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ORGANIC LIGHT-EMITTING DIODE
DISPLAY DEVICE BASED ON AN INKJET
PRINTING TECHNOLOGY AND
MANUFACTURING METHOD FOR THE
SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present application relates to a display tech-
nology field, and more particularly to an organic light-
emitting diode display device based on the inkjet printing
technology and manufacturing method for the same.

2. Description of Related Art

[0002] Along with the fast development of the inkjet
printing technology, more and more companies use the
inkjet printing technology to manufacture the Organic Light-
Emitting Diode (OLED) and the organic light-emitting
diode display device.

[0003] Wherein, in the conventional technology, a simple
cross-sectional view of an OLED device based on the inkjet
printing technology is shown as FIG. 1, and including a
substrate 110, a metal electrode 120, an indium tin oxide
(ITO) anode 130, a bank layer 140, an organic light-emitting
layer 150, and a cathode 160.

[0004] The first key step of the inkjet printing technology
is to treat the bank layer 140 as having a surface hydropho-
bicity, and the second key step of the inkjet printing tech-
nology is to spray the OLED ink to a groove formed in the
bank layer 140. Because most of the OLED ink is hydro-
philic, when the OLED ink is sprayed on the bank layer,
because of a poor contact force between the hydrophilicity
and the hydrophobicity, the OLED ink will fall into the
groove formed in the bank layer 140. However, because a
contact angle of the ink and the groove will directly affect
the uniformity of the ink inside the groove, when spraying
the OLED ink on the bank layer and the contact angle of the
OLED ink and the groove is improper (for example, the
contact angle >90°), a contact between a base of the ITO
anode and the OLED material is poor, a gap is existed
between the groove and the OLED material, a distribution of
the OLED material is thick at a middle portion and thin at
two terminals such that the uniformity is poor and is not
conducive to emit an even light.

SUMMARY OF THE INVENTION

[0005] The present invention provides an organic light-
emitting diode display device based on the inkjet printing
technology and manufacturing method for the same, which
can evenly distribute the OLED material, and make the
OLED device to emit an even light.

[0006] In order to solve the above technology problem, a
technology solution adopted by the present invention is:
providing an organic light-emitting diode (OLED) display
device based on an inkjet printing technology comprising: a
glass substrate; a metal layer, an anode layer, a bank layer,
an organic light-emitting layer and a cathode layer sequen-
tially disposed on the glass substrate; wherein, an area of the
metal layer covering on the glass substrate is provided with
three opening regions to reveal the glass substrate which is
corresponding to the three opening regions; an area of the
bank layer covering on the anode layer is provided with a
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fourth opening region to reveal the anode layer which is
corresponding to the fourth opening region; the organic
light-emitting layer is disposed inside the fourth opening
region; wherein, a hydrophobic material layer is disposed on
a surface of the bank layer which is in parallel with the glass
substrate, and the hydrophobic material layer includes fluo-
rine ion or chloride ion; the bank layer is a negative
photoresist.

[0007] Wherein, a material of the anode is indium tin
oxide.
[0008] Wherein, a shape formed in the fourth opening

region is an inverted trapezoidal shape.

[0009] In order to solve the above technology problem,
another technology solution adopted by the present inven-
tion is: providing an organic light-emitting diode (OLED)
display device based on an inkjet printing technology com-
prising: a glass substrate; a metal layer, an anode layer, a
bank layer, an organic light-emitting layer and a cathode
layer sequentially disposed on the glass substrate; wherein,
an area of the metal layer covering on the glass substrate is
provided with three opening regions to reveal the glass
substrate which is corresponding to the three opening
regions; an area of the bank layer covering on the anode
layer is provided with a fourth opening region to reveal the
anode layer which is corresponding to the fourth opening
region; the organic light-emitting layer is disposed inside the
fourth opening region; wherein, a hydrophobic material
layer is disposed on a surface of the bank layer which is in
parallel with the glass substrate.

[0010] Wherein, the hydrophobic material layer includes
fluorine ion or chloride ion.

[0011]

[0012] Wherein, a shape formed in the fourth opening
region is an inverted trapezoidal shape.

