment or a black dye. The pixel defining layer PDL
including the black pigment or the black dye may be realized
as a black pixel defining layer. When the pixel defining layer
PDL is formed, carbon black may be used as the black
pigment or the black dye. However, embodiments of the
invention are not limited thereto.

[0074] The organic layers OL1 to OL3 may be disposed on
the first electrodes EL1a to EL3a, respectively. Each of the
organic layers OL1 to OL3 may be disposed in the first
opening OP1. The organic layers OL1 to OL3 may include
the hole transfer regions HTR1 to HTR3 respectively dis-
posed on the first electrodes ELla to EL3a, the light-
emitting layers EML1 to EML3 respectively disposed on the
hole transfer regions HIR1 to HTR3, and the electron
transfer regions ETR1 to ETR3 respectively disposed on the
light-emitting layers EML1 to EML3.

[0075] According to one or more embodiments of the
invention, the light-emitting layer EML may be formed of a
material emitting blue light. In other words, each of the
organic electroluminescence elements included in the dis-
play panel DP of the invention may include the light-
emitting layer EML emitting the blue light.

[0076] The second electrodes EL15 to EL3b may be
provided on the electron transfer regions ETR1 to ETR3,
respectively. The second electrodes EL15 to EL3b may be a
commor electrode or a cathode. The second electrodes EL15
to EL3b may be formed of a metal alloy or a conductive
compound. The second electrodes EL15 to EL35 may be
transparent electrodes, semitransparent electrodes, or reflec-
tive electrodes. When the second electrodes EL15 to EL3b
are the transparent electrodes, the second electrodes EL15 to
EL3b may be formed of a transparent metal oxide, such as
indium tin oxide (ITO), indium zinc oxide (IZ0), zinc oxide
(ZnO), or indium tin zinc oxide (ITZ0).

[0077] When the second electrodes EL15 to EL3b are the
semitransparent electrodes or the reflective electrodes, the
second electrodes EL15 to EL3b may include Ag, Mg, Cu,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo,
Ti, a compound thereof, or a mixture thereof (e.g., a mixture
of Ag and Mg). Alternatively, each of the second electrodes
EL16 to EL3b may have a multi-layered structure that
includes a reflective layer or semitransparent layer formed of
the above-described material, and a transparent conductive
layer formed of indium tin oxide (ITO), indium zinc oxide
(1Z0), zinc oxide (Zn0), or indium tin zinc oxide (ITZ0).
[0078] In one or more embodiments, the first electrodes
ELla to EL3a may be the reflective electrodes, and the
second electrodes EL1b to EL3b facing the first electrodes
EL1la to EL3a may be the transparent electrodes. However,
embodiments of the invention are not limited thereto.
[0079] The first electrodes EL1a to EL3a, the organic
layers OL1 to OL3, and the second electrodes EL15 to
EL3b, which constitute the organic electroluminescence
elements OEL1 to OEL3 and are disposed in the first
openings OP1, may include concave areas and flat areas
corresponding to the concave areas and the flat area of the
insulating layer PL.

[0080] According to one or more embodiments of the
invention, each of the organic electroluminescence elements
OEL1 to OEL3 may, to a greater degree, condense light to
asecond opening OP2 through its areas overlapping with the
concave surfaces CS1 and CS2. In other words, light emitted
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from the organic electroluminescence elements OEL1 to
OEL3 may be less condensed to a light shielding member
BM disposed above the organic electroluminescence ele-
ments OEL1 to OEL3.

[0081] The sealing layer TFE may be provided on the
second electrodes EL1b to EL35b. The sealing layer TFE may
cover the second electrodes EL15b to EL3b. The sealing layer
TFE may include at least one of an organic layer or an
inorganic layer. In one or more embodiments, the sealing
layer TFE may include at least one organic layer and at least
one inorganic layer. The sealing layer TFE may include a
plurality of layers.

[0082] The sealing layer TFE may be, for example, a thin
film sealing layer. The sealing layer TFE protects the organic
electroluminescence elements OEL1 to OEL3.

[0083] A plurality of light shielding members BM may be
disposed on the sealing layer TFE. Second openings OP2
may be disposed between the light shielding members BM
and may overlap with the organic layers OL1 to OL3. In one
or more embodiments, the light shielding members BM may
include an organic light shielding material or inorganic light
shielding material including a black pigment or dye. The
light shielding member BM may define a boundary between
adjacent conversion parts and may prevent or substantially
prevent lights, emitted from the organic layers OL1 to OL3,
from being mixed with each other. In other words, the light
shielding member BM may prevent or substantially prevent
a light leakage phenomenon.

