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(57) ABSTRACT

A pixel define layer (PDL) of an organic light-emitting diode
(OLED) display panel, which comprises a first PDL (21) and
asecond PDL (22) overlapped on the first PDL. The first PDL
(21)is a hydrophobic film layer provided with openings (210)
corresponding to luminous regions of sub-pixel units; and the
second PDL (22) is a hydrophilic film layer provided with
openings (220) corresponding to the openings (210) of the
first PDL. The PDL can avoid the mutual pollution of organic
light-emitting materials in luminous regions of different col-
ors in adjacent sub-pixel units in the preparation process.
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sequentially forming a hydrophobic film layer and a hydrophilic 911
film layer on a substrate respectively for covering the whole L~
substrate by a coating processes

l

forming openings of the hydrophilic film layer and openings of
the hydrophobic film layer, which are distributed according to

an opening pattern, by patterning the hydrophilic film layer and S512
the hydrophobic film laver in sequence

1

FIG. 3
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ORGANIC LIGHT-EMITTING DIODE (OLED)
DISPLAY PANEL, PIXEL DEFINE LAYER
(PDL) AND PREPARATION METHOD
THEREOF

TECHNICAL FIELD

[0001] Embodiments of the present invention relate to an
organic light-emitting diode (OLED) display panel, a pixel
define layer (PDL) and a preparation method thereof.

BACKGROUND

[0002] OLED display panel has gradually become one of
the development trends in the flat-panel display field due to
the advantages of low thickness, light weight, autolumines-
cence, wide viewing angle, high resolution, high brightness,
rapid response, low energy consumption and the like.

[0003] A light-emitting device is disposed at a luminous
region of each pixel unit in a pixel array of the OLED display
panel, and each pixel unit is also provided with a thin-film
transistor (TFT) disposed at a non-luminous region and con-
figured to control the emission of the light-emitting device.
[0004] The light-emitting device takes an OLED device as
an example. The method for manufacturing a TFT and an
OLED in a pixel unit mainly comprises the following steps:
preparing functional film layers of the TFT, e.g., a gate elec-
trode, a gate insulating layer, an active layer and source/drain
electrodes on a substrate in sequence at first; subsequently
manufacturing a pixel electrode connected with the drain
electrode; and finally preparing functional film layers of the
OLED connected with the pixel electrode. Before the OLED
is manufactured, a pixel defining layer (PDL) is prepared on
the pixel electrode and configured to cover the TFT in the
pixel unit and expose the region, used for manufacturing the
OLED, in the pixel unit, so as to prevent film layer structures
in the TFTs from being damaged by materials of the func-
tional film layers in the OLED. The PDL is also configured to
separate luminous regions (regions in which OLEDs are dis-
posed) of different pixel units from each other.

[0005] Generally, the light-emitting device of each pixel
unit may comprise a red light-emitting device for emitting red
light, a green light-emitting device for emitting green light
and a blue light-emitting device for emitting blue light. The
OLED is disposed in the luminous region, defined by the
PDL, in each pixel unit. Currently, the PDL generally adopts
a single layer structure and is generally made of photoresist.
A light-emitting layer of the OLED is generally made of a
liquid organic light-emitting material by an inkjet printing
technology. When the light-emitting layer of the OLED for
emitting light of a certain color is prepared on the substrate, a
liquid material ejected by the inkjet printing technology is
prone to splash around. If the organic light-emitting material
is splashed to luminous regions in which OLEDs of other
colors have been disposed or splashed to luminous regions in
which OLED:s of other colors to be formed are disposed, the
light-emitting layers at the luminous regions will incur the
problem of color blending, and hence the display effect can be
seriously affected.

[0006] Moreover, as the PDL made of photoresist material
is a hydrophobic organic material and the organic light-emit-
ting material of the OLED is also a hydrophobic material, the
contact area of the light-emitting layers formed by the inkjet
printing technology with the PDL is large. and the light-
emitting layer formed by the liquid organic light-emitting
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material in the luminous regions of the pixels are not smooth
enough or may produce arched protrusions. Therefore, when
a cathode is manufactured on the light-emitting layer, point
contact can be easily incurred, and hence the problem of
breakdown can be caused, and consequently the display
effect can be seriously affected.

SUMMARY

[0007] Embodiments of the present invention provide an
OLED display panel, a PDL and a preparation method
thereof, which are used for avoiding the mutual pollution of
organic light-emitting materials in luminous regions of dif-
ferent colors in adjacent sub-pixel units.

