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(57) ABSTRACT

A shadow mask used for OLED evaporation and a manu-
facturing method therefor, and an OLED panel manufactur-
ing method. The shadow mask used for OLED evaporation
includes: a semiconductor substrate including a front surface
and a back surface opposite thereto, a recess penetrating the
front surface and the back surface being provided in the
semiconductor substrate; and a grid film layer provided on
the front surface of the semiconductor substrate. A number
of openings arranged in an array are provided in the grid film
layer. Each of the openings has an upper portion and a lower
portion. A width of the upper portion is greater than a width
of the lower portion. The recess exposes the number of
openings in the grid film layer and the grid film layer
between adjacent openings.
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SHADOW MASK FOR OLED EVAPORATION
AND MANUFACTURING METHOD
THEREFOR, AND OLED PANEL
MANUFACTURING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Chinese Patent
Application No. 201710245015.8, filed on Apr. 14, 2017,
entitled “SHADOW MASK FOR OLED EVAPORATION
AND MANUFACTURING METHOD THEREFOR, AND
OLED PANEL MANUFACTURING METHOD?”, the con-
tent of which is incorporated herein by reference in its
entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of OLED
evaporation, and more particularly, to a high-precision
shadow mask for OLED evaporation and a manufacturing
method therefor, and an OLED panel manufacturing
method.

BACKGROUND

[0003] The Organic Light-Emitting Diode (OLED) dis-
play panel has become more and more popular in the
industry due to its advantages of self-illumination (no back-
light source is required), high contrast, small thickness, wide
viewing angle, fast response speed, applicability in flexible
panels, wide operating temperature range, simple construc-
tion and process and the like.

[0004] An original color scheme of the OLED display
panel is to produce a display unit that displays white light,
and then use a corresponding color filter cooperatively. This
technical solution requires the introduction of a color filter,
and about 80% of light emission of a display sub-pixel is lost
in the color filter due to the blocking of the color filter, such
that the light-emitting power consumption and brightness
performance of the OLED display panel are gradually
unable to meet the demand for micro-display wearable
applications. In addition, in this technical solution, micro-
cavity lengths of three sub-pixels of red, green and blue
having different wavelengths cannot be separately modu-
lated, and the selectivity of the color filter is reduced.
Therefore, the main display performances of the correspond-
ing OLED display panel such as viewing angle color shift,
dynamic static contrast and color gamut breadth are greatly
reduced.

[0005] To this end, the industry proposes a technical
solution for directly forming three primary color sub-pixels.
This technical solution does not require a color filter, so that
the loss of light emission of each sub-pixel is small, and the
light-emitting power consumption and brightness perfor-
mance of the OLED display panel are superior. Moreover,
such OLED display panel can separately modulate the
microcavities of the three sub-pixels of red, green and blue
having different wavelengths. Therefore, the main display
performances of the corresponding OLED display panel
such as large viewing angle color shift, dynamic static
contrast, and light gamut breadth are superior.

[0006] In the production process of an OLED display
panel, one of the most important processes in the technical
solution for directly forming three primary color sub-pixels
is to deposit an organic layer (a light-emitting material) onto
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a base plate in accordance with the requirements of a driving
matrix, to form structures such as various light-emitting
display units. In this process, a metal shadow mask (or
mask) and an evaporation source are required, and the metal
shadow mask has a number of openings corresponding to a
number of light-emitting units to be formed. Referring to
FIG. 1 for the specific process: placing the base plate 12 in
an evaporation chamber; placing a metal shadow mask 13 on
a surface of the base plate 12; the gaseous light-emitting
material generated by an evaporation source 11 diffusing
onto the base plate 12 through a number of openings 15 in
the metal shadow mask 13, and forming, on the base plate
12, light-emitting units 16 corresponding to the openings 15.

[0007] However, the existing forming an OLED panel by
evaporation has problems of the large limit size of the
sub-pixel (light-emitting unit) and low aperture ratio, such
that the requirements of small-sized, high-resolution OLED
panels cannot be met.

SUMMARY

[0008] The problem addressed by the present disclosure
lies in how to reduce the limit size of an OLED panel and
increase the aperture ratio of the OLED panel.

[0009] In order to solve the above problems, the present
disclosure provides a method for manufacturing a shadow
mask for OLED evaporation, including: providing a first
semiconductor substrate, the first semiconductor substrate
including a front surface and a back surface opposite thereto;
forming a grid film layer on the front surface of the first
semiconductor substrate; forming a number of openings
arranged in an array in the grid film layer, wherein each of
the openings has an upper portion and a lower portion and
a width of the upper portion is greater than a width of the
lower portion; providing a second semiconductor substrate,
the second semiconductor substrate including a front surface
and a back surface opposite thereto; bonding the second
semiconductor substrate and the first semiconductor sub-
strate, the front surface of the second semiconductor sub-
strate facing the grid film layer on the front surface of the
first semiconductor substrate; performing etching along the
back surface of the second semiconductor substrate to
remove a part of the second semiconductor substrate to form
a recess in the second semiconductor substrate, the recess
exposing the number of openings in the grid film layer and
the grid film layer between adjacent openings; and removing
the first semiconductor substrate to expose the grid film
layer and the openings in the grid film layer.

[0010] Optionally, a process of forming the grid film layer
includes: forming a grid thin film layer covering the front
surface, the back surface, and side surfaces of the first
semiconductor substrate; forming a first hard mask layer on
a surface of the grid thin film layer on the front surface of
the first semiconductor substrate; and performing etching to
remove the grid thin film layer on the back surface and the
side surfaces of the first semiconductor substrate, the grid
thin film layer remaining on the front surface of the first
semiconductor substrate serving as the grid film layer.

[0011] Optionally, the grid film layer and the grid thin film
layer have tensile stress.

[0012] Optionally, the grid film layer and the grid thin film
layer are made of a material of silicon nitride, the grid film
layer and the grid thin film layer each have a thickness in a
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range of 1 to 1.5 micrometers, the tensile stress in a
magnitude of 100 to 400 MPa, and a surface roughness
smaller than 20 nanometers.

[0013] Optionally, a forming process of the grid thin film
layer having tensile stress and made of the material of silicon
nitride is a low-pressure furnace tube deposition process, the
low-pressure furnace tube deposition process has a tempera-
ture greater than 600° C., a chamber pressure 0of 0.2 to 7 Torr,
and gas including silane gas and NH3, the silane gas being
one or more of SiH4, SiH2CI12, or Si2H6.

[0014] Optionally, a process of forming a number of
openings in the grid film layer includes: patterning the first
hard mask layer; etching the grid film layer remaining on the
front surface of the first semiconductor substrate by using
the patterned first hard mask layer as a mask, to form the
number of openings arranged in an array in the grid film
layer; and removing the patterned first hard mask layer.
[0015] Optionally, an inclination angle of a sidewall of
each of the openings is 40° to 80°, and a size of each of the
openings is 2 to 20 micrometers.

[0016] Optionally, a material of the grid film layer is
silicon oxide or silicon oxynitride.

[0017] Optionally, the method further includes, prior to
said bonding: forming a second hard mask layer covering
the back surface and side surfaces of the second semicon-
ductor substrate; and forming a bonding layer on the front
surface of the second semiconductor substrate.

[0018] Optionally, a material of the bonding layer is
silicon oxide.
[0019] Optionally, a process of forming the recess

includes: forming a patterned second photoresist layer on a
surface of the second hard mask layer on the back surface of
the second semiconductor substrate; etching the second hard
mask layer on the back surface of the second semiconductor
substrate by using the patterned second photoresist layer as
amask; and then etching the second semiconductor substrate
and the bonding layer along the back surface of the second
semiconductor substrate, to form the recess in the semicon-
ductor substrate and the bonding layer, the recess exposing
the number of openings in the grid film layer and the grid
film layer between adjacent openings.

[0020] Optionally, the first semiconductor substrate is
removed while etching the second semiconductor substrate.
[0021] Optionally, the method further includes, prior to
said forming the second hard mask layer: forming a third
hard mask layer on the front surface of the second semi-
conductor substrate, the third hard mask layer having a
mesh-shaped opening exposing the front surface of the
second semiconductor substrate; forming a mesh-shaped
support layer in the second semiconductor substrate along
the mesh-shaped opening, a surface of the support layer
being flush with the front surface of the second semicon-
ductor substrate; and removing the third hard mask layer.
[0022] Optionally, a process of forming the mesh-shaped
support layer includes: doping B into the exposed second
semiconductor substrate along the mesh-shaped opening;
and then performing annealing.

[0023] Optionally, the doped B has a concentration greater
than 1E22 atom/cm3 and a depth of 1 to 10 micrometers.
[0024] Optionally, a process of doping B is ion implanta-
tion, gas source diffusion, or solid source diffusion.

[0025] Optionally, the ion implantation has energy greater
than 500 KeV and a dose greater than 1E17/cm2; the gas
source diffusion uses gas of B2H6, a temperature greater
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than 600° C. and a pressure of 200 to 300 mtorr; and the
solid source diffusion uses a boron nitride sheet as a solid
source, gas of N2, a temperature of 1000 to 1200° C. and a
pressure of 300 to mtorr.

[0026] Optionally, after said bonding, the mesh-shaped
support layer is located on the bonding layer on a back
surface of the grid film layer between adjacent openings.
[0027] Optionally, a width of the mesh-shaped support
layer is smaller than a width of the grid film layer between
adjacent openings.

[0028] Optionally, after the recess is formed, at least a part
of the mesh-shaped support layer is connected to a part of
the second semiconductor substrate exposed by the recess,
or the mesh-shaped support layer is at least partially located
in the second semiconductor substrate exposed by the
recess.

[0029] Optionally, a material of the semiconductor sub-
strate is silicon or germanium.

[0030] The present disclosure further provides a shadow
mask for OLED evaporation, including: a semiconductor
substrate including a front surface and a back surface
opposite thereto, a recess penetrating the front surface and
the back surface being provided in the semiconductor sub-
strate; and a grid film layer provided on the front surface of
the semiconductor substrate, a number of openings arranged
in an array being provided in the grid film layer, wherein
each of the openings has an upper portion and a lower
portion, a width of the upper portion is greater than a width
of the lower portion, and the recess exposes the number of
openings in the grid film layer and the grid film layer
between adjacent openings.

[0031] Optionally, the grid film layer has tensile stress.
[0032] Optionally, a material of the grid film layer is
silicon nitride, the grid film layer has a thickness of 1 to 1.5
micrometers, the tensile stress in a magnitude of 100 to 400
Mpa, and a surface roughness smaller than 20 nanometers.
[0033] Optionally, an inclination angle of a sidewall of
each of the openings is 130° to 170°, and a size of each of
the openings is 2 to 20 micrometers.

[0034] Optionally, a material of the grid film layer is
silicon oxide or silicon oxynitride.

[0035] Optionally, a bonding layer is provided between
the front surface of the semiconductor substrate and the grid
film layer.

[0036] Optionally, a material of the bonding layer is
silicon oxide.
[0037] Optionally, a back surface of the grid film layer

between the openings is further provided with a mesh-
shaped support layer, and the recess exposes the mesh-
shaped support layer.

[0038] Optionally, a material of the mesh-shaped support
layer is a B-doped semiconductor substrate material.
[0039] Optionally, a concentration of B doped in the
mesh-shaped support layer is greater than 1E22 atom/cm3,
and a thickness of the mesh-shaped support layer is 1 to 10
micrometers.

[0040] Optionally, a bonding layer is provided between
the mesh-shaped support layer and the back surface of the
grid film layer between adjacent openings.

[0041] Optionally, a width of the mesh-shaped support
layer is smaller than a width of the grid film layer between
adjacent openings.

[0042] Optionally, in addition to a part of the mesh-shaped
support layer provided on the back surface of the grid film
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layer between adjacent openings, at least a part of the
mesh-shaped support layer is connected to a part of the
semiconductor substrate exposed by the recess, or at least a
part of the mesh-shaped support layer is located in the
semiconductor substrate exposed by the recess.

[0043] Optionally, a material of the semiconductor sub-
strate is silicon or germanium.

[0044] An embodiment of the present disclosure further
provides a method for manufacturing an OLED panel using
the shadow mask described above, including: providing a
base plate; transferring the base plate into an evaporation
chamber; placing the shadow mask on a surface of the base
plate in such a manner that the number of openings in the
grid film layer on the shadow mask face the surface of the
base plate to expose a part of the surface of the base plate by
the number of openings in the grid film layer, wherein the
recess in the shadow mask faces an evaporation source; and
diffusing a gaseous light-emitting material generated by the
evaporation source onto the base plate through the recess
and the number of openings of the shadow mask, and
forming, on the base plate, a light-emitting unit correspond-
ing to the number of openings.

[0045] Compared with the related art, embodiments of the
technical solution of the present disclosure may have the
following features:

[0046] The present disclosure adopts a semiconductor
integrated manufacturing process to manufacture a shadow
mask, in which a grid film layer is formed on the front
surface of the first semiconductor substrate; a number of
openings arranged in an array are formed in the grid film
layer, each of the openings having an upper portion and a
lower portion and a width of the upper portion being greater
than a width of the lower portion; a second semiconductor
substrate is provided, the second semiconductor substrate
including a front surface and a back surface opposite thereto;
the second semiconductor substrate and the first semicon-
ductor substrate are bonded, the front surface of the second
semiconductor substrate facing the grid film layer on the
front surface of the first semiconductor substrate; etching is
performed along the back surface of the second semicon-
ductor substrate to remove a part of the second semicon-
ductor substrate to form a recess in the second semiconduc-
tor substrate, the recess exposing the number of openings in
the grid film layer and the grid film layer between adjacent
openings; and the first semiconductor substrate is removed
to expose the grid film layer and the openings in the grid film
layer. Namely, the shadow mask formed by the method of
the present disclosure adopts a second semiconductor sub-
strate having a recess as a main body support structure, and
after a corresponding evaporation pattern (corresponding to
the opening in the grid film layer) is formed on the grid film
layer, the first semiconductor substrate and the second
semiconductor substrate are bonded. Then the first semicon-
ductor substrate is removed, such that the grid film layer
having an opening is formed on the front surface of the
second semiconductor substrate, and the second semicon-
ductor substrate having a recess supports the grid film layer
having an opening. Since the thickness of the second semi-
conductor substrate can be thick and the thickness of the grid
film layer can be made thin, compared to the existing case
in which an evaporation pattern is formed in the very thick
invar alloy, the present disclosure can form, in the grid film
layer having a large thickness, an evaporation pattern having
a small size and a good morphology by a simple etching
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process. Moreover, the width of the upper portion of the
opening formed in the grid film layer is greater than the
width of the lower portion of the opening, so that after
subsequently bonding the first semiconductor substrate and
the second semiconductor substrate, and after etching the
second semiconductor substrate to form the recess and
removing the first semiconductor substrate, i.e., the grid film
layer having an opening is located on the surface of the
second semiconductor substrate, the opening in the corre-
sponding grid film layer becomes an inverse tilted angle, i.e.,
the width of the portion (lower portion) of the opening in the
grid film layer close to the recess is larger than the width of
the portion (upper portion) facing away from the recess.
When the shadow mask described above is used for evapo-
ration, the grid film layer faces the base plate, and the recess
faces the evaporation source. Therefore, when the evapora-
tion gas diffuses through the recess and the opening onto the
base plate, only the lower portion of the opening having a
small width will limit the diffusion of the evaporation gas,
while both the upper portion of the opening and the recess
have wide widths and thus have small limitations on the
diffusion of the evaporation gas, so that a light-emitting umt
corresponding to the width of the lower portion of the
opening is formed on the base plate, thereby preventing the
generation of shadow effect or reducing the widths of the
inner and outer shadows in the light-emitting unit during
evaporation. Moreover, in the present disclosure, an opening
1s first formed in the grid film layer of the first semiconduc-
tor substrate and the width of the upper portion of the
opening is greater than the width of the lower portion of the
opening; then the second semiconductor substrate and the
first semiconductor substrate are bonded, and the front
surface of the second semiconductor substrate faces the grid
film layer on the front surface of the first semiconductor
substrate; then the first semiconductor substrate is removed,
and a part of the second semiconductor substrate is removed
by performing etching along the back surface of the second
semiconductor substrate, to form a recess, exposing a num-
ber of openings in the grid film layer and the grid film layer
between adjacent openings, in the second semiconductor
substrate, thereby exposing the grid film layer and the
opening in the grid film layer. In this way, the conversion of
the positive tilted angle opening on the first semiconductor
substrate to the inverse tilted angle on the second semicon-
ductor substrate can be conveniently achieved with the
simple process.

[0047] Further, the material of the second semiconductor
substrate is silicon. Since silicon atoms in the second semi-
conductor substrate of the silicon material have a fixed
crystal orientation, by using different etching rates of an
alkaline solution on silicon materials having different crystal
orientations, a recess having a good sidewall morphology
can be conveniently formed in the second semiconductor
substrate having a large thickness (several hundred microm-
eters to several millimeters) when subsequently etching the
back surface of the second semiconductor substrate. In
addition, since the density of silicon (2.4 g/cm?®) is much
smaller than the density of invar alloy (8.1 g/cm?), the
weight of the shadow mask produced by the present disclo-
sure is much smaller than that of the existing metal shadow
mask made of invar metal. Therefore, the bending amount of
the shadow mask produced by the present disclosure due to
its own weight is much smaller than the bending amount of
the existing metal shadow mask due to its own weight, such
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that it is ensured that the deformation amount caused by the
bending amount of the opening formed in the grid film layer
is very small, and during evaporation, the light-emitting unit
formed by using the shadow mask of the present disclosure
has the improved positional accuracy and the better mor-
phology.

[0048] Further, a second hard mask layer is formed on the
side surface and the back surface of the second semicon-
ductor substrate. The second hard mask layer on the back
surface of the second semiconductor substrate serves as the
mask when the second semiconductor substrate is etched
along the back surface of the second semiconductor sub-
strate by wet etching to form a recess in the second semi-
conductor substrate. When the second semiconductor sub-
strate is etched along the back surface of the second
semiconductor substrate, the second hard mask layer on the
side surface of the second semiconductor substrate causes
the second semiconductor substrate on the side surface not
to be etched, such that the remaining second semiconductor
substrate material can maintain a good morphology to
support the grid film layer on the front surface of the
remaining second semiconductor substrate.

[0049] Further, the grid film layer has tensile stress,
thereby preventing deformation of the suspended grid film
layer caused by its own weight, improving the positional
accuracy of the opening in