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MASK PLATE, ORGANIC LIGHT-EMITTING
DIODE DISPLAY PANEL, MANUFACTURING
METHODS THEREOF, AND DISPLAY
DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims a priority of the
Chinese patent application No. 201710574354.0 filed on Tul.
14, 2017, which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of display
technology, in particular to a mask plate, an organic light-
emitting diode (OLED) display substrate, manufacturing
methods thereof, and a display device.

BACKGROUND

[0003] OLED display has attracted more and more atten-
tions due to such unique advantages as rapid response,
fully-solid state and self-luminescence. In addition, the
OLED display may be applied to various fields, e.g., flexible
display, transparent display and micro-display.

[0004] Currently, a full-color display effect of the OLED
display may be achieved in two modes. In a first mode,
light-emitting materials may be evaporated directly using a
Fine Metal Mask (FMM) so as to form red (R), blue (B) and
green (G) subpixels. In a second mode, the color display
effect may be achieved using white-OLED (WOLED) plus
a color filter. In the case of evaporating the light-emitting
materials using the FMM to form the R, G and B subpixels,
it is unnecessary to provide any color filter, so no brightness
loss may occur. In addition, the light-emitting materials have
relatively high luminous efficiency, so it is able to acquire
the display with a large color gamut and a large brightness
value.

[0005] However, due to the limitation of the FMM preci-
sion, it is merely able to manufacture the OLED display
having a Pixel Per Inch (PPI) value up to 400 through the
FMM in the related art. Currently, there are more and more
applications where a higher PPI value is required. For
example, in the field of micro-display, it is unable for the 400
PPI display to meet the requirements of human eyes. Hence,
there is an urgent need to find a scheme for manufacturing
the OLED display with a higher PPI value through the
FMM.

SUMMARY

[0006] In one aspect, the present disclosure provides in
some embodiments a mask plate, including: a metal mask
plate body provided with a plurality of first openings; and an
insulation film arranged on the metal mask plate body and
provided with a plurality of second openings. An orthogonal
projection of at least one second opening in the plurality of
second openings onto the metal mask plate body falls within
the corresponding first opening or first openings. Here, the
orthogonal projection of at least one second opening in the
plurality of second openings onto the metal mask plate body
falls within the corresponding first opening or first openings
includes the following two situations. The first situation is
that the orthogonal projection of at least one second opening
in the plurality of second openings onto the metal mask plate
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body completely falls within an area of the corresponding
first opening or first openings. And the second situation is
that the orthogonal projection of at least one second opening
in the plurality of second openings onto the metal mask plate
body completely coincides with an area of the corresponding
first opening or first openings.

[0007] Ina possible embodiment of the present disclosure,
the plurality of second openings corresponds to the plurality
of first openings in a one-to-one correspondence.

[0008] Ina possible embodiment of the present disclosure,
the plurality of second openings is arranged in an array form,
and a pitch between two adjacent second openings in a row
direction is not smaller than twice of a width of each second
opening in the row direction.

[0009] Ina possible embodiment of the present disclosure,
the width of each second opening in the row direction is not
greater than 4.2 um, and the pitch between the two adjacent
second openings in the row direction is not greater than 8.4

[0010] Ina possible embodiment of the present disclosure,
the insulation film is divided by the plurality of second
openings into a plurality of insulation patterns, and a cross
section of each insulation pattern in a direction perpendicu-
lar to the metal mask plate body is of a trapezoidal shape.
[0011] In apossible embodiment of the present disclosure,
the cross section of each insulation pattern from top to
bottom in a direction perpendicular to the metal mask plate
body is of an inverted-trapezoidal shape.

[0012] Ina possible embodiment of the present disclosure,
the insulation film includes a negative photoresist.

[0013] Ina possible embodiment of the present disclosure,
the metal mask plate body includes a ferro-nickel alloy or a
nickel-cobalt alloy.

