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(57) ABSTRACT

An organic light emitting diode (OLED) display includes a
first electrode, a pixel defining layer that at least partially
exposes the first electrode, an organic light emitting layer on
the first electrode, a thin-film encapsulation layer on the
organic light emitting layer, and a light shielding member on
the thin-film encapsulation the light shielding member over-
lapping the pixel defining layer. The organic light emitting
layer includes a main area not overlapping the pixel defining
layer and a sub area overlapping the pixel defining layer. The
main area includes an open portion not overlapping the light
shielding member and a shadow portion around the open
portion overlapping the light shielding member.
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ORGANIC LIGHT EMITTING DIODE
DISPLAY

[0001] Korean Patent Application No. 10-2018-0116734,
filed on Oct. 1, 2018, in the Korean Intellectual Property
Office, and entitled: “Organic Light Emitting Diode Dis-
play,” is incorporated by reference herein in its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to an organic light emitting
diode (OLED) display.

2. Description of the Related Art

[0003] Organic light emitting diode (OLED) displays are
a kind of self-luminous display. An OLED display includes
an organic light emitting layer interposed between a pixel
electrode and a counter electrode. When the two electrodes
respectively inject electrons and holes into the organic light
emitting layer, the electrons and the holes combine together
to form excitons, and light is generated as the excitons fall
from an excited state to a ground state.

SUMMARY

[0004] Embodiments are directed to an organic light emit-
ting diode (OLED) display including a first electrode, a pixel
defining layer that at least partially exposes the first elec-
trode, an organic light emitting layer on the first electrode,
a thin-film encapsulation layer on the organic light emitting
layer, and a light shielding member on the thin-film encap-
sulation the light shielding member overlapping the pixel
defining layer. The organic light emitting layer includes a
main area not overlapping the pixel defining layer and a sub
area overlapping the pixel defining layer. The main area
includes an open portion not overlapping the light shielding
member and a shadow portion overlapping the light shield-
ing member and disposed around the open portion.

[0005] The pixel defining layer and the light shielding
member may overlap each other such that the cross-sectional
center of the pixel defining layer matches that of the light
shielding member. The width of the pixel defining layer may
be less than that of the light shielding member.

[0006] The width of the pixel defining layer may be about
3 um to about 5 pum.

[0007] The width of the shadow portion may be about 6.5
um to about 7.5 pm.

[0008] The organic light emitting layer may include a first
organic light emitting layer emitting red light, a second
organic light emitting layer emitting green light, and a third
organic light emitting layer emitting blue light.

[0009] In the sub area, any one of the first through third
organic light emitting layers may be on a side surface and an
upper surface of the pixel defining layer. Another one of the
first through third organic light emitting layers may be on
another side surface and the upper surface of the pixel
defining layer.

[0010] In the sub area, any one of the first through third
organic light emitting layers may be on both side surfaces
and an upper surface of the pixel defining layer. Another one
of the first through third organic light emitting layers may be
on both side surfaces and the upper surface of the pixel
defining layer.
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[0011] The first through third organic light emitting layers
may overlap each other in the sub area.

[0012] The shadow portion and the sub area may change
to non-light emitting areas as time elapses.

[0013] The width of the light shielding member may
increase in proportion to the thickness of the thin-film
encapsulation layer.

[0014] Embodiments are directed to an OLED display
including a first electrode, a pixel defining layer that at least
partially exposes the first electrode, an organic light emitting
layer that is on the first electrode, a thin-film encapsulation
layer that is on the organic light emitting layer, and a light
shielding member that is on the thin-film encapsulation layer
and overlaps the pixel defining layer. The organic light
emitting layer includes a main area not overlapping the pixel
defining layer and a sub area overlapping the pixel defining
layer, the main area including an open portion not overlap-
ping the light shielding member and a shadow portion
overlapping the light shielding member and located around
the open portion, wherein the open portion is a strong light
emitting area. Each of the shadow portion and the sub area
is a weak light emitting area having a lower emission
intensity than the strong light emitting area.

[0015] The emission intensity of the shadow portion may
be greater than that of the sub area.

[0016] The emission intensity of each of the shadow
portion and the sub area may decrease as the distance from
the open portion increases.

[0017] Embodiments are also directed to an OLED display
including a first electrode, a pixel defining layer that at least
partially exposes the first electrode, an organic light emitting
layer on the first electrode, the organic light emitting layer
including a first light emitting layer and a second light
emitting layer, a thin-film encapsulation layer on the organic
light emitting layer, and a light shielding member on the
thin-film encapsulation, the light shielding member overlap-
ping the pixel defining layer. The organic light emitting layer
may include a main area not overlapping the pixel defining
layer and a sub area overlapping the pixel defining layer. The
main area may include an open portion not overlapping the
light shielding member and a shadow portion overlapping
the light shielding member and located around the open
portion.

[0018] The organic light emitting layer may further
include a charge generation layer between the first light
emitting layer and the second light emitting layer.

[0019] Light emitted from the first light emitting layer and
light emitted from the second light emitting layer may have
a same color and have different peak wavelength ranges.

[0020] The pixel defining layer and the light shielding
member may overlap each other such that the cross-sectional
center of the pixel defining layer matches that of the light
shielding member. The width of the pixel defining layer may
be less than that of the light shielding member.

[0021] The width of the pixel defining layer may be about
3 um to about 5 um.

[0022] The width of the shadow portion may be about 6.5
um to about 7.5 um.

[0023] The shadow portion and the sub area may change
to non-light emitting areas as time elapses.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Features will become apparent to those of skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

[0025] FIG. 1 illustrates a schematic view of an organic
light emitting diode (OLED) display according to an
embodiment;

[0026] FIG. 2 illustrates a cross-sectional view of the
OLED display according to the embodiment, taken along
line I-I' of FIG. 1;

[0027] FIGS. 3 and 4 illustrate enlarged views of an
OLED display according to an embodiment, taken along
area A of FIG. 2;

[0028] FIG. 5 illustrates a change in the OLED display of
FIG. 3 or 4 over time;

[0029] FIGS. 6 and 7 illustrate enlarged views of an
OLED display according to an embodiment, taken along the
area A of FIG. 2;

[0030] FIG. 8 illustrates a change in the OLED display of
FIG. 6 or 7 over time;

[0031] FIGS. 9 and 10 illustrate enlarged views of an
OLED display according to an embodiment, taken along the
area A of FIG. 2;

[0032] FIG. 11 illustrates a change in the OLED display of
FIG. 9 or 10 over time; and

[0033] FIG. 12 illustrates a cross-sectional view of an
OLED display according to an embodiment, taken along the
line I-I' of FIG. 1.

DETAILED DESCRIPTION

[0034] Example embodiments will now be described more
fully hereinafter with reference to the accompanying draw-
ings; however, they may be embodied in 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 exemplary implementations to those skilled in the
art.

[0035] In the drawing figures, the dimensions of layers
and regions may be exaggerated for clarity of illustration. It
will also be understood that when a layer or element is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Where an element is described as being
is related to another element such as being “directly on”
another element or “located directly on” a different layer or
a layer, indicates a case where an element is located on
another element or a layer with no intervening element or
layer therebetween. Further, it will be understood that when
a layer is referred to as being “under” another layer, it can
be directly under, and one or more intervening layers may
also be present. In addition, it will also be understood that
when a layer is referred to as being “between” two layers, it
can be the only layer between the two layers, or one or more
intervening layers may also be present. Like reference
numerals refer to like elements throughout.

[0036] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation in addition to

» <
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the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” other elements or features would then
be oriented “above” the other elements or features. Thus, the
exemplary term “below” can encompass both an orientation
of above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.
[0037] FIG. 1 illustrates a schematic view of an organic
light emitting diode (OLED) display 1 according to an
embodiment.

