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PIXEL DEFINITION LAYER AND
MANUFACTURING METHOD THEREOF,
DISPLAY SUBSTRATE AND DISPLAY
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of PCT/CN2013/
088832 filed on Dec. 9, 2013, which claims priority under 35
U.S.C. § 119 of Chinese Application No. 201310268023.6
filed on Jun. 28, 2013, the disclosure of which is incorpo-
rated by reference. The international application under PCT
article 21(2) was not published in English.

TECHNICAL FIELD

Embodiments of the invention relate to a pixel definition
layer and a manufacturing method thereof, a display sub-
strate and a display device.

BACKGROUND

Ink-jet printing technology is one of the main technolo-
gies adopted in the modern office printing. In recent years,
researchers have attempted to apply the ink-jet printing
technology to prepare plane function materials, for example,
prepare a polymer conductive film, a color organic light
emitting diode, a thin-film semiconductor device and the
like.

However, when the ink-jet printing technology is applied
to a display device, such as a liquid crystal display device or
an Organic Light Emitting Diode (OLED) display device
and the like, the printed ink may overflow into an adjacent
pixel region from the concerned pixel region because of
fluidity of the ink. In order to prevent the printed ink from
overflowing into the adjacent pixel region, a pixel definition
layer is generally provided. The pixel definition layer com-
prises a pixel division wall formed at the non-pixel region
between the pixel regions so as to form a space surrounded
by the pixel division walls; and the ink is applied within the
space by the ink-jet printing method.

Generally, the pixel definition layer is manufactured by
the following method. Firstly, an organic insulating film is
formed on a substrate; and then a solvent is spray-coated on
the organic insulating film to form the pixel division walls
by using the “coffee-ring” effect. In the above method, the
organic insulating film is firstly prepared by a spin coating
method or a blade coating method, and then the organic
insulating material of the organic insulating film migrates
due to the solvent so as to form the pixel division wall.
However, the above method has the following disadvan-
tages: on the one hand, in the case that the organic insulating
film is prepared by the above-mentioned spin coating
method or blade coating method, the utilization ratio of the
organic insulating material for forming the organic insulat-
ing film is low; on the other hand, when the organic
insulating material of the organic insulating film migrates
due to the solvent to form the pixel division wall, the organic
insulating material may migrate incompletely so that addi-
tional processes such as a plasma etching process and the
like are further required, in this case, the manufacturing
method of the pixel definition layer is complex and the
production line has a low efficiency.

SUMMARY

An embodiment of the invention provides a manufactur-
ing method for a pixel definition layer. The method com-
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prises: performing a surface treatment on a substrate; and
forming a pixel definition layer on the substrate by ink-jet
printing, wherein the pixel definition layer comprises a pixel
division wall.

For example, the substrate comprises a pixel region and a
non-pixel region; the surface treatment is performed on the
substrate so that a surface energy of the pixel region is
different from that of the non-pixel region; and the pixel
division wall is formed in the non-pixel region.

For example, a difference between a contact angle of a
droplet formed by the ink-jet printing in the pixel region of
the substrate and a contact angle of a droplet formed by the
ink-jet printing in the non-pixel region of the substrate is 30°
or more.

For example, the surface treatment is performed on the
substrate so that the surface energy of the pixel region is
different from that of the non-pixel region comprises: pet-
forming a self-assembled monomolecular layer surface
treatment on the substrate to form a monomolecular layer in
the pixel region of the substrate.

For example, the performing the self-assembled mono-
molecular layer surface treatment on the substrate to form
the monomolecular layer in the pixel region of the substrate
comprises: performing the self-assembled monomolecular
layer surface treatment on the substrate to form the mono-
molecular layer on a surface of the substrate; and removing
the monomolecular layer in the non-pixel region.

For example, the performing the self-assembled mono-
molecular layer surface treatment on the substrate to form
the monomolecular layer in the pixel region of the substrate
comprises: shielding the non-pixel region by a mask plate,
and performing the self-assembled monomolecular layer
surface treatment on the substrate to form the monomelecu-
lar layer on a surface of the substrate.