[0014] Ina possible embodiment of the present disclosure,
the insulation film is doped with magnetic particles.
[0015] Ina possible embodiment of the present disclosure,
each magnetic particle includes an alloy material containing
manganese, aluminium and carbon.

[0016] Ina possible embodiment of the present disclosure,
a width of each first opening in the row direction is not
greater than 8.4 pm, and a pitch between two adjacent first
openings in the row direction is not greater than 16.8 pm.
[0017] In another aspect, the present disclosure provides
in some embodiments a method for manufacturing a mask
plate, including steps of: providing a metal mask plate body
provided with a plurality of first openings; forming an
insulation film on the metal mask plate body; and forming a
plurality of second openings in the insulation film through a
patterning process, an orthogonal projection of at least one
second opening in the plurality of second openings onto the
metal mask plate body falling within the corresponding first
opening.

[0018] Inapossible embodiment of the present disclosure,
the step of forming the insulation film on the metal mask
plate body includes: doping magnetic particles into a nega-
tive photoresist solution, so as to acquire a mixture; and
coating the mixture onto the metal mask plate body, and
curing the mixture so as to form the insulation film.
[0019] Ina possible embodiment of the present disclosure,
the step of forming the plurality of second openings in the
insulation layer through a patterning process includes expos-
ing and developing the insulation film, so as to form the
plurality of second openings in such a manner as to divide
the insulation film into a plurality of insulation patterns. A
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cross section of each insulation pattern in a direction per-
pendicular to the metal mask plate body is of an inverted-
trapezoidal shape.

[0020] In yet another aspect, the present disclosure pro-
vides in some embodiments a method for manufacturing an
OLED display substrate, including steps of: securing the
above-mentioned mask plate onto a frame; moving the
frame in such a manner that positions of the second openings
correspond to positions of subpixels in a first color respec-
tively, and evaporating a light-emitting material to form the
subpixels in the first color; moving the frame in such a
manner that the positions of the second openings correspond
to positions of subpixels in a second color respectively, and
evaporating the light-emitting material to form the subpixels
in the second color; and moving the frame in such a manner
that the positions of the second openings correspond to
positions of subpixels in a third color respectively, and
evaporating the light-emitting material to form the subpixels
in the third color. The subpixels in the first color, the second
color and the third color are cach capable of emitting a
monochromatic light beam, and the monochromatic light
beams from the subpixels in the first color, the second color
and the third color are capable of being mixed into a white
light beam.

[0021] In apossible embodiment of the present disclosure,
the first color, the second color and the third color are R, G
and B respectively.

[0022] In apossible embodiment of the present disclosure,
each subpixel in the first color has a width not greater than
3 um.

[0023] In apossible embodiment of the present disclosure,
each subpixel in the second color has a width not greater
than 3 pm.

[0024] In apossible embodiment of the present disclosure,
each subpixel in the third color has a width not greater than
3 ym.

[0025] In still yet another aspect, the present disclosure
provides in some embodiments an OLED display substrate
manufactured using the above-mentioned method.

[0026] In still yet another aspect, the present disclosure
provides in some embodiments a display device including
the above-mentioned OLED display substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In order to illustrate the technical solutions of the
present disclosure or the related art in a clearer manner, the
drawings desired for the present disclosure or the related art
will be described hereinafter briefly. Obviously, the follow-
ing drawings merely relate to some embodiments of the
present disclosure, and based on these drawings, a person
skilled in the art may obtain the other drawings without any
creative effort.

[0028] FIG. 1 is a schematic view showing a conventional
FMM;
[0029] FIG. 2 is a schematic view showing a length and a

width of each subpixel and a pitch between the adjacent
subpixels for a conventional OLED display substrate;
[0030] FIG. 3 and FIG. 4 are planar views of a mask plate
according to one embodiment of the present disclosure;
[0031] FIG. 5 and FIG. 6 are sectional views of the mask
plate in FIG. 4 along a line indicated by AA;

[0032] FIG. 7 through FIG. 9 are schematic views show-
ing a shadow effect; and
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[0033] FIG. 10 is a flow chart of a method for manufac-
turing the mask plate according to one embodiment of the
present disclosure.