[0008] Oneembodiment of the present invention provides a
PDL in an OLED display panel, which comprises a first PDL
and a second PDL overlapped on the first PDL; the first PDL
is a hydrophobic film layer provided with an opening corre-
sponding to a luminous region of a sub-pixel unit; and the
second PDL is a hydrophilic film layer provided with an
opening corresponding to the opening of the first PDL.
[0009] Inthe PDL, the hydrophilic film layer is disposed on
the hydrophobic film layer. When an organic light-emitting
material is ejected to the hydrophilic film layer disposed on a
surface layer, the organic light-emitting material will auto-
matically slide back into filling areas of the organic light-
emitting material as the organic light-emitting material is a
hydrophobic material and has repulsive interaction with the
hydrophilic film layer. Therefore, the mutual pollution of the
organic light-emitting materials in luminous regions of dif-
ferent colors in adjacent sub-pixel units can be avoided.
[0010] For instance, the opening of the second PDL is less
than the corresponding opening of the first PDL in size, so
that a filling area of an organic light-emitting material to be
filled, having a narrow upper portion and a wide lower por-
tion, can be formed by the two corresponding openings of the
first PDL and the second PDL.

[0011] As the filling area having the narrow upper portion
and the wide lower portion is formed by the two correspond-
ing openings of the first PDL and the second PDL, the liquid
organic light-emitting material can be blocked by a recess
structure having a narrow upper portion and a wide lower
portion when entering the filling area, and hence the splashing
of liquid drops can be avoided.

[0012] For instance, the filling area of the organic light-
emitting material to be filled, having the narrow upper portion
and the wide lower portion, is in a shape of a recess, and any
side wall of the recess is in a shape of a trapezoid with a
smooth surface. As any side wall of the recess has the smooth
surface, a light-emitting layer with correspondingly smooth
edge structure is formed by the organic light-emitting mate-
rial in accordance with the smooth side wall.

[0013] For instance, the hydrophobic film layer may be a
photoresist film layer. The photoresist film layer is a trans-
parent film layer and may not affect the aperture opening ratio
of image display.

[0014] For instance, the hydrophilic film layer may be a
silicon oxide, silicon nitride or silicon oxynitride film layer.
The silicon oxide, silicon nitride or silicon oxynitride film
layer 1s a transparent film layer and may not affect the aper-
ture opening ratio of image display. In addition, the film layer
formed by silicon oxide, silicon nitride or silicon oxynitride
has high density, and hence the color blending between
organic light-emitting materials disposed in luminous regions
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of sub-pixels and organic light-emitting materials of other
colors via the high-density film layer can be avoided.

[0015] For instance, the thickness of the first PDL is3 t0 5
times more than the thickness of the second PDL in size,
namely the second PDL has a lower thickness. Therefore, the
thickness of the whole PDL is almost determined by the first
PDL, and the PDL with an appropriate thickness may be
prepared according to actual requirements.

[0016] Another embodiment of the present invention pro-
vides an OLED display panel, which comprises a substrate, a
plurality of sub-pixel units and a PDL. The plurality of sub-
pixel units are arranged in matrixes and disposed on the
substrate; each sub-pixel unit is provided with a thin film
transistor (TFT); and the PDL is disposed on the substrate and
configured to cover the TFTs, and is realized by the foregoing
PDL. The probability of the color blending of organic light-
emitting materials of the sub-pixel units of the OLED display
panel is lower, and the product yield is higher.

[0017] Still another embodiment of the present invention
provides a method for preparing a PDL in an OLED display
panel, which comprises: forming a hydrophobic film layer
and a hydrophilic film layer for covering a whole substrate
respectively and sequentially; and forming openings of the
hydrophilic film layer and openings of the hydrophobic film
layer, which are distributed according to an opening pattern,
by patterning the hydrophilic film layer and the hydrophobic
film layer according to the predetermined opening pattern of
the PDL. The hydrophobic film layer provided with the plu-
rality of openings is a first PDL; and the hydrophilic film layer
provided with the plurality of openings is a second PDL.
[0018] For instance, the PDL formed by the method may
only comprise two layers. The structure of the PDL is simple
and the preparation process flow is simple.

[0019] For instance, the process of forming the hydropho-
bic film layer for covering the whole substrate by a coating
process may be as follows: coating a first photoresist film
layer with default thickness for covering the whole substrate
on the substrate by the coating process; solidifying the first
photoresist film layer at the temperature of 150 to 250 centi-
grade in such a way that the shape of the first photoresist film
layer cannot be changed; and preparing the PDL with a uni-
form thickness.