[0038] Referring to FIG. 1, the OLED display 1 may
include a display area DA and a non-display area NDA. The
display area DA may be in a central part of the OLED
display 1. The display area DA may include a plurality of
pixels PX. Each of the pixels PX may emit light of a unique
color. In an embodiment, the pixels PX may include red
pixels, green pixels, and blue pixels.

[0039] The non-display area NDA may be around the
display area DA, for example, in a periphery thereof. The
non-display area NDA may include a driver. The driver may
provide electrical signals such as data signals or scan signals
to the display area DA.

[0040] FIG. 2 illustrates a cross-sectional view of the
OLED display 1 taken along line I-I' of FIG. 1. FIGS. 3 and
4 illustrate enlarged views of an OLED display 1 according
to an embodiment, taken along area A of FIG. 2. FIG. 5
illustrates a change in the OLED display 1 of FIG. 3 or FIG.
4 over time.

[0041] Referring to FIGS. 2 through 5, the OLED display
1 according to the embodiment may include a substrate 100
having pixel areas and transistor areas, a buffer layer 110
located on the substrate 100, a semiconductor layer ACT
located on the buffer layer 110 of each of the transistor areas,
a gate electrode GAT insulated from the semiconductor layer
ACT, a gate insulating layer 120 insulating the semiconduc-
tor layer ACT from the gate electrode GAT, an interlayer
insulating film 130 disposed on the gate electrode GAT,
source/drain electrodes SD insulated from the gate electrode
GAT and electrically connected to the semiconductor layer
ACT through contact holes CNT1, a planarization layer 150
located on the source/drain electrodes SD, a first electrode
PE located on the planarization layer 150 and electrically
connected to one of the source/drain electrodes SD, and a
pixel defining layer PDL defining each pixel area through
respective openings OP formed on the first electrode PE. The
pixeled defining layer PDL may partially expose the first
electrode PE.

[0042] The substrate 100 may be made of a transparent
glass material containing SiO, as its main component. In
some implementations, the substrate 100 may be made of a
transparent plastic material. The transparent plastic material
may be, for example, an insulating organic material such as
polyethersulfone (PES), polyacrylate (PAR), polyetherimide
(PEI), polyethylene naphthalate (PEN), polyethylene
terephthalate (PET), polyphenylene sulfide (PPS), polyally-
late, polyimide, polycarbonate (PC), cellulose triacetate
(TAC), or cellulose acetate propionate (CAP).

[0043] The buffer layer 110 may be formed on the sub-
strate 100 to ensure the smoothness of the substrate 100 and
block the penetration of impurities. The buffer layer 110 may
be a single layer such as a silicon oxide (SiOx) layer, a
silicon nitride (SiNx) layer or a silicon oxynitride (SiO,NXx)
layer or may be a multilayer made up of these layers.
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[0044] The semiconductor layer ACT may be on the buffer
layer 110. The semiconductor layer ACT may be made of
silicon (Si), for example, amorphous silicon (a-Si) or poly-
silicon (p-Si). In some implementations, the semiconductor
layer ACT may be made of, for example, germanium (Ge),
gallium phosphide (GaP), gallium arsenide (GaAs), or alu-
minum arsenide (AlAs). In some implementations, the semi-
conductor layer ACT may be a silicon semiconductor layer
formed by diffusing n-type impurities to a silicon-on-insu-
lator (SOI) substrate at a low concentration. In some imple-
mentations, the semiconductor layer ACT may be formed by
doping a portion of a-Si doped with p-type or n-type
impurities.

[0045] The gate insulating layer 120 may be on the
semiconductor layer ACT to cover the semiconductor layer
ACT and to insulate the semiconductor layer ACT from the
gate electrode GAT. Like the buffer layer 110, the gate
insulating layer 120 may be a SiOx layer, a SiNx layer, or
a Si0,Nx layer, or may be a multilayer made of these layers.
The gate insulating layer 120 may be made of the same
material as the buffer layer 110 or may be made of a different
material from the buffer layer 110.

[0046] The gate electrode GAT may be formed on the gate
insulating layer 120. The gate electrode GAT may control
light emission of each pixel PX by transmitting a gate signal.
The gate electrode GAT may be a single layer of an
aluminum alloy such as aluminum (Al), chromium-alumi-
num (Cr—Al), molybdenum-aluminum (Mo—Al) or alumi-
num-neodymium (Al—Nd) or may be in a form of a
multilayer including an Alalloy stacked on a Cr or Mo alloy.

[0047] The interlayer insulating film 130 may be on the
gate electrode GAT. The interlayer insulating film 130 may
electrically insulate the gate electrode GAT from the source/
drain electrodes SD. Like the buffer layer 110, the interlayer
insulating film 130 may be a SiOx layer, a SiNx layer or a
SiO,Nx layer, or may be a multilayer including these layers.

[0048] The source/drain electrodes SD electrically con-
nected to the semiconductor layer ACT may be formed on
the interlayer insulating film 130. The source/drain elec-
trodes SD may be made of, for example, any one of Mo, Cr,
tungsten (W), molybdenum tungsten (MoW), Al, AI—Nd,
titanium (TiN), titanium nitride (TiN), copper (Cu), a Mo
alloy, an Al alloy, and a Cu alloy. The source/drain elec-
trodes SD may be electrically connected to each other by the
semiconductor layer ACT and may apply a voltage to the
first electrode PE.

[0049] An additional insulating layer 140 may be provided
on the source/drain electrodes SD. The planarization layer
150 for substrate planarization may be provided on the
insulating layer 140. The planarization layer 150 may be
made of an organic acrylic material.

[0050] The first electrode PE may be located on the
planarization layer 150 and may be electrically connected to
the source/drain electrodes SD. The first electrode PE and
one of the source/drain electrodes. SD may be connected
through a contact hole CNT2 penetrating the insulating layer
140 and the planarization layer 150. Therefore, a driving
voltage can be applied from the source/drain electrodes SD
to the first electrode PE.

[0051] The first electrode PE may be made of a transparent
conductive material. The transparent conductive material
may include one or more of indium tin oxide (ITO), indium
zine oxide (1Z0), carbon nanotubes, a conductive polymer,
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and nanowires. The first electrode PE may be made of, for
example, a mixture of one or more of the transparent
conductive materials.

[0052] The pixel defining layer PDL for defining each
pixel area may be formed on the first electrode PE. The pixel
defining layer PDL may be formed on the entire substrate
100 to cover the planarization layer 150. The openings OP,
each exposing a portion of the first electrode PE, may be
formed in the pixel defining layer PDL to define the pixel
areas. For example, the pixel defining layer PDL may
overlap a portion of the first electrode PE including edges in
a thickness direction TD. The pixel defining layer PDL may
include at least one organic material selected from benzo-
cyclobutene (BCB), polyimide (PI), polyamide (PA), acrylic
resin, and phenolic resin.

[0053] When the planarization layer 150 and the pixel
defining layer PDL are made of an organic material, out-
gassing may occur during a baking process or during driving
due to moisture (H,0), sulfur (S) and fluorine (F). The
outgassing can oxidize an organic light emitting layer EDL,
and each pixel area can be reduced over time. Accordingly,
this can reduce the luminance and life of the OLED display
1 and increase the color deviation of the OLED display 1.
[0054] The pixel defining layer PDL may partially overlap
by a light shielding member BM along the thickness direc-
tion TD, as will be described below. According to an
embodiment, when seen in cross section, a center of the
pixel defining layer PDL may match the center of the light
shielding member BM along the thickness direction TD,
such that a cross-sectional center of the pixel defining layer
PDL matches that of the light shielding member BM. The
width of the pixel defining layer PDL, for example, along a
direction perpendicular to the thickness direction TD, may
be less than the width of the light shielding member BM.
The organic light emitting layer EDL overlapped by the light
shielding member BM in the thickness direction may
include a shadow portion SH in each section not overlapping
the pixel defining layer PDL and a sub area SB in each
section overlapping the pixel defining layer PDL.