REFERENCE SIGN LIST

[0034] 1 FMM

[0035] 2 opening

[0036] 3 metal mask plate body
[0037] 4 first opening

[0038] 5 second opening

[0039] 6 insulation film

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0040] Inorderto make the objects, the technical solutions
and the advantages of the present disclosure more apparent,
the present disclosure will be described hereinafter in a clear
and complete manner in conjunction with the drawings and
embodiments.

[0041] FMM technique is the most important technique in
the OLED display industry. Currently, an FMM may be
manufactured in five modes, i.e., 1) an etching mode, 2) an
electroforming mode, 3) a mixed mode (etching+laser), 4) a
laser mode, and 5) a pressurization mode. Although as the
most mature mode, it is still for the metal etching mode to
meet the requirement of manufacturing an OLED display
product with a higher PP value (greater than 400 PPI).
[0042] Generally, for the conventional FMM technique,
openings matching light-emitting regions are formed in the
FMM made of a ferro-nickel alloy through etching. As
shown in FIG. 1, numeral reference 1 represents the FMM,
and numeral reference 2 represents the opening matching the
light-emitting region. Then, a light-emitting material is
evaporated so as to form subpixels in R, G and B in
accordance with the practical need. Due to the limitation of
the metal etching precision, it is impossible for a pitch
between the adjacent openings in the FMM to meet the
requirement of the display product with a high resolution
and a high PPI value. As shown in FIG. 2, for a pixel having
a size of 3 um*5 pm (i.e., d1=3 pm and d2=5 pm), the pitch
between two pixels, i.e., d3, may be 1.2 pm. As shown in
FIG. 3, a width of each opening in the FMM in a row
direction, i.e., s1, needs to be 4.2 um, and the pitch, i.e., s2,
needs to be 8.4 pum. However, due to the current processing
precision, it is impossible to provide the FMM with the
opening width of 4.2 um and the pitch of 8.4 um.

[0043] An object of the present disclosure is to provide a
mask plate, an OLED display substrate, manufacturing
methods thereof, and a display device, so as to provide the
OLED display device with a high PPI value.

[0044] The present disclosure provides in some embodi-
ments a mask plate which, as shown in FIG. 3, FIG. 4 and
FIG. 5, includes: a metal mask plate body 3 provided with
a plurality of first openings 4; and an insulation film 6
arranged on the metal mask plate body 3 and provided with
a plurality of second openings 5. An orthogonal projection
of at least one second opening 5 in the plurality of second
openings 5 onto the metal mask plate body 3 falls within the
corresponding first opening 4. Here, the orthogonal projec-
tion of at least one second opening 5 in the plurality of
second openings 5 onto the metal mask plate body 3 falls
within the corresponding first opening 4 or first openings 4
includes the following two situations. The first situation is
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that the orthogonal projection of at least one second opening
5 in the plurality of second openings 5 onto the metal mask
plate body 3 completely falls within an area of the corre-
sponding first opening 4 or first openings 4. And the second
situation is that the orthogonal projection of at least one
second opening 5 in the plurality of second openings 5 onto
the metal mask plate body 3 completely coincides with an
area of the corresponding first opening 4 or first openings 4.
[0045] According to the mask plate in the embodiments of
the present disclosure, due to the relatively low etching
precision of the metal mask plate body, each first opening in
the metal mask plate body may be of a relatively large size.
The insulation film is formed on the metal mask plate body,
and then etched to acquire the second openings. Due to the
relatively high etching precision of the insulation film, each
second opening may be of a relatively small size, and the
orthogonal projection of the second opening onto the metal
mask plate body falls within the corresponding first opening.
A light-emitting material may be evaporated through the
second openings, so as to from subpixels of an OLED
display substrate. As a result, it is able to acquire the OLED
display substrate with a high PPI value.

