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FIG. 2
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FIG. 7
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DISPLAY PANEL AND DISPLAY DEVICE
INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Korean Patent Application No. 10-2018-0029859,
filed on Mar. 14, 2018, in the Korean Intellectual Property
Office, and entitled: “Display Panel and Display Device
Including the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Field

[0002] Embodiments relate to a display panel and a dis-
play device.

2. Description of the Related Art

[0003] Various display devices used in multimedia devices
such as televisions, mobile phones, table computers, navi-
gation devices, and game consoles are being developed.

SUMMARY

[0004] Embodiments are directed to a display panel
including a substrate including a circuit layer, an insulation
layer on the substrate, the insulation layer defining a hole, a
first electrode on the insulation layer, the first electrode
being electrically connected to the circuit layer in the hole,
a light absorbing layer on the first electrode and overlapping
the hole, a pixel defining layer on the insulation layer and
defining an opening through which a top surface of the first
electrode is exposed, at least one organic layer including a
light emitting layer in the opening, and a second electrode on
the at least one organic layer.

[0005] The light absorbing layer may include molybde-
num (Mo) oxide.

[0006] The light absorbing layer may further include at
least one oxide of vanadium (V), niobium (Nb), tantalum
(Ta), titanium (T1), tungsten (W), germanivm (Ge), tin (Sn),
selenium (Se), or zirconium.

[0007] The light absorbing layer may include molybde-
num (Mo) oxide and tantalum (Ta) oxide.

[0008] The light absorbing layer may be directly on the
first electrode.

[0009] The light absorbing layer may be covered by the
pixel defining layer and may not overlap the light emitting
layer.

[0010] The light absorbing layer may overlap the first

electrode and the pixel defining layer.

[0011] The light absorbing layer may have a thickness of
350 A to 800 A.

[0012] The light absorbing layer may further include an
extension absorbing part extending to a top surface of the
insulation layer and non-overlapping the light emitting layer.
[0013] The first electrode may include a reflective elec-
trode, and the second electrode may include a transmissive
electrode.

[0014] The first electrode may include a multilayered
metal layer of ITO/Ag/ITO.

[0015] The first electrode may include a stepped electrode
part along a stepped portion of the hole and a flat electrode
part extending from the stepped electrode part, the flat
electrode part being on the insulation layer.
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[0016] The at least one organic layer may include a hole
transfer region between the first electrode and the light
emitting layer and an electron transfer region between the
light emitting layer and the second electrode.

[0017] The display panel may further include an encap-
sulation layer on the second electrode.

[0018] Embodiments are also directed to a display panel
including a substrate including a circuit layer, an insulation
layer on the substrate, a first electrode on the insulation
layer, the first electrode including at least one stepped part.
a light absorbing layer on the at least one stepped part, a
pixel defining layer on the insulation layer and defining an
opening through which a top surface of the first electrode is
exposed, at least one organic layer in the opening, the at least
one organic layer including a light emitting layer on the first
electrode exposed through the opening, and a second elec-
trode on the at least one organic layer.

[0019] A hole may be defined in the insulation layer. The
at least one stepped part may overlap the hole.

[0020] The light absorbing layer may include molybde-
num (Mo) oxide and tantalum (Ta) oxide.

[0021] Embodiments are also directed to a display device
including a display panel and a polarizing member on the
display panel. The display panel includes a substrate includ-
ing a circuit layer, an insulation layer on the substrate and
defining a hole, a first electrode on the insulation layer and
electrically connected to the circuit layer in the hole, a light
absorbing layer overlapping the hole, the light absorbing
layer being on the first electrode, a pixel defining layer on
the insulation layer and defining an opening through which
a top surface of the first electrode is exposed, at least one
organic layer including a light emitting layer in the opening,
and a second electrode on the at least one organic layer.
[0022] The polarizing member may include a linear polar-
izer and a /4 phase retarder between the linear polarizer and
the display panel.

[0023] The light absorbing layer may include molybde-
num (Mo) oxide and tantalum (Ta) oxide.

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 perspective view of a display
device according to an embodiment;

[0026] FIG. 2 illustrates a plan view depicting a portion of
a display panel provided in the display device according to
an embodiment;

[0027] FIG. 3 illustrates a cross-sectional view taken
along line I-I' of FIG. 2;

[0028] FIG. 4 illustrates an equivalent circuit diagram of
a pixel according to an embodiment;

[0029] FIG. 5 illustrates a cross-sectional view of the
display panel according to an embodiment;

[0030] FIG. 6 illustrates a detailed cross-sectional view of
an area AA of FIG. 5;

[0031] FIG. 7 illustrates a detailed cross-sectional view of
an area BB of FIG. 6;

[0032] FIGS. 8 and 9 illustrate graphs of a mean reflec-
tance relative to a thickness of a light blocking layer;
[0033] FIG. 10 illustrates a cross-sectional view of the
display panel according to an embodiment;

[0034] FIG. 11 illustrates a graph of a reflectance relative
to a wavelength region; and
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[0035] FIG. 12 illustrates a cross-sectional view of the
display device according to an embodiment.

DETAILED DESCRIPTION

[0036] 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.

[0037] 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. 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.

[0038] Herein, “directly disposed” may indicate that there
is no layer, film, region, plate, or the like between a portion
of the layer, the layer, the region, the plate, or the like and
the other portion. For example, “directly disposed” may
mean being disposed without using an additional member
such and an adhesion member between two layers or two
members.

[0039] FIG. 1 illustrates a perspective view of a display
device DD according to an embodiment. The display device
DD may include a display panel DP, an input sensor TSU
disposed on the display panel DP, and a polarizing member
PM disposed on the display panel DP. The polarizing
member PM may be disposed on the input sensor TSU.
[0040] In an embodiment, the display panel DP may be an
organic electroluminescence display panel. The polarizing
member PM may block external light provided to the display
panel DP from the outside. The polarizing member PM may
reduce reflected light generated in the display panel DP by
the external light.