[0055] Ifthe pixel defining layer PDL were to have a large
width, it could be difficult to secure a space for the shadow
portion SH. For example, the pixel defining layer PDL may
just be wide enough to secure a space for the shadow portion
SH at edges of each pixel area, such that the actual size of
each pixel area can be maintained constant. For example, the
cross-sectional width of the pixel defining layer PDL may be
about 3 pum to about 5 um.

[0056] The OLED display 1 may further include an
organic light emitting layer EDL, which is disposed on the
first electrode PE of each pixel area, and a second electrode
CE and a thin-film encapsulation layer TFE, which are
formed on the organic light emitting layer EDL.

[0057] The first electrode PE may be an anode or a cathode
of the organic light emitting layer EDL. When the first
electrode PE is an anode, the second electrode CE may be
a cathode. Embodiments will be described below based on
the assumption that the first electrode PE is an anode and the
second electrode CE is a cathode. However, in some imple-
mentations, the first electrode PE may be a cathode and the
second electrode CE may be an anode.

[0058] The first electrode PE used as an anode may be
made of a conductive material having a high work function.
When the OLED display 1 is a bottom emission display, the
first electrode PE may be made of a material such as 1TO,
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170, ZnO or In,O, or may be a stacked layer of these
materials. When the OLED display 1 is a top emission
display, the first electrode PE may further include a reflec-
tive layer made of Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li,
or Ca.

[0059] The organic light emitting layer EDL may be on the
first electrode PE. The organic light emitting layer EDL may
overlap the first electrode PE along the thickness direction
TD in each opening OP of the pixel defining layer PDL. The
organic light emitting layer EDL may be made of a high or
low molecular weight organic material that uniquely emits
any one of red light, green light and blue light. In some
implementations, the organic light emitting layer EDL may
be made of a mixture of high and low molecular weight
materials. In some embodiments, the organic light emitting
layer EDL may include a host material and a dopant mate-
rial.

[0060] The second electrode CE may be formed on the
pixel defining layer PDL. When the second electrode CE is
used as a cathode, the second electrode CE may be made of
a conductive material having a low work function. For
example, the second electrode CE may be made of Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, or Ca.

[0061] In order to form the organic light emitting layer
EDL using a deposition method, a mask (e.g., a fine metal
mask (FMM)) having opening patterns corresponding to
patterns of the organic light emitting layer EDL to be formed
on the substrate 100 may be placed close to the substrate
100. A deposition material may be deposited on the substrate
100 through the mask to form the desired organic light
emitting layer EDL. The organic light emitting layer EDL
may include a first organic light emitting layer ED1 that
emits red light, a second organic light emitting layer ED2
that emits green light, and a third organic light emitting layer
ED3 that emits blue light.

[0062] The first organic light emitting layer ED1, the
second organic light emitting layer ED2 and the third
organic light emitting layer ED3 may be sequentially
stacked on the first electrodes PE and the pixel defining layer
PDL through an FMM. Different organic light emitting
layers adjacent to each other may partially overlap each
other in the thickness direction TD on the pixel defining
layer PDL. Fach organic light emitting layer may include a
main area MA and the sub area SB. The main area MA of
each organic light emitting layer is a section in which the
organic light emitting layer overlaps the first electrode PE in
the thickness direction TD and directly contacts the first
electrode PE. The sub area SB of each organic light emitting
layer 1s a section that overlaps the pixel defining layer PDL
in the thickness direction TD and directly contacts the pixel
defining layer PDL.

[0063] The main area MA may include an open portion
OPN that does not overlap the light shielding member BM
in the thickness direction and the shadow portion SH, which
overlaps the light shielding member BM. The shadow por-
tion SH may change from a light emitting area to a non-light
emitting area as time elapses.

[0064] When an electric field is formed between the first
electrode PE and the second electrode CE, an organic light
emitting layer may receive holes from the first electrode PE
and electrons from the second electrode CE. The holes and
the electrons transported to the organic light emitting layer
may combine together to form excitons in an excited state.
Energy transfer may occur between a host and a dopant
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when the excitons are moved by diffusion, and light may be
emitted as the excitons fall to a ground state.

[0065] However, if the organic light emitting layer is
oxidized over time by moisture (H,O) or fluorine (F) gen-
erated from the planarization layer 150 or the pixel defining
layer PDL made of an organic material, light emitted from
the organic light emitting layer may gradually decrease.
Eventually, the organic light emitting layer may change to a
non-light emitting layer that does not emit light.

[0066] The sub area SB may include a region in which a
single organic light emitting layer is disposed and a region
in which two or more different organic light emitting layers
overlap each other. The cross section of the pixel defining
layer PDL illustrated in FIGS. 3 through 5 is rectangular.
However, in some implementations, the cross-sectional
shape of the pixel defining layer PDL may be another shape,
such as a trapezoidal shape. In this case, a single organic
light emitting layer may be disposed on inclined surfaces of
the trapezoid, and two different organic light emitting layers
may be disposed on an upper surface of the trapezoid to
overlap each other. In the sub area SB, the region in which
a single organic light emitting layer is disposed may change
from a weak light emitting region to a non-light emitting
region as time elapses. In addition, the region in which two
or more different organic light emitting layers overlap each
other along the thickness direction TD may be a non-light
emitting region.

[0067] The distance between the first electrode PE and the
second electrode CE along the thickness direction may be
greater in the region in which a single organic light emitting
layer is disposed in the sub area SB than in a pixel area.
Accordingly, the voltage required by the organic light emit-
ting layer to emit light may be greater in the region in which
a single organic light emitting layer is disposed. Therefore,
even if the same voltage is applied to the main area MA and
this region of the sub area SB, less light may be emitted from
the region in which a single organic light emitting layer is
disposed.

[0068] In addition, as described above, if the organic light
emitting layer is oxidized over time by H,O or F generated
from the planarization layer 150 or the pixel defining layer
PDL made of an organic material, light emitted from the
organic light emitting layer may gradually decrease. Even-
tually, the organic light emitting layer may change to a
non-light emitting layer that does not emit light.

[0069] Inthe sub area SB, the region in which two or more
different organic light emitting layers overlap each other
along the thickness direction TD may be a non-light emitting
region SP. When two different organic light emitting layers
overlap each other, holes transported from the first electrode
PE and electrons transported from the second electrode CE
may not be easily combined, and a greater voltage may be
required for light emission. In some instances, light may not
be emitted.

[0070] According to an embodiment, mixed light may be
emitted from the sub area SB of each organic light emitting
layer. For example, when the first organic light emitting
layer ED1 emitting red light and the second organic light
emitting layer ED2 emitting green light overlap each other
along the thickness direction TD, weak yellow light may be
emitted. When the second organic light emitting layer ED2
emitting green light and the third organic light emitting layer
ED3 emitting blue light overlap each other, weak cyan light
may be emitted. When the first organic light emitting layer
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ED1 emitting red light and the third organic light emitting
layer ED3 emitting blue light overlap each other, weak
magenta light may be emitted.

[0071] In the sub area SB, two or more different organic
light emitting layers may overlap each other along the
thickness direction TD on an upper surface of the pixel
defining layer PDL. In some implementations, two or more
different organic light emitting layers may also overlap each
other along the thickness direction TD not only on the upper
surface of the pixel defining layer PDL but also on both side
surfaces of the pixel defining layer PDL.