[0046] As shown in FIG. 4 and FIG. 5, the second open-
ings 5 may correspond to the first openings 4 respectively,
namely in a one-to-one correspondence. Of course, each first
opening 4 may also correspond to more than one second
opening 5, as long with the orthogonal projections of these
second openings 5 onto the metal mask plate body 3 fall
within the corresponding first opening 4.

[0047] To be specific, the plurality of second openings is
arranged in an array form. Due to the limitation of the
etching precision of the metal mask plate body, a pitch
between two adjacent second openings may not be too small.
Hence, the light-emitting material may be evaporated each
time through the second openings so as to form the subpixels
in merely one color. For example, the light-emitting material
may be evaporated through the second openings to form the
subpixels in a first color, then the mask plate may be moved
so as to evaporate the light-emitting material through the
second openings to form the subpixels in a second color, and
then the mask plate may be moved again so as to evaporate
the light-emitting material through the second openings to
form the subpixels in a third color. The subpixels in each
color are arranged on the OLED display substrate in col-
umns, and the subpixels in different colors are arranged
sequentially and periodically in each row. Hence, the pitch
between the two adjacent second openings in a row direction
needs to be not smaller than twice a width of each second
opening in the row direction.

[0048] In apossible embodiment of the present disclosure,
the width of each second opening is not greater than 4.2 pm
in the row direction, and the pitch between the two adjacent
second openings is not greater than 8.4 pm. In this way, a
width of a resultant subpixel may be as small as 3 pm, so it
is able to provide a higher PPI value. In the embodiments of
the present disclosure, a size of each first opening is not
particularly defined. To be specific, the metal mask plate
body may be etched using a conventional etching process, so
as to form the plurality of first openings. The size of each
first opening may be 8.4 um, and a pitch between two
adjacent first openings may be 16.8 pm. The size of the
subpixel is not determined by the size of the first opening,
and instead, it is associated with the size of the second
opening. In order to support the insulation film in a sufficient
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manner, the size of each first opening shall not be too large.
In a possible embodiment of the present disclosure, each first
opening corresponds to one or two second openings, and the
orthogonal projections of the second openings correspond-
ing to each first opening onto the metal mask plate body fall
entirely within the first opening.

[0049] Ina possible embodiment of the present disclosure,
the insulation film 6 is divided by the second openings into
a plurality of insulation patterns. As shown in FIG. 6, a cross
section of each insulation pattern in a direction perpendicu-
lar to the metal mask plate body is of an inverted-trapezoidal
shape, so as to prevent the occurrence of shadow effect. In
FIG. 7 through FIG. 9, D represents a distance between
bottom portions of two adjacent insulation patterns, and ml1,
m2 and m3 each represents the width of the subpixel formed
by evaporating the light-emitting material through the open-
ing between the two adjacent insulation patterns. As shown
in FIG. 7, m1 corresponding to the insulation patterns each
having the inverted-trapezoidal cross section has the mini-
mum value. In other words, through the insulation patterns
each having the inverted-trapezoidal cross section, it is able
to prevent the occurrence of the shadow effect to greatest
extent. In this way, in the case of evaporating the light-
emitting material through the mask plate, it is able to reduce
a region where the light-emitting material is deposited,
thereby to prevent the occurrence of cross color between two
adjacent subpixels.

[0050] Further, the insulation film 6 includes a negative
photoresist, so as to facilitate the formation of the inverted-
trapezoidal insulation patterns. The metal mask plate body 3
includes a ferro-nickel alloy or a nickel-cobalt alloy.
[0051] Further, the insulation film 6 is doped with mag-
netic particles, so as to tightly attach the insulation film 6
onto the metal mask plate body 3, and prevent the insulation
film 6 from falling off from the metal mask plate body 3. In
addition, during the evaporation, the insulation film 6 may
also be tightly attached onto a to-be-evaporated substrate
under the effect of a magnetic field, so as to reduce the
region where the light-emitting material is deposited,
thereby to prevent the occurrence of cross color between the
adjacent subpixels. Each magnetic particle may be made of
an alloy material containing manganese, aluminium and
carbon.