[0041] The input sensor TSU may recognize user’s direct
touch, user’s indirect touch, object’s direct touch, or object’s
indirect touch. The input sensor TSU may sense at least one
of a position or intensity (a pressure) of touch applied from
the outside. The input sensor TSU according to an embodi-
ment may have a suitable structures or be made of suitable
materials. For example, in the display device DD according
to an embodiment, the input sensor TSU may be a touch
sensor that senses touch.

[0042] The display device DD may include the input
sensor TSU and the polarizing member PM as illustrated in
FIG. 1. In some implementations, the input sensor TSU may
be omitted.

[0043] FIG. 2 illustrates a plan view of a portion of the
display panel DP provided in the display device DD accord-
ing to an embodiment. FIG. 3 illustrates a cross-sectional
view taken along line I-I' of FIG. 2. Referring to FIGS. 2 and
3, the display panel DP may include a non-emission area
NPXA and emission areas PXA-R, PXA-G, and PXA-B.
Each of the emission arecas PXA-R, PXA-G, and PXA-B

Sep. 19,2019

may correspond to an emission area PXA that will be
described below in detail in FIG. 5. Each of the emission
areas PXA-R, PXA-G, and PXA-B may be an area through
which light generated in an organic electroluminescence
device OEL that will be described in FIGS. 4 and 5 is
emitted.

[0044] The emission areas PXA-R, PXA-G, and PXA-B
may be divided into a plurality of groups according to colors
of light generated in the organic electroluminescence device
OEL. In the display panel DP of FIGS. 2 and 3 according to
an embodiment, the emission areas PXA-R, PXA-G, and
PXA-B, which are divided into three groups emitting red
light, green light, and blue light, are exemplarily illustrated.

[0045] The emission areas PXA-R, PXA-G, and PXA-B
may have different surface areas according to the colors of
light emitted from the light emitting layer EML of the
organic electroluminescence device OEL. For example,
referring to FIG. 2, in the display panel DP according to an
embodiment, the emission area PXA-B of the organic elec-
troluminescence device OEL, which emits the blue light,
may have the largest surface area, and the emission area
PXA-G of the electroluminescence device OEL, which
emits the green light, may have smallest surface area. In
some implementations, the emission areas PXA-R, PXA-G,
and PXA-B may emit light having colors other than red
light, green light, and blue light, may have the same surface
area, or may have different ratios for the emission areas
PXA-R, PXA-G, and PXA-B from those shown in FIG. 2.

[0046] The display panel DP according to an embodiment
may include a substrate SUB and a display device layer
DP-OEL, which are successively disposed in a direction of
the third directional axis DR3. An encapsulation layer TFE
may be disposed on the display device layer DP-OEL. The
substrate SUB may include a base layer BL and a circuit
layer DP-CL.

[0047] FIG. 4 illustrates an equivalent circuit diagram of
the pixel PX according to an embodiment. FIG. 5 illustrates
a cross-sectional view of the display panel according to an
embodiment. FIG. 6 illustrates a detailed cross-sectional
view of an area AA of FIG. 5, and FIG. 7 illustrates a
detailed cross-sectional view of an area BB of FIG. 6.

[0048] FIG. 4 illustrates one scan line GL, one data line
DL, and a power line PL, the pixel PX being connected to
the scan line GL, the data line DL, and the power line PL,
as an example. The configuration of the pixel PX may vary
from that of FIG. 4.

[0049] The pixel PX may include a first transistor T1 (or
a switching transistor), a second transistor T2 (or a driving
transistor), and a capacitor Cst as pixel driving circuits
driving the organic electroluminescence device OEL. A first
power voltage ELVDD may be provided to the second
transistor T2, and a second power voltage ELVSS may be
provided to the organic electroluminescence device OEL.
The second power voltage ELVSS may be less than the first
power voltage ELVDD.

[0050] The first transistor T1 may output a scan signal
applied to the data line DL in response to a scanning signal
applied to the gate line GL. The capacitor Cst may charge a
voltage to correspond to the data signal received from the
first transistor T1. The second transistor T2 may be con-
nected to the organic electroluminescence device OEL. The
second transistor T2 may control driving current flowing
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through the organic electroluminescence device OEL to
correspond to an amount of charge stored in the capacitor
Cst.

[0051] Insome implementations, the pixel PX may further
include a plurality of transistors and a greater number of
capacitors. The organic electroluminescence device OEL
may be connected between the power line PL and the second
transistor T2.

[0052] FIG. 5 illustrates a partial cross-sectional view of
the display panel DP corresponding to the equivalent circuit
of FIG. 4. The display panel DP according to an embodiment
may include the substrate SUB including the circuit layer
DP-CL, an insulation layer 1L disposed on the substrate
SUB, a first electrode EL1 and a pixel defining layer PDL,
which are disposed on the insulation layer IL, at least one
organic layer HTR, EML, and ETR disposed on the first
electrode EL1, and a second electrode EL2 disposed on the
at least one organic layer HTR, EML, and ETR.

[0053] In the display panel DP according to an embodi-
ment, the substrate SUB may include the base layer BL and
the circuit layer DP-CL disposed on the base layer BL.
[0054] The base layer BL. may be a member that provides
a base surface on which the organic electroluminescence
device OEL is disposed. The base layer BL. may include a
glass substrate, a metal substrate, a plastic substrate, or the
like. In some implementations, the base layer BL, may be an
inorganic layer, an organic layer, or a composite layer.
[0055] In an embodiment, the circuit layer DP-CL may be
disposed on the base layer BL. and may include a buffer layer
BFL that is an inorganic layer. The buffer layer BFL may
help to prevent impurities from diffusing into the first and
second transistors T1 and T2. The buffer layer BFL may be
made of silicon nitride (SiNx), silicon oxide (SiOx), silicon
oxynitride (SiOxNy), or the like. The buffer layer BFL may
be omitted according to materials and a process conditions
of the base layer BL.