[0072] Each organic light emitting layer overlapping the
light shielding member BM along the thickness direction TD
may include the shadow portion SH and the sub area SB.
The length of each organic light emitting layer overlapping
the light shielding member BM in the thickness direction TD
may vary according to the aperture ratio of the organic light
emitting layer and the resolution of the display 1. For
example, the length of each organic light emitting layer
overlapping the light shielding member BM in the thickness
direction TD may decrease as the aperture ratio of the
organic light emitting layer and the resolution of the display
1 increase. For example, the length of each organic light
emitting layer overlapping the light shielding member BM
in the thickness direction TD may be about 0.1 pm to about
18 pm.

[0073] When the organic light emitting layer EDL is
deposited through a mask, an organic material may be
insufficiently deposited in an edge portion of each organic
light emitting layer to be formed. If this phenomenon were
to occur in the main area MA, a light emitting area could be
reduced.

[0074] However, according to an implementation, an edge
portion of the main area MA corresponds to the shadow
portion SH. Accordingly, the organic material may be insuf-
ficiently deposited in the shadow portion SH, which is an
area assumed to eventually change to a non-pixel area NPX
as time elapses. Therefore, the insufficient deposition of the
organic material may not be of concern.

[0075] The thin-film encapsulation laver TFE may be
disposed on the second electrode CE. The thin-film encap-
sulation layer TFE may encapsulate the organic light emit-
ting layer EDL and may prevent impurities such as moisture
or air from being introduced from outside the display 1 to
damage or denature the organic light emitting layer EDL. In
an embodiment, the thin-film encapsulation layer TFE may
include one or more inorganic encapsulation layers 161 and
163 and one or more organic encapsulation layers 162. The
inorganic encapsulation layers 161 and 163 and the organic
encapsulation layers 162 may be alternately disposed. For
example, the thin-film encapsulation layer TFE may include
a first inorganic encapsulation layer 161 disposed on the
second electrode CE, an organic encapsulation layer 162
disposed on the first inorganic encapsulation layer 161, and
a second inorganic encapsulation layer 163 disposed on the
organic encapsulation layer 162. The thin-film encapsulation
layer TFE is shown in FIG. 2 as being made up of three
layers. In some implementations, the thin-film encapsulation
layer TFE may further include an encapsulation layer made
of a siloxane-based material such as hexamethyldisiloxane.
[0076] The substrate 100 may include pixel areas PX1
through PX3 and non-pixel areas NPX. Each of the non-
pixel areas NPX may be a non-light emitting area into which
the shadow portion SH and the sub area SB described above
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are changed over time. Each of the pixel areas PX1 through
PX3 may be an area where a pixel as a minimum unit for
displaying an image is located. The pixel electrode PE may
be located in each of the pixel areas PX1 through PX3. A
switching element may be located in each of the non-pixel
areas NPX. The switching element may be, for example, a
thin-film transistor.

[0077] The light shielding member BM may overlap each
thin-film transistor including the gate electrode GAT, the
semiconductor layer ACT and the source/drain electrodes
SD, the contact holes CNT1 and CNT2, and the pixel
defining layer PDL along the thickness direction TD. The
light shielding member BM may include a light shielding
pigment such as black carbon and may include a photosen-
sitive organic material. In some implementations, the light
shielding member BM may also include an inorganic reflec-
tive/absorbing layer or a metal. For example, the light
shielding member BM may be made of Al or Ag, which is
a metal having high reflectance. The light shielding member
BM formed as a reflective metal layer may totally reflect
incident light, thereby improving light efficiency as com-
pared with when formed of a light absorbing material.

[0078] The light shielding member BM may block mixed
light that the sub area SB emits until the sub area SB changes
from a weak light emitting area to a non-light emitting area.
The light shielding member BM may be formed at an angle
and distance for blocking mixed light emitted from the sub
area SB. For example, when an area that emits mixed light
is constant, a viewing angle at which the mixed light can be
recognized may be constant. When the viewing angle is
constant, the width along a direction perpendicular to the
thickness direction TD of the light shielding member BM for
blocking mixed light may be reduced as the distance
between the mixed light emitting area and the light shielding
member BM decreases. For example, the smaller the height
of the organic layer in the thickness direction TD, the
smaller the width of the light shielding member BM along
a direction perpendicular to the thickness direction TD to
block the mixed light. The viewing angle at which the mixed
light can be recognized may be defined as an included angle
61 between a line extending in a direction perpendicular to
the substrate 100 and an imaginary line connecting a side
surface of the mixed light emitting area and a side surface of
the light shielding member BM.

[0079] When the viewing angle is constant, the width of
the light shielding member BM for blocking mixed light
may be increased as the distance between the mixed light
emitting area and the light shielding member BM increases.
For example, the greater the height of the organic layer, the
greater the width of the light shielding member BM to block
the mixed light.

[0080] In addition, when the height of the organic layer is
constant, if the viewing angle at which mixed light can be
recognized is widened because two different organic light
emitting layers are not only on the upper surface of the pixel
defining layer PDL but also on both side surfaces of the pixel
defining layer PDL, the width of the light shielding member
BM may be increased to block the mixed light.

[0081] Hereinafter, elements identical to those of the
above-described embodiment will be indicated by the same
reference numerals. In addition, any redundant description
will not be repeated, and differences will be mainly
described.
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[0082] FIGS. 6 and 7 illustrate enlarged views of an
OLED display according to an embodiment, taken along the
area A of FIG. 2. FIG. 8 illustrates a change in the OLED
display of FIG. 6 or 7 over time.

[0083] Referring to FIGS. 6 through 8, the current
embodiment differs from the embodiment of FIGS. 3
through 5 in that a first organic light emitting layer ED1, a
second organic light emitting layer ED2, and a third organic
light emitting layer ED3 are all stacked on a pixel defining
layer PDL. For example, organic light emitting layers of
adjacent pixels extend along respective levels of the pixel
defining layer facing that pixel and along an upper surface
of the pixel defining layer PDL

[0084] For example, in the OLED display according to the
current embodiment, the first organic light emitting layer
EDI, the second organic light emitting layer ED2 and the
third organic light emitting layer ED3 may be sequentially
stacked on pixel electrodes and the pixel defining layer PDL
through an FMM, and two different organic light emitting
layers adjacent to each other may be stacked on the pixel
defining layer PDL to partially overlap each other in the
thickness direction TD. Another organic light emitting layer
ED1_2,ED_2 or ED3_2 different from the two organic light
emitting layers overlapping each other may be further
stacked on the two organic light emitting layers.

[0085] Each organic light emitting layer may include a
main area MA and a sub area SB. The main area MA of each
organic light emitting layer may be a section in which the
organic light emitting layer overlaps a first electrode PE in
the thickness direction TD and directly contacts the first
electrode PE. The sub area SB of each organic light emitting
layer may be a section that overlaps the pixel defining layer
PDL in the thickness direction TD and directly contacts the
pixel defining layer PDL.

[0086] The main area MA may include an open portion
OPN that does not overlap a light shielding member BM in
the thickness direction TD and a shadow portion SH that
overlaps the light shielding member BM in the thickness
direction TD. The shadow portion SH may change from a
light emitting area to a non-light emitting area as time
elapses.

[0087] When an electric field is formed between the first
electrode PE and a second electrode CE, an organic light
emitting layer may receive holes from the first electrode PE
and electrons from the second electrode CE. The holes and
the electrons transported to the organic light emitting layer
may combine together to form excitons in the excited state.
Energy transfer may occur between a host and a dopant
when the excitons are moved by diffusion, and light may be
emitted as the excitons fall to the ground state.

[0088] However, if the organic light emitting layer is
oxidized over time by H,O or F generated from a planariza-
tion layer or the pixel defining layer PDL made of an organic
material, light emitted from the organic light emitting layer
may gradually decrease. Eventually, the organic light emit-
ting layer may change to a non-light emitting layer that does
not emit light.