[0052] The present disclosure further provides in some
embodiments a method for manufacturing a mask plate,
including steps of: providing a metal mask plate body
provided with a plurality of first openings; forming an
insulation film on the metal mask plate body; and forming a
plurality of second openings in the insulation film through a
patterning process, an orthogonal projection of at least one
second opening in the plurality of second openings onto the
metal mask plate body falling within the corresponding first
opening.

[0053] According to the method in the embodiments of the
present disclosure, due to the relatively low etching preci-
sion of the metal mask plate body, each first opening in the
metal mask plate body may be of a relatively large size. The
insulation film is formed on the metal mask plate body, and
then etched to acquire the second openings. Due to the
relatively high etching precision of the insulation film, each
second opening may be of a relatively small size, and the
orthogonal projection of the second opening onto the metal
mask plate body falls within the corresponding first opening.
A light-emitting material may be evaporated through the
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second openings, so as to from subpixels of an OLED
display substrate. As a result, it is able to acquire the OLED
display substrate with a high PP value.

[0054] Further, the step of forming the insulation film on
the metal mask plate body includes: doping magnetic par-
ticles into a negative photoresist solution, so as to acquire a
mixture; and coating the mixture onto the metal mask plate
body, and curing the mixture so as to form the insulation
film.

[0055] Through the magnetic particles, it is able to tightly
attach the insulation film onto the metal mask plate body,
and prevent the insulation film from easily falling off from
the metal mask plate body. In addition, during the evapora-
tion, it is also able to tightly attach the insulation film onto
a to-be-evaporated substrate under the effect of a magnetic
field.

[0056] Further, the step of forming the plurality of second
openings in the insulation layer through a patterning process
includes exposing and developing the insulation film, so as
to form the plurality of second openings in such a manner as
to divide the insulation film into a plurality of insulation
patterns. A cross section of each insulation pattern in a
direction perpendicular to the metal mask plate body is of an
inverted-trapezoidal shape. Through the insulation pattern
with the inverted-trapezoidal cross section, it is able to
prevent the occurrence of a shadow effect, so as to reduce a
region where the light-emitting material is deposited during
the evaporation using the mask plate, thereby to prevent the
occurrence of cross color between the adjacent subpixels.
[0057] In apossible embodiment of the present disclosure,
the insulation film may be made of polyimide (PI).

[0058] As shown in FIG. 10, the method for manufactur-
ing the mask plate specifically includes the following steps.
[0059] Stwep 101: forming the metal mask plate body
provided with the plurality of first openings.

[0060] Step 102: placing the metal mask plate body onto
a base substrate.

[0061] Step 103: coating a PI solution onto a side of the
base substrate where the metal mask plate body is placed,
and curing the P1 solution to form the insulation film. The PI
solution may contain the magnetic particles, and each mag-
netic particle may be made of an alloy material containing
manganese, aluminium and carbon.

[0062] Step 104: forming the plurality of second openings
in the insulation film through a patterning process. Fach
second opening corresponds to one first opening, and the
orthogonal projection of the second opening onto the metal
mask plate body falls within the corresponding first opening.
[0063] Step 105: separating the metal mask plate body
from the base substrate, so as to acquire the mask plate.
[0064] Then, in the case of manufacturing the OLED
display substrate, the resultant mask plate may be secured
onto a frame.

[0065] The present disclosure further provides in some
embodiments a method for manufacturing an OLED display
substrate, including steps of: securing the above-mentioned
mask plate onto a frame; moving the frame in such a manner
that positions of the second openings correspond to positions
of subpixels in a first color respectively, and evaporating a
light-emitting material to form the subpixels in the first
color; moving the frame in such a manner that the positions
of the second openings correspond to positions of subpixels
in a second color respectively, and evaporating the light-
emitting material to form the subpixels in the second color;
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and moving the frame in such a manner that the positions of
the second openings correspond to positions of subpixels in
a third color respectively, and evaporating the light-emitting
material to form the subpixels in the third color. The
subpixels in the first color, the second color and the third
color are each capable of emitting a monochromatic light
beam, and the monochromatic light beams from the subpix-
els in the first color, the second color and the third color are
capable of being mixed into a white light beam.