[0020] For instance, the process of forming the hydrophilic
film layer for covering the whole substrate by the coating
process may be as follows: depositing a silicon nitride, silicon
oxide or silicon oxynitride film layer for covering the whole
substrate on the solidified first photoresist film layer by
chemical vapor deposition (CVD). The silicon nitride, silicon
oxide or a silicon oxynitride film layer formed by CVD has
higher density, so that the color blending between organic
light-emitting materials disposed in luminous regions of sub-
pixels and organic light-emitting materials of other colors via
the film layer with high density can be avoided.

[0021] For instance, the first photoresist film layer is a
positive photoresist film layer. The process of forming the
openings of the hydrophilic film layer and the openings of the
hydrophobic film layers, which are distributed according to
the opening pattern, may be as follows: forming a positive
photoresist film layer for covering the whole substrate on the
silicon nitride, silicon oxide or silicon oxynitride film layer
after the silicon nitride, silicon oxide or silicon oxynitride
film layer is formed; and meanwhile exposing the second
photoresist film layer and the first photoresist film layer cor-
responding to the opening pattern for 5,000 to 7,000 milli-
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seconds according to the default opening pattern of the PDL,
in which any side wall of an exposure area of the second
photoresist film layer and the first photoresist film layer is in
the shape of a trapezoid with a narrow upper portion and a
wide lower portion.

[0022] For instance, after exposure, firstly, developing the
second photoresist film layer, removing a portion of the sec-
ond photoresist corresponding to the opening pattern, obtain-
ing openings of the second photoresist film layer, and expos-
ing the silicon nitride, silicon oxide or silicon oxynitride film
layer disposed beneath the second photoresist film layer;
secondly, etching the exposed silicon nitride, silicon oxide or
silicon oxynitride film layer by a dry etching process, forming
openings corresponding to the openings of the second pho-
toresist film layer, and exposing the first photoresist film layer
disposed beneath the silicon nitride, silicon oxide or silicon
oxynitride film layer; thirdly, developing the exposed first
photoresist film layer, removing first photoresist in exposure
areas, and forming the openings of the first photoresist film
layer; and finally, stripping remaining second photoresist on
the silicon nitride, silicon oxide or silicon oxynitride film
layer.

[0023] Themethod for preparing the openings of the hydro-
philic film layer and the openings of the hydrophobic film
layer simplifies the preparation process with the exposure of
two photosensitive layers being conducted by one exposure
process, and can form diffusion flux effect by a large-flux
exposure process, so that the exposure area is in the shape
whichis narrow on the upper level and wide on the lower level
and the openings with narrow upper portions and wide lower
portions can be easily formed, and hence the splashing of
organic light-emitting material in liquid-drops can be
avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Simple description will be given below to the
accompanying drawings of the embodiments to provide a
more clear understanding of the technical proposals of the
embodiments of the present invention. It will be obvious to
those skilled in the art that the drawings described below only
involve some embodiments of the present invention but are
not intended to limit the present invention.

[0025] FIG. 11is a schematic top view of an OLED display
panel provided by an embodiment of the present invention;
[0026] FIG.2isasectional view of the OLED display panel
as shown in FIG. 1 along A-A' direction;

[0027] FIG. 3 is a flowchart of a method for preparing a
PDL in an OLED display panel provided by an embodiment
of the present invention;

[0028] FIG. 4 is a schematic structural view of a PDL
provided with a hydrophobic film layer provided by an
embodiment of the present invention;

[0029] FIG. 5 is a schematic structural view of a PDL
obtained by preparing a hydrophilic film layer as shown in
FIG. 4;

[0030] FIG. 6 is a schematic structural view of a PDL
obtained by preparing second photoresist as shown in FIG. 5;
[0031] FIG. 7 is a schematic structural view of a PDL
obtained after exposure as shown in FIG. 6;

[0032] FIG. 8 is a schematic structural view of a PDL
obtained after first development as shown in FIG. 7,

[0033] FIG. 9 is a schematic structural view of a PDL
obtained after first etching of the PDL as shown in FIG. 8; and
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[0034] FIG. 10 is a schematic structural view of a PDL
obtained after secondary development ofthe PDL as shown in
FIG. 9.

DETAILED DESCRIPTION

[0035] For more clear understanding of the objectives,
technical proposals and advantages of the embodiments of the
present invention, clear and complete description will be
given below to the technical proposals of the embodiments of
the present invention with reference to the accompanying
drawings of the embodiments of the present invention. It will
be obvious to those skilled in the art that the preferred
embodiments are only partial embodiments of the present
invention but not all the embodiments. All the other embodi-
ments obtained by those skilled in the art without creative
efforts on the basis of the embodiments of the present inven-
tion illustrated shall fall within the scope of protection of the
present invention.