[0089] The sub area SB may include a region in which a
single organic light emitting layer is disposed and a region
in which two or more different organic light emitting layers
overlap each other. The cross section of the pixel defining
layer PDL illustrated in FIGS. 6 through 8 is shown as being
rectangular. In some implementations, the cross section of
the pixel defining layer PDL may other shapes, such as a
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trapezoidal shape. In this case, a single organic light emitting
layer may be on inclined surfaces of the trapezoid, and three
different organic light emitting layers overlapping each other
may be on an upper surface of the trapezoid. In the sub area
SB, the region in which a single organic light emitting layer
is disposed may change from a weak light emitting region to
a non-light emitting region as time elapses. In addition, the
region in which three different organic light emitting layers
overlap each other may be a non-light emitting region.
[0090] The distance between the first electrode PE and the
second electrode CE may be greater in the region in which
a single organic light emitting layer is in the sub area SB
than in a pixel area. Accordingly, the voltage required by the
organic light emitting layer to emit light may be greater in
the sub area SB. Therefore, even if the same voltage is
applied to the main area MA and this region of the sub area
SB, less light may be emitted from the sub area SB.
[0091] If the organic light emitting layer is oxidized over
time by H,O or F generated from the planarization layer or
the pixel defining layer PDL made of an organic material,
light emitted from the organic light emitting layer may
gradually decrease. Eventually, the organic light emitting
layer may change to a non-light emitting layer that does not
emit light.

[0092] Inthe sub area SB, the region in which two or more
different organic light emitting layers overlap each other in
the thickness direction TD may be a non-light emitting
region. When three different organic light emitting layers
overlap each other along the thickness direction TD, holes
transported from the first electrode PE and electrons trans-
ported from the second electrode CE may not be easily
combined, and a greater voltage may be required for light
emission. Therefore, light may not be emitted.

[0093] According to an embodiment, mixed light may be
emitted from the sub area SB of each organic light emitting
layer. For example, when the first organic light emitting
layer ED1 emitting red light, the second organic light
emitting layer ED2 emitting green light, and the third
organic light emitting layer ED3 emitting blue light overlap
each other along the thickness direction TD, weak white
light may be emitted. In the sub area SB, three different
organic light emitting layers may overlap each other along
the thickness direction on an upper surface of the pixel
defining layer PDL. Referring to FIG. 7, in some implemen-
tations, three different organic light emitting layers ED1_1,
ED2 _1 and ED3 _1 may overlap each other along the
thickness direction TD not only on the upper surface of the
pixel defining layer PDL but also on both side surfaces of the
pixel defining layer PDL.

[0094] Each organic light emitting layer overlapping the
light shielding member BM may include the shadow portion
SH and the sub area SB. The length of each organic light
emitting layer overlapping the light shielding member BM
in the thickness direction TD may vary according to the
aperture ratio of the organic light emitting layer and the
resolution of the display. For example, the length of each
organic light emitting layer overlapping the light shielding
member BM in the thickness direction TD may decrease as
the aperture ratio of the organic light emitting layer and the
resolution of the display increase. For example, the length in
a direction perpendicular to the thickness direction TD of
each organic light emitting layer overlapping the light
shielding member BM in the thickness direction TD may be
about 0.1 um to about 18 pm.
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[0095] When an organic light emitting layer EDL is depos-
ited through a mask, an organic material may be insuffi-
ciently deposited in an edge portion of each organic light
emitting layer to be formed. If this phenomenon occurs in
the main area MA, a light emitting area may be reduced.
[0096] However, in the present disclosure, an edge portion
of the main area MA corresponds to the shadow portion SH,
and the organic material may be insufficiently deposited in
the shadow portion SH. The shadow portion SH is an area
assumed to eventually change to a non-pixel area NPX_1 as
time elapses. Therefore, the insufficient deposition of the
organic material may not be of concern.

[0097] A substrate 100 may include pixel areas PX1
through PX3 and non-pixel areas NPX_1. Each of the
non-pixel areas NPX_1 may be a non-light emitting area
into which the shadow portion SH and the sub area SB
described above are changed over time. Each of the pixel
areas PX1 through PX3 may be an area where a pixel as a
minimum unit for displaying an image is located. The pixel
electrode PE may be located in each of the pixel areas PX1
through PX3. A switching element may be located in each of
the non-pixel areas NPX_1. The switching element may be,
for example, a thin-film transistor.

[0098] The light shielding member BM may overlap each
thin-film transistor including a gate electrode GAT, a semi-
conductor layer ACT and source/drain electrodes SD, con-
tact holes CNT1 and CNT2, and the pixel defining layer
PDL along the thickness direction TD. The light shielding
member BM may include a light shielding pigment such as
black carbon and may include a photosensitive organic
material. In some implementations, the light shielding mem-
ber BM may include an inorganic reflective/absorbing layer
or a metal. For example, the light shielding member BM
may be made of Al or Ag, which is a metal having high
reflectance. The light shielding member BM formed as a
reflective metal layer may totally reflect incident light,
thereby improving light efficiency as compared with when
formed of a light absorbing material.

[0099] The light shielding member BM may block mixed
light that the sub area SB emits until the sub area SB changes
from a weak light emitting area to a non-light emitting area.
The light shielding member BM may be formed at an angle
and distance for blocking mixed light emitted from the sub
area SB. For example, when an area that emits mixed light
is constant, a viewing angle at which the mixed light can be
recognized may be constant. When the viewing angle is
constant, the width in a direction perpendicular to the
thickness direction of the light shielding member BM for
blocking mixed light may be reduced as the distance
between the mixed light emitting area and the light shielding
member BM in the thickness direction TD decreases. For
example, the smaller the height of the organic layer in the
thickness direction TD, the smaller the width in a direction
perpendicular to the thickness direction TD of the light
shielding member BM required to block the mixed light. The
viewing angle at which the mixed light can be recognized is
defined as an included angle 61 between a line extending in
a direction perpendicular to the substrate 100 and an imagi-
nary line connecting a side surface of the mixed light
emitting area and a side surface of the light shielding
member BM.

[0100] When the viewing angle is constant, the width in a
direction perpendicular to the thickness direction TD of the
light shielding member BM for blocking mixed light may be
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increased as the distance between the mixed light emitting
area and the light shielding member BM in the thickness
direction TD increases. For example, the greater the height
of the organic layer in the thickness direction TD, the greater
the width in a direction perpendicular to the thickness
direction of the light shielding member BM to block the
mixed light.

[0101] When the height of the organic layer in the thick-
ness direction TD is constant, if the viewing angle at which
mixed light can be recognized is widened because two
different organic light emitting layers are disposed not only
on the upper surface of the pixel defining layer PDL but also
on both side surfaces of the pixel defining layer PDL, the
width of the light shielding member BM in a direction
perpendicular to the thickness direction TD may be
increased to block the mixed light.

[0102] The sub area SB in which three different organic
light emitting layers overlap each other in the thickness
direction TD may emit weak white light. Accordingly, issues
that could occur due to luminance/color deviation caused by
color mixing may be reduced.

[0103] FIGS. 9 and 10 illustrate enlarged views of an
OLED display according to an embodiment, taken along the
area A of FIG. 2. FIG. 11 illustrates a change in the OLED
display of FIG. 9 or 10 over time.

[0104] Referring to FIGS. 9 through 11, the current
embodiment differs from the embodiment of FIGS. 3 and 4
in that each organic light emitting layer has a tandem stacked
structure.

[0105] For example, a first organic light emitting layer
EDI1 of the OLED display according to the current embodi-
ment may further include a charge generation layer CGL
located on a first light emitting layer ED1_4 and a second
light emitting layer ED1_5 located on the charge generation
layer CGL. A second medium layer may be located on the
second light emitting layer ED1_5.