[0066] For example, the first color, the second color and
the third color are R, G and B respectively. Of course, these
colors may not be limited thereto, and the subpixels may
emit light in any other appropriate monochromatic light
beams, which will not be particularly defined herein.
[0067] Due to the limitation of the etching precision of the
metal mask plate body, the pitch between the two adjacent
second openings cannot be too small. Hence, the light-
emitting material may be evaporated each time through the
second openings to merely form the subpixels in one color.
For example, at first, the light-emitting material may be
evaporated through the second openings to form the sub-
pixels in the first color. Then, the mask plate may be moved,
and the light-emitting material may be evaporated through
the second openings to form the subpixels in the second
color. And then, the mask plate may be moved again, and the
light-emitting material may be evaporated through the sec-
ond openings to form the subpixels in the third color.
[0068] The present disclosure further provides in some
embodiments an OLED display substrate manufactured
using the above-mentioned method. A size of each subpixel
of the OLED display substrate depends on a size of each
second opening. Due to the relatively high etching precision
of the insulation film, it is able to acquire the second opening
with a small size. A light-emitting material may be evapo-
rated through the second openings so as to form the sub-
pixels of the OLED display substrate. Because the size of the
second opening is not affected by the etching precision of the
metal mask plate body, it is able to acquire the OLED
display substrate with a high PPI value.

[0069] The present disclosure further provides in some
embodiments a display device including the above-men-
tioned OLED display substrate. The display device may be
any product or member having a display function, e.g,
television, display, digital photo frame, mobile phone or
flat-panel computer. The display device further includes a
flexible circuit board, a printed circuit board and a back
plate. As mentioned above, the OLED display substrate may
have a high PPI value, e.g., greater than 400 PPI.

[0070] In the embodiments of the present disclosure, the
order of the steps is not limited to the serial numbers thereof.
For a person skilled in the art, any change in the order of the
steps shall also fall within the scope of the present disclosure
if without any creative effort.

[0071] Unless otherwise defined, any technical or scien-
tific term used herein shall have the common meaning
understood by a person of ordinary skills. Such words as
“first” and “second” used in the specification and claims are
merely used to differentiate different components rather than
to represent any order, number or importance. Similarly,
such words as “one” or “one of”” are merely used to represent
the existence of at least one member, rather than to limit the
number thereof. Such words as “connect” or “connected to”
may include electrical connection, direct or indirect, rather
than to be limited to physical or mechanical connection.
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Such words as “on”, “under”, “left” and “right” are merely
used to represent relative position relationship, and when an
absolute position of the object is changed, the relative
position relationship will be changed too.

[0072] Tt should be appreciated that, in the case that such
an element as layer, film, region or substrate is arranged “on”
or “under” another element, it may be directly arranged “on”
or “under” the other substrate, or an intermediate element
may be arranged therebetween.

[0073] The above are merely the preferred embodiments
of the present disclosure, but the present disclosure is not
limited thereto. Obviously, a person skilled in the art may
make further modifications and improvements without
departing from the spirit of the present disclosure, and these
modifications and improvements shall also fall within the
scope of the present disclosure.

What is claimed is:

1. A mask plate, comprising:

a metal mask plate body provided with a plurality of first

openings; and
an insulation film arranged on the metal mask plate body
and provided with a plurality of second openings,

wherein an orthogonal projection of at least one second
opening in the plurality of second openings onto the
metal mask plate body falls within the corresponding
first opening or first openings.

2. The mask plate according to claim 1, wherein the
plurality of second openings corresponds to the plurality of
first openings in a one-to-one correspondence.