For example, the performing the self-assembled mono-
molecular layer surface treatment on the substrate to form
the monomolecular layer in the pixel region of the substrate
comprises: performing the surface treatment on the substrate
by using silicon fluoride in an inert gas atmosphere to form
a silicon fluoride monomolecular layer on the surface of the
substrate; and performing an ultraviolet irradiation treatment
on the non-pixel region of the substrate by using a mask
plate so as to remove the silicon fluoride monomolecular
layer in the non-pixel region.

For example, after forming the pixel division wall in the
non-pixel region by the ink-jet printing, the method further
comprises: removing the monomolecular layer in the pixel
region.

For example, after forming the pixel division wall in the
non-pixel region of the substrate by the ink-jet printing, the
method further comprises: removing the silicon fluoride
monomolecular layer in the pixel region.

For example, the removing the silicon fluoride monomo-
lecular layer in the pixel region comprises: performing an
ultraviolet irradiation treatment at least on the pixel region.

For example, the forming the pixel definition layer on the
substrate by the ink-jet printing comprises: printing an ink
for forming the pixel division wall in the non-pixel region by
the ink-jet printing; and performing a curing treatment on
the ink printed in the non-pixel region.

For example, the ink for forming the pixel division wall
is a solution formed by mixing a solute of organic insulating
material and an organic solvent.

For example, the curing treatment is an annealing treat-
ment or a drying treatment.

For example, the non-pixel region is provided between
adjacent pixel regions.
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An embodiment of the invention provides a pixel defini-
tion layer, which is manufactured by the manufacturing
method according to the embodiment of the invention.

An embodiment of the invention provides a display
substrate, which comprises the pixel definition layer accord-
ing to the embodiment of the invention.

An embodiment of the invention provides a display
device, which comprises the display substrate according to
the embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to clearly illustrate the technical solution of the
embodiments of the invention, the drawings of the embodi-
ments will be briefly described in the following; it is obvious
that the described drawings are only related to some embodi-
ments of the invention and thus are not limitative of the
invention.

FIG. 1 is a structural schematic view illustrating an OLED
device;

FIG. 2 is a top view illustrating a substrate according to
an embodiment of the invention;

FIG. 3 is a sectional view illustrating a pixel definition
layer according to an embodiment of the invention;

FIG. 4 is a schematic view illustrating a contact angle
formed between a substrate and a droplet on the substrate;

FIG. 5 is a schematic view illustrating that a silicon
fluoride monomolecular layer is formed on a surface of a
substrate;

FIG. 6 is a schematic view illustrating performing a
ultraviolet irradiation treatment on the substrate formed with
the silicon fluoride monomolecular layer by using a mask
plate; and

FIG. 7 is a schematic view illustrating a pixel division
wall formed at a non-pixel region on the substrate.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, the technical
solutions of the embodiment will be described in a clearly
and fully understandable way in connection with the draw-
ings related to the embodiments of the invention. It is
obvious that the described embodiments are just a part but
not all of the embodiments of the invention. Based on the
described embodiments herein, those skilled in the art can
obtain other embodiment(s), without any inventive work,
which should be within the scope of the invention.

The embodiments of the invention provide a pixel defi-
nition layer and a manufacturing method thereof, a display
substrate and a display device. The pixel definition layer
comprises a pixel division wall; and the pixel definition
layer is formed by the method according to an embodiment
of the invention. The display substrate comprises the pixel
definition layer formed by the method according to the
embodiment of the invention. The display device comprises
the display substrate according to an embodiment of the
invention. It should be noted that the display device may be
a display device, such as a liquid crystal display, an e-paper,
an OLED display, a Polymer Light-Emitting Diode (PLED)
display and the like, or may be any product or component
with display function, such as a television, a digital camera,
a mobile phone, a tablet PC and the like comprising the
above display device.

It should be noted that “layer” in the embodiments of the
invention refers to a layer of thin film prepared with certain
material on a substrate by using deposition or other process
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and comprising a “pattern”. For example, in the embodi-
ments of the invention, the pixel definition layer may be a
layer of thin film formed, for example, by ink-jet printing
and comprising a pattern of the pixel division wall. During
the ink-jet printing process, the ink-jet printing is carried out
in a desired region. Because of the fluidity of the ink-jet
printed ink, the ink-jet printed ink may overflow into other
regions adjacent to the desired region, and in this case, the
pixel division wall is needed to be formed around the desired
region for ink-jet printing to prevent overflow of the ink-jet
printed ink.

