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(57) ABSTRACT

The present disclosure provides an OLED display panel and
a manufacturing method thereof. The OLED display panel
includes a substrate and a bank layer and pixel units dis-
posed on the substrate. The pixel units are partitioned by the
bank layer. The bank layer is negative photoresist. Openings
obtained by exposing and developing the bank layer are
formed in the bank layer. The openings are used for placing
light-emitting layers of the pixel units. A light-permeable
light enhancement layer is disposed between the bank layer
around the opening and the substrate, such that light inten-
sity on one side of the bank layer around the opening close
to the substrate is increased during the exposure and devel-
opment process to obtain the opening having a top wider
than a bottom. By using the present disclosure, a manufac-
turing efficiency of the light-emitting layers of the OLEDs
increases.

5 Claims, 3 Drawing Sheets

— 510

Form a light-permeable light enhancement layer and anodes of a plurality of
pixel units on a substrate in a first area.

— 520

Coat a bank layer that is negative photoresist on the substrate, and expose
and develop the bank layer to obtain a plurality of openings having a top
wider than a bottom, wherein the first area is a peripheral area of the
openings.

530

Dispose light-emitting layers of the pixel units in the plurality of openings,
respectively.

540

Form a cathode of the pixel unit on the top of each of the openings, wherein
the light-emitting layer of the pixel unit electrically contacts the anode and
the cathode of the pixel unit.
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510

Form a light-permeable light enhancement layer and anodes of a plurality of

pixel units on a substrate in a first area.

$ 520

Coat a bank layer that is negative photoresist on the substrate, and expose

and develop the bank layer to obtain a plurality of openings having a top
wider than a bottom, wherein the first area is a peripheral area of the

openings.
530
Dispose light-emitting layers of the pixel units in the plurality of openings,
respectively.
i ——540

Form a cathode of the pixel unit on the top of each of the openings, wherein
the light-emitting layer of the pixel unit electrically contacts the anode and

the cathode of the pixel unit.

Fig. 5
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MANUFACTURING METHOD FOR OLED
DISPLAY PANEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a display technology,
more particularly, to an organic light-emitting diode (OLED)
display panel and a manufacturing method thereof.

2. Description of the Related Art

Currently, OLED display panels have gradually become
the mainstream of the display area. In the existing manu-
facturing processes of OLED display panels, light-emitting
layers of OLEDs are usually formed by using the inkjet
printing technology. Generally speaking, an OLED display
panel comprises pixel units and a bank layer used for
partitioning the pixel units. The bank layer is negative
photoresist. During the manufacturing process, the bank
layer is disposed on the substrate, and the bank layer is
exposed to obtain plural opening patterns. An OLED light-
emitting material is sprayed into the openings to form the
light-emitting layers of the pixel units.

However, since the exposure energy contacted by an
upper part of the bank layer is higher than that contacted by
a bottom part of the bank layer when the bank layer is
exposed, the opening patterns formed by exposure tend to
become the structure having a narrow top and a wide bottom
as shown in FIG. 1. Hence, in the subsequent inkjet printing
process, the OLED light-emitting material is difficult to
enter into the openings because of the narrow top of the
openings, thus resulting in a poor manufacturing efliciency
of the light-emitting layers of the OLEDs.

SUMMARY OF THE INVENTION

The present disclosure provides an OLED display panel
and a manufacturing method thereof to increase a manufac-
turing efficiency of light-emitting layers of the OLEDs.

The present disclosure provides an OLED display panel.
The OLED display panel comprises a substrate and a bank
layer and a plurality of pixel units disposed on the substrate.
The plurality of pixel units are partitioned by the bank layer.
Each of the pixel units comprises a cathode, an anode, and
a light-emitting layer sandwiched between the cathode and
the anode. The bank layer is negative photoresist and a
plurality of openings obtained by exposing and developing
the bank layer are formed in the bank layer. The openings are
used for placing light-emitting layers of the pixel units, and
a light-permeable light enhancement layer is disposed
between the bank layer around the opening and the substrate,
such that light intensity on one side of the bank layer around
the opening close to the substrate is increased during the
exposure and development process to obtain the opening
having a top wider than a bottom. The light enhancement
layer is made of a semi-reflective translucent material or
constituted by a brightness enhanced film. The light
enhancement layer extends to an area corresponding to the
bottom of the opening. An extended portion of the light
enhancement layer completely or partially covers the area
corresponding to the bottom of the opening.