[0106] The charge generation layer CGL may inject
charges into each light emitting layer. The charge generation
layer CGL may adjust the charge balance between the first
light emitting layer ED1_4 and the second light emitting
layer ED1_5. In some embodiments, the charge generation
layer CGL may include an n-type charge generation layer
and a p-type charge generation layer. The p-type charge
generation layer may be disposed on the n-type charge
generation layer.

[0107] The charge generation layer CGL may have a
structure in which the n-type charge generation layer and the
p-type charge generation layer are bonded to each other. The
n-type charge generation layer may be disposed closer to a
first electrode PE among the first electrode PE and a second
electrode CE. The p-type charge generation layer may be
disposed closer to the second electrode CE among the first
electrode PE and the second electrode CE. The n-type charge
generation layer may supply electrons to the first light
emitting layer ED1 4 adjacent to the first electrode PE, and
the p-type charge generation layer may supply holes to the
second light emitting layer ED1_5. When the charge gen-
eration layer CGL disposed between the first light emitting
layer ED1_4 and the second light emitting layer ED1 5
provides charges to each of the first light emitting layer
ED1_4 and the second light emitting layer ED1_5, luminous
efficiency can be improved, and a driving voltage can be
lowered.
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[0108] Like the first light emitting layer ED1_4, the sec-
ond light emitting layer ED1_5 may emit red light. In some
embodiments, red light emitted from the second light emit-
ting layer ED1_5 and red light emitted from the first light
emitting layer FD1_4 may have the same peak wavelength
range. In some embodiments, the second light emitting layer
ED1 5 may be made of the same material as the first light
emitting layer ED1_4 or may include one or more of the
materials exemplified as the material of the first light emit-
ting layer ED1 4. In some embodiments, the first light
emitting layer ED1_4 and the second light emitting layer
ED1_5 may be made of different materials, and red light
emitted from the first light emitting layer ED1 4 and red light
emitted from the second light emitting layer ED1_5 may
have different peak wavelength ranges.

[0109] The first organic light emitting layer ED1 struc-
tured as described above may include two light emitting
layers, for example, the first light emitting layer ED1_4 and
the second light emitting layer ED1_5. The first light emit-
ting layer ED1_4 and the second light emitting layer ED1_5
may be red light emitting layers. A second light emitting
layer ED2 may include two light emitting layers, for
example, a first light emitting layer ED2 4 and a second light
emitting layer ED2_5. The first light emitting layer ED2_4
and the second light emitting layer ED2_5 may be green
light emitting layers. A third organic light emitting layer
ED3 may include two light emitting layers, for example, a
first light emitting layer ED3_4 and a second light emitting
layer ED3_5. The first light emitting layer ED3_4 and the
second light emitting layer ED3_5 may be blue light emit-
ting layers.

[0110] The first organic light emitting layer ED1, the
second organic light emitting layer ED2 and the third
organic light emitting layer ED3, each including two light
emitting layers, may be sequentially stacked on pixel elec-
trodes and a pixel defining layer PDL through an FMM. Two
different organic light emitting layers adjacent to each other
may partially overlap each other on the pixel defining layer
PDL.

[0111] Each organic light emitting layer may include a
main area MA and a sub area SB. The main area MA of each
organic light emitting layer may be a section in which the
organic light emitting layer overlaps the first electrode PE in
the thickness direction TD and directly contacts the first
electrode PE. The sub area SB of each organic light emitting
layer may be a section that overlaps the pixel defining layer
PDL in the thickness direction TD and directly contacts the
pixel defining layer PDL.

[0112] The main area MA may include an open portion
OPN that does not overlap a light shielding member BM in
the thickness direction TD and a shadow portion SH that
overlaps the light shielding member BM in the thickness
direction TD. The shadow portion SH may change from a
light emitting area to a non-light emitting area as time
elapses.

[0113] For example, when an electric field is formed
between the first electrode PE and the second electrode CE,
the first light emitting layer ED1_4 may receive holes from
the first electrode PE and electrons from the charge genera-
tion layer CGL. The second light emitting layer ED1_5 may
receive holes from the charge generation layer CGL and
electrons from the second electrode CE. The holes and the
electrons transported to the first and second light emitting
layers ED1_4 and ED1_5 may combine together to form
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excitons in the excited state. Energy transfer may occur
between a host and a dopant when the excitons are moved
by diffusion, and light may be emitted as the excitons fall to
the ground state.

[0114] If an organic light emitting layer is oxidized over
time by H,O or F generated from a planarization layer or the
pixel defining layer PDL made of an organic material, light
emitted from the organic light emitting layer may gradually
decrease. Eventually, the organic light emitting layer may
change to a non-light emitting layer that does not emit light.
[0115] The sub area SB may include a region in which a
single organic light emitting layer including two light emit-
ting layers is disposed and a region in which two different
organic light emitting layers, each including two light emit-
ting layers, overlap each other in the thickness direction TD.
The cross section of the pixel defining layer PDL illustrated
in FIGS. 9 through 11 may be rectangular. In some imple-
mentations, the cross-sectional shape of the pixel defining
layer PDL may be other shapes, such as, for example, a
trapezoidal shape. In this case, an organic light emitting
layer including two light emitting layers may be disposed on
inclined surfaces of the trapezoid, and two different organic
light emitting layers, each including two light emitting
layers, may be disposed on an upper surface of the trapezoid
to overlap each other in the thickness direction TD. In the
sub area SB, the region in which a single organic light
emitting layer including two light emitting layers is disposed
may change from a weak light emitting region to a non-light
emitting region as time elapses. In addition, the region in
which two different organic light emitting layers, each
including two light emitting layers, overlap each other may
be a non-light emitting region.

[0116] The distance between the first electrode PE and the
second electrode CE may be greater in the region in which
a single organic light emitting layer including two light
emitting layers is disposed in the sub area SB than in a pixel
area. Accordingly, the voltage required by the organic light
emitting layer to emit light may be greater in the region in
which the sub area SB is disposed. Therefore, even if the
same voltage is applied to the main area MA and the sub area
SB, less light may be emitted from the sub area SB. In
addition, as described above, if the organic light emitting
layer is oxidized over time by H,O or F generated from the
planarization layer or the pixel defining layer PDL made of
an organic material, light emitted from the organic light
emitting layer may gradually decrease. Eventually, the
organic light emitting layer may change to a non-light
emitting layer that does not emit light.

[0117] In the sub area SB, the region in which two
different organic light emitting layers, each including two
light emitting layers, overlap each other may be a non-light
emitting region. When two different organic light emitting
layers, each including two light emitting layers, overlap each
other in the thickness direction TD, holes and electrons may
not be easily combined between the different organic light
emitting layers, and a greater voltage may be required for
light emission. Therefore, light may not be emitted.

[0118] According to an embodiment, mixed light may be
emitted from the sub area SB of each organic light emitting
layer. For example, when the first organic light emitting
layer ED1 emitting red light and the second organic light
emitting layer ED2 emitting green light overlap each other
in the thickness direction TD, weak yellow light may be
emitted. When the second organic light emitting layer ED2
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emitting green light and the third organic light emitting layer
ED3 emitting blue light overlap each other in the thickness
direction TD, weak cyan light may be emitted. When the
first organic light emitting layer ED1 emitting red light and
the third organic light emitting layer ED3 emitting blue light
overlap each other in the thickness direction TD, weak
magenta light may be emitted. When two different organic
light emitting layers, each including two light emitting
layers between the first electrode PE and the second elec-
trode CE, overlap each other in the thickness direction TD
in the sub area SB of FIGS. 9 through 11, a greater driving
voltage may be required than when two different organic
light emitting layers, each including one light emitting layer,
overlap each other in the thickness direction TD in the sub
area SB as in FIGS. 3 through 8. Therefore, weaker mixed
light may be emitted from the sub area SB of FIGS. 9
through 11. For example, referring to FIG. 9, four different
organic light emitting layers ED1_4, ED1_5, ED2_4 and
ED2_5 may overlap each other in the thickness direction
only on an upper surface of the pixel defining layer PDL in
the sub area SB. Referring to FIG. 10, four different organic
light emitting layers ED1_6, ED1_7, ED2_6 and ED2_7
may overlap each other in the thickness direction not only on
the upper surface of the pixel defining layer PDL but also on
both side surfaces of the pixel defining layer PDL.