For example, the pixel definition layer and the manufac-
turing method thereof may be used for an OLED display
device. As shown in FIG. 1, an OLED generally comprises
an anode electrode layer 12, a light emitting functional layer
13 and a cathode electrode layer 14 which are successively
provided on a base substrate 11. The display device com-
prises a pixel region 31 and non-pixel region 32, as shown
in FIG. 2. The light emitting functional layer may be formed
on the anode electrode layer 12 within the pixel region 31 by
ink-jet printing; however, because of the fluidity of the
ink-jet printed ink, the ink-jet printed ink may overflow into
an adjacent pixel region. As shown in FIG. 3, the pixel
definition layer according to the embodiment of the inven-
tion comprises the pixel division wall 15 provided between
pixel regions 31 (namely, provided in the non-pixel region
32) so as to form an accommodation space; and ink-jet
printed ink for forming the light emitting functional layer is
applied within the accommodation spaces by ink-jet print-
ing. Because of the blocking effect of the pixel division wall,
the ink-jet printed ink for forming the light emitting func-
tional layer will not overflow into the adjacent pixel region.
It should be noted that the light emitting functional layer
may comprise a hole injection layer, a hole transmission
layer, an electroluminescence layer, etc.; and each of these
layers may be formed by ink-jet printing.

It should be noted that the pixel definition layer and the
manufacturing method thereof may be used for forming
other display devices and other structures. For example, in
the case that a color filter layer of a liquid crystal display
device is formed, the pixel definition layer is formed on the
substrate before forming the color filter layer, and then color
filter layers of red, green and blue are respectively formed
within the accommodation spaces surrounded by the pixel
division walls of the pixel definition layer by ink-jet print-
ing. Accordingly, the purity of each color of red, green and
blue can be ensured. The embodiment of the invention does
not limit the type of the display device and the structure
employing the pixel definition layer.

The manufacturing method of the pixel definition layer
will be explained in detail below in conjunction with the
accompanying drawings.

An embodiment of the invention provides a manufactur-
ing method of a pixel definition layer. The method com-
prises:

Step 101: performing a surface treatment on a substrate.

As shown in FIG. 2, the substrate comprises a pixel region
31 and a non-pixel region 32. There are multiple pixel
regions 31. For example, one pixel region 31 corresponds to
a pixel unit of one color, such as a red, green or blue pixel
unit. The non-pixel region 32 is provided between adjacent
pixel regions 31.

The surface treatment is performed on the substrate so
that a surface energy of the pixel region of the substrate is
different from that of the non-pixel region of the substrate.

The substrate in the embodiment of the invention is the
substrate before the pixel definition layer is formed, which
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may be a base substrate or a structure obtained by forming
a plurality of thin films or layers on the base substrate. The
base substrate may be made of glass, silicon, quartz, etc. For
example, as shown in FIG. 3, the substrate comprises a base
substrate 11 and an anode electrode layer 12 formed on the
base substrate 11. As an example, the following description
is given based on the case that the substrate comprises the
base substrate 11 and the anode electrode layer 12 formed on
the base substrate 11.

Step 102: forming a pixel definition layer on the substrate
by ink-jet printing, wherein the pixel definition layer com-
prises a pixel division wall.

The pixel division wall is formed in the non-pixel region.
Since the surface energy of the pixel region is different from
that of the non-pixel region, the pixel division wall is formed
in the non-pixel region rather than in the pixel region.