In one aspect of the present disclosure, the anode of the
pixel unit comprises an indium tin oxide (ITO) electrode, the
ITO electrode is disposed on the bottom of the opening, two
ends of the ITO electrode are disposed in the bank layer, and
the light enhancement layer is disposed between the ITO
electrode and the substrate.
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In another aspect of the present disclosure, the light-
emitting layers are formed by inkjet printing.

The present disclosure also provides an OLED display
panel. The OLED display panel comprises a substrate and a
bank layer and a plurality of pixel units disposed on the
substrate. The plurality of pixel units are partitioned by the
bank layer. Each of the pixel units comprises a cathode, an
anode, and a light-emitting layer sandwiched between the
cathode and the anode. The bank layer is negative photore-
sist and a plurality of openings obtained by exposing and
developing the bank layer are formed in the bank layer. The
openings are used for placing light-emitting layers of the
pixel units, and a light-permeable light enhancement layer is
disposed between the bank layer around the opening and the
substrate, such that light intensity on one side of the bank
layer around the opening close to the substrate is increased
during the exposure and development process to obtain the
opening having a top wider than a bottom.

In one aspect of the present disclosure, the light enhance-
ment layer is made of a semi-reflective translucent material
or constituted by a brightness enhanced film.

In another aspect of the present disclosure, the light
enhancement layer extends to an area corresponding to the
bottom of the opening. An extended portion of the light
enhancement layer completely or partially covers the area
corresponding to the bottom of the opening.

In still another aspect of the present disclosure, the anode
of the pixel unit comprises an indium tin oxide (ITO)
electrode. The ITO electrode is disposed on the bottom of
the opening. Two ends of the ITO electrode are disposed in
the bank layer. The light enhancement layer is disposed
between the ITO electrode and the substrate.

In yet another aspect of the present disclosure, the light-
emitting layers are formed by inkjet printing.

The present disclosure further provides a method for
manufacturing an OLED display panel. The method com-
prises: forming a light-permeable light enhancement layer
and anodes of a plurality of pixel units on a substrate in a
first area; coating a bank layer that is negative photoresist on
the substrate, and exposing and developing the bank layer to
obtain a plurality of openings having a top wider than a
bottom, wherein the first area is a peripheral area of the
openings; disposing light-emitting layers of the pixel units in
the plurality of openings, respectively; forming a cathode of
the pixel unit on the top of each of the openings, wherein the
light-emitting layer of the pixel unit electrically contacts the
anode and the cathode of the pixel unit.

In one aspect of the present disclosure, the light enhance-
ment layer is made of a semi-reflective translucent material
or constituted by a brightness enhanced film.

In another aspect of the present disclosure, the light
enhancement layer extends to areas corresponding to the
bottoms of the openings, extended portions of the light
enhancement layer completely or partially cover the areas
corresponding to the bottoms of the openings.

In still another aspect of the present disclosure, the anode
of the pixel unit comprises a metal electrode and an indium
tin oxide (ITO) electrode. The step of forming the light-
permeable light enhancement layer and the anodes of the
pixel units on the substrate in the first area comprises:
forming the metal electrodes on the substrate in the first area,
coating the light enhancement layer on the metal electrodes,
and forming the 1TO electrodes on the light enhancement
layer.

In yet another aspect of the present disclosure, the light-
emitting layers are formed by inkjet printing, the anodes of
the pixel units and the light enhancement layer are formed
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by physical vapor deposition (PVD), photo, etching, and
stripping, the cathodes of the pixel units are formed by
evaporation deposition.

Through disposing the light enhancement layer on the
OLED display panel in the bank layer around the openings
required to be formed, the light intensity on one side of the
bank layer around the openings required to be formed close
to the substrate is increased when the bank layer is exposed
and developed to obtain the openings having the top wider
than the bottom. When the light-emitting layers of the pixel
units are formed in the openings, the light-emitting material
is easy to enter into the openings because the top of the
openings is wider than the bottom of the openings to
increase the manufacturing efficiency of the light-emitting
layers of the OLED:s.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a structure of an OLED
display panel according to one embodiment of the present
disclosure.

FIG. 2 is a schematic diagram of a structure of an OLED
display panel according to another embodiment of the
present disclosure.

FIG. 3 is a schematic diagram of a structure of an OLED
display panel according to still another embodiment of the
present disclosure.

FIG. 4 is a schematic diagram of a structure of an OLED
display panel according to yet another embodiment of the
present disclosure.

FIG. 5 is a flowchart of a method for manufacturing an
OLED display panel according to one embodiment of the
present disclosure.

FIG. 6 is a schematic diagram of a structure of an OLED
display panel when performing step 520 shown in FIG. 5.