[0013] In order to solve the above technology problem,
another technology solution adopted by the present inven-
tion is: providing a manufacturing method for an organic
light-emitting diode (OLED) display device based on an
inkjet printing technology comprising steps of: sequentially
forming a metal layer, an anode layer and a bank layer on a
substrate; wherein, three opening regions are provided at an
area of the metal layer covering on the substrate to reveal the
substrate which is corresponding to the three opening
regions; providing a fourth opening region at an area of the
bank layer covering on the anode layer to reveal a portion of
the anode layer which is corresponding to the fourth opening
region; forming a photoresist layer on the portion of the
anode which is corresponding to the fourth opening region
and a surface of the bank layer, wherein, a photoresist
property of the photoresist layer and a photoresist property
of bank layer are different; exposing the photoresist layer to
reveal a surface of the bank layer which is in parallel with
the substrate; forming a hydrophobic material layer on the
surface of the bank layer which is in parallel with the
substrate; and exposing and developing to remove the pho-
toresist layer, using an inkjet printing technology to form an
organic light-emitting layer in the fourth opening region, and
forming a cathode layer on the organic light-emitting layer.
[0014] Wherein, the step of forming a hydrophobic mate-
rial layer on the surface of the bank layer which is in parallel
with the substrate is: performing a dry etching process to the
surface of the bank layer in order to form the hydrophobic
material layer on the surface of the bank layer.

Wherein, the bank layer is a negative photoresist.
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[0015] Wherein, the hydrophobic material layer includes
fluorine ion or chloride ion.

[0016] Wherein, the bank layer is a negative photoresist
and the photoresist layer is a positive photoresist.

[0017] Wherein, the step of exposing the photoresist layer
to reveal a surface of the bank layer which is in parallel with
the substrate is exposing the photoresist layer within a preset
time to reveal a surface of the bank layer which is in parallel
with the substrate.

[0018] In the above solution, in the organic light-emitting
diode display device based on the inkjet printing technology,
the hydrophobic material layer is disposed on the surface of
the bank layer which is in parallel with the substrate. The
fourth opening region provided by the bank layer is not
covered with the hydrophobic material layer such that all of
the sprayed OLED ink can fall into the fourth opening region
and the OLED ink can fully contact with the surface of the
fourth opening region so as to evenly distribute the OLED
ink in the fourth opening region in order to form an even
organic light-emitting layer, and the organic light-emitting
diode display device can emit an even light.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a schematic simple cross-sectional view
of an OLED device based on an inkjet printing technology
of the conventional art;

[0020] FIG. 2 is a schematic simple cross-sectional view
of an OLED device based on an inkjet printing technology
of the present invention;

[0021] FIG. 3 is a flowchart of a manufacturing method of
an organic light-emitting diode display device based on an
inkjet printing technology of an embodiment of the present
invention; and

[0022] FIG. 4 to FIG. 10 are cross-sectional views of the
organic light-emitting diode display device at different
manufacturing processes of the manufacturing method of the
organic light-emitting diode display device based on an
inkjet printing technology of an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0023] The following description is for explanation, not
for limiting to provide a specific detail such as specific
system structure, port and technology to understand the
present invention thoroughly.

[0024] With reference to FIG. 2, and FIG. 2 is a schematic
simple cross-sectional view of an OLED display device
based on the inkjet printing technology of the conventional
art. The organic light-emitting diode (OLED) display device
includes a glass substrate 210, and a metal layer 220, an
anode layer 230, a bank layer 240, a hydrophobic material
layer 250, an organic light-emitting layer 260 and a cathode
layer 270 sequentially disposed on the glass substrate 210.
[0025] Wherein, an area of the metal layer 220 covering
on the glass substrate 210 is provided with three opening
regions to reveal the glass substrate 210 which is corre-
sponding to the three opening regions; an area of the bank
layer 240 covering on the anode layer 230 is provided with
a fourth opening region to reveal the anode layer 230 which
is corresponding to the fourth opening region. The organic
light-emitting layer 260 is disposed inside the fourth open-
ing region; the hydrophobic material layer 250 is disposed
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on a surface of the bank layer 240 which is in parallel with
the glass substrate 210, and a surface of the fourth opening
region is not covered with the hydrophobic material layer
250.

[0026] The metal layer 220 is used to connect with the
anode layer 230 to reduce an internal resistance. Further-
more, a material of the anode layer 230 can be an indium tin
oxide (ITO) or other transparent conductive materials, the
present invention is not limited.

[0027] A material of the bank layer 240 is a photoresist
material. The fourth opening region provided by the bank
layer 240 is used for utilizing the inkjet printing technology
to spray the OLED ink to the fourth opening region in order
to form an organic light-emitting layer 260.

[0028] Furthermore, the material of the bank layer 240 is
a negative photoresist material. It can be understood that in
another embodiment, the material of the bank layer 240 is a
positive photoresist material, the present invention is not
limited.