It should be noted that, the surface energy of the substrate
is a sum of a dispersion component and a polarity compo-
nent of the surface of the substrate; the amount and polarity
of the surface energy of the substrate may be obtained by
measuring a contact angle with a measure apparatus; and the
contact angle refers to an angle formed between the tangent
line of the gas-liquid interface that passes through the liquid
and the solid-liquid interface at the intersection of three-
phases of gas, liquid and solid. As shown in F1G. 4, a droplet
16 is printed on the base substrate 11, having the contact
angle of 8. If 8<90°, the surface of the base substrate 11 is
hydrophilic, namely, the liquid can wet the base substrate 11
easily, and the smaller the contact angle is, the better the
wettability is. If 6>90°, the surface of the base substrate 11
is hydrophobic, namely, the liquid cannot wet the surface of
the base substrate 11 easily and tends to move on the surface.
If 8=90°, it is the critical value whether the liquid wet the
surface of the base substrate 11 or not. It should be noted that
the hydrophilicity and hydrophobicity are relative. If the
substrate has regions of different surface energies, relatively
speaking, one of the regions is hydrophilic and the other is
hydrophobic. The greater the difference between the contact
angles of different regions of the substrate is, the greater the
difference of the surface energies of different regions of the
substrate is. For example, in the embodiment of the inven-
tion, the difference between the contact angle of the ink-jet
printed droplet in the pixel region of the substrate and the
contact angle of the ink-jet printed droplet in the non-pixel
region of the substrate is 30° or more. However, it should be
noted that the embodiment of the invention does not limit the
difference between the contact angle of the ink-jet printed
droplet in the pixel region of the substrate and the contact
angle of the ink-jet printed droplet in the non-pixel region of
the substrate as long as this difference of contact angles (in
other words, difference of surface energies) enables the pixel
division wall to be formed in the non-pixel region rather than
in the pixel region. It should be noted that the droplet for
measuring the contact angle generally is water, or the droplet
may be any other solution. In the embodiment of the
invention, the droplet may be ink-jet printed ink, namely,
ink-jet printing solution for forming the pixel definition
layer.

The surface treatment may be performed on the substrate
by various methods, such as self-assembled monomolecular
layer surface treatment, ultraviolet ozone cleaning treat-
ment, self-assembled polymolecular layer surface treatment,
film deposition, etc. The self-assembled monomolecular
layer surface treatment comprises a wet liquid self-as-
sembled monomolecular layer surface treatment and a dry
vapor self-assembled monomolecular layer surface treat-
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ment. The substrate may be processed by the suitable
method selected according to the practical demands.

Tt should be noted that a flexible substrate has a high
requirement on the processing temperature. The manufac-
turing method according to the embodiment of the invention
can be used for the flexible substrate for it does not need a
high processing temperature. For example, the flexible sub-
strate may be made of PET (polyethylene terephthalate), PI
(polyimide), etc.

For example, the surface treatment is performed on the
substrate so that the surface energy of the pixel region of the
substrate is different from that of the non-pixel region of the
substrate comprises: performing the self-assembled mono-
molecular layer surface treatment on the substrate to form a
monomolecular layer in the pixel region of the substrate.

For example, the performing the self-assembled mono-
molecular layer surface treatment on the substrate to form
the monomolecular layer in the pixel region of the substrate
may be: merely forming the monomolecular layer in the
pixel region of the substrate. In this case, for example, the
non-pixel region of the substrate is shielded by certain
component (such as a mask plate), so that the monomolecu-
lar layer is merely formed in the pixel region. Alternatively,
the performing the self-assembled monomolecular layer
surface treatment on the substrate to form the monomolecu-
lar layer in the pixel region of the substrate may be:
performing the self-assembled monomolecular layer surface
treatment on the substrate to form the monomolecular layer
on the substrate; and removing the monomolecular layer in
the non-pixel region.

In the case of performing the self-assembled monomo-
lecular layer surface treatment on the substrate to form the
monomolecular layer in the pixel region of the substrate,
after the pixel definition layer comprising the pixel division
wall is formed on the substrate by the ink-jet printing, the
manufacturing method of the pixel definition layer may
further comprise: removing the monomolecular layer in the
pixel region. The monomolecular layer in the pixel region is
not favorable to apply the desired material (such as the light
emitting layer material) in the space surrounded by the pixel
division walls, thus the monomolecular layer in the pixel
region is removed after the pixel definition layer comprising
the pixel division wall is formed.