[0036] The embodiments of the present invention provides
an OLED display panel, a PDL and a preparation method
thereof, which are used to avoid the mutual pollution of
organic light-emitting materials in luminous regions of dif-
ferent colors in adjacent sub-pixel units.

[0037] The PDL is configured to define the sub-pixel units,
expose the luminous regions of the sub-pixel units, and cover
remaining areas. The PDL provided by an embodiment of the
present invention comprises two overlapped film layers. One
layer disposed on the lower level (close to a substrate) is a
hydrophobic film layer, and one layer disposed on the upper
level is a hydrophilic film layer. When a liquid organic light-
emitting material is ejected into luminous regions of sub-
pixel units of a certain color by means of inkjet printing, the
organic light-emitting material in liquid-drops can appear on
the PDL around the luminous regions. But as the hydrophobic
organic light-emitting material in liquid-drops is disposed on
the hydrophilic film layer, the organic light-emitting material
in liquid-drops will flow into the luminous regions of the
sub-pixel units and will not flow into luminous regions of
adjacent sub-pixel units of other colors due to the repulsive
reaction between the hydrophobic organic light-emitting
material in liquid-drops and the hydrophilic film layer. There-
fore, the color blending of organic light-emitting materials of
adjacent sub-pixel units of different colors can be avoided,
namely the pollution of the organic light-emitting materials
can be avoided.

[0038] Detailed description will be given below to the
OLED display panel, the PDL and the preparation method
thereof provided by the embodiment of the present invention
with reference to the accompanying drawings.

[0039] Examples of the OLED display panel will be illus-
trated at first.
[0040] FIG. 11is a schematic top view of an OLED display

panel. The OLED display panel comprises: red (R) sub-pix-
els, green (G) sub-pixel units and blue (B) sub-pixel units on
a substrate 1, in which each sub-pixel unit is provided with at
least one TFT; and a PDL 2 is disposed on the substrate 1 and
configured to cover the TFT's and expose luminous regions of
R, G and B colors. The TFTs are taken as switch elements. In
addition, the substrate 1 may be also provided with gate lines,
data lines, power lines (not shown) and the like as required.
Organic light-emitting devices, e.g., OLEDs, are disposed in
the luminous regions and configured to emit light of corre-
sponding colors. An OLED generally includes at least three
layers: a cathode layer, a light-emitting layer disposed on the
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cathode layer, and an anode layer disposed on the light-
emitting layer. The area of the cathode layer, the light-emit-
ting layer and the anode layer may correspond to the luminous
regions respectively. Moreover, the OLED may further com-
prise functional layers such as an electron transport layer
(ETL), ahole transport layer (HTL), an electron barrier layer
(EBL) and a hole barrier layer (HBL) as required. The func-
tional layers may be made of known materials or materials to
be developed in the field. The specific structure and the mate-
rial of the OLED are not limited in the present invention.
[0041] The light-emitting layers of the luminous regions of
R, G and B colors are configured to inject liquid organic
light-emitting materials capable of emitting light of R, G and
B colors after application of voltages into the luminous
regions defined by the PDL by means of inkjet printing.
[0042] When organic light-emitting materials of certain
color are injected into a plurality of Tuminous regions, in order
to avoid the pollution of the organic light-emitting materials
due to the phenomena that the liquid organic light-emitting
materials flow into adjacent luminous regions of different
colors, the embodiments of the present invention provide a
PDL for preventing the liquid organic light-emitting materi-
als from flowing into the adjacent luminous regions of differ-
ent colors.

[0043] FIG. 21sasectional view of the OLED display panel
as shown in FIG. 1 in the A-A' direction. For convenience,
only the substrate 1 and the PDL 2 disposed on the substrate
are shown in the figure, and drive circuit structures such as the
TFTs, the gate lines and the data lines are not shown in the
figure. The PDL 2 includes a first PDL 21 disposed on the
substrate 1 and a second PDL 22 overlapped on the first PDL
21; the first PDL 21 is provided with a plurality of openings
210 corresponding to the luminous regions of the sub-pixel
units and is a hydrophobic film layer; the second PDL 22 is
provided with a plurality of openings 220 in one-to-one cor-
respondence with the openings 210 in the first PDL 21 and is
a hydrophilic film layer.