[0084] In one or more embodiments, the light shielding
members BM may not be in contact with the pixel defining
layer PDL and may be printed on an exposed top surface or
bottom surface of the sealing layer TFE. In other embodi-
ments, the light shielding members BM may be disposed
over the pixel defining layer PDL. The light shielding
members BM may be mainly disposed in an area in which
the organic electroluminescence elements OEL1 to OEL3
are not disposed. In another embodiment, the sealing layer
TFE may be omitted, and an additional sealing member may
be disposed on the organic electroluminescence elements
OEL1 to OEL3.

[0085] Inaddition, a color conversion layer may further be
disposed on the sealing layer TFE. The color conversion
layer may mainly overlap with the organic layers OL1 to
OL3. The color conversion layer may include first to third
conversion parts CCF1 to CCF3. The first to third conver-
sion parts CCF1 to CCF3 may be arranged with the light
shielding member BM interposed therebetween. In other
words, the first conversion part CCF1 and the second
conversion part CCF2 are disposed on the sealing layer TFE
with the light shielding member BM interposed between the
first and second conversion parts CCF1 and CCF2. In
addition, the second conversion part CCF2 and the third
conversion part CCF3 are disposed on the sealing layer TFE
with the light shielding member BM interposed between the
second and third conversion parts CCF2 and CCF3. The
second conversion part CCF2 may be disposed between the
first conversion part CCF1 and the third conversion part
CCF3.

[0086] Referring to FIG. 6, the first conversion part CCF1
absorbs first color light emitted from a first organic layer
OL1. The second conversion part CCF2 absorbs the first
color light emitted from a second organic layer OL2. The
third conversion part CCF3 absorbs the first color light
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emitted from a third organic layer OL3. Herein, the first
color light which is blue light (B-light) will be described as
an example.

[0087] According to one or more embodiments of the
invention, the first conversion part CCF1 may include a first
illuminant. The first illuminant may absorb the first color
light from the first organic layer OL1 and may emit second
color light. Here, the second color light may be red light
(R-light). In other words, the first conversion part CCF1 may
be a light emitting area that emits the red light.

[0088] The second conversion part CCF2 may include a
second illuminant. The second illuminant may absorb the
first color light from the second organic layer O1.2 and may
emit third color light. Here, the third color light may be
green light (G-light). In other words, the second conversion
part CCF2 may be a light emitting area that emits the green
light.

[0089] The third conversion part CCF3 may not include an
illuminant. In other words, the third conversion part CCF3
may be a light emitting area that absorbs the blue light (i.e.
the first color light) from the third organic layer OL3 and
emits the blue light as it is.

[0090] Referring again to FIG. 5, a window member WM
is disposed on the color conversion layer. The window
member WM may include a display surface through which
an image is substantially displayed to the outside. In the
present embodiment, the protective member PM includes
the window member WM, the color conversion layer, and
the light shielding member BM. However, embodiments of
the invention are not limited thereto. In certain embodi-
ments, these components may be individually provided.

[0091] FIG. 7 is an enlarged view of a region “AA” of
FIG. 5. FIG. 8 is a cross-sectional view illustrating the travel
of light emitted from an organic light-emitting layer accord-
ing to one or more embodiments of the invention. FIG. 9 is
a graph illustrating a ratio of light transmitted from an
organic light-emitting layer to a conversion part in accor-
dance with a variation of a second shortest distance illus-
trated in F1G. 7. F1G. 10 is a graph illustrating a light leakage
ratio according to variations of a first shortest distance and
a third shortest distance illustrated in FIG. 7.

[0092] Referring to FIG. 7, as described with reference to
FIG. 5, the top surface of the insulating layer PL includes a
flat area FA and concave areas BA1 and BA2. The organic
layer OL2 overlaps with the first opening OP1 and is
disposed on the first electrode EL2a. The light-emitting
layer EML2 includes a flat light emitting area FL overlap-
ping with the flat area FA, and concave light emitting areas
CL1 and CL2 overlapping with the concave areas BA1 and
BA2.

