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OLED DISPLAY PANEL

FIELD OF INVENTION

[0001] The present invention relates to the field of display
technologies, and in particular, to an organic light emitting
display (OLED) display panel.

BACKGROUND OF INVENTION

[0002] Organic light emitting display (OLED) devices not
only have excellent display performance, but also have
self-illumination, simple structure, ultra-thin, fast response
times, wide viewing angles, low power consumption and
flexible display. Known as “Dream Displays,” they have
been favored by major display manufacturers and have
become the main force of third generation display devices in
the display technology field.

[0003] An OLED display panel is a self-emissive display
device, and generally includes a pixel electrode serving as
one of an anode and a cathode, a common electrode serving
as the other of the anode and the cathode, and an organic
light emitting layer disposed between the pixel electrode and
the common electrode. The layer is such that light is emitted
from the organic light emitting layer when a suitable voltage
is applied to the anode and the cathode. The organic light
emitting layer includes a hole injection layer provided on the
anode, a hole transport layer provided on the hole injection
layer, a light-emitting layer provided on the hole transport
layer, and an electron transport layer provided on the light-
emitting layer, and an electron injection layer provided on
the electron transport layer. The principle of illumination of
the organic light emitting layer is that driven by a certain
voltage, electrons and holes are injected from the cathode
and the anode to the electron injection layer and the hole
injection layer, respectively, and the electrons and holes pass
through the electron transport layer and the hole transport
layer and migrate to the light-emitting layer, and the meet in
the light-emitting layer to form excitons and excite the
light-emitting molecules, which undergo radiation relax-
ation to emit visible light.

[0004] Depending on the direction of illumination, the
OLED display panel includes both a top-emitting type and
a bottom-emitting type. The top-emitting type is the most
commonly used OLED display panel type. As shown in FIG.
1, it generally includes a base substrate 100, a thin-film
transistor (TFT) layer 101 disposed on the base substrate
100, a flat layer 102 disposed on the TFT layer 101, a first
electrode 103 disposed on the flat layer 102, a pixel defining
layer 104 disposed on the first electrode 103 and the flat
layer 102, a pixel defining groove 104 disposed in the pixel
defining layer 103 and exposing a portion of the first
electrode 103, a light emitting layer 105 disposed in the
pixel defining groove 104, a second electrode 106 disposed
on the light-emitting layer 105 and the pixel defining groove
103, and an encapsulation layer 107 disposed on the second
electrode 106. The flat layer 102 and the pixel defining
groove 103 are both transparent film layers, thereby making
the external ambient light is irradiated onto the TFT layer
101 within the OLED display panel through the flat layer
102 and the pixel defining groove 103, and then reflected by
the flat layer 102 and the pixel defining groove 103 into
human eye, thereby affecting the normal viewing of the user.
As a result, in the existing OLED display panels, an anti-
reflection layer structure is disposed on the surface to avoid
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the influence of ambient light, and generally the anti-
reflection layer structure is a circular polarizer. However, the
use of a circular polarizer will reduce the light extraction
efficiency.

SUMMARY OF INVENTION

[0005] An object of the present invention is to provide an
OLED display panel capable of preventing the OLED dis-
play panel from reflecting ambient light and improving the
viewing experience of the OLED display panel without
reducing the light extraction efficiency.

[0006] To achieve the above object, the present invention
provides an OLED display panel comprising a plurality of
sub-pixels arranged in an array, wherein each of the sub-
pixels comprises a base substrate, a TFT layer disposed on
the base substrate, a flat layer disposed on the TFT layer, a
first electrode disposed on the flat layer, a pixel defining
layer disposed on the first electrode and the flat layer, a light
emitting layer disposed on the first electrode, a transparent
second electrode disposed on the light emitting layer and the
pixel defining layer, and an encapsulation layer disposed on
the second electrode; and

[0007] A portion of at least one of the flat layer and the
pixel defining layer is formed by a black shielding material.
[0008] One of the flat layer and the pixel defining layer is
formed by the black shielding material, and another layer is
formed by a transparent material.

