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OLED DISPLAY PANEL, MANUFACTURING
METHOD THEREOF, AND OLED DISPLAY
DEVICE

1. FIELD OF DISCLOSURE

[0001] The present invention relates to organic light-
emitting diode (OLED) displays and in particular, to an
OLED display panel, a manufacturing method thereof, and
an OLED display device.

2. DESCRIPTION OF RELATED ART

[0002] An organic functional film layer of an organic
light-emitting diode (OLED) device is manufactured by a
vacuum thermal deposition method and a solution-casting
method. The solution-casting method is further categorized
into spin coating, ink-jet printing, screen printing, and etc.
The solution-casting method is to apply a solution on a
substrate first, and then remove a solvent in the solution by
vacuum drying and heat drying by a hot furnace or a hot
plate, so that a solid matter in the solution is precipitated on
the substrate to form a film.

[0003] To be specific, as shown in FIG. 1A and FIG. 1B,
a pixel defining layer (PDL) 12 and a bank 13 of a printed
substrate 1 are made by inkjet printing with ink 14. Due to
ink infiltration or a coffee-ring effect at an edge of the bank
13, film formation quality after the ink 14 is dried is lowered,
leading to uneven film thickness and uneven illumination in
a light-emitting region, thus compromising a light-emitting
effect. In other words, this problem greatly affects pixel
illumination uniformity of the conventional printed substrate
1.

[0004] Since a hydrophobic substance such as a fluorine-
containing compound is formed on a surface of the pixel
defining layer 12 on the printed substrate 1, a concave liquid
surface 154 is formed in the light-emitting region as shown
in FIG. 1A. Since ink infiltration at the edge of the bank 13
may be dealt with by a different approach, it may result in
a convex liquid surface 1556 as shown in FIG. 1B. In
addition, depending on how strong a coffee-ring effect is
caused to the ink 14, the concave liquid surface 15a or the
convex liquid surface 156 can be formed in the light-
emitting region due to unevenness of film formation. There-
fore, a convex or concave in-pixel film surface will cause
uneven illumination, thereby affecting illumination unifor-
mity in the pixels.

SUMMARY

[0005] Itis an objective of the present invention to provide
an organic light-emitting diode (OLED) display panel, a
manufacturing method thereof, and an OLED display
device, whereby the present invention shields light emission
from a concave/convex surface of a pixel light-emitting
region by using a light shielding layer without reducing an
area of the pixel light-emitting region, thus achieving uni-
form illumination of pixels and improving device quality.

[0006] Accordingly, the present invention provides an
organic light-emitting diode (OLED) display panel, com-
prising a substrate, an electrode layer, and a pixel defining
layer. The electrode layer is spaced at intervals on the
substrate. The pixel defining layer is disposed on the sub-
strate. The pixel defining layer comprises forming a plurality
of dams and forming a light opening between any two
adjacent dams, wherein each dam comprises a dam body and
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a light shielding layer; wherein a projection of the light
shielding layer projected on the substrate is larger than or
equal to a projection of the dam body projected on the
substrate.

[0007] The OLED display panel further comprises an
optical film layer disposed over the light opening, wherein
the optical film layer is provided with micro-structures on a
surface away from the substrate, or the optical film layer is
added with scattering particles therein.

[0008] The OLED further comprises a glass cover plate
disposed on the pixel defining layer, wherein the optical film
layer is disposed under the glass cover plate.

[0009] The scattering particles are made of silicon dioxide
or silicon oxide; the optical film layer is made of polyacry-
late, acryl resin, or melamine resin; and a refractive index of
the scattering particles is different from a refractive index of
the optical film layer.

[0010] The light shielding layer is a mask, a black matrix,
or a cover plate having a black matrix, the electrode layer is
an anode, and a size of the light shielding opening is smaller
than a size of the light opening and ranges from one
micrometer to eight micrometers.

[0011] The present invention provides a manufacturing
method of an organic light emitting (OLED) display panel,
comprising following steps:

[0012] S10: providing a substrate;

[0013] S20: forming an electrode layer spaced at intervals
on the substrate; and

[0014] S30: forming a pixel defining layer on the sub-
strate, wherein the pixel defining layer comprises forming a
plurality of dams and forming a light opening between any
two adjacent dams, wherein each dam comprises a dam body
and a light shielding layer, and a projection of the light
shielding layer projected on the substrate is larger than or
equal to a projection of the dam body projected on the
substrate.