[0056] A semiconductor pattern SP1 (hereinafter, referred
to as a first semiconductor pattern) of the first transistor T1
and a semiconductor pattern SP2 (hereinafter, referred to as
a second semiconductor pattern) of the second transistor T2
may be disposed on the buffer layer BFL. Each of the first
and second semiconductor patterns SP1 and SP2 may be
selected from amorphous silicon, polysilicon, and a metal
oxide semiconductor.

[0057] A first intermediate inorganic layer 10 may be
disposed on the first semiconductor pattern SP1 and the
second semiconductor pattern SP2. A control electrode GE1
(hereinafter, referred to as a first control electrode) of the
first transistor T1 and a control electrode GE2 (hereinafter,
referred to as a second control electrode) of the second
transistor T2 may be disposed on the first intermediate
inorganic layer 10. The first and second control electrodes
GE1 and GE2 may be manufactured by the same photoli-
thography process as the scan lines GL (see FIG. 4).
[0058] A second intermediate inorganic layer 20 covering
the first and second control electrodes GE1 and GE2 may be
disposed on the first intermediate inorganic layer 10. An
input electrode DE1 (hereinafter, referred to as a first input
electrode) and an output electrode SE1 (hereinafter, referred
to as a first output electrode) of the first transistor TFR1 may
be disposed on the second intermediate inorganic layer 20.
[0059] The first input electrode DE1 and the first output
electrode SE1 may be connected to the first semiconductor
pattern SP1 through first and second contact holes CH1 and
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CH2, which pass through the first and second intermediate
inorganic layers 10 and 20, respectively. The second input
electrode EE2 and the second output electrode SE2 may be
connected to the second semiconductor pattern SP2 through
third and fourth contact holes CH3 and CH4, which pass
through the first and second intermediate inorganic layers 10
and 20, respectively. According to an embodiment the first
and second transistors T1 and T2 may have a bottom gate
structure.

[0060] The insulation layer 1L may be disposed on the
substrate SUB including the circuit layer DP-CL. Referring
to FIG. 5, the insulation layer IL. covering the first input
electrode DE1, the second input electrode DE2, the first
output electrode SE1, and the second output electrode SE2
may be disposed on the second intermediate inorganic layer
20. A hole HL may be defined in the insulation layer IL. The
insulation layer IL may provide a flat surface on the circuit
layer DP-CL except for a portion including the hole HL. The
insulation layer IL may be an organic layer. For example, the
insulation layer I, may include polyimide. The hole HL
defined in the insulation layer IL may be a via hole passing
through the insulation layer IL. A height difference between
the hole HL and the flat surface of the insulation layer 1L
may provide a stepped area.

[0061] The display device layer DP-OEL may be disposed
on the circuit layer DP-CL. The display device layer DP-
OEL may be disposed on the insulation layer IL. The display
device layer DP-OEL may include the pixel defining layer
PDL and the organic electroluminescence device OEL.
[0062] The organic electroluminescence device OEL may
include the first electrode EL1, the second electrode EL2,
and the at least one organic layer HTR, EML, and ETR
disposed between the first electrode EL1 and the second
electrode LE2. The at least one organic layer HTR, EML,
and ETR may include a light emitting layer EML, a hole
transfer region HTR, and an electron transfer region ETR.
The configuration of the organic electroluminescence device
OEL will be described below in more detail.

[0063] The first electrode EL1 of the organic electrolumi-
nescence device OEL may be disposed on the insulation
layer IL. The first electrode EL1 may be electrically con-
nected to the circuit layer DP-CL in the hole HL defined in
the insulation layer IL.

[0064] The first electrode EL1 may be disposed along the
stepped shape of the hole HL defined in the insulation layer
IL. The first electrode EL1 may be disposed along the
stepped shape of the hole HL to extend to a top surface of
the insulation layer IL that comes into contact with the
second output electrode SE2 and provides the flat surface.
For example, the first electrode EL1 may include at least one
stepped part disposed along the stepped shape of the hole
HL.

[0065] Referring to FIGS. 5 and 6, the first electrode EL1
may include a bottom electrode part EL1-B coming into
contact with the circuit layer DP-CL exposed by the hole
HL, a side electrode part EL1-S disposed on a side surface
of the hole HL, and cover electrode parts EL1-T1 and
EL1-T2 extending from the side electrode part EL1-S and
disposed on the insulation layer IL.. The bottom electrode
part EL1-B, the side electrode part EL1-S, and the cover
electrode parts EL1-T1 and EL1-T2 may be integrated with
each other. The bottom electrode part EL1-B, the side
electrode part ELL1-S, and the cover electrode parts EL1-T1
and EL1-T2 may be disposed along and conform to the
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shape of the hole HL, i.e., the stepped part of the first
electrode EL1. For example, the first electrode EL1 may
include at least one stepped part. The stepped part of the first
electrode EL1 may be referred to as the stepped electrode
part EL1-H. The first electrode EL.1 may include the stepped
electrode part EL1-H disposed to correspond to the hole HL
and a flat electrode part EL1-E extending from one end of
the stepped electrode part EL1-H.

[0066] The flat electrode part EL1-E of the first electrode
EL1 may extend onto the insulation layer IL to overlap the
light emitting layer EML in the third direction DR3. The flat
electrode part EL1-E may extend from the stepped electrode
part EL1-H and may be disposed on the insulation layer IL.
A top surface of the flat electrode part EL1-E may be
exposed through an opening OH defined in the pixel defin-
ing layer PDL.