[0009] Both the flat layer and the pixel defining layer are
formed by the black shielding material.

[0010] Each of the sub-pixels has a transparent area and a
non-transparent area arranged in turn, and the first electrode
and the light emitting layer are located in the non-transpar-
ent area.

[0011] The flat layer and the pixel defining layer simulta-
neously cover the transparent area and the non-transparent
area, the pixel defining layer and the flat layer that is in the
transparent area are formed by the transparent material, and
the flat layer in the non-transparent area is formed by the
black shielding material.

[0012] The flat layer and the pixel defining layer simul-
taneously cover the transparent area and the non-transparent
area, the flat layer and the pixel defining layer that is in the
transparent area are formed by the transparent material, and
the pixel defining layer in the non-transparent area is formed
by the black shielding material.

[0013] The flat layer and the pixel defining layer simul-
taneously cover the transparent area and the non-transparent
area, both the flat layer and the pixel defining layer in the
transparent area are formed by the transparent material, and
both the pixel defining layer and flat layer in the non-
transparent area are formed by the black shielding material.
[0014] Both the flat layer and the pixel defining layer
cover the non-transparent area, and both the flat layer and
the pixel defining layer are formed by the black shielding
material.

[0015] The flat layer covers the non-transparent area, and
the pixel defining layer simultaneously covers the non-
transparent area and the transparent area, the flat layer is
formed by the black shielding material, and the pixel defin-
ing layer is formed by the transparent material.

[0016] The pixel defining layer covers the non-transparent
area, the flat layer simultaneously covers the non-transparent
area and the transparent area, the pixel defining layer is



US 2020/0235177 Al

formed by the black shielding material, and the flat layer is
formed by the transparent material.

[0017] The beneficial effects of the invention: The present
invention provides an OLED display panel comprising a
plurality of sub-pixels arranged in an array. Each of the
sub-pixels comprises a base substrate, a TFT layer disposed
on the base substrate, a flat layer disposed on the TFT layer,
a first electrode disposed on the flat layer, a pixel defining
layer disposed on the first electrode and the flat layer, a light
emitting layer disposed on the first electrode, a transparent
second electrode disposed on the light emitting layer and the
pixel defining layer, and an encapsulation layer disposed on
the second electrode. A portion of at least one of the flat layer
and the pixel defining layer is formed by a black shielding
material. The OLED display panel can be prevented from
reflecting ambient light without improving the light extrac-
tion efliciency, thereby improving the viewing experience of
the OLED display panel by the arrangement of a portion of
at least one of the flat layer and the pixel defining layer is
formed by a black shielding material.

DESCRIPTION OF DRAWINGS

[0018] In order to further understand the features and
technical details of the present invention, please refer to the
following detailed description and drawings regarding the
present invention. The drawings are provided for reference
and description only and are not intended to limit the present
invention.

[0019] In the drawings,

[0020] FIG.1 is a structural view of a conventional OLED
display panel;

[0021] FIG. 2 is a schematic view showing first to third

embodiments of an OLED display panel of the present
invention;

[0022] FIG. 3 is a structural view of a sub-pixel in a first
embodiment of the OLED display panel of the present
invention;

[0023] FIG. 4 is a structural view of a sub-pixel in a
second embodiment of the OLED display panel of the
present invention;

[0024] FIG. 5 is a structural view of a sub-pixel in a third
embodiment of the OLED display panel of the present
invention;

[0025] FIG. 6 is a schematic view showing fourth to eighth
embodiments of the OLED display panel of the present
invention;

[0026] FIG. 7 is a structural view of a sub-pixel in a fourth
embodiment of the OLED display panel of the present
invention;

[0027] FIG. 8 is a structural view of a sub-pixel in a fifth
embodiment of the OLED display panel of the present
invention;