DESCRIPTION OF THE EMBODIMENTS

For the purpose of description rather than limitation, the
following provides such specific details as a specific system
structure, interface, and technology for a thorough under-
standing of the application. However, it is understandable by
persons skilled in the art that the application can also be
implemented in other embodiments not providing such
specific details. In other cases, details of a well-known
apparatus, circuit and method are omitted to avoid hindering
the description of the application by unnecessary details.

Refer to FIG. 1, FIG. 1 is a schematic diagram of a
structure of an OLED display panel according to one
embodiment of the present disclosure. An OLED display
panel 100 comprises a substrate 110 and a bank layer 120
and a plurality of pixel units 130 disposed on the substrate
110. The plurality of pixel units 130 are partitioned by the
bank layer 120 (in FIG. 1 only the structure of the one pixel
unit 130 and the bank layer is shown and taken as an
example, structures of other pixel units and the bank layer
not shown are consistent with that shown in FIG. 1). Each
of the pixel units 130 comprises an anode 131, a cathode
132, and a light-emitting layer 133 sandwiched between the
anode 131 and the cathode 132. The light-emitting layer is
made of an OLED light-emitting material. When a voltage
is formed between the anode 131 and the cathode 132, the
light-emitting layer emits light so that display is realized.

The bank layer 120 is negative photoresist and a plurality
of openings 121 obtained by exposing and developing the
bank layer are formed in the bank layer 120. The openings
121 are used for placing light-emitting layers 133 of the
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pixel units 130, and a light-permeable light enhancement
layer 140 is disposed between the bank layer around the
opening 121 (that is, the bank layer located in a peripheral
area of the opening 122 shown in FIG. 1) and the substrate
110, such that light intensity on one side of the bank layer
around the opening close to the substrate is increased during
the exposure and development process. The opening 121
having a top wider than a bottom is thus obtained. The
bottom is a side of the opening 121 where the opening 121
is close to the substrate 110, and the top is a side of the
opening 121 where the opening 121 is away from the
substrate 110.

More specifically, the light enhancement layer 140 may be
made of a semi-reflective translucent material or constituted
by a brightness enhanced film. In addition, a thickness of the
light enhancement layer 140 is less than a specific thickness,
such as less than 0.2 millimeters (mm), etc.

For example, the light enhancement layer 140 is the
semi-reflective translucent material. Since the light enhance-
ment layer 140 can reflect light, incident light emitted from
the bank layer reaches the light enhancement layer 140 and
is then emitted during the exposure process, the reflected
light reacts with the incident light to generate the microcav-
ity effect. The light intensity is thus increased through the
microcavity effect. In the present embodiment, by adjusting
a thickness of the bank layer 120, the microcavity effect
gradually reduces with the increasing of a microcavity
length L. As a result, the closer the bank layer 120 is to the
substrate 110, the larger the retained portion is after the bank
layer is exposed and developed. The opening 121 having a
top wider than a bottom is thus formed because of the bank
layer 120 having a larger bottom on both sides of opening
121. The microcavity length L is a distance between a top
surface of the light enhancement layer and a top surface of
the bank layer 120 (as shown in FIG. 1).

Preferably, a transmittance of the semi-reflective translu-
cent material is greater than a reflectivity of the semi-
reflective translucent material. A ratio of the reflectivity to
the transmittance may be between 1:200 and 1:10, more
specifically, for example 1:200, 1:100, or 1:10. Of course,
the transmittance of the semi-reflective translucent material
does not need to be greater than the reflectivity of the
semi-reflective translucent material, and a material having
any reflectivity and transmittance can be adopted depending
on practical applications. In one embodiment, the semi-
reflective translucent material may be silver (Ag).

The light enhancement layer 140 is a brightness enhanced
film. Since the brightness enhanced film can intensify light
moving along a specific direction, the incident light in the
bank layer 120 along a specific direction d, for example
along a required inclination angle (that is, tapper) [ of the
opening 121, can be intensified by disposing the light
enhancement layer 140 correspondingly (as shown in FIG.
2, FIG. 2 is a schematic diagram of a structure in which the
light enhancement layer 140 is a brightness enhanced film
according to one embodiment). Since the energy of the
bottom of the bank layer 120 irradiated by light is higher
than the energy of a top of the bank layer 120 irradiated by
light, the bank layer retained on the bottom is more than that
retained on the top, thus forming the opening 121 having the
top wider than the bottom.

The light enhancement layer 140 can further extend to an
area corresponding to the bottom of the opening 123. As
shown in FIG. 1, an extended portion 141 of the light
enhancement layer 140 completely covers the area corre-
sponding to the bottom of the opening 123. That is, the light
enhancement layer 140 is correspondingly disposed in the
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peripheral area of the opening 122 and the area correspond-
ing to the bottom of the opening 123 and are connected as
a whole.