[0119] Each organic light emitting layer overlapping the
light shielding member BM in the thickness direction TD
may include the shadow portion SH and the sub area SB.
The length of each organic light emitting layer overlapping
the light shielding member BM in the thickness direction TD
may vary according to the aperture ratio of the organic light
emitting layer and the resolution of the display. For example,
the length of each organic light emitting layer overlapping
the light shielding member BM in the thickness direction TD
may decrease as the aperture ratio of the organic light
emitting layer and the resolution of the display increase. For
example, the length of each organic light emitting layer
overlapping the light shielding member BM in the thickness
direction TD may be about 0.1 um to about 18 pm.

[0120] When an organic light emitting layer EDL is depos-
ited through a mask, an organic material may be insuffi-
ciently deposited in an edge portion of each organic light
emitting layer to be formed. If this phenomenon occurs in
the main area MA, a light emitting area may be reduced.
[0121] However, in the present disclosure an edge portion
of the main area MA corresponds to the shadow portion SH.
The organic material may be insufficiently deposited in the
shadow portion SH. The shadow portion SH is an area
assumed to eventually change to a non-pixel area NPX_2 as
time elapses. Therefore, the insufficient deposition of the
organic material may not be an issue.

[0122] A substrate 100 may include pixel areas PX1_1
through PX3_1 and non-pixel areas NPX_2. Each of the
non-pixel areas NPX_2 may be a non-light emitting area
into which the shadow portion SH and the sub area SB
described above are changed over time. Each of the pixel
areas PX1_1 through PX3_1 may be an area where a pixel
as a minimum unit for displaying an image is located. The
pixel electrode PE may be located in each of the pixel areas
PX1_1 through PX3_1. A switching element may be located
in each of the non-pixel areas NPX_2. The switching
element may be, for example, a thin-film transistor.

[0123] The light shielding member BM may overlap in the
thickness direction TD each thin-film transistor including a
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gate electrode GAT, a semiconductor layer ACT and source/
drain electrodes SD, contact holes CNT1 and CNT2, and the
pixel defining layer PDL. The light shielding member BM
may include a light shielding pigment such as black carbon
and may include a photosensitive organic material. In some
implementations, the light shielding member BM may also
include an inorganic reflective/absorbing layer or a metal.
For example, the light shielding member BM may be made
of Al or Ag, which is a metal having high reflectance. The
light shielding member BM formed as a reflective metal
layer may totally reflect incident light, thereby improving
light efficiency as compared with when formed of a light
absorbing material.

[0124] The light shielding member BM may block mixed
light that the sub area SB emits until the sub area SB changes
from a weak light emitting area to a non-light emitting area.
The light shielding member BM may be formed at an angle
and distance for blocking mixed light emitted from the sub
area SB. For example, when an area that emits mixed light
is constant, a viewing angle at which the mixed light can be
recognized may be constant. When the viewing angle is
constant, the width of the light shielding member BM for
blocking mixed light may be reduced as the distance
between the mixed light emitting area and the light shielding
member BM decreases. For example, the smaller the height
of the organic layer, the smaller the width of the light
shielding member BM to block the mixed light. The viewing
angle at which the mixed light can be recognized is defined
as an included angle 81 between a line extending in a
direction perpendicular to the substrate 100 and an imagi-
nary line connecting a side surface of the mixed light
emitting area and a side surface of the light shielding
member BM.

[0125] When the viewing angle is constant, the width of
the light shielding member BM for blocking mixed light
may be increased as the distance between the mixed light
emitting area and the light shielding member BM increases.
For example, the greater the height of the organic layer, the
greater the width of the light shielding member BM to block
the mixed light.

[0126] In addition, when the height of the organic layer is
constant, if the viewing angle at which mixed light can be
recognized is widened because two different organic light
emitting layers are disposed not only on the upper surface of
the pixel defining layer PDL but also on both side surfaces
of the pixel defining layer PDL, the width of the light
shielding member BM may be increased to block the mixed
light.

[0127] The height in a thickness direction TD of an
organic light emitting layer including two light emitting
layers may be greater than that of an organic light emitting
layer including one light emitting layer. Accordingly, the
width of the light shielding member BM in a direction
perpendicular to the thickness direction TD may be
increased to block mixed light emitted from the organic light
emitting layer including two light emitting layers. However,
less light may be emitted from the organic light emitting
layer including two light emitting layers than from the
organic light emitting layer including one light emitting
layer. Accordingly, the width in a direction perpendicular to
the thickness direction TD of the light shielding member BM
may be substantially the same.
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[0128] FIG. 12 illustrates a cross-sectional view of an
OLED display according to an embodiment, taken along the
line I-I' of FIG. 1.

[0129] The embodiment of FIG. 12 differs from the
embodiment of FIG. 2 in that a pixel defining layer PDL
includes a first pixel defining layer PDL1 made of an
inorganic material and a second pixel defining layer PDL2
made of an organic material.

[0130] For example, in the OLED display according to the
embodiment, the first pixel defining layer PDL1 for defining
each pixel area may be formed on each first electrode PE.
The first pixel defining layer PDL1 may be formed on the
entire substrate 100 to cover a planarization layer 150.
Openings OP, each exposing a portion of the first electrode
PE, may be formed in the first pixel defining layer PDL1 to
define the pixel areas. The first pixel defining layer PDL1
may overlap a portion of each first electrode PE including
edges in the thickness direction ID. The first pixel defining
layer PDL1 may be made of an inorganic material such as
a SiOx layer, a SiNx layer or a Si0,Nx layer or may be in
a form of a multilayer including these layers.

[0131] As described above, when the planarization layer
150 is made of an organic material, outgassing may occur
during a baking process. The outgassing could oxidize a first
medium layer for transporting electrons, thereby reducing
each pixel area. For example, the life of the display might be
reduced. However, if the first pixel defining layer PDL1
made of an inorganic material is disposed on the planariza-
tion layer 150 according to the embodiment, it may be
possible to prevent the outgassing from the planarization
layer 150, which, in turn, may improve the reliability, optical
characteristics and life dispersion of the display.

[0132] The second pixel defining layer PDL2 may be
disposed on an upper surface of the first pixel defining layer
PDLI1. The second pixel defining layer PDL2 may overlap
the first pixel defining layer PDL1 in the thickness direction
TD. A portion of each pixel electrode PE including edges,
the first pixel defining layer PDL1, and the second pixel
defining layer PDL2 may overlap each other in the thickness
direction TD. The second pixel defining layer PDL2 may not
be formed in each opening OP of the first pixel defining layer
PDL1. Accordingly, a light emitting laver EDL may be
exposed without being covered by the second pixel defining
layer PDL2.

[0133] A sidewall of the first pixel defining layer PDL1 on
the side of each opening OP and a sidewall of the second
pixel defining layer PDL2 on the side of each opening OP
may be aligned with each other. The thickness of the first
pixel defining layer PDL1 may be constant.

[0134] The second pixel defining layer PDL2 may include
at least one organic material selected from BCB, PI, PA,
acrylic resin, and phenolic resin.