3. The mask plate according to claim 2, wherein the
plurality of second openings is arranged in an array form,
and a pitch between two adjacent second openings in a row
direction is not smaller than twice of a width of each second
opening in the row direction.

4. The mask plate according to claim 3, wherein the width
of each second opening in the row direction is not greater
than 4.2 um, and the pitch between the two adjacent second
openings in the row direction is not greater than 8.4 pm.

5. The mask plate according to claim 1, wherein the
insulation film is divided by the plurality of second openings
into a plurality of insulation patterns, and a cross section of
each insulation pattern in a direction perpendicular to the
metal mask plate body is of a trapezoidal shape.

6. The mask plate according to claim 5, wherein the cross
section of each insulation pattern from top to bottom in a
direction perpendicular to the metal mask plate body is of an
inverted-trapezoidal shape.

7. The mask plate according to claim 5, wherein the
insulation film includes a negative photoresist; and

wherein the metal mask plate body includes a ferro-nickel

alloy or a nickel-cobalt alloy.

8. The mask plate according to claim 6, wherein the
insulation film is doped with magnetic particles.

9. The mask plate according to claim 8, wherein each
magnetic particle includes an alloy material containing
manganese, aluminium and carbon.

10. The mask plate according to claim 1, wherein a width
of each first opening in the row direction is not greater than
8.4 um, and a pitch between two adjacent first openings in
the row direction is not greater than 16.8 um.

11. A method for manufacturing a mask plate, comprising:

providing a metal mask plate body provided with a

plurality of first openings;
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forming an insulation film on the metal mask plate body;

and

forming a plurality of second openings in the insulation

film through a patterning process, an orthogonal pro-
jection of at least one second opening in the plurality of
second openings onto the metal mask plate body falling
within the corresponding first opening.

12. The method according to claim 11, wherein the
forming the insulation film on the metal mask plate body
comprises:

doping magnetic particles into a negative photoresist

solution, so as to acquire a mixture; and

coating the mixture onto the metal mask plate body, and

curing the mixture so as to form the insulation film.

13. The method according to claim 12, wherein the
forming the plurality of second openings in the insulation
layer through a patterning process comprises exposing and
developing the insulation film, so as to form the plurality of
second openings in such a manner as to divide the insulation
film into a plurality of insulation patterns, and

a cross section of each insulation pattern in a direction

perpendicular to the metal mask plate body is of an
inverted-trapezoidal shape.

14. A method for manufacturing an organic light-emitting
diode (OLED) display substrate, comprising:

securing the mask plate according to claim 1 onto a frame;

moving the frame in such a manner that positions of the

plurality of second openings correspond to positions of
subpixels in a first color respectively, and evaporating
a light-emitting material to form the subpixels in the
first color;

moving the frame in such a manner that the positions of

the plurality of second openings correspond to posi-
tions of subpixels in a second color respectively, and
evaporating the light-emitting material to form the
subpixels in the second color; and

moving the frame in such a manner that the positions of

the plurality of second openings correspond to posi-
tions of subpixels in a third color respectively, and
evaporating the light-emitting material to form the
subpixels in the third color,

wherein the subpixels in the first color, the second color

and the third color are each capable of emitting a
monochromatic light beam, and the monochromatic
light beams from the subpixels in the first color, the
second color and the third color are capable of being
mixed into a white light beam.

15. The method according to claim 14, wherein the first
color, the second color and the third color are red (R), green
(G) and blue (B) respectively.

16. The method according to claim 14, wherein each
subpixel in the first color has a width not greater than 3 pum.

17. The method according to claim 14, wherein each
subpixel in the second color has a width not greater than 3

18. The method according to claim 14, wherein each
subpixel in the third color has a width not greater than 3 pm.

19. An organic light-emitting diode (OLED) display sub-
strate, manufactured using the method according to claim
14.

20. A display device, comprising the OLED display
substrate according to claim 19.
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