[0028] FIG. 9 is a structural view of a sub-pixel in a sixth
embodiment of the OLED display panel of the present
invention;

[0029] FIG. 10 is a structural view of a sub-pixel in a
seventh embodiment of the OLED display panel of the
present invention;

[0030] FIG. 11 is a structural view of a sub-pixel in an
eighth embodiment of the OLED display panel of the
present invention; and

[0031] FIG. 12 is a structural view of a sub-pixel in a ninth
embodiment of the OLED display panel of the present
invention.
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DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0032] In order to further clarify the technical means and
effects of the present invention, the following detailed
description will be made in conjunction with the preferred
embodiments of the invention and the accompanying draw-
ings.

[0033] Referring to FIG. 2 to FIG. 12, the present inven-
tion provides an OLED display panel including a plurality of
sub-pixels 10 arranged in an array. Each of the sub-pixels 10
includes a base substrate 1 and a TFT disposed on the base
substrate 1, a TFT (Thin-Film Transistor) layer 2 disposed
on the base substrate 1, a flat layer 3 disposed on the TFT
layer 2, a first electrode 4 disposed on the flat layer 3, a pixel
defining layer 5 disposed on the first electrode 4 and the flat
layer 3, a light emitting layer 6 disposed on the first electrode
4, a transparent second electrode 7 disposed on the light
emitting layer 6 and the pixel defining layer 5, and an
encapsulation layer 8 disposed on the second electrode 7,
and

[0034] A portion of at least one of the flat layer 3 and the
pixel defining layer 5 is formed using a black light shielding
material.

[0035] Specifically, the TFT layer 2 is formed with a pixel
driving circuit of an OLED display panel, and may include
a driving TFT, a switching TFT, a storage capacitor, and the
like. As shown in FIGS. 3 to 5 and FIGS. 6 to 12, in some
embodiments of the present invention, the TFT layer 2
specifically includes a buffer layer 21 disposed on the base
substrate 1, a semiconductor layer 22 disposed on the buffer
layer 21, a gate insulating layer 23 disposed on the buffer
layer 21 and the semiconductor layer 22, a gate electrode 24
disposed on the gate insulating layer 23, an interlayer
insulating layer 25 disposed on the gate electrode 24 and the
gate insulating layer 23, and a source electrode 261 and a
drain electrode 262 disposed on the interlayer insulating
layer 25.

[0036] Further, only one TFT in the pixel driving circuit is
shown in FIGS. 3 to 5 and 6 to 12, but this is not a limitation
of the present invention. In fact, a plurality of TFTs and
storage capacitors can be formed in the TFT layer 2 of the
OLED display panel of the present invention for driving the
OLED to emit light and performing brightness compensa-
tion on the OLED.

[0037] Further, the source electrode 261 and the drain
electrode 262 are respectively in contact with both ends of
the semiconductor layer 22 through two via holes penetrat-
ing the gate insulating layer 23 and the interlayer insulating
layer 25. The first electrode 4 is in contact with the drain
electrode 262 through a via extending through the planar
layer 3.

[0038] Further, the pixel defining layer 5 is formed with a
pixel defining groove 51 at a position corresponding to the
first electrode 4, the pixel defining groove 51 exposing a part
of the first electrode 4, and the light emitting layer 6 is
formed in the pixel defining groove 51.

[0039] Specifically, as shown in FIG. 2 and FIG. 3, in the
first embodiment of the present invention, the OLED display
panel is a top-emitting OLED display panel, and the first
electrode 4 is a reflective electrode. In the OLED display
panel, in each of the sub-pixels 10, the pixel defining layer
5 is formed by the black shielding material, and the flat layer
3 is formed by a transparent material.
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[0040] Specifically, as shown in FIG. 2 and FIG. 4, in the
second embodiment of the present invention, the OLED
display panel is a top-emitting OLED display panel, and the
first electrode 4 is a reflective electrode. In the OLED
display panel, in each of the sub-pixels 10, the flat layer 3 is
formed by the black shielding material, and the pixel defin-
ing layer 5 is formed by the transparent material.