[0015] After step S30, the manufacturing method of the
OLED display panel further comprises forming an optical
film layer over the light opening, wherein the optical film
layer is provided with micro-structures on a surface away
from the substrate, or the optical film layer is added with
scattering particles therein.

[0016] An optical film layer is an anti-reflection film
consisting of a high refractive index material and a low
refractive index material alternately stacked on each other,
or is a viewing angle improving film with the micro-
structures formed on one side by a roughening treatment.
[0017] Instep S30, the light shielding layer is applied onto
the dam bodies of the pixel defining layer by a photolithog-
raphy process, and then patterned by an exposure/develop-
ment process.

[0018] The present invention further provides an organic
light-emitting diode (OLED) display device. The OLED
display device comprises the OLED display panel in the
above embodiments.

[0019] The OLED display device further comprises an
optical film layer disposed over the light opening, wherein
the optical film layer is provided with micro-structures on a
surface away from the substrate, or the optical film layer is
added with scattering particles therein.

[0020] The OLED display device further comprises a glass
cover plate disposed on the pixel defining layer, wherein the
optical film layer is disposed under the glass cover plate.
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[0021] The scattering particles are made of silicon dioxide
or silicon oxide; the optical film layer is made of polyacry-
late, acryl resin or melamine resin; and a refractive index of
the scattering particles is different from a refractive index of
the optical film layer.

[0022] The light shielding layer is a mask, a black matrix,
or a cover plate having a black matrix, and the electrode
layer is an anode.

[0023] A light shielding opening is defined between any
two adjacent light shielding layers, and a size of the light
shielding layer is smaller than a size of the light opening and
ranges from one micrometer to eight micrometers.

[0024] Advantages of the present invention: The present
invention also has the following functions. The present
invention utilizes the light shielding layer for shielding
non-uniform illumination and a color shift caused by
unevenness of film formation at an edge light-emitting
region, thereby achieving uniform illumination of pixels and
product quality. Furthermore, in order to further improve
color uniformity and angles of view, an optical film layer is
disposed at a light shielding opening.

BRIEF DESCRIPTION OF DRAWINGS

[0025] In order to more clearly illustrate the embodiments
of the present disclosure or related art, figures which will be
described in the embodiments are briefly introduced here-
inafter. It is obvious that the drawings are merely for the
purposes of illustrating some embodiments of the present
disclosure, and a person having ordinary skill in this field
can obtain other figures according to these figures without an
inventive work.

[0026] FIG. 1A is a schematic cross-sectional view illus-
trating a conventional organic light-emitting diode (OLED)
display panel;

[0027] FIG. 1B is another cross-sectional view illustrating
the conventional OLED display panel;

[0028] FIG. 2 is a planar view illustrating a light shielding
layer of an OLED display panel according to the present
invention;

[0029] FIG. 3 is a cross-sectional view illustrating the
OLED display panel according to the present invention;
[0030] FIG. 4 is another cross-sectional view illustrating
the OLED display panel according to the present invention;
and

[0031] FIG. 5 is a process flow diagram illustrating a
manufacturing method of the OLED display panel according
to the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] “Embodiment” in the following description means
that specific features, structures or characteristics described
in connection with the embodiment may be included in at
least one embodiment of the present invention. The same
terms appearing in different places in the specification are
not necessarily limited to the same embodiment, but should
be understood as an independent or alternative embodiment
to other embodiments. Based on the technical solutions
disclosed in the embodiments of the present invention, those
skilled in the art can understand other combinations or
modifications in accordance with the embodiments of the
present invention.

[0033] Please refer to FIGS. 2 and 3. FIG. 2 is a planar
view illustrating a light shielding layer of an organic light-
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emitting diode (OLED) display panel. FIG. 3 is a cross-
sectional view illustrating the OLED display panel accord-
ing to the present invention. As shown in the drawings, the
present invention provides an OLED display panel 2. The
OLED display panel 2 comprises a substrate 21, an electrode
layer 22, and a pixel defining layer 23. The OLED display
panel 2 is preferably used in the field of OLED displays. In
alternative embodiments, the OLED display panel 2 can also
be used in display technologies in which pixels have uneven
brightness/chromaticity in an edge region and a central
region such as quantum dots light-emitting diode (QLED)
display technology, micro light-emitting diode (Micro-LED)
display technology, or QD-OLED (quantum dots OLED)
technology which combines OLED and QD; however, the
present invention is not limited in this regard.