[0029] Furthermore, a shape formed in the fourth opening
region is an inverted trapezoidal shape. An angle formed
between a surface of the fourth opening region and a plane
where the anode layer 230 is located is greater than 90
degrees such that when spraying the OLED ink, the OLED
ink can fully contact with the surface of the fourth opening
region in order to prevent a situation that the OLED ink
cannot be sprayed on the surface of the fourth opening
region.

[0030] The hydrophobic material 250 is used for forming
a hydrophobic group with the material of the bank layer 240.
Because the OLED ink is generally a hydrophilic material,
when spraying the OLED ink to the fourth opening region of
the bank layer 240, the hydrophobic material layer 250
covering the surface of the bank layer 240 which is in
parallel with the glass substrate 210 make all of the sprayed
OLED ink to fall into the fourth opening region and make
the OLED ink to fully contact with the surface of the fourth
opening region (the contact angle between the OLED ink
and the surface of the fourth opening region is less than 90
degrees, to evenly distribute the OLED ink in order to form
an even organic light-emitting layer 260.

[0031] Because the hydrophobic material layer 250 is
disposed on the surface of the bank layer 240 which is in
parallel with the glass substrate 210, and the surface of the
fourth opening region is not covered with the hydrophobic
material layer 250 such that the surface of the fourth opening
region also being hydrophobic is avoided in order to avoid
an uneven light emitting situation of the OLED display
device caused by an uneven distribution of the OLED ink
because of a poor contact of the sprayed OLED ink and the
surface of the fourth opening region.

[0032] Furthermore, the hydrophobic material layer 250
includes fluoride ion or chlorine ion. However, the present
invention is not limited, other hydrophobic ions can be used.
[0033] In the above solution, in the organic light-emitting
diode display device based on the inkjet printing technology,
the hydrophobic material layer is disposed on the surface of
the bank layer which is in parallel with the substrate. The
fourth opening region provided by the bank layer is not
covered with the hydrophobic material layer such that all of
the sprayed OLED ink can fall into the fourth opening region
and the OLED ink can fully contact with the surface of the
fourth opening region so as to evenly distribute the OLED
ink in the fourth opening region in order to form an even
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organic light-emitting layer, and the organic light-emitting
diode display device can emit an even light.

[0034] A shape formed in the fourth opening region is an
inverted trapezoidal shape. An angle formed between a
surface of the fourth opening region and a plane where the
anode layer is located is greater than 90 degrees such that a
situation that the OLED ink cannot be sprayed on the surface
of the fourth opening region can be prevented.

[0035] With reference to FIG. 3, and FIG. 3 is a flowchart
of a manufacturing method for an organic light-emitting
diode (OLED) display device based on an inkjet printing
technology of an embodiment of the present invention. The
manufacturing method for an organic light-emitting diode
(OLED) display device based on an inkjet printing technol-
ogy of the present embodiment comprises following steps:
[0036] S301: sequentially forming a metal layer, an anode
layer and a bank layer on a substrate; wherein, three opening
regions are provided at an area of the metal layer covering
on the substrate to reveal the substrate which is correspond-
ing to the three opening regions; providing a fourth opening
region at an area of the bank layer covering on the anode
layer to reveal the anode layer which is corresponding to the
fourth opening region.

[0037] With reference to FIG. 4 to FIG. 10, and FIG. 4 to
FIG. 10 are cross-sectional views of the organic light-
emitting diode display device at different manufacturing
processes of the manufacturing method for the organic
light-emitting diode display device based on an inkjet print-
ing technology of an embodiment of the present invention.
[0038] As shown in FIG. 4, sputtering a metal layer on a
substrate and etching three opening regions at a preset
location of the metal layer to reveal the substrate which is
corresponding to the three opening regions; sputtering
indium tin oxide on the metal layer and the substrate which
is corresponding to the three opening regions and revealed
in order to form an anode layer, coating a first photoresist
material on the anode layer to form a bank layer, and
providing a fourth opening region at a preset region to reveal
a portion of the anode layer which is corresponding to the
fourth opening region, as shown in FIG. 5.

[0039] Wherein, a shape formed in the fourth opening
region is an inverted trapezoidal shape. An angle formed
between a surface of the fourth opening region and a plane
where the anode layer is located is greater than 90 degrees
such that when spraying the OLED ink, the OLED ink can
fully contact with the surface of the fourth opening region so
as to prevent a situation that the OLED ink cannot be
sprayed on the surface of the fourth opening region.
[0040] It can be understood that, in another embodiment,
a material of the first photoresist material can be a positive
photoresist material, or a negative photoresist material.
[0041] S302: forming a photoresist layer on the portion of
the anode which is revealed and corresponding to the fourth
opening region and a surface of the bank layer; wherein, a
photoresist property of the photoresist layer and a photore-
sist property of bank layer are different.