The manufacturing method of the pixel definition layer
according to the embodiment of the invention will be
described in detail below by taking the self-assembled
silicon fluoride monomolecular layer surface treatment as an
example. For example, the manufacturing method of the
pixel definition layer according to the embodiment of the
invention comprises:

Step 201: performing the surface treatment on the sub-
strate by using silicon fluoride in an inert gas atmosphere to
form a silicon fluoride monomolecular layer on the surface
of the substrate.

As shown in FIG. 5, the silicon fluoride monomolecular
layer 21 is formed on the surface of the substrate; and the
substrate comprises the base substrate 11 and the anode
electrode layer 12 provided on the base substrate 11. For
example, the silicon fluoride monomolecular layer 21 is
formed on the surface of the substrate by the dry vapor
self-assembled monomolecular layer surface treatment
method; in this case, for example, the steam of silicon
fluoride is used to process the substrate to form the silicon
fluoride monomolecular layer 21 on the surface of the
substrate. Alternatively, the silicon fluoride monomolecular
layer 21 is formed on the surface of the substrate by the wet
liquid self-assembled monomolecular layer surface treat-
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ment method; in this case, for example, the substrate is
immerged in the silicon fluoride liquid to form the silicon
fluoride monomolecular layer 21 on the surface of the
substrate.

Step 202: performing an ultraviolet irradiation treatment
on the non-pixel region of the substrate by using the mask
plate so as to remove the silicon fluoride monomolecular
layer in the non-pixel region.

As shown in FIG. 6, the mask plate 22 comprises a light
transmittance region and an opaque region; the opaque
region of the mask plate covers the pixel region of the
substrate; the ultraviolet light irradiates on the substrate
through the light transmittance region of the mask plate so
as to remove the silicon fluoride monomolecular layer 21 in
the non-pixel region. It should be noted that the ultraviolet
irradiation treatment is typically carried out by an ultraviolet
ozone cleaner; in this case, the oxygen in the air is decom-
posed by the light energy of ultraviolet light to generate
ozone and the ozone can affect the silicon fluoride mono-
molecular layer 21 on the substrate. When the substrate is
subjected to the ultraviolet irradiation treatment, the mask
plate is preferably close to the substrate so as to ensure that
only the silicon fluoride monomolecular layer 21 in the
non-pixel region is removed by the ultraviolet irradiation
treatment without removing the silicon fluoride monomo-
lecular layer 21 in the pixel region.

Step 203: forming the pixel division wall in the non-pixel
region of the substrate by the ink-jet printing.

As shown in FIG. 7, the pixel division wall 15 is formed
in the non-pixel region of the substrate by the ink-jet
printing.

Step 204: removing the silicon fluoride monomolecular
layer in the pixel region.

For example, the ultraviolet irradiation treatment is pet-
formed at least on the pixel region to remove the silicon
fluoride monomolecular layer 21 in the pixel region and
further obtain the structure shown in FIG. 3. For example,
the ultraviolet irradiation treatment is performed merely on
the pixel region by using the mask plate, so that the silicon
fluoride monomolecular layer 21 in the pixel region is
removed. Of course, if the ultraviolet irradiation treatment
has no influence on the pixel division wall and other thin
film or layer structure that have been formed on the sub-
strate, the whole substrate can be subjected to the ultraviolet
irradiation treatment so as to remove the silicon fluoride
monomolecular layer 21 in the pixel region.

For example, in the above step 102 or step 203, the
forming the pixel definition layer comprising the pixel
division wall on the substrate by the ink-jet printing com-
prises:

Step 1021: printing an ink for forming the pixel division
wall in the non-pixel region by the ink-jet printing.

The ink for forming the pixel division wall may be a
solution of organic insulating material or a solution formed
by mixing a solute of organic insulating material and an
organic solvent. For example, the organic insulating material
may be: polyhexafluoropropylene, fluorinated parylene,
fluorinated poly siliconether, fluorinated polyimide, fluori-
nated polyamide, polyimide, polysiloxane, polymethyl
methacrylate, polybutyl methacrylate, polycyclohexyl meth-
acrylate, polystyrene, etc. For example, the organic solvent
may be tetrahydronaphthalene, perfluoroalkane, etc.

Step 1022: performing a curing treatment on the ink
printed in the non-pixel region.