[0034] The electrode layer 22 is spaced at intervals on the
substrate 21. The pixel defining layer 23 is disposed on the
substrate 21. The pixel defining layer 23 comprises a plu-
rality of dams 231 and a light opening 232 between any two
adjacent dams 231. Each dam 231 comprises a dam body
233 and a light shielding layer 235. A projection of the light
shielding layer 235 projected on the substrate 21 is larger
than or equal to a projection of the dam body 233 projected
on the substrate 21. In other words, the light opening 232
between two adjacent light shielding layers 235 further
comprises a light shielding opening 31, and the light shield-
ing opening 31 is smaller than the light opening 232.

[0035] Specifically, in the embodiment shown in FIG. 3,
the substrate 21 may be selected from common substrates in
this field and includes, but is not limited to, a thin film
transistor (TFT) substrate. The light shielding layer 235 is
preferably a mask. In alternative embodiments, the light
shielding layer 235 is a black matrix, a glass cover plate
having a black matrix, or other suitable material. The light
shielding layer 235 is directly disposed on each of the dam
bodies 233 of the pixel defining layer 23, or disposed on a
cover plate (not illustrated) and then aligned and attached to
the panel having pixels (not illustrated) to shield non-
uniform illumination at edges of the pixels, thereby improv-
ing uniform illumination of the pixels. The electrode layer
22 is an anode and can be made of a conventional pixel
electrode material, such as indium tin oxide (ITO), indium
tin oxide/silver/indium tin oxide (ITO/Ag/ITO), or gra-
phene. A size of the light shielding opening 31 is smaller
than a size of the light opening 232 and ranges from one
micrometer to eight micrometers. A pixel light-emitting
region 25 is defined by the light opening 232 between any
two adjacent dams 231 and the electrode layer 22 disposed
in the light opening 232. Therefore, the present embodiment
shields non-uniform illumination from a concave/convex
surface of the pixel light-emitting region 25 by means of the
light shielding layer 235 without reducing an area of the
pixel light-emitting region 25, thereby improving uniform
illumination of the pixels and device quality.

[0036] Referring to FIG. 4, the OLED display panel
further comprises an optical film layer 4 disposed over the
light opening 232 and a glass cover plate 5 disposed on the
pixel defining layer 23. An edge of the optical film layer 4
is disposed between an edge of the light shielding opening
31 and an edge of the light opening 232. The optical film
layer 4 is attached to a lower surface of the light shielding
layer 235 or upper surfaces of two adjacent dams 231. In an
alternative embodiment, the optical film layer 4 can be



US 2021/0335966 Al

disposed on a surface of the glass cover plate 5 at one side;
configuration may vary as required.

[0037] It is preferable that the dam 231 is made of epoxy
and is added with a dye or a pigment in the light shielding
layer 235. In order to achieve uniform illumination of the
pixels of the present embodiment, and to improve colors of
light and angles of view. A surface (not illustrated) of the
optical film layer 4 of the present embodiment away from
the substrate 21 (not illustrated) is provided with micro-
structures (not illustrated) by a roughening treatment, so
special micro-structures such as a micro-lenses or micro-
prisms are formed to improve the angles of view. In an
alternative embodiment, the optical film layer 4 is added
with scattering particles (not illustrated) inside to refract or
scatter light. The scattering particles are made of silicon
dioxide or silicon oxide. The optical film layer is made of
polyacrylate, acryl resin, or melamine resin. A refractive
index of the scattering particles is different from a refractive
index of the optical film layer 4.

[0038] According to one embodiment of the present inven-
tion, the optical film layer 4 may also be an anti-reflection
film consisting of a high refractive index material and a low
refractive index material alternately stacked on each other.
The high refractive index material is, for example, titanium
oxide (TiO,), chromium oxide (Cr,0;) or a high polymer
material with a mixture thereof. The low refractive index
material is silicon dioxide (SiO,) or silicon oxide (SiO,). A
hollow portion (i.e., the light shielding opening 31) in the
light shielding layer 235 can collaborate with the optical film
layer 4 to improve color uniformity of light, angles of view,
and etc.