[0135] By way of summation and review, an OLED dis-
play may include a pixel defining layer that surrounds edges
of each pixel electrode to form a boundary that separates a
corresponding pixel from other pixels. An organic light
emitting layer may be disposed on a pixel electrode within
each opening of the pixel defining layer. The organic light
emitting layer may be susceptible to degradation by mois-
ture or oxygen, resulting in reduced luminance in some
portions or creation of a non-light emitting area.

[0136] Embodiments provide an organic light emitting
diode (OLED) display whose pixel structure is changed to
minimize a reduction in a light emitting area
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[0137] An OLED display according to an embodiment
may help to prevent a reduction in its luminance and life that
could be due to a reduction in a light emitting area and may
reduce color deviation.

[0138] Example embodiments have been disclosed herein,
and although specific terms are employed, they are used and
are to be interpreted in a generic and descriptive sense only
and not for purpose of limitation. In some instances, as
would be apparent to one of ordinary skill in the art as of the
filing of the present application, features, characteristics,
and/or elements described in connection with a particular
embodiment may be used singly or in combination with
features, characteristics, and/or elements described in con-
nection with other embodiments unless otherwise specifi-
cally indicated. Accordingly, it will be understood by those
of skill in the art that various changes in form and details
may be made without departing from the spirit and scope
thereof as set forth in the following claims.

What is claimed is:

1. An organic light emitting diode (OLED) display, com-
prising:

a first electrode;

a pixel defining layer that at least partially exposes the

first electrode;

an organic light emitting layer on the first electrode;

a thin-film encapsulation layer on the organic light emit-

ting layer; and

a light shielding member on the thin-film encapsulation

the light shielding member overlapping the pixel defin-
ing layer,

wherein:

the organic light emitting layer includes a main area not

overlapping the pixel defining layer and a sub area
overlapping the pixel defining layer, and

the main area includes an open portion not overlapping

the light shielding member and a shadow portion
around the open portion and overlapping the light
shielding member.

2. The OLED display as claimed in claim 1, wherein:

the pixel defining layer and the light shielding member

overlap each other such that a cross-sectional center of
the pixel defining layer matches that of the light shield-
ing member, and

the width of the pixel defining layer is less than that of the

light shielding member.

3. The OLED display as claimed in claim 2, wherein the
width of the pixel defining layer is about 3 um to about 5 pm.

4. The OLED display as claimed in claim 1, wherein a
width of the shadow portion is about 6.5 um to about 7.5 pm.

5. The OLED display as claimed in claim 1, wherein the
organic light emitting layer includes a first organic light
emitting layer emitting red light, a second organic light
emitting layer emitting green light, and a third organic light
emitting layer emitting blue light.

6. The OLED display as claimed in claim 5, wherein, in
the sub area, any one of the first through third organic light
emitting layers is on a side surface and an upper surface of
the pixel defining layer, and another one of the first through
third organic light emitting layers is on another side surface
and the upper surface of the pixel defining layer.

7. The OLED display as claimed in claim 5, wherein, in
the sub area, any one of the first through third organic light
emitting layers is on both side surfaces and an upper surface
of the pixel defining layer, and another one of the first
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through third organic light emitting layers is on both side
surfaces and the upper surface of the pixel defining layer.

8. The OLED display as claimed in claim 5, wherein the
first through third organic light emitting layers overlap each
other in the sub area.

9. The OLED display as claimed in claim 1, wherein the
shadow portion and the sub area change to non-light emit-
ting areas as time elapses.

10. The OLED display as claimed in claim 1, wherein a
width of the light shielding member increases in proportion
to a thickness of the thin-film encapsulation layer.

11. An OLED display, comprising:

a first electrode;

a pixel defining layer that at least partially exposes the

first electrode;

an organic light emitting layer that is on the first electrode;

a thin-film encapsulation layer that is on the organic light

emitting layer; and

a light shielding member that is on the thin-film encap-

sulation layer and overlaps the pixel defining layer,
wherein:

the organic light emitting layer includes a main area not

overlapping the pixel defining layer and a sub area
overlapping the pixel defining layer, the main area
including an open portion not overlapping the light
shielding member and a shadow portion overlapping
the light shielding member and disposed around the
open portion, wherein the open portion is a strong light
emitting area, and each of the shadow portion and the
sub area is a weak light emitting area having a lower
emission intensity than the strong light emitting area.

12. The OLED display as claimed in claim 11, wherein the
emission intensity of the shadow portion is greater than that
of the sub area.

13. The OLED display as claimed in claim 11, wherein the
emission intensity of each of the shadow portion and the sub
area decreases as a distance from the open portion increases.

14. An OLED display comprising:

a first electrode;

a pixel defining layer that at least partially exposes the

first electrode;
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an organic light emitting layer on the first electrode, the
organic light emitting layer including a first light emit-
ting layer and a second light emitting layer;

a thin-film encapsulation layer on the organic light emit-

ting layer; and

a light shielding member on the thin-film encapsulation,

the light shielding member overlapping the pixel defin-
ing layer,

wherein:

the organic light emitting layer includes a main area not

overlapping the pixel defining layer and a sub area
overlapping the pixel defining layer, and

the main area includes an open portion not overlapping

the light shielding member and a shadow portion
around the open portion overlapping the light shielding
member.

15. The OLED display as claimed in claim 14, wherein
the organic light emitting layer further includes a charge
generation layer between the first light emitting layer and the
second light emitting layer.

16. The OLED display as claimed in claim 14, wherein
light emitted from the first light emitting layer and light
emitted from the second light emitting layer have a same
color and have different peak wavelength ranges.

17. The OLED display as claimed in claim 14, wherein:

the pixel defining layer and the light shielding member

overlap each other such that a cross-sectional center of
the pixel defining layer matches that of the light shield-
ing member, and

a width of the pixel defining layer is less than that of the

light shielding member.

18. The OLED display as claimed in claim 17, wherein
the width of the pixel defining layer is about 3 um to about
5 um.

19. The OLED display as claimed in claim 14, wherein a
width of the shadow portion is about 6.5 um to about 7.5 pm.

20. The OLED display as claimed in claim 14, wherein
the shadow portion and the sub area change to non-light
emitting areas as time elapses.

* ok % k&



patsnap

TREMOF) BNEAX-REE RE

[ (RE)S US20200105854A1 K (aH)A 2020-04-02
BRiES US16/549638 % A 2019-08-23
FRBREE AR =EETRERAH

RF(EFR)AGE)

HAT R E (TR AGE)

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

[#R1& B8 A KIM GUN HEE
PARK SANG HO
YOON JU WON
LEE SEUNG CHAN
JEON JOO HEE
KA KIM, GUN HEE
PARK, SANG HO
YOON, JU WON
LEE, SEUNG CHAN
JEON, JOO HEE
IPCH %5 HO1L27/32 HO1L51/52 H01L51/50
CPCH¥%E HO1L51/5253 H01L51/504 HO1L27/3272 HO1L51/5284 H01L27/3246 HO1L27/3211 H01L27/3248
H01L27/3258 HO1L51/5256 H01L51/5278
£ £ 1020180116734 2018-10-01 KR
SNEBEEE Espacenet USPTO
BE(E) ‘

AHEXRZ=WNE (OLED ) ERBEIEE—8R

ELBSRRE—BR

|Ems i

MEERTE , £ — B ENENENE  EANEKE L HBmEs
ER | ESREHERERGE  REXOESEERTEER, A |
AARAETSEERERERNIDIASERRERERNTR P !
B, FEXNOETSENIEERNT OBINSEXQEEBNT |

D5 AENREHS .



https://share-analytics.zhihuiya.com/view/5b2c7ad4-40df-4d73-ba71-bc2a2c79b9a1
https://worldwide.espacenet.com/patent/search/family/069945068/publication/US2020105854A1?q=US2020105854A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200105854%22.PGNR.&OS=DN/20200105854&RS=DN/20200105854