[0044] As seen from FIG. 2, the luminous regions defined
by the PDL are filling areas of organic light-emitting materi-
als to be filled before the light-emitting materials are injected,
and the filling areas are similar to recesses in shape. When a
liquid organic light-emitting material is required to be
injected into luminous regions of a certain color defined by
the PDL, the organic light-emitting material in liquid-drops
tends to fall onto a PDL on the periphery of the luminous
regions. More specifically, the organic light-emitting material
in liquid-drops falls onto the second PDL far away from the
substrate. As the organic light-emitting material is a hydro-
phobic material and has poor bonding force with the second
PDL made of a hydrophilic material, the organic light-emit-
ting material in liquid-drops disposed on the PDL on the
periphery of the luminous regions tends to automatically slide
back into the luminous regions (namely the filling areas) of
corresponding colors, and hence the color blending of liquid
drops with luminous regions of other colors can be avoided.
[0045] In addition, as the first PDL close to the substrate is
a hydrophobic film layer in the embodiments of the present
invention, which has good bonding force with the hydropho-
bic organic light-emitting material, the hydrophobic organic
light-emitting material can be flattened by the hydrophobic
first PDL, so that the light-emitting layer formed by the injec-
tion of the organic light-emitting material into the luminous
regions by means of inkjet printing is a film layer which
covers the whole luminous region and has a smooth surface.
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Therefore, no arched protrusions are formed on the light-
emitting layer, and hence the easy breakdown of the organic
light-emitting device due to the point contact between the
light-emitting layer and a cathode layer formed on the light-
emitting layer subsequently can be avoided.

[0046] Moreover, in order to avoid color blending of
splashed liquid drops to the luminous regions of other colors
due to the liquid-drop splashing of the liquid organic light-
emitting materials injected into the luminous regions, as illus-
trated in FIG. 2, the opening 220 of the second PDL 22
provided by the embodiments of the present invention is less
than the corresponding opening 210 of the first PDL 21 in
size, so that a filling area of the organic light-emitting material
to be filled having a narrow upper portion and a wide lower
portion can be formed by the two corresponding openings of
the first PDL 21 and the second PDL 22.

[0047] As the filling area having the narrow upper portion
and the wide lower portion is formed by the two correspond-
ing openings 210 and 220 of the first PDL 21 and the second
PDL 22, the liquid organic light-emitting material is blocked
by the recess structure having a narrow upper portion and a
wide lower portion when entering the filling area, and hence
the problem of liquid-drop splashing can be avoided.

[0048] For instance, the thickness of the first PDL 21 may
be 3 to 5 times more than the thickness of the second PDL 22,
namely the second PDL 22 has a smaller thickness. There-
fore, the thickness of the whole PDL 2 is almost determined
by the first PDL 21, and the PDL 2 with an appropriate
thickness may be prepared according to actual requirements.
[0049] As the thickness of the first PDL 21 is almost 3 to 5
times more than the thickness of the second PDL 22, e.g., the
thickness of the first PDL 21 is 1.2 um and the thickness ofthe
second PDL 22 is 0.3 pm, a side wall of the recess area having
anarrow upper portion and a wide lower portion is mainly the
side wall formed by the second PDL 22.

[0050] For the light-emitting layer filled in the luminous
regions becomes a light-emitting layer having an edge struc-
ture which is regular and has no burrs, for instance, any side
wall of the recess area having the narrow upper portion and
the wide lower portion is in the shape of a trapezoid with a
smooth surface. As any side wall of the recess area has the
smooth surface, the light-emitting layer with correspondingly
smooth edge structure is formed by the organic light-emitting
materials in light of the smooth side wall.

[0051] A longitudinal section of the filling area of the
organic light-emitting material formed by the first PDL and
the second PDL has an inverted trapezoidal structure. The
structure can also effectively avoid the splashing of liquid
drops.

[0052] For instance, the hydrophobic film layer may be an
organic resin layer, and the hydrophilic film layer may be
made of silicon oxide, silicon nitride or silicon oxynitride.
The film layer made of the silicon oxide, silicon nitride or
silicon oxynitride has a high density, so that the color blend-
ing between the organic light-emitting materials disposed in
the luminous regions of the sub-pixels and organic light-
emitting materials of other colors via the high-density film
layer can be avoided.

[0053] For instance, the hydrophobic film layer is a trans-
parent photoresist film layer with photosensitivity, and the
hydrophilic film layer is a transparent silicon oxide, silicon
nitride or silicon oxynitride film layer.