[0041] Specifically, as shown in FIG. 2 and FIG. 5, in the
third embodiment of the present invention, the OLED dis-
play panel is a top-emitting OLED display panel, and the
first electrode 4 is a reflective electrode. In the OLED
display panel, in each of the sub-pixels 10, the flat layer 3
and the pixel defining layer 5 are formed by the black
shielding material.

[0042] Further, in the first to third embodiments of the
present invention, the present invention is formed by arrang-
ing at least one of the flat layer 3 and the pixel defining layer
5 of the top-emitting type OLED display panel with the
black shielding material, thereby making at least one of the
flat layer 3 and the pixel defining layer 5 can block/absorb
ambient light, prevent ambient light from being radiated into
the TFT layer 2 through the flat layer 3 and the pixel defining
layer 5, and being reflected by the metal in the TFT layer 2
into the eyes of the user, which may affect user viewing.

[0043] Specifically, as shown in FIG. 6 to FIG. 12, in the
fourth to ninth embodiments of the present invention, the
OLED display panel is a transparent OLED display panel.
The first electrode 4 is a reflective electrode, a transparent
electrode or a partially transparent electrode, each of the
sub-pixels 10 has a transparent area 20 and a non-transparent
area 30 arranged in sequence, and the first electrode 4 and
the light-emitting layer 6 are located in the non-transparent
area 30. Further, the TFT layer 2 includes a non-transparent
structure having the semiconductor layer 22, the gate elec-
trode 24, the source electrode 261, and the drain electrode
262 is also located in the non-transparent area 30. The TFT
layer 2 includes the transparent structure having the gate
insulating layer 23 and the interlayer insulating layer 25
covers both the transparent area 20 and the non-transparent
area 30.

[0044] Further, the non-transparent area 30 includes a
display area 302 and a non-display area 301. The display
area 302 is correspondingly disposed with the light-emitting
layer 6. The light of the OLED display panel is emitted from
the display area 302. A portion of the non-transparent area
30 other than the display area 302 is a non-display area 301,
and the semiconductor layer 22, the gate electrode 24, the
source electrode 261, and the drain electrode 262 in the TFT
layer 2 are all located in the non-display area 301.

[0045] Specifically, as shown in FIG. 7, in the fourth
embodiment of the present invention, the flat layer 3 and the
pixel defining layer 5 simultaneously cover the transparent
area 20 and the non-transparent area 30. The flat layer 3 and
the pixel defining layer 5 that is in the transparent area 20 are
formed by the transparent material, and the pixel defining
layer 5 in the non-transparent area 30 is formed by the black
shielding material.

[0046] Specifically, as shown in FIG. 8, in the fifth
embodiment of the present invention, the flat layer 3 and the
pixel defining layer 5 simultaneously cover the transparent
area 20 and the non-transparent area 30. The pixel defining
layer 5 and the flat layer 3 that is in the transparent area 20
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are formed by the transparent material, and the flat layer 3
in the non-transparent area 30 is formed by the black
shielding material.

[0047] Specifically, as shown in FIG. 9, in the sixth
embodiment of the present invention, the flat layer 3 and the
pixel defining layer 5 simultaneously cover the transparent
area 20 and the non-transparent area 30. The flat layer 3 that
is in the transparent area 20 and the pixel defining layer 5
that is in the transparent area 20 are formed by the trans-
parent material, and the pixel defining layer 5 that is in the
non-transparent area 30 and the flat layer 3 that is in the
sub-pixel 10 are formed by the black shielding material.
[0048] Specifically, as shown in FIG. 10, in the seventh
embodiment of the present invention, the pixel defining
layer 5 covers the non-transparent area 30, and the flat layer
3 covers the non-transparent area 30 and the transparent area
20 at the same time. The pixel defining layer 5 is formed by
the black shielding material, and the flat layer 3 is formed by
the transparent material.