[0042] As shown in FIG. 6, coating a second photoresist
material on the anode layer which is revealed and the bank
layer to form the photoresist (PR) layer.

[0043] Wherein, the photoresist property of the photoresist
layer and the photoresist property of bank layer are different.
When the first photoresist material of the bank layer is a
positive photoresist material, the second photoresist material
of the photoresist (PR) layer is a negative photoresist
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material; when the first photoresist material of the bank layer
is a negative photoresist material, the second photoresist
material of the photoresist (PR) layer is a positive photore-
sist material. The specific photoresist materials can be
selected according to the requirements of the photoresist
properties, the specific photoresist materials are not limited.
[0044] Furthermore, in the present embodiment, the bank
layer 1s a negative photoresist, and the photoresist layer is a
positive photoresist.

[0045] S303: exposing the photoresist layer to reveal a
surface of the bank layer which is in parallel with the
substrate, and a surface of the fourth opening region is still
covered with photoresist material of the photoresist layer,
and a schematic drawing of the photoresist layer after
exposing is as shown in FIG. 7.

[0046] Furthermore, the step S305 specifically is: expos-
ing the photoresist layer within a present time to reveal a
surface of the bank layer which is in parallel with the
substrate.

[0047] For example, the photoresist material in the pho-
toresist layer will react when encountering a light, control-
ling an exposure amount to the photoresist layer, and expos-
ing and developing the photoresist layer within a preset time
to reveal the surface of the bank layer which is in parallel
with the substrate, and the surface of the fourth opening
region is still covered with the photoresist material of the
photoresist layer.

[0048] S304: forming a hydrophobic material layer on the
surface of the bank layer which is in parallel with the
substrate and revealed.

[0049] Etching the surface of the bank layer which is
revealed in order to form a hydrophobic material layer. A
schematic drawing of the hydrophobic material layer after
formed is shown in FIG. 8.

[0050] Furthermore, the step S304 specifically is: per-
forming a dry etching process to the surface of the bank
layer in order to form the hydrophobic material layer on the
surface of the bank layer which is revealed.

[0051] For example, through an etching gas to perform a
dry etching process to the surface of the bank layer which is
in parallel with the substrate, the surface of the bank layer
which is revealed forms the hydrophobic material layer
including hydrophobic group. The surface of the bank layer
which is revealed including the hydrophobic group is used
for when spraying the OLED to the fourth opening region,
all of the OLED ink can be sprayed in the fourth opening
region, and contacting well with the surface of the fourth
opening region in order to form an even organic light-
emitting layer in the fourth opening region. Accordingly, the
surface of the fourth opening region also being hydrophobic
is avoided in order to avoid an uneven light emitting
situation of the OLED display device caused by an uneven
distribution of the OLED ink because of a poor contact of
the sprayed OLED ink and the surface of the fourth opening
region.

[0052] Furthermore, the etching gas can be CF,+0,, Cl,+
0, or CCl;+CL,, however, the present embodiment is not
limited.

[0053] When the etching gas is CF,+0,, the hydrophobic
material layer includes fluoride ion (F*), and when the
etching gas is Cl,+0, or CCl.+CL,, the hydrophobic mate-
rial layer includes chloride ion (CI7).

[0054] S305: exposing and developing to remove the
photoresist layer, using an inkjet printing technology to form
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an organic light-emitting layer in the fourth opening region,
and forming a cathode layer on the organic light-emitting
layer.

[0055] Exposing and developing to the photoresist layer to
remove a remaining second photoresist material in the
photoresist layer. A schematic drawing after removing the
remaining second photoresist material in the photoresist
layer is shown as FIG. 9.

[0056] After removing the remaining second photoresist
material in the photoresist layer, utilizing an inkjet printing
technology to spray the OLED ink in the fourth opening
region in order to evenly distribute the OLED ink in the
fourth opening region to form an organic light-emitting
layer, as shown in FIG. 10.

[0057] After forming the organic light-emitting layer,
forming a cathode on the organic light-emitting layer.
[0058] In the above solution, in the organic light-emitting
diode display device based on the inkjet printing technology,
the hydrophobic material layer is disposed on the surface of
the bank layer which is in parallel with the substrate. The
fourth opening region provided by the bank layer is not
covered with the hydrophobic material layer such that all of
the sprayed OLED ink can fall into the fourth opening region
and the OLED ink can fully contact with the surface of the
fourth opening region so as to evenly distribute the OLED
ink in the fourth opening region in order to form an even
organic light-emitting layer, and the organic light-emitting
diode display device can emit an even light.