[0093] According to the cross-sectional view of FIG. 8,
most of light outputted or emitted from the flat light emitting
area FL of the light-emitting layer EML2 may be condensed
to the second conversion part CCF2. This may be because
the flat light emitting area FL, overlaps with a central portion
of the second conversion part CCF2 as compared with the
concave light emitting areas CL1 and CL2 extending with
the flat light emitting area FL interposed therebetween. In
other words, since a distance from the light shielding mem-
ber BM to the flat light emitting area FL is greater than
distances from the light shielding member BM to the con-
cave light emitting areas CL1 and CL2, the light outputted
from the flat light emitting area FL. may be more condensed
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to the second conversion part CCF2 than light outputted
from the concave light emitting areas CL1 and CL2.
[0094] In addition, even though the concave light emitting
areas CL1 and CI.2 are closer to the light shielding member
BM than the flat light emitting area FL is, the light is emitted
through concave surfaces of the concave light emitting areas
CL1 and CL2, thereby improving or increasing efficiency of
the light condensed to the second conversion part CCF2.
[0095] Referring again to FIG. 7, distance conditions
between one light shielding member BM and the concave
areas BA1 and BA2 and a distance condition between one
light shielding member BM and the insulating layer PL will
be described. These distance conditions may also be applied
to the plurality of light shielding members BM. These
distance conditions may be provided to further condense the
light outputted from the light-emitting layer EML2 to the
second conversion part CCF2.

[0096] In more detail, one end of the light shielding
member BM is opposite to the second opening OP2 over-
lapping with the organic layer OL1, and another end of the
light shielding member BM is adjacent to the second open-
ing OP2 overlapping with the organic layer OL2.

[0097] A first shortest distance D1 is defined as the short-
est distance from the one end of the light shielding member
BM to a first boundary axis P1 between the concave area
BA1 and the flat area FA. A second shortest distance D2 is
defined as the shortest distance from the another end of the
light shielding member BM to the first boundary axis P1.
The second shortest distance D2 may be shorter than the first
shortest distance D1. Here, the first boundary axis P1 may
define a boundary between the flat surface and the concave
surface of each of the insulating layer PL, the organic layer
OL2, the first electrode EL2a and the second electrode
EL25.

[0098] A fifth shortest distance D5 is defined as the
shortest distance from the another end of the light shielding
member BM to a second boundary axis P2 between the
concave area BA2 and the flat area FA. The fifth shortest
distance D5 from the another end of the light shielding
member BM to the second boundary axis P2 and the second
shortest distance D2 from the another end of the light
shielding member BM to the first boundary axis P1 may be
the same.

[0099] Although not shown in FIG. 7, a sixth shortest
distance is defined as the shortest distance from the one end
of the light shielding member adjacent to the concave area
BA2 to the second boundary axis P2. The sixth shortest
distance is greater than twice the third shortest distance D3.
Also, the fifth shortest distance D5 is shorter than the sixth
shortest distance.

[0100] In addition, a third shortest distance D3 is defined
as the shortest distance between the light shielding member
BM and the insulating layer PL, and a fourth shortest
distance D4 is defined as a width of the second opening OP2
between the light shielding members BM.

[0101] The first shortest distance D1 may be a sum of a
width of the light shielding member BM in the first direction
DR1 and the second shortest distance D2. In this case, the
width of the light shielding member BM may be substan-
tially constant, and the second shortest distance D2 may be
varied.

[0102] Referring to the graph illustrated in FIG. 9, a
horizontal axis represents the second shortest distance D2,
and a unit of the second shortest distance D2 may be a
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micrometer (um). A vertical axis represents a ratio of the
amount (Im) of light condensed to the conversion part
CCF2.

[0103] According to one or more embodiments of the
invention, the second shortest distance D2 may be in a range
from 1 pm to 100 pm. In this case, the third shortest distance
D3 may be in a range from 10 pm to 20 pm. However, the
third shortest distance is not limited to the range and may be
changed according to one or more embodiments.

[0104] According to one or more embodiments of the
invention, a ratio of the second shortest distance D2 to the
fourth shortest distance D4 may be greater than 0.005:1 and
less than 0.5:1.

[0105] When the second shortest distance D2 is 0 (zero),
the amount of light condensed to the conversion part CCF2
may be a first ratio (1.00). When the second shortest distance
D2 is 0, it is considered that there is no overlapping portion
between the second opening OP2 and the concave light
emitting areas CL1 and CL2. In other words, the light-
emitting layer EML.2 may include only the flat light emitting
area FL.