The cathode 132 of the pixel unit 130 may be disposed on
the top of the opening 121 to ensure that the cathode 132 can
be electrically contact with or connected to the light-emit-
ting layer 133 in the opening 121. The anode 131 of the pixel
unit 130 may be disposed on the bottom of the opening 121
and in the peripheral area of the opening 122 to ensure that
the anode 131 can be electrically contact with or connected
to the light-emitting layer 133 in the opening 121. The light
enhancement layer 140 may be disposed between the anode
131 and the substrate 110, in the anode 131, or on one side
of the anode 131 away from the substrate 110. When the
light enhancement layer 140 is disposed in the anode 131 or
on the one side of the anode 131 away from the substrate
110, the light enhancement layer 140 is a conductive mecha-
nism or the light enhancement layer 140 does not completely
cut off the electrical connection or electrical contact between
the anode 131 and the light-emitting layer 133. It should be
understood that the extended portion 141 of the light
enhancement layer 140 can be one part of the light enhance-
ment layer 140, and the above description of the light
enhancement layer 140 should be regarded as comprising
the extended portion 141.

In greater detail, the anode 131 of the pixel unit 130 may
comprise an indium tin oxide (ITO) electrode 1311. The ITO
electrode 1311 is disposed on the bottom of the opening 121.
Two ends of the ITO electrode 1311 may be disposed in the
bank layer 120 in the peripheral area of the opening 122. The
light enhancement layer 140 is disposed between the ITO
electrode 1311 and the substrate 110. Furthermore, the anode
131 of the pixel unit 130 may comprise a metal electrode
1312. The metal electrode 1312 is disposed in the bank layer
120 in the peripheral area of the opening 122 and can be
electrically connected to the ITO electrode 1311 so as to
provide the ITO electrode 1311 with a voltage. For example,
the metal electrode 1312 is disposed on one side of the ITO
electrode 1311 close to the substrate 110, and the electrical
connection is realized through the light enhancement layer
140. The light enhancement layer 140 may be a conductive
mechanism. Of course, the light enhancement layer 140 may
not be a conductive mechanism. The metal electrode 1312
may also be electrically connected to the ITO electrode 1311
through vias in the light enhancement layer.

Optionally, the light-emitting layer 133 of the pixel unit
130 is formed by inkjet printing. The anode 131 of the pixel
unit 130 and the light enhancement layer 140 are formed by
physical vapor deposition (PVD), photo, etching, and strip-
ping. The cathode 132 of the pixel unit 130 is formed by
evaporation deposition.

Refer to FIG. 3, FIG. 3 is a schematic diagram of a
structure of an OLED display panel according to still
another embodiment of the present disclosure. The only
difference between the present embodiment and the previous
embodiment is that the extended portion 141 of the light
enhancement layer 140 according to the present embodiment
does not completely but only partially covers the area
corresponding to the bottom of the opening 123 to increase
the light extraction efficiency of the light-emitting layer of
the OLED. That is, the light enhancement layer 140 is
correspondingly disposed in the peripheral area of the open-
ing 122 and part of the area corresponding to the bottom of
the opening 123, and the part of the area corresponding to
the bottom of the opening 123 where the light enhancement
layer 140 is disposed corresponds to part of the opening 121
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in the area corresponding to the bottom of the opening 123
close to the peripheral area of the opening 122.

In other embodiments, the light enhancement layer 140
does not necessarily extend to the area corresponding to the
bottom of the opening 123. That is, the light enhancement
layer 140 is only disposed in the peripheral area of the
opening 122 correspondingly, as shown in FIG. 4.

Refer to FIG. 5, FIG. 5 is a flowchart of a method for
manufacturing an OLED display panel according to one
embodiment. The method comprises:

510: forming a light-permeable light enhancement layer
and anodes of a plurality of pixel units on a substrate in a
first area.

The first area corresponds to the peripheral area of the
openings required to be formed. The light enhancement
layer may be disposed between the anodes and the substrate,
in the anodes, or on one side of the anodes away from the
substrate. When the light enhancement layer is disposed in
the anodes or on the one side of the anodes away from the
substrate, the light enhancement layer is a conductive
mechanism or the light enhancement layer does not com-
pletely cut off the electrical connections or electrical con-
tacts between the anodes and the light-emitting layers. The
light enhancement layer may be made of a semi-reflective
translucent material or constituted by a brightness enhanced
film. The light enhancement layer may extend to the areas
corresponding to the bottoms of the openings required to be
formed. The extended portions of the light enhancement
layer completely or partially cover the areas corresponding
to the bottoms of the openings required to be formed. The
detailed description of the light enhancement layer may be
referred to the above description of the light enhancement
layer.