[0067] As illustrated in FIGS. 5 and 6, the first electrode
EL1 may include the stepped electrode part EL1-H or the
stepped part to correspond to the hole HL defined in the
insulation layer IL. In the display panel DP according to
some implementations, the first electrode EL1 may include
aplurality of stepped parts or stepped electrode parts accord-
ing to the shape of the circuit layer DP-CL disposed below
the insulation layer IL.

[0068] The top surface of the electrode EL1 may be
exposed through the opening OH defined in the pixel
defining layer PDL. For example, the top surface of the flat
electrode part EL1-E of the first electrode EL1 may be
exposed through the opening OH defined in the pixel
defining layer PDL, and the at least one organic layer HTR,
EML, and ETR may be disposed on the exposed top surface
of the flat electrode part EL1-E.

[0069] The pixel defining layer PDL may be made of a
polymer resin. For example, the pixel defining layer PDL
may include a polyacrylate-based resin or a polyimide-based
resin. The pixel defining layer PDL may further include an
inorganic material in addition to the polymer resin. 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 provide 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.

[0070] The pixel defining layer PDL may be made of an
inorganic material. For example, the pixel defining layer
PDL may include silicon nitride (SiNx), silicon oxide
(810x), silicon oxynitride (SiOxNy), or the like. The pixel
defining layer PDL may define the emission area PXA. The
emission area PXA and the non-emission area NPXA may
be divided by the pixel defining layer PDL.

[0071] The first electrode EL1 constituting the organic
electroluminescence device OEL may have conductivity.
The first electrode ELL1 may be made of a metal alloy or a
conductive compound. The first electrode EL1 may be an
anode. The first electrode EL1 may be the pixel electrode. As
described above, the first electrode EL1 may be electrically
connected to the circuit layer DP-CL through the hole HL
defined in the insulation layer IL.

[0072] In the display panel DP according to an embodi-
ment, the first electrode EL1 may be a reflective electrode.
In some implementations, the first electrode EL1 may be a
transmissive electrode or a transflective electrode. When the
first electrode EL1 is a transflective electrode or a reflective
electrode, the first electrode ELL1 may include Ag, Mg, Cu,
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Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo,
Ti, or a compound or mixture (e.g., a mixture of Ag and Mg)
thereof. In some implementations, the first electrode EL1
may have a structure of a plurality of layers including a
reflective layer or transflective layer and a transparent con-
ductive layer made of indium tin oxide (ITO), indium zinc
oxide (IZ0), zinc oxide (ZnO), or indium tin zinc oxide
(ITZO).

[0073] For example, the first electrode EL1 may have a
structure in which three conductive layers EL-a, EL-b, and
EL-c are laminated. The first electrode EL1 may be a
multi-layered metal layer in which ITO/Ag/ITO are lami-
nated. For example, the first electrode EL1 may have a
lamination structure in which each of the first conductive
layer EL-a and third conductive layer is an ITO layer, and
the second conductive layer EL-b is an Ag layer.

[0074] The display panel DP according to an embodiment
may include a light absorbing layer OBL. The light absorb-
ing layer OBL may overlap the hole HL of the insulation
layer IL in the third direction DR3 and be disposed on the
first electrode EL1. The light absorbing layer OBL may be
disposed along the stepped shape of the hole HL. The light
absorbing layer OBL may be disposed along the stepped
shape of the first electrode EL1 on the first electrode EL1
disposed along the stepped shape of the hole HL. The light
absorbing layer OBL may include a bottom part OBL-B, a
side part OBL-S, and cover parts OBL-T1 and OBL-T2. The
bottom part OBL-B of the light absorbing layer OBL, and
the side part OBL-S extending from the bottom part OBL-B,
and the cover part OBL-T1 and OBL-T2 may have a stepped
shape corresponding to the first electrode EL1 on the whole.
For example, the light absorbing layer OBL may cover the
stepped part of the first electrode EL1. The light absorbing
layer OBL may be disposed on the stepped electrode part
EL1-H of the first electrode ELL1.

[0075] The bottom part OBL-B, the side part OBL-S, and
the cover parts OBL-T1 and OBL-T2 of the light absorbing
layer OBL may be disposed on a bottom electrode part
EL1-B, a side electrode part EL1-S, and cover electrode
parts EL1-T1 and EL1-T2, respectively. The cover part
OBL-T2 of the light absorbing layer OBL may cover the
cover electrode part EL1-T2 of the first electrode EL1
exposed on the insulation layer IL.

[0076] The light absorbing layer OBL may be a layer that
absorbs light provided from the outside of the display panel
DP. The light absorbing layer OBL may be a metal oxide
layer. The light absorbing layer OBL may be a black layer
including metal oxide. The light absorbing layer OBL may
be a light blocking layer that blocks external light incident
on the first electrode EL1. In the display panel DP according
to an embodiment, the light absorbing layer OBL may
include the metal oxide to reduce a reflectance. as compared
with a case in which the metal layer is used as a light
blocking layer. In addition, when compared with a case in
which an organic layer is used as a light blocking layer,
out-gassing may be reduced to improve reliability of the
display panel DP.

[0077] The light absorbing layer OBL may include molyb-
denum (Mo) oxide. For example, the light absorbing layer
OBL may include MoO, and MoO,. The MoO, and the
MoO,; in the light absorbing layer OBL may be provided at
various ratios. For example, a relatively larger amount of
MoO, than MoO; may be provided in the light absorbing
layer OBL.
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[0078] The light absorbing layer OBL may further include
oxides of Group V metal elements in addition to the molyb-
denum oxide. For example, the light absorbing layer OBL
may further include at least one oxide of vanadium (V),
niobium (Nb), tantalum (Ta), titanium (Ti), tungsten (W),
germanium (Ge), tin (Sn), selenium (Se), or zirconium, in
addition to the molybdenum oxide.