[0039] Referring to FIG. 5, the present invention provides
a manufacturing method of an organic light emitting
(OLED) display panel 2, comprising following steps:
[0040] Step S10: proving a substrate 21;

[0041] Step S20: forming an electrode layer 22 spaced at
intervals on the substrate 21;

[0042] Step S30: forming a pixel defining layer 23 on the
substrate 21, wherein the pixel defining layer 23 comprises
forming a plurality of dams 231 and forming a light opening
232 between any two adjacent dams 231, wherein each dam
231 comprises a dam body 233 and a light shielding layer
235, and a projection of the light shielding layer 235
projected on the substrate 21 is larger than or equal to a
projection of the dam body 233 projected on the substrate
21. In other words, a light shielding opening 31 is defined
between the light shielding layers 235 and arranged corre-
sponding to the light openings 232. A size of the light
shielding opening 31 is smaller than a size of the light
opening 232 and ranges from one micrometer to eight
micrometers.

[0043] The substrate 21 in step S10 is selected from
conventional substrates in this field including, but not lim-
ited to, a thin film transistor (TFT) substrate. The electrode
layer 22 in step S20 may be formed by vacuum deposition,
sputtering, physical vapor deposition (PVD), or chemical
vapor deposition (CVD). Material of the electrode layer 22
comprises one of metal oxide, metal, or a combined material
(e.g., ITO or ITO/Ag/ITO), or graphene.

[0044] After step S30, an OLED device layer (not illus-
trated) is evaporated and deposited on the light shielding
layer 235, and an encapsulation layer (not illustrated) is
formed on the OLED device layer. The OLED device layer
includes a hole injection layer (HIL), a hole transport layer
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(HTL), a light emitting layer (EML), an electron transport
layer (ETL), an electron injection layer (EIL), and a cathode.
The encapsulation layer is formed by a sealant (Dam), thin
film encapsulation (TFE), a desiccant filling, face sealing, or
laser sealing using glass powder. Material of the encapsu-
lation layer can comprise an organic material and/or an
inorganic material.

[0045] After step 30, an optical film layer 4 is formed over
the light opening 232. An edge of the optical film layer 4 is
formed between an edge of the light shielding opening 31
and an edge of the light opening 232. The optical film layer
4 is disposed on a lower surface of the light shielding layer
235 or upper surfaces of two adjacent dam bodies 231. The
dam 231 is made of epoxy and added with a dye or a pigment
in the light shielding layer 235. The optical film layer 4 is an
anti-reflection film consisting of a high refractive index
material and a low refractive index material alternately
stacked with each other, or is a viewing angle improving film
having micro-structures formed on one side by a roughening
treatment, or is a viewing angle improving film composed of
the optical film layer 4 added with scattering particles,
thereby improving color uniformity of light and angles of
views.

[0046] The scattering particles are made of silicon dioxide
or silicon oxide. The optical film layer 4 is made of poly-
acrylate, acryl resin or melamine resin. A refractive index of
the scattering particles is different from a refractive index of
the optical film layer. Specifically, the anti-reflective optical
film layer 4 is generally formed by evaporation, sputtering,
vapor deposition, or coating, wherein the preferable method
is vapor deposition or coating. The optical film layer 4 for
shielding light and the functional film for improving the
angles of view or color of light are formed by a photoli-
thography process or a development process.

[0047] It should be noted that, in step 30, the light shield-
ing layer 235 is disposed on each of the dam bodies 233 of
the pixel defining layer 23 by a photolithography process,
and then patterned by an exposure/development process.
The light shielding layer 235 is applied by inkjet printing,
spreading, printing, spin coating, dip coating, or pulling,
wherein inkjet printing is preferable. In alternative embodi-
ments, the light shielding layer 235 can be formed by means
of vapor deposition, sputtering, or vapor deposition; meth-
ods may change as needed.

[0048] The light shielding film 235 of the pixel defining
layer 23 is formed by using a mask. However, in alternative
embodiments, the light shielding layer 235 may also be a
conventional black matrix material or a glass cover plate
having a black matrix material. In the present embodiment,
the OLED display panel 2 is manufactured by a solution
processing technology and a printing process, wherein non-
uniform illumination at edges of pixels is shielded by the
light shielding layer 235, thereby solving a problem of
uneven illumination of the pixels caused by uneven film
thickness in a conventional solution processing technology,
thus achieving uniform illumination of the pixel substrate.
The manufacturing method can also be used in a quantum
dots light-emitting diode (QLED) display panel or QD-
OLED display panel processed by a solution; and the present
invention is not limited in this regard.