[0106] Herein, the first ratio (1.00) may be defined as a
reference ratio at which light is condensed to the conversion
part CCF2. When the amount of the light condensed to the
conversion part CCF2 is less than the reference ratio, the
efficiency of the light condensed to the conversion part
CCF2 may be reduced. When the amount of the light
condensed to the conversion part CCF2 is greater than the
reference ratio, the efficiency of the light condensed to the
conversion part CCF2 may be increased.

[0107] When the third shortest distance D3 is a fixed
value, the amount (Im) of the light may be changed as the
second shortest distance D2 is varied. In other words, when
the second shortest distance D2 increases, widths of the
concave light emitting areas CL1 and CL2 in the first
direction DR1 may increase.

[0108] However, if the second shortest distance D2 is
greater than 100 pm, the amount of the light condensed to
the conversion part CCF2 is less than the reference ratio, as
illustrated in FIG. 9. This is because the widths of the
concave light emitting areas CL1 and CL2 increase but a
width of the flat light emitting area FL in the first direction
DR1 decreases as the second shortest distance D2 increases.
As a result, radii of curvature of the concave light emitting
areas CL1 and CL2 may be increased to cause a light
leakage phenomenon.

[0109] Thus, the second shortest distance D2 according to
the invention may be in the range from 1 pm to 100 pum, as
described above. As a result, it is possible to increase or
improve the efficiency of the light condensed to the conver-
sion part CCF2.

[0110] Referring to the graph illustrated in FIG. 10, a
horizontal axis represents a ratio between the first shortest
distance D1 and the third shortest distance D3. A vertical
axis represents a light leakage ratio when light emitted from
the light-emitting layer is transmitted to another conversion
part not overlapping with the light-emitting layer, not the
conversion part overlapping with the light-emitting layer.

[0111] According to one or more embodiments of the
invention, the first shortest distance D1 and the third shortest
distance D3 satisfy the following Equation 1:
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Here, “X” denotes the first shortest distance D1 and “Y”
denotes the third shortest distance D3. In other words, the
first shortest distance D1 may be greater than twice the third
shortest distance D3. As shown in the graph of FIG. 10,
when the ratio between the first and third shortest distances
D1 and D3 based on the Equation 1 is greater than 2, the
light leakage ratio is relatively low. By contrast, when the
ratio between the first and third shortest distances D1 and D3
is equal to or less than 2, the light leakage ratio rapidly
increases.

[0112] On the other hand, when the third shortest distance
D3 is varied, the amount of the light condensed to the
conversion part CCF2 may be changed according to distance
setting between the first and third shortest distances D1 and
D3. For example, light leakage of the light emitted from the
light-emitting layer EML2 may increase as the third shortest
distance D3 between the light shielding member BM and the
insulating layer PL increases. By contrast, the light leakage
of the light emitted from the light-emitting layer EML2 may
decrease as the third shortest distance D3 between the light
shielding member BM and the insulating layer PL decreases.
As a result, the efficiency of the light condensed to the
conversion part CCF2 may increase as the light leakage ratio
decreases.

[0113] However, a plurality of layers may be disposed
between the light shielding member BM and the insulating
layer, and thus the third shortest distance D3 may increase.
For example, even though not shown in the drawings, a
filling material may further be disposed between the sealing
layer TFE and the conversion part CCF2. In addition, the
third shortest distance D3 may increase as a plurality of
component layers is further disposed between the light
shielding member BM and the insulating layer PL.

[0114] According to one or more embodiments of the
invention, when the first shortest distance D1 is greater than
twice the third shortest distance D3 on the basis of the
Equation 1, the light leakage ratio is lowered, as illustrated
in FIG. 10.

[0115] Since the first shortest distance D1 is defined as the
sum of the width of the light shielding member BM in the
first direction DR1 and the second shortest distance D2, a
ratio of the second shortest distance D2 and the third shortest
distance D3 may be substantially varied. However, embodi-
ments of the invention are not limited thereto. In certain
embodiments, the width of the light shielding member BM
may also be varied.

[0116] Inother words, when the ratio between the first and
third shortest distances D1 and D3 is greater than 2 on the
basis of the Equation 1, the efliciency of the light condensed
to the conversion part may be increased or improved.
[0117] According to embodiments of the inventive con-
cept, the display panel may include the electrode and the
light-emitting layer which have the concave area and the flat
area. As a result, it is possible to improve the extraction
efficiency of the light outputted to the outside through the
display surface.