[0079] For example, the light absorbing layer OBL may
include molybdenum oxide and tantalum oxide. The tanta-
lum oxide provided in the light absorbing layer OBL may be
Ta,Os.

[0080] When the light absorbing layer OBL includes
molybdenum oxide and tantalum oxide, the content of
tantalum in the entire light absorbing layer OBL including
molybdenum, tantalum, and oxygen may be about 2 at % to
about 7 at %. When the content of tantalum is less than about
2 at %, water solubility may increase to deteriorate the
stability of the light absorbing layer OBL, which is a metal
oxide layer. When the content of tantalum exceeds about 7
at %, processability of an etching process in a patterning
process of the light absorbing layer OBL may be deterio-
rated.

[0081] The light absorbing layer OBL may be directly
disposed on the first electrode EL1. In this specification, the
“direct disposition” may indicate that another layer is not
provided between two members. The light absorbing layer
OBL may be directly disposed on the first electrode EL1 to
prevent light provided from the outside of the display panel
DP from being transmitted to the first electrode EL1 covered
by the light absorbing layer OBL. For example, the light
absorbing layer OBL may absorb light incident from the
outside of the display panel DP to reduce an amount of
external light transmitted to the first electrode EL1. For
example, the light absorbing layer OBL may prevent the
external light from being reflected by the stepped part of the
first electrode EL1 disposed along the shape of the hole HL.
[0082] The light absorbing layer OBL may be disposed
along the stepped shape of the hole HL defined in the
insulation layer IL and also may be disposed on the stepped
part of the first electrode EL1 and be covered by the pixel
defining layer PDL. The light absorbing layer OBL may be
covered by the pixel defining layer PDL and disposed to not
overlap the light emitting layer EML of the organic elec-
troluminescence device OEL.

[0083] The light absorbing layer OBL may overlap the
first electrode EL1 and the pixel defining layer PDL in the
third direction DR3. The light absorbing layer OBL may be
disposed between the first electrode EL1 disposed along the
stepped shape of the hole HL defined in the insulation layer
IL and the pixel defining layer PDL disposed on the first
electrode EL1.

[0084] The light absorbing layer OBL may absorb the
external light to block the light incident to the first electrode
EL1 covered by the light absorbing layer OBL. The light
absorbing layer OBL may absorb light having a wavelength
of, for example, about 350 nm or more. The light absorbing
layer OBL may absorb light having a wavelength of about
350 nm to about 780 nm. A degree of light absorption in the
light absorbing layer OBL may vary according to a thickness
of the light absorbing layer OBL.

[0085] The light absorbing layer OBL may have a thick-
ness t of about 350 A to about 800 A. For example, the light
absorbing layer OBL may have a thickness t of about 400 A
to about 700 A. For example, the light absorbing layer OBL
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may have a thickness t of about 450 A to about 650 A. If the
light absorbing layer OBL were to have a thickness t of
about 350 A or less or a thickness t of about 800 A or more,
the reflectance could increase at the light absorbing layer
OBL to limit the reduction effect in reflectance by the
external light.

[0086] FIGS. 8 and 9 illustrate graphs of mean reflectance
(%) according to a thickness of the light absorbing layer
OBL. The mean reflectance in the graph illustrated in FIGS.
8 and 9 represents a mean value of reflectances of external
light having wavelength regions of about 380 nm to about
730 nm. FIG. 8 illustrates a graph of a mean reflectance with
respect to the display panel according to an embodiment, on
which the light absorbing layer OBL is disposed on the first
electrode EL1 as illustrated in FIGS. 5 to 7. For example,
FIG. 8 illustrates a mean reflectance when the first electrode
EL1 has a stacked structure of ITO/Ag/ITO, and the light
absorbing layer OBL includes the molybdenum oxide and
the tantalum oxide. FIG. 9 illustrates a graph of a mean
reflectance when the light absorbing layer OBL is disposed
on the first electrode EL1, and the organic layer is disposed
on the light absorbing layer OBL. In an embodiment, the
organic layer may correspond to the pixel defining layer
PDL.

[0087] Referring to the graphs of FIGS. 8 and 9, when the
light absorbing layer OBL has a thickness of about 350 A or
more, it is confirmed that a mean reflectance with respect to
the external light is reduced to about 20% or less. Also,
referring to FIG. 8, when the light absorbing layer OBL has
a thickness of about 800 A or more, it is confirmed that a
mean reflectance with respect to the external light is
reduced, but nevertheless may exceed 20%. Thus, when the
light absorbing layer OBL has a thickness of about 350 A to
800 A, the reflectance in the light absorbing layer OBL may
be reduced to improve the display quality of the display
panel DP including the light absorbing layer OBL.

[0088] In the graph of FIG. 9, which relates to a structure
in which the pixel defining layer PLD that is an organic layer
is laminated, a tendency similar to that of FIG. 8 is shown.
For example, when the pixel defining layer PDL covers the
light absorbing layer OBL, the mean reflectance may also be
maintained in the case in which the light absorbing layer
OBL has a thickness of about 350 A to 800 A to effectively
block the external light, thereby providing the display panel
DP having the improved display quality.

[0089] Referring to FIGS. 5 to 7, the light absorbing layer
OBL is not disposed on a light emitting path of the organic
electroluminescence device OEL. Accordingly, external
light incident to the stepped part of the first electrode EL1
may be blocked without affecting light emitting character-
istics of the light emitted from the light emitting layer EML.
In the display panel DP according to an embodiment, the
light absorbing layer OBL does not affect the light emitting
characteristics of the organic electroluminescence device
OEL. Accordingly, the reflectance of external light may be
reduced without deteriorating the display quality.