[0049] Specifically, as shown in FIG. 11, in the eighth
embodiment of the present invention, the flat layer 3 covers
the non-transparent area 30, and the pixel defining layer 5
covers the non-transparent area 30 and the transparent area
20 at the same time. The flat layer 3 is formed by the black
shielding material, and the pixel defining layer 5 is formed
by the transparent material.

[0050] Specifically, as shown in FIG. 12, in the ninth
embodiment of the present invention, both the flat layer 3
and the pixel defining layer 5 cover the non-transparent area
30, and the flat layer 3 and the pixel defining layer 5 are both
formed by the black shielding material.

[0051] Thus, in the fourth to ninth embodiments of the
present invention, the present invention is formed by pro-
viding at least one of the flat layer 3 and the pixel defining
layer 5 in the non-transparent area 30 of the transparent
OLED display panel with the black shielding material,
thereby allowing at least one of the flat layer 3 and the pixel
defining layer 5 to block/absorb ambient light, preventing
ambient light from being transmitted into the TFT layer 2
through the flat layer 3 and the pixel defining layer 5, being
reflected by the metal in the TFT layer 2 to In the user’s eyes,
the user’s viewing is affected. At the same time, the flat layer
3 and the pixel defining layer 5 in the transparent area 30 are
set to be transparent, or the flat layer 3 and the pixel defining
layer 5 are not disposed, so that the transparent area 20 can
be kept transparent, avoiding the flat layer 3 and the pixel
defining layer 5 to affect the transparency of the transparent
OLED display panel.

[0052] Preferably, the black shielding material is a black
resin, and the transparent material is a transparent resin.
[0053] Further, when the flat layer 3 covers the transparent
area 20 and the non-transparent area 30 at the same time, the
flat layer 3 in the transparent area 20 is the transparent
material, and the flat layer 3 in the non-transparent area 30
is the black shielding material. The flat layer 3 may be
formed by the following steps: First, a black shielding flat
layer 3 is formed in the non-transparent area 30 by a
patterning process using the black shielding material, and
then a transparent flat layer 3 is formed in the transparent
area 20 by a coating or inkjet method, and maintaining the
thickness of the flat layer 3 in the non-transparent area 30
and the transparent area 20 uniform or within a preset error
range. Of course, the order of fabrication of the flat layer 3
in the non-transparent area 30 and the transparent area 20
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may vary. It is also possible to form the flat layer 3 in the
transparent area 20 by a patterning process, and then form
the flat layer 3 in the non-transparent area 30 by coating or
inkjet. etc., which does not affect the realization of the
present invention.

[0054] Further, when the pixel defining layer 5 covers the
transparent area 20 and the non-transparent area 30 at the
same time, the pixel defining layer 5 in the transparent area
20 is the transparent material, and the pixel defining layer 5
in the non-transparent area 30 is the black shielding material.
The pixel defining layer 5 may be formed by the following
steps: First, a black shielding pixel defining layer 5 is formed
in the non-transparent area 30 by a patterning process using
the black shielding material, and then a transparent pixel
defining layer 5 is formed in the transparent area 20 by a
coating or inkjet method, and maintaining the thickness of
the pixel defining layer 5 in the non-transparent area 30 and
the transparent area 20 uniform or within a preset error
range. Of course, the order of fabrication of the pixel
defining layer 5 in the non-transparent area 30 and the
transparent area 20 may vary. It is also possible to form the
pixel defining layer 5 in the transparent area 20 by a
patterning process, and then form the pixel defining layer 5
in the non-transparent area 30 by coating or inkjet, etc.,
which does not affect the realization of the present invention.
[0055] In summary, the present invention provides an
OLED display panel. The display panel includes a plurality
of sub-pixels arranged in an array. Each of the sub-pixels
comprises a base substrate, a TFT layer disposed on the base
substrate, a flat layer disposed on the TFT layer, a first
electrode disposed on the flat layer, a pixel defining layer
disposed on the first electrode and the flat layer, a light
emitting layer disposed on the first electrode, a transparent
second electrode disposed on the light emitting layer and the
pixel defining layer, and an encapsulation layer disposed on
the second electrode. A portion of at least one of the flat layer
and the pixel defining layer is formed by the black shielding
material. The OLED display panel can be prevented from
reflecting ambient light without improving the light extrac-
tion efficiency, thereby improving the viewing experience of
the OLED display panel by the arrangement of a portion of
at least one of the flat layer and the pixel defining layer that
is formed by the black shielding material.