[0054] It should be noted that the OLED display panel
provided by the embodiments of the present is only illustrated
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by taking R, G and B colors as an example, but the embodi-
ment of the present invention is not limited to the combination
of R, G and B colors and may also adopt the combination of
other colors, e.g., may adopt the combination of R, G, B and
W (white) colors and the like.

[0055] Detailed description will be given below to the pro-
cess flow of the method for preparing the PDL provided by an
embodiment of the present invention.

[0056] Asillustrated in FIG. 3, the method provided by the
embodiment of the present invention comprises the following
steps:

[0057] S11: sequentially forming a hydrophobic film layer
and a hydrophilic film layer on a substrate respectively for
covering the whole substrate by a coating processes (film-
forming processes) for instance; and

[0058] S12: forming openings of the hydrophilic film layer
and openings of the hydrophobic film layer, which are dis-
tributed according to an opening pattern, by patterning the
hydrophilic film layer and the hydrophobic film layer in
sequence according to the default opening pattern of a PDL.

[0059] Herein, the hydrophobic film layer provided with
the plurality of openings is a first PDL, and the hydrophilic
film layer provided with the plurality of openings is a second
PDL.

[0060] In the embodiment of the present invention, the
patterning process at least includes exposure, development,
etching (wet etching or dry etching) and the like.

[0061] Oneexample of the method provided by an embodi-
ment of the present invention comprises the following steps:

[0062] Step 1: as illustrated in FIG. 4, forming ahydropho-
bic film layer 3 disposed on a substrate 1.

[0063] For instance, the hydrophobic film layer 3 is a first
photoresist film layer, which covers the whole substrate and
has a thickness of approximately 1.2 um, coated on the sub-
strate by a coating process, and first photoresist is high-
temperature resistant positive photoresist. For instance, the
first photoresist film layer is solidified for about 1 hour at the
temperature of 150 to 250 centigrade. Preferably, the first
photoresist film layer is solidified at the temperature of 230
centigrade. The objective of solidification is for the conve-
nience of preparing other film layers on the first photoresist
film layer subsequently.

[0064] Herein, in the step 1, the first photoresist film layer
is not subjected to patterning processing but is subjected to
patterning processing together with a hydrophilic film layer
later to be formed thereon, so that the process can be saved.
[0065] Step 2: as illustrated in FIG. 5, forming a hydro-
philic film layer 4 disposed on the hydrophobic film layer 3.

[0066] For instance, a silicon dioxide (Si02) film layer
which has a thickness of approximately 0.3 pm and covers the
whole substrate is deposited on the solidified first photoresist
film layer by CVD. The SiO2 film layer is a transparent
hydrophilic film layer and has repulsive reaction against the
organic light-emitting material disposed thereon.

[0067] Of course, the hydrophilic film layer may also be
made of silicon nitride, silicon oxynitride and the like. The
silicon nitride, silicon oxide or silicon nitride oxide film layer
formed by CVD has a higher density, so that the color blend-
ing between the organic light-emitting material disposed in a
luminous region of a sub-pixel and the organic light-emitting
materials of other colors via the high-density film layer can be
avoided.
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[0068] Step 3: as illustrated in FIG. 6, forming a second
photoresist film layer 5 disposed on the hydrophilic film layer
4. The second photoresist film layer 5 is also made of positive
photoresist.

[0069] For instance, the second photoresist film layer
which s disposed on the Si02 film layer and covers the whole
substrate is formed by a coating process.

[0070] Step 4: exposing the second photoresist film layer
and the first photoresist film layer simultaneously according
to a default opening pattern of a PDL, and forming exposure
areas 6 as shown in FIG. 7.

[0071] For instance, the second photoresist film layer and
the first photoresist film layer corresponding to the opening
pattern are subjected to exposure simultaneously by an expo-
sure device according to the default opening pattern of the
PDL.

[0072] For instance, the second photoresist film layer and
the first photoresist film layer corresponding to the opening
pattern are subjected to a large-flux exposing process simul-
taneously for 5,000 to 7,000 milliseconds. For instance, the
second photoresist film layer and the first photoresist film
layer may be subjected to a large-flux exposing process for
6,000 milliseconds. Herein, the diffusion flux effect of large-
flux exposure can be achieved through the adjustment of the
exposure time under certain conditions (e.g., general expo-
sure dose). In addition, the diffusion flux effect may also be
achieved by the simultaneous adjustment of the exposure
dose and the exposure time according to different conditions.
For instance, as for general photoresist, the exposure dose
acted on the photoresist is 25-32 mJ/cm?2.