[0090] Referring again FIG. 5, in the display panel DP
according to an embodiment, the organic electrolumines-
cence device OFEL may include the first electrode EL1, the
hole transfer region HTR disposed on the first electrode
EL1, the light emitting layer EML disposed on the hole
transfer region HTR, the electron transfer region ETR dis-
posed on the light emitting layer EML, and the second
electrode EL2 disposed on the electron transfer region ETR.
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[0091] The hole transport region HTR may be in a form of
a single layer made of a single material, a single layer made
of materials different from each other, or a multi-layered
structure including a plurality of layers made of materials
different from each other. For example, the hole transport
region HTR may have single layer structures that are respec-
tively formed of a plurality of different materials or a
structure of hole injection layer/hole transport layer, hole
injection layer/hole transport layer/buffer layer, hole injec-
tion layer/buffer layer, hole transport layer/buffer layer, or
hole injection layer/hole transport layet/electron stop layer,
as examples.

[0092] For example, the hole transfer region HTR may
include a hole injection layer and a hole transfer layer. A
well-known hole injection material and a well-known hole
transfer material may be used for the hole injection layer and
the hole transfer layer, respectively.

[0093] The hole transfer region HIR may be disposed on
the first electrode EL1 within the opening OH defined in the
pixel defining layer PDL and may also be disposed to extend
to an upper portion of the pixel defining layer PDL. In some
implementations, the hole transfer region HTR may be
patterned to be disposed only in the opening OH.

[0094] The light emitting layer EML may be disposed on
the hole transport region HTR. The light emitting layer EML
may have a single layer structure formed of a single mate-
rial, a single layer structure formed of materials different
from each other, or a multi-layered structure including a
plurality of layers formed of materials different from each
other.

[0095] Suitable materials may be used in the light emitting
layer EML. For example, the light emitting layer EML may
be formed of materials that emit red, green, and blue colors.
In some implementations, the light emitting layer EML may
include a phosphor material and a fluorescent material. The
light emitting layer EML may include a host or dopant. The
light emitting layer EML may be disposed in the opening
OH defined in the pixel defining layer PDL.

[0096] The electron transport region ETR may be disposed
on the light emitting layer EML. The electron transport
region ETR may include at least one of a hole stop layer, an
electron transport layer, and an electron injection layer, as
examples.

[0097] When the electron transfer region ETR includes the
electron injection layer and the electron transfer layer, an
electron injection material and an electron transfer material
may be used for the electron injection layer and the electron
transfer layer, respectively.

[0098] The second electrode EL2 may be disposed on the
electron transport region HTR. The second electrode EL2
may be a common electrode. The second electrode 1.2 may
be a cathode. The second electrode EL2 may be made of a
metal alloy or a conductive compound. The second electrode
EL2 may be a transmissive electrode, a transflective elec-
trode, or a reflective electrode. When the second electrode
EL2 is a transmissive electrode, the second electrode EL2
may be made of a metal oxide, for example, indium tin oxide
(ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), or indium
tin zinc oxide (ITZO).

[0099] When the second electrode EL2 is a transflective
electrode or reflective electrode, the second electrode EL2
may include Ag, Mg, Cu, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, L4,
Ca, LiF/Ca, LiF/Al, Mo, Ti, or a compound or mixture (e.g.,
a mixture of Ag and Mg) thereof. In some implementations,
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the second electrode EL2 may have a multi-layered structure
including a reflective layer or transflective layer and a
transparent conductive layer made of indium tin oxide
(ITO), indium zinc oxide (1ZO), zinc oxide (ZnO), or indium
tin zinc oxide (ITZO).

[0100] Referring to FIG. 5, the electron transfer region
ETR and the second electrode EL.2 may be disposed to
further extend to an area overlapping the first electrode EL1
and the top surface of the pixel defining layer PDL in the
third direction DR3. The second electrode EL2 may be
connected to an auxiliary electrode. When the second elec-
trode EL2 is connected to the auxiliary electrode, the second
electrode EL2 may have reduced resistance.

[0101] In the display panel DP according to an embodi-
ment, the first electrode EL1 of the first electrode EL1 and
the second electrode EL2, which face each other, may be a
reflective electrode, and the second electrode EL2 may be a
transmissive electrode, as an example.

[0102] The encapsulation layer TFE may be disposed on
the second electrode EL2. The encapsulation layer TFE may
be disposed to cover the second electrode EL2. The encap-
sulation layer TFE may be provided as a single layer or as
a laminate in which a plurality of layers are laminated. The
encapsulation layer TFE may include at least one layer of an
organic layer or an inorganic layer. In some implementa-
tions, the encapsulation layer TFE may include at least one
organic layer and at least one inorganic layer.

[0103] The encapsulation layer TFE may be, for example,
a thin film encapsulation layer. The encapsulation layer TFE
may help to protect the organic electroluminescent device
OEL. The encapsulation layer TFE may cover the top
surface EL2 disposed in the opening OH and may fill the
opening OH. In some implementations, the encapsulation
layer TFE may be omitted. In some implementations, a
separator encapsulation member may be added to a top
surface of the organic electroluminescent device OFL.
[0104] FIG. 10 illustrates a cross-sectional view of the
display panel according to an embodiment. In the descrip-
tions of the display panel with reference to FIG. 10, content
that is duplicative of that described with reference to FIGS.
1 to 7 will not be repeated. Thus, their differences will be
mainly described.

[0105] A display panel DP-a of FIG. 10 according to an
embodiment may be different in shape of a light absorbing
layer OBL-a when compared with the display panel DP of
FIGS. 5to 7. In the display panel DP-a of FIG. 10 according
to an embodiment, the light absorbing layer OBL-a may
include a stepped absorbing part OBL-H overlapping the
hole HL defined in the insulation layer 1L in the third
direction DR3 and an extension absorbing part OBL-E
extending from the stepped absorbing part OBL-H and
disposed on a top surface IL-T of the insulation layer IL.
[0106] The extension absorbing part OBL-E of the light
absorbing layer OBL-a may extend from the stepped absorb-
ing part OBL-H and may be disposed on the first and second
transistors T1 and T2. The extension absorbing part OBL-E
of the light absorbing layer OBL-a may be disposed between
the insulation layer IL and the pixel defining layer PDL. The
extension absorbing part OBL-E may not overlap the light
emitting layer EML.