Optionally, the anode of the pixel unit comprises a metal
electrode and an ITO electrode. Step 510 comprises: form-
ing the metal electrodes on the substrate in the first area;
coating the light enhancement layer on the metal electrodes,
and forming the ITO electrodes on the light enhancement
layer.

520: coating a bank layer that is negative photoresist on
the substrate, and exposing and developing the bank layer to
obtain a plurality of openings having a top wider than a
bottom, wherein the first area is a peripheral area of the
openings.

As shown in FIG. 6, the bank layer 120 thus coated is
exposed and developed by utilizing a mask 650 to obtain the
plurality of openings required to be formed. Opaque areas
651 in the mask 650 correspond to areas where the openings
need to be formed. Light openings 652 in the mask 650
correspond to an area where the bank layer is retained.

530: disposing light-emitting layers of the pixel units in
the plurality of openings, respectively.

540: forming a cathode of the pixel unit on the top of each
of the openings, wherein the light-emitting layer of the pixel
unit electrically contacts the anode and the cathode of the
pixel unit.

The light-emitting layers are formed by inkjet printing.
The anodes of the pixel units and the light enhancement
layer are formed by PVD, photo, etching, and stripping. The
cathodes of the pixel units are formed by evaporation
deposition.

The OLED display panels according to the above embodi-
ments can be formed by utilizing the present embodiment
method.

In the above technical schemes, through disposing the
light enhancement layer on the OLED display panel in the
bank layer around the openings required to be formed, the
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light intensity on one side of the bank layer around the
openings required to be formed close to the substrate is
increased when the bank layer is exposed and developed to
obtain the openings having the top wider than the bottom.
When the light-emitting layers of the pixel units are formed
in the openings, the light-emitting material is easy to enter
into the openings because the top of the openings is wider
than the bottom of the openings to increase the manufac-
turing efliciency of the light-emitting layers of the OLEDs.
The present disclosure is described in detail in accordance
with the above contents with the specific preferred
examples. However, this present disclosure is not limited to
the specific examples. For the ordinary technical personnel
of the technical field of the present disclosure, on the
premise of keeping the conception of the present disclosure,
the technical personnel can also make simple deductions or
replacements, and all of which should be considered to
belong to the protection scope of the present disclosure.
What is claimed is:
1. A method for manufacturing an organic light-emitting
diode (OLED) display panel comprising:
forming a light-permeable light enhancement layer and an
anode of pixel unit on a substrate in a first area, wherein
the light enhancement layer is constituted by a bright-
ness enhanced film;
coating a bank layer that is negative photoresist on the
substrate, and exposing and developing the bank layer
to obtain an opening having a top wider than a bottom,
wherein the first area is a peripheral area of the open-
mg;
disposing a light-emitting layer of the pixel unit in the
opening, respectively;
forming a cathode of the pixel unit on the top of the
opening, wherein the light-emitting layer of the pixel
unit electrically contacts the anode and the cathode of
the pixel unit.
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2. The method as claimed in claim 1, wherein the light
enhancement layer extends to areas corresponding to the
bottom of the opening, extended portions of the light
enhancement layer completely or partially cover the area
corresponding to the bottom of the opening.

3. The method as claimed in claim 1, wherein the anode
of the pixel unit comprises a metal electrode and an indium
tin oxide (ITO) electrode;

the step of forming the light-permeable light enhancement

layer and the anode of the pixel unit on the substrate in
the first area comprises:

forming the metal electrode on the substrate in the first

area;

coating the light enhancement layer on the metal elec-

trode; and

forming the ITO electrode on the light enhancement layer.

4. The method as claimed in claim 2, wherein the anode
of the pixel unit comprises a metal electrode and an indium
tin oxide (ITO) electrode;

the step of forming the light-permeable light enhancement

layer and the anode of the pixel unit on the substrate in
the first area comprises:

forming the metal electrode on the substrate in the first

area;

coating the light enhancement layer on the metal elec-

trode; and

forming the ITO electrode on the light enhancement layer.

5. The method as claimed in claim 1, wherein the light-
emitting layer is formed by inkjet printing, the anode of the
pixel unit and the light enhancement layer are formed by
physical vapor deposition (PVD), photo, etching, and strip-
ping, the cathode of the pixel unit are formed by evaporation
deposition.
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the light-emitting layer of the pixel unit electrically contacts the anode and
the cathode of the pixel unit.
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