[0073] As the SiO2 film layer is a transparent film layer, the
second photoresist film layer and the first photoresist film
layer can be subjected to large-flux exposure simultaneously.
[0074] It should be noted that: as illustrated in FIG. 7, the
diffusion flux effect can be achieved by large-flux exposure,
and the exposure areas 6 on the second photoresist film layer
5 and the first photoresist film layer 3 are as follows: the
coverage area of exposure on the second photoresist film
layer 5 corresponds to an opening area, but the coverage area
of exposure on the first photoresist film layer 3 is slightly
greater than the opening area; and the exposure depth h is
from the top of the hydrophilic film layer to the bottom of the
hydrophobic film layer.

[0075] Step 5: developing the photoresist, removing the
photoresist exposure area, exposing the Si0O2 film layer dis-
posed beneath the photoresist, and forming a structure as
shown in FIG. 8. At this point, only the exposure area 6 on the
first photoresist film layer 3 is left over.

[0076] The objective of the step is to form a window for the
convenience of etching the exposed SiO2 film layer through
the window.

[0077] Step 6: etching the exposed SiO2 film layer 4 as
shown in FIG. 8 in such a way that the first photoresist 3 at a
corresponding area can be exposed, and forming a structure
as shown in FIG. 9.

[0078] Forinstance, the exposed SiO2 film layer 4 is etched
by a dry etching process to form openings corresponding to
openings of the photoresist and expose the first photoresist
film layer disposed beneath the exposed SiO2 film layer 4.
[0079] Step 7: developing the first photoresist film layer,
removing the exposure area in the first photoresist film layer,
and forming a structure as shown in FIG. 10.

[0080] Step 8: stripping the remaining photoresist portion
and forming a PDL structure as shown in FIG. 2.
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[0081] Of course, the method for preparing the PDL pro-
vided by the embodiments of the present invention is not
limited to the forming of the openings by one large-flux
exposure process, and for instance, the PDL may also be
formed by the process flow of exposure, development, etch-
ing and the like on the hydrophobic film layer and the hydro-
philic film layer respectively and sequentially.

[0082] The method for preparing the PDL provided by the
embodiment of the present invention, for instance, adopts one
large-flux exposure process to obtain an opening having a
narrow upper portion and a wide lower portion once, so that
the process flow of the method for preparing the PDL can be
simplified.

[0083] The embodiments of the present invention further
provide a display device. The display device is a display
device comprising the OLED display panel provided by the
embodiment of the present invention, and for instance may be
an OLED display panel, an OLED display, or an OLED TV.
[0084] In summary, the PDL provided by the embodiment
of the present invention comprises two sub-layers: one layer
disposed on a lower level is the hydrophobic film layer and
one layer disposed on an upper level is the hydrophilic film
layer. As the organic light-emitting material to be formed in
the openings of the hydrophobic film layer and the hydro-
philic film layer is a hydrophobic material, has repulsive
reaction against the hydrophilic film layer and has mutual
attraction with the hydrophobic film layer, when the liquid
organic light-emitting material is ejected into the luminous
regions of corresponding pixel units by means of inkjet print-
ing, the organic light-emitting material in liquid-drops
unavoidably appears at the positions of the PDL close to the
luminous regions. As the hydrophobic organic light-emitting
material in liquid-drops is disposed on the hydrophilic film
layer, the liquid drops will flow into the luminous regions and
will not flow into adjacent luminous regions due to the micro-
scopic repulsive reaction between the hydrophobic organic
light-emitting material in liquid-drops and the hydrophilic
film layer. Therefore, the pollution of the organic light-emit-
ting material upon organic light-emitting materials in lumi-
nous regions of adjacent sub-pixel units can be avoided.
[0085] The foregoing is only the preferred embodiments of
the present invention and not intended to limit the scope of
protection of the present invention. The scope of protection of
the present invention should be defined by the appended
claims.

1. A pixel define layer (PDL) in an organic light-emitting
diode (OLED) display panel, comprising a first PDL and a
second PDL overlapped on the first PDL, wherein

the first PDL is a hydrophobic film layer provided with an

opening corresponding to a luminous region of a sub-
pixel unit; and

the second PDL is a hydrophilic film layer provided with an

opening corresponding to the opening of the first PDL.

2. The PDL according to claim 1, wherein the opening of
the second PDL are less than the corresponding opening of
the first PDL in size, so that the two corresponding openings
of the first PDL and the second PDL together forms a filling
area of an organic light-emitting material to be filled, having
a narrow upper portion and a wide lower portion.