[0049] The present invention also provides an OLED
display device comprising the OLED display panel 2
described in the above embodiment. Other structures related
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to the OLED display device are about conventional tech-
niques, so a detailed description thereof is omitted herein for
brevity.

[0050] In summary, although the present invention has
been described above in connection with specific embodi-
ments, it will be appreciated that many alternatives, modi-
fications, and variations are apparent to those skilled in the
art. All such alternatives, modifications, and variations
should be deemed to be within the protection scope of the
present invention defined by the appended

What is claimed is:

1. An organic light-emitting diode (OLED) display panel,
comprising:

a substrate;

an electrode layer spaced at intervals on the substrate; and

a pixel defining layer disposed on the substrate, the pixel

defining layer comprising forming a plurality of dams
and forming a light opening between any two adjacent
dams, wherein each dam comprises a dam body and a
light shielding layer;

wherein a projection of the light shielding layer projected

on the substrate is larger than or equal to a projection
of the dam body projected on the substrate.

2. The OLED display panel according to claim 1, further
comprising an optical film layer disposed over the light
opening, wherein the optical film layer is provided with
micro-structures on a surface away from the substrate, or the
optical film layer is added with scattering particles therein.

3. The OLED display panel according to claim 2, further
comprising a glass cover plate disposed on the pixel defining
layer, wherein the optical film layer is disposed under the
glass cover plate.

4. The OLED display panel according to claim 2, wherein
the scattering particles are made of silicon dioxide or silicon
oxide;

the optical film layer is made of polyacrylate, acryl resin,

or melamine resin; and

a refractive index of the scattering particles is different

from a refractive index of the optical film layer.

5. The OLED display panel according to claim 1, wherein
the light shielding layer is a mask, a black matrix, or a cover
plate having a black matrix, the electrode layer is an anode,
a light shielding opening is defined between any two adja-
cent light shielding layers, and a size of the light shielding
opening is smaller than a size of the light opening and ranges
from one micrometer to eight micrometers.

6. A manufacturing method of an organic light emitting
(OLED) display panel, comprising following steps:

S10: providing a substrate;

S20: forming an electrode layer spaced at intervals on the

substrate; and

S30: forming a pixel defining layer on the substrate,

wherein the pixel defining layer comprises forming a
plurality of dams and forming a light opening between
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any two adjacent dams, wherein each dam comprises a
dam body and a light shielding layer, and a projection
of the light shielding layer projected on the substrate is
larger than or equal to a projection of the dam body
projected on the substrate.

7. The manufacturing method of the OLED display panel
according to claim 6, wherein after step S30, further com-
prising forming an optical film layer over the light opening,
wherein the optical film layer is provided with micro-
structures on a surface away from the substrate, or the
optical film layer is added with scattering particles therein.

8. The manufacturing method of the OLED display panel
according to claim 7, wherein an optical film layer is an
anti-reflection film consisting of a high refractive index
material and a low refractive index material alternately
stacked on each other, or is a viewing angle improving film
with the micro-structures formed on one side by a rough-
ening treatment.

9. The manufacturing method of the OLED display panel
according to claim 6, wherein in step S30, the light shielding
layer is applied onto the dam bodies of the pixel defining
layer by a photolithography process, and then patterned by
an exposure/development process.

10. An organic light-emitting diode (OLED) display
device, comprising the OLED display panel of claim 1.

11. The OLED display device according to claim 10,
further comprising an optical film layer disposed over the
light opening, wherein the optical film layer is provided with
micro-structures on a surface away from the substrate, or the
optical film layer is added with scattering particles therein.

12. The OLED display device according to claim 11,
further comprising a glass cover plate disposed on the pixel
defining layer, wherein the optical film layer is disposed
under the glass cover plate.

13. The OLED display device according to claim 12,
wherein the scattering particles are made of silicon dioxide
or silicon oxide;

the optical film layer is made of polyacrylate, acryl resin
or melamine resin; and

a refractive index of the scattering particles is different
from a refractive index of the optical film layer.

14. The OLED display device according to claim 10,
wherein the light shielding layer is a mask, a black matrix,
or a cover plate having a black matrix, and the electrode
layer is an anode.

15. The OLED display device according to claim 10,
wherein a light shielding opening is defined between any
two adjacent light shielding layers, and a size of the light
shielding layer is smaller than a size of the light opening and
ranges from one micrometer to eight micrometers.
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