[0059] A shape formed in the fourth opening region is an
inverted trapezoidal shape. An angle formed between a
surface of the fourth opening region and a plane where the
anode layer is located is greater than 90 degrees such that a
situation that the OLED ink cannot be sprayed on the surface
of the fourth opening region can be prevented.

[0060] The above embodiments of the present invention
are not used to limit the claims of this invention. Any use of
the content in the specification or in the drawings of the
present invention which produces equivalent structures or
equivalent processes, or directly or indirectly used in other
related technical fields is still covered by the claims in the
present invention.

What is claimed is:

1. An organic light-emitting diode (OLED) display device

based on an inkjet printing technology comprising:

a glass substrate;

a metal layer, an anode layer, a bank layer, an organic
light-emitting layer and a cathode layer sequentially
disposed on the glass substrate;

wherein, an area of the metal layer covering on the glass
substrate is provided with three opening regions to
reveal the glass substrate which is corresponding to the
three opening regions; an area of the bank layer cov-
ering on the anode layer is provided with a fourth
opening region to reveal the anode layer which is
corresponding to the fourth opening region; the organic
light-emitting layer is disposed inside the fourth open-
ing region; wherein, a hydrophobic material layer is
disposed on a surface of the bank layer which is in
parallel with the glass substrate, and the hydrophobic
material layer includes fluorine ion or chloride ion; the
bank layer is a negative photoresist.

2. The device according to claim 1, wherein, a material of

the anode layer is indium tin oxide.
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3. The device according to claim 1, wherein, a shape
formed in the fourth opening region is an inverted trapezoi-
dal shape.

4. An organic light-emitting diode (OLED) display device
based on an inkjet printing technology comprising:

a glass substrate;

a metal layer, an anode layer, a bank layer, an organic
light-emitting layer and a cathode layer sequentially
disposed on the glass substrate;

wherein, an area of the metal layer covering on the glass
substrate is provided with three opening regions to
reveal the glass substrate which is corresponding to the
three opening regions; an area of the bank layer cov-
ering on the anode layer is provided with a fourth
opening region to reveal the anode layer which is
corresponding to the fourth opening region; the organic
light-emitting layer is disposed inside the fourth open-
ing region; wherein, a hydrophobic material layer is
disposed on a surface of the bank layer which is in
parallel with the glass substrate.

5. The device according to claim 4, wherein, the hydro-

phobic material layer includes fluorine ion or chloride ion.

6. The device according to claim 4, wherein, the bank
layer is a negative photoresist.

7. The device according to claim 6, wherein, a material of
the anode layer is indium tin oxide.

8. The device according to claim 6, wherein, a shape
formed in the fourth opening region is an inverted trapezoi-
dal shape.

9. A manufacturing method for an organic light-emitting
diode (OLED) display device based on an inkjet printing
technology comprising steps of®

sequentially forming a metal layer, an anode layer and a
bank layer on a substrate; wherein, three opening
regions are provided at an area of the metal layer
covering on the substrate to reveal the substrate which
is corresponding to the three opening regions; provid-
ing a fourth opening region at an area of the bank layer
covering on the anode layer to reveal a portion of the
anode layer which is corresponding to the fourth open-
ing region;

forming a photoresist layer on the portion of the anode
which is corresponding to the fourth opening region
and a surface of the bank layer; wherein, a photoresist
property of the photoresist layer and a photoresist
property of bank layer are different;

exposing the photoresist layer to reveal a surface of the
bank layer which is in parallel with the substrate;

forming a hydrophobic material layer on the surface of the
bank layer which is in parallel with the substrate; and

exposing and developing to remove the photoresist layer,
using an inkjet printing technology to form an organic
light-emitting layer in the fourth opening region, and
forming a cathode layer on the organic light-emitting
layer.

10. The method according to ¢laim 9, wherein, the step of
forming a hydrophobic material layer on the surface of the
bank layer which is in parallel with the substrate is: per-
forming a dry etching process to the surface of the bank
layer in order to form the hydrophobic material layer on the
surface of the bank layer which is revealed.

11. The method according to claim 10, wherein, the
hydrophobic material layer includes fluorine ion or chloride
ion.
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12. The method according to claim 9, wherein, the bank
layer is a negative photoresist and the photoresist layer is a
positive photoresist.

13. The method according to claim 9, wherein, the step of
exposing the photoresist layer to reveal a surface of the bank
layer which is in parallel with the substrate is exposing the
photoresist layer within a preset time to reveal a surface of
the bank layer which is in parallel with the substrate.

# % % k&
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