[0118] While the invention has been described with ref-
erence to some example embodiments, it will be apparent to
those skilled in the art that various changes and modifica-
tions may be made without departing from the spirit and
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scope of the invention. Therefore, it should be understood
that the above embodiments are not limiting but, rather, are
merely illustrative. Thus, the scope of the invention is to be
determined by the broadest permissible interpretation of the
following claims and their equivalents, and shall not be
restricted or limited by the foregoing description.

What is claimed is:

1. An organic electroluminescence display apparatus
comprising:

an insulating layer comprising: a flat surface; and a first
concave surface and a second concave surface extend-
ing from one end and another end of the flat surface,
respectively;

a first electrode on the insulating layer, the first electrode
comprising: a first concave electrode surface overlap-
ping with the first concave surface; a second concave
electrode surface overlapping with the second concave
surface; and a flat electrode surface overlapping with
the flat surface;

an organic layer on the first electrode;

a second electrode on the organic layer; and

a plurality of light shielding members on the second
electrode and arranged with an opening therebetween,
the opening overlapping with the organic layer,

wherein one end of a light shielding member of the
plurality of light shielding members is opposite to the
opening,

wherein a first shortest distance is defined from the one
end of the light shielding member to a first boundary
axis between the first concave surface and the flat
surface, a second shortest distance is defined from
another end of the light shielding member adjacent to
the first concave surface to the first boundary axis, and
a third shortest distance is defined from the insulating
layer to the light shielding member, and

wherein the first shortest distance is greater than twice the
third shortest distance.

2. The organic electroluminescence display apparatus of
claim 1, wherein the second shortest distance is shorter than
the first shortest distance.

3. The organic electroluminescence display apparatus of
claim 2,

wherein the first shortest distance and the third shortest
distance satisfy the following Equation 1:

X 2
= >
R

where “X” is the first shortest distance and “Y” is the third
shortest distance, and

wherein the third shortest distance is fixed.

4. The organic electroluminescence display apparatus of
claim 2, wherein the second shortest distance is from 1 pm
to 100 pm.

5. The organic electroluminescence display apparatus of
claim 4,

wherein a fourth shortest distance is defined to correspond

to a width of the opening, and

wherein a ratio of the second shortest distance to the

fourth shortest distance is greater than 0.005:1 and less
than 0.5:1.

6. The organic electroluminescence display apparatus of

claim 1,
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wherein a fifth shortest distance is defined from another
end of the light shielding member adjacent to the
second concave surface to a second boundary axis
between the second concave surface and the flat sur-
face, and a sixth shortest distance is defined from the
one end of the light shielding member adjacent to the
second concave surface to the second boundary axis,
and

wherein the sixth shortest distance is greater than twice
the third shortest distance.

7. The organic electroluminescence display apparatus of
claim 6, wherein the fifth shortest distance is shorter than the
sixth shortest distance.

8. The organic electroluminescence display apparatus of
claim 1, further comprising:

a color conversion layer on the second electrode and
including an illuminant that absorbs first color light
outputted from the organic layer and emits light having
a color different from the first color light.

9. The organic electroluminescence display apparatus of

claim 8, wherein the illuminant comprises:

a first illuminant absorbing the first color light and emit-
ting second color light; and

a second illuminant absorbing the first color light and
emitting third color light having a color different from
the second color light.
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10. The organic electroluminescence display apparatus of
claim 9, wherein the color conversion layer comprises:

a first conversion part including the first illuminant;

a second conversion part including the second illuminant;

and
a third conversion part transmitting the first color light.
11. The organic electroluminescence display apparatus of
claim 10,
wherein the first, second, and third conversion parts are
spaced apart from each other in a plan view, and

wherein the light shielding members are arranged
between the first, second, and third conversion parts
spaced apart from each other.

12. The organic electroluminescence display apparatus of
claim 8, wherein the first color light is blue light.

13. The organic electroluminescence display apparatus of
claim 1, wherein the first concave surface and the second
concave surface are symmetrical with respect to the flat
surface.

14. The organic electroluminescence display apparatus of
claim 1, further comprising:

a pixel defining layer on the insulating layer and exposing

a portion of the first electrode overlapping with the
organic layer.
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