[0107] In the display panel according to an embodiment,
the light absorbing layer may be disposed on the stepped part
of the electrode, which has a high reflectance, to reduce the
reflection of external light incident on the stepped part of the
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electrode, thereby improving the display quality. Also, the
display panel according to an embodiment may include a
metal oxide in the light absorbing layer to prevent undesir-
able actions such as the out-gassing from occurring, thereby
providing high reliability when compared with the case in
which the light blocking layer is made of the organic
material.

[0108] FIG. 11 illustrates a graph showing a reflectance
percentage in relation to a wavelength. The reflectance
values in FIG. 1 represent a relative reflectance based on the
reflectance of aluminum (Al) being 100%. In FIG. 11, the
Comparative Example shows a reflectance according to a
wavelength in the display panel when the light absorbing
layer is not provided, and the Embodiment shows a reflec-
tance according to a wavelength in the display panel when
the light absorbing layer is disposed on the stepped part of
the first electrode, as in the display panel according to an
embodiment.

[0109] Referring to the results of FIG. 11, in the case of the
Embodiment in which the light absorbing layer is provided,
it may be confirmed that reflectance is reduced in an entire
wavelength region when compared with the Comparative
Example. In the case of the Comparative Example, the mean
reflectance was about 103.1% in the entire wavelength
region. The reflectance was about 103.4% at a wavelength of
about 550 nm. In the case of the Example, a mean reflec-
tance was about 10.3% in the entire wavelength region, and
areflectance was about 0.6% at the wavelength of about 550
nm. In comparison with the Comparative Example, accord-
ing to an embodiment, it may be confirmed that the reflec-
tance was less than about Yo of that of the Comparative
Example.

[0110] In the display panel according to an embodiment,
the light absorbing layer including the metal oxide may be
disposed on the electrode to absorb the external light pro-
vided to the electrode, thereby reducing the reflectance in the
display panel by the external light.

[0111] FIG. 12 illustrates a cross-sectional view of the
display device according to an embodiment. The display
device DD according to an embodiment may include the
display panel DP including the light absorbing layer OBL
according to an embodiment and a polarizing member PM
disposed on the display panel DP.

[0112] The display panel as described above may be
applied to the display panel DP provided in the display
device DD according to the embodiment illustrated in FIG.
12. The same content as that of the above-described display
panel DP according to an embodiment may be applied to the
display panel DP provided in the display device DD accord-
ing to an embodiment.

[0113] In the display device DD according to an embodi-
ment, the display panel DP may include a substrate SUB
including a circuit layer DP-CL, an insulation layer IL
disposed on the substrate SUB and having a hole HL, and a
display device layer DP-OEL disposed on the insulation
layer IL. The display device layer DP-OEL may include a
pixel defining layer PDL defining an emission area PXA and
an organic electroluminescence device OEL. An encapsula-
tion layer TFE may be disposed on the display device layer
DP-OEL.

[0114] The display panel DP according to an embodiment
may include a first electrode EL1 electrically connected to a
circuit layer DP-CL in the hole HL of the insulation layer IL
and a light absorbing layer OBL overlapping the hole HL in
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the third direction DR3 and disposed on the first electrode
EL1. The light absorbing layer OBL may be a metal oxide
layer. The light emitting layer OBL may cover a stepped part
of the first electrode EL1 to perform a light blocking
function for preventing external light from being transmitted
to the first electrode EL1.

[0115] The light absorbing layer OBL may include molyb-
denum oxide. For example, the light absorbing layer OBL
may include molybdenum oxide and tantalum oxide.
[0116] A polarizing member PM may be disposed on the
display panel DP. The polarizing member PM may perform
a function of blocking reflected light when light from the
outside of the display device DD is incident onto the display
panel DP and then emitted again.

[0117] The polarizing member PM may be a circular
polarizer having an antireflection function. In some imple-
mentations, the polarizing member PM may include a linear
polarizer POL and a A/4 phase retarder RL. The linear
polarizer POL may be disposed on the /4 phase retarder
RL. In the polarizing member PM, a A/2 phase retarder may
be further disposed between the linear polarizer POL and the
M4 phase retarder RL. The polarizing member PM including
the linear polarizer POL and the A/4 phase retarder RL may
perform the antireflection function.

[0118] In the display device DD according to an embodi-
ment, the polarizing member PM may be disposed on the
display panel DP to reduce reflectivity by external light. The
light absorbing layer OBL may be provided on the stepped
part of the first electrode EL1 of the display panel DP to
effectively block external light at a portion of the electrode
on which the stepped part is provided, thereby minimizing
the deterioration of the display quality by the reflection of
the external light.

[0119] For example, the polarized state of the light polar-
ized by the polarizing member PM may be altered. In this
case, an effect of reducing the reflectivity of the external
light by the polarizing member PM may be reduced. How-
ever, the display device DD according to an embodiment
may include the light absorbing layer OBL covering the
stepped portion of the first electrode EL1 of the display
panel DP. Thus, even though the polarized state is altered at
the stepped portion, the light absorbing layer OBL may
absorb the external light to block the external light provided
to the stepped portion of the first electrode EL1 disposed
below the light absorbing layer OBL, thereby reducing the
reflectance in the display panel DP of the external light.
[0120] The display device DD according to an embodi-
ment may include an input sensor TSU disposed between the
display panel DP and the polarizing member PM. The input
sensor TSU may be directly disposed on an encapsulation
layer TFE of the display panel DP. For example, the input
sensor TSU may be directly disposed on the display panel
DP without using a separate adhesive member. In an
embodiment, the input sensor TSU may be omitted.
[0121] By way of summation and review, when external
light is incident onto a display device that is being used, the
external light may be reflected by an electrode or the like
within a display panel to cause deterioration in display
quality of the display device. Accordingly, it is desirable to
improve the display quality of a display device by reducing
the reflectivity of light provided from the outside.