[0056] In the above, various other changes and modifica-
tions can be made in accordance with the technical solutions
and technical concept of the present invention, and all such
changes and modifications are within the scope of the claims
of the present invention.

What is claimed is:

1. An organic light emitting display (OLED) display
panel, comprising a plurality of sub-pixels arranged in an
array, wherein each of the sub-pixels comprises a base
substrate, a thin-film transistor (TFT) layer disposed on the
base substrate, a flat layer disposed on the TFT layer, a first
electrode disposed on the flat layer, a pixel defining layer
disposed on the first electrode and the flat layer, a light
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emitting layer disposed on the first electrode, a transparent
second electrode disposed on the light emitting layer and the
pixel defining layer, and an encapsulation layer disposed on
the second electrode; and

a portion of at least one of the flat layer and the pixel

defining layer is formed by a black shielding material.

2. The OLED display panel as claimed in claim 1, wherein
one of the flat layer and the pixel defining layer is formed by
the black shielding material, and another layer is formed by
a transparent material.

3. The OLED display panel as claimed in claim 1, wherein
both the flat layer and the pixel defining layer are formed by
the black shielding material.

4. The OLED display panel as claimed in claim 1, wherein
each of the sub-pixels has a transparent area and a non-
transparent area arranged in turn, and the first electrode and
the light emitting layer are located in the non-transparent
area.

5. The OLED display panel as claimed in claim 4, wherein
the flat layer and the pixel defining layer simultaneously
cover the transparent area and the non-transparent area, the
pixel defining layer and the flat layer that is in the transpar-
ent area are formed by the transparent material, and the flat
layer in the non-transparent area is formed by the black
shielding material.

6. The OLED display panel as claimed in claim 4, wherein
the flat layer and the pixel defining layer simultaneously
cover the transparent area and the non-transparent area, the
flat layer and the pixel defining layer that is in the transpar-
ent area are formed by the transparent material, and the pixel
defining layer in the non-transparent area is formed by the
black shielding material.

7. The OLED display panel as claimed in claim 4, wherein
the flat layer and the pixel defining layer simultaneously
cover the transparent area and the non-transparent area, both
the flat layer and the pixel defining layer in the transparent
area are formed by the transparent material, and both the
pixel defining layer and flat layer in the non-transparent area
are formed by the black shielding material.

8. The OLED display panel as claimed in claim 4, wherein
both the flat layer and the pixel defining layer cover the
non-transparent area, and both the flat layer and the pixel
defining layer are formed by the black shielding material.

9. The OLED display panel as claimed in claim 4, wherein
the flat layer covers the non-transparent area, and the pixel
defining layer simultaneously covers the non-transparent
area and the transparent area, the flat layer is formed by the
black shielding material, and the pixel defining layer is
formed by the transparent material.

10. The OLED display panel as claimed in claim 4,
wherein the pixel defining layer covers the non-transparent
area, the flat layer simultaneously covers the non-transparent
area and the transparent area, the pixel defining layer is
formed by the black shielding material, and the flat layer is
formed by the transparent material.
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