It should be noted that the ink-jet printed ink may be cured
by different methods according to the composition of the
ink-jet printed ink. When the ink-jet printed ink is the
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solution of organic insulating material, the solution of
organic insulating material is subjected to annealing or
drying treatment to remove the solvent in the solution of
organic insulating material and cure the organic insulating
material. It should be noted that all organic insulating
materials in the embodiment of the invention are macromol-
ecule materials and the solvent is a small-molecule solvent;
and the solution of the organic insulating material and the
solvent forms the pixel definition layer comprising the pixel
division wall on the substrate by the ink-jet printing. In the
embodiment of the invention, the solution of the organic
insulating material is subjected to annealing treatment to
remove the small-molecule solvent in the solution of organic
insulating material; and the pixel definition layer comprising
the pixel division wall on the substrate is formed of mac-
romolecule organic insulating material.

The foregoing embodiments merely are exemplary
embodiments of the invention, and not intended to define the
scope of the invention, and the scope of the invention is
determined by the appended claims.

What is claimed is:

1. A manufacturing method of a pixel definition layer, the
pixel definition layer comprising a pixel division wall,
wherein

the method comprises: performing a surface treatment on

a surface of a substrate, the substrate comprises a pixel
region and a non-pixel region, and forming the pixel
division wall in the non-pixel region of the substrate by
ink-jet printing after the performing the surface treat-
ment on the surface of the substrate; and

the performing the surface treatment on the surface of the

substrate comprises:

using silicon fluoride in an inert gas atmosphere to form

a silicon fluoride monomolecular layer on the surface
of the substrate, and

performing an ultraviolet irradiation treatment on the

non-pixel region of the substrate by using a mask plate
so as to not remove the silicon fluoride monomolecular
layer in the pixel region and remove the silicon fluoride
monomolecular layer in the non-pixel region.

2. The manufacturing method according to claim 1,
wherein a difference between a contact angle of a droplet
formed by the ink-jet printing in the pixel region of the
substrate and a contact angle of a droplet formed by the
ink-jet printing in the non-pixel region of the substrate is 30°
or more.

3. The manufacturing method according to claim 1,
wherein the method further comprises:

after forming the pixel division wall in the non-pixel

region of the substrate by the ink-jet printing, removing
the silicon fluoride monomolecular layer in the pixel
region.

4. The manufacturing method according to claim 3,
wherein the removing the silicon fluoride monomolecular
layer in the pixel region comprises:

performing a second ultraviolet irradiation treatment at

least on the pixel region.

5. The manufacturing method according to claim 1,
wherein the forming the pixel division wall in the non-pixel
region of the substrate by ink-jet printing comprises:

printing an ink for forming the pixel division wall in the

non-pixel region by the ink-jet printing; and
performing a curing treatment on the ink printed in the
non-pixel region.

6. The manufacturing method according to claim 5,
wherein the ink for forming the pixel division wall is a
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solution formed by mixing a solute of organic insulating
material and an organic solvent.

7. The manufacturing method according to claim 6,
wherein the curing treatment is an annealing treatment or a
drying treatment.

8. The manufacturing method according to claim 5,
wherein the curing treatment is an annealing treatment or a
drying treatment.

9. The manufacturing method according to claim 1,
wherein the substrate comprises a plurality of the pixel
regions, and the non-pixel region is provided between adja-
cent pixel regions among the plurality of the pixel regions.

10. A manufacturing method of a pixel definition layer,
the pixel definition layer comprising a pixel division wall,
wherein

the method comprises: performing a surface treatment on

a surface of a substrate, the substrate comprises a pixel
region and a non-pixel region, and forming the pixel
division wall in the non-pixel region of the substrate by
ink-jet printing after the performing the surface treat-
ment on the surface of the substrate;

the performing the surface treatment on the surface of the

substrate comprises performing a self-assembled
monomolecular layer surface treatment on the surface
of the substrate to form a monomolecular layer in the
pixel region of the substrate; and

after forming the pixel division wall in the non-pixel

region of the substrate by the ink-jet printing, the
method further comprises removing the monomolecu-
lar layer in the pixel region.
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