[0122] According to embodiments, a light absorbing layer
including a metal oxide may be disposed on the electrode
having high reflectivity to reduce the reflectance of the
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external light, thereby improving the display quality. In the
display device according to an embodiment, the light
absorbing layer including the metal oxide may be disposed
on the electrode. A polarizing member may be disposed on
the display panel to reduce the reflection by the external
light, thereby improving the display quality.

[0123] Embodiments provide a display panel that reduces
a reflectance of external light on a stepped part of an
electrode having high reflectivity.

[0124] Embodiments provide a display device that is
improved in display quality by reducing a reflectance of
external light on a stepped part of an electrode.

[0125] Embodiments provide a display panel in which a
light absorbing layer is disposed on a stepped part of the
electrode to reduce the reflectivity by the external light.
[0126] Embodiments provide a display panel including a
light absorbing layer on a stepped part of the electrode and
the display device including the polarizing member on the
display panel to reduce the reflectivity by the external light
and thereby improve the display quality.

[0127] 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 the present invention as set forth in the following
claims.

What is claimed is:

1. A display panel, comprising:

a substrate including a circuit layer;

an insulation layer on the substrate, the insulation layer
defining a hole;

a first electrode on the insulation layer, the first electrode
being electrically connected to the circuit layer in the
hole;

a light absorbing layer on the first electrode and overlap-
ping the hole;

a pixel defining layer on the insulation layer and defining
an opening through which a top surface of the first
electrode is exposed,

at least one organic layer including a light emitting layer
in the opening; and

a second electrode on the at least one organic layer.

2. The display panel as claimed in claim 1, wherein the
light absorbing layer includes molybdenum (Mo) oxide.

3. The display panel as claimed in claim 2, wherein the
light absorbing layer further includes at least one oxide of
vanadium (V), niobium (Nb), tantalum (Ta), titanium (T1),
tungsten (W), germanium (Ge), tin (Sn), selenium (Se), or
zirconium.

4. The display panel as claimed in claim 1, wherein the
light absorbing layer includes molybdenum (Mo) oxide and
tantalum (Ta) oxide.

5. The display panel as claimed in claim 1, wherein the
light absorbing layer is directly on the first electrode.
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6. The display panel as claimed in claim 1, wherein the
light absorbing layer is covered by the pixel defining layer
and does not overlap the light emitting layer.

7. The display panel as claimed in claim 1, wherein the
light absorbing layer overlaps the first electrode and the
pixel defining layer.

8. The display panel as claimed in claim 1, wherein the
light absorbing layer has a thickness of 350 A to 800 A.

9. The display panel as claimed in claim 1, wherein the
light absorbing layer further includes an extension absorbing
part extending to a top surface of the insulation layer and
non-overlapping the light emitting layer.

10. The display panel as claimed in claim 1, wherein the
first electrode includes a reflective electrode, and the second
electrode includes a transmissive electrode.

11. The display panel as claimed in claim 1, wherein the
first electrode includes a multilayered metal layer of 1TO/
Ag/TTO.

12. The display panel as claimed in claim 1, wherein the
first electrode includes:

a stepped electrode part along a stepped portion of the

hole; and

a flat electrode part extending from the stepped electrode

part, the flat electrode part being on the insulation layer.

13. The display panel as claimed in claim 1, wherein the
at least one organic layer includes:

a hole transfer region between the first electrode and the

light emitting layer; and

an electron transfer region between the light emitting

layer and the second electrode.

14. The display panel as claimed in claim 1, further
comprising an encapsulation layer on the second electrode.

15. A display panel, comprising:

a substrate including a circuit layer;

an insulation layer on the substrate;

a first electrode on the insulation layer, the first electrode

including at least one stepped part;

a light absorbing layer on the at least one stepped part;

a pixel defining layer on the insulation layer and defining

an opening through which a top surface of the first
electrode is exposed;

at least one organic layer in the opening, the at least one

organic layer including a light emitting layer on the first
electrode exposed through the opening; and

a second electrode on the at least one organic layer.

16. The display panel as claimed in claim 15, wherein:

a hole is defined in the insulation layer, and

the at least one stepped part overlaps the hole.

17. The display panel as claimed in claim 15, wherein the
light absorbing layer includes molybdenum (Mo) oxide and
tantalum (Ta) oxide.

18. A display device comprising:

a display panel; and

a polarizing member on the display panel,

wherein the display panel includes:

a substrate including a circuit layer;

an insulation layer on the substrate and defining a hole;

a first electrode on the insulation layer and electrically
connected to the circuit layer in the hole;

a light absorbing layer overlapping the hole, the light
absorbing layer being on the first electrode;

a pixel defining layer on the insulation layer and
defining an opening through which a top surface of
the first electrode is exposed;
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at least one organic layer including a light emitting
layer in the opening; and
a second electrode on the at least one organic layer.
19. The display device as claimed in claim 18, wherein the
polarizing member includes a linear polarizer and a A/4
phase retarder between the linear polarizer and the display
panel.
20. The display device as claimed in claim 18, wherein the
light absorbing layer includes molybdenum (Mo) oxide and
tantalum (Ta) oxide.
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https://worldwide.espacenet.com/patent/search/family/067906028/publication/US2019288043A1?q=US2019288043A1
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=%2220190288043%22.PGNR.&OS=DN/20190288043&RS=DN/20190288043