3. The PDL according to claim 2, wherein the filling area of
the organic light-emitting material to be filled, having the
narrow upper portion and the wide lower portion, is in a shape
of a recess, and any side wall of the recess is in a shape of a
trapezoid with a smooth surface.
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4. The PDL according to claim 1, wherein the hydrophobic
film layer is a photoresist film layer.

5. The PDL according to claim 1, wherein the hydrophilic
film layer is a silicon oxide, silicon nitride or silicon oxyni-
tride film layer.

6. The PDL according to claim 1, wherein a thickness of the
first PDL is 3 to 5 times more than the thickness of the second
PDL.

7. An Organic Light-Emitting Diode (OLED) display
panel, comprising;

a substrate;

a plurality of sub-pixel units arranged in matrixes and
disposed on the substrate, in which each sub-pixel unit is
provided with a thin film transistor (TFT); and

a pixel define layer (PDL) disposed on the substrate and
configured to cover TFTs, in which the PDL is the PDL
according to any one of claims 1 to 6.

8. A method for preparing a pixel define layer (PDL) in an
Organic Light-Emitting Diode (OLED) display panel, com-
prising:

forming a hydrophobic film layer and a hydrophilic film
layer for covering a whole substrate respectively and
sequentially; and

forming openings of the hydrophilic film layer and open-
ings of the hydrophobic film layer, which are distributed
according to an opening pattern, by patterning the
hydrophilic film layer and the hydrophobic film layer
according to a predetermined opening pattern of the
PDL.

9. The method according to claim 8, wherein the hydro-
phobic film layer is obtained by coating a first photoresist film
layer, which covers the whole substrate and has a default
thickness, on the substrate by a coating process, and solidi-
fying the first photoresist film layer at a temperature of 150 to
250 centigrade.

10. The method according to claim 9, wherein the hydro-
philic film layer is obtained by depositing a silicon nitride,
silicon oxide or silicon oxynitride film layer for covering the
whole substrate on the solidified first photoresist film layer by
chemical vapor deposition (CVD).

11. The method according to claim 10, further comprising:
forming a positive photoresist film layer for covering the
whole substrate on the silicon nitride, silicon oxide or silicon
oxynitride film layer after the silicon nitride, silicon oxide or
silicon oxynitride film layer is formed; and

simultaneously exposing the second photoresist film layer
and the first photoresist film layer corresponding to the
opening pattern for 5,000 to 7,000 milliseconds accord-
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ing to the default opening pattern of the PDL, in which
any side wall of an exposure area of the second photo-
resist film layer and the first photoresist film layer is in a
shape of a trapezoid with a narrow upper portion and a
wide lower portion.

12. The method according to claim 11, further comprising:
after exposure, firstly, developing the second photoresist film
layer, removing a portion of the second photoresist corre-
sponding to the opening pattern, obtaining openings of the
second photoresist film layer, and exposing the silicon nitride,
silicon oxide orsilicon oxynitride film layer disposed beneath
the second photoresist film layer;

secondly, etching the exposed silicon nitride, silicon oxide

or silicon oxynitride film layer by a dry etching process,
forming openings corresponding to the openings of the
second photoresist film layer, and exposing the first pho-
toresist film layer disposed beneath the silicon nitride,
silicon oxide or silicon oxynitride film layer;

thirdly, developing the exposed first photoresist film layer,

removing the first photoresist film layer in exposure
areas, and forming the openings of the first photoresist
film layer; and

finally, stripping the remaining second photoresist film

layer on the silicon nitride, silicon oxide or silicon
oxynitride film layer.

13. The PDL according to claim 2, wherein the hydropho-
bic film layer is a photoresist film layer.

14. The PDL according to claim 2, wherein the hydrophilic
film layer is a silicon oxide, silicon nitride or silicon oxyni-
tride film layer.

15. The PDL according to claim 2, wherein a thickness of
the first PDL is 3 to 5 times more than the thickness of the
second PDL.

16. The PDL according to claim 3, wherein the hydropho-
bic film layer is a photoresist film layer.

17. The PDL according to claim 3, wherein the hydrophilic
film layer is a silicon oxide, silicon nitride or silicon oxyni-
tride film layer.

18. The PDL according to claim 3, wherein a thickness of
the first PDL is 3 to 5 times more than the thickness of the
second PDL.

19. The PDL according to claim 4, wherein the hydrophilic
film layer is a silicon oxide, silicon nitride or silicon oxyni-
tride film layer.

20. The PDL according to claim 4, wherein a thickness of
the first PDL is 3 to 5 times more than the thickness of the
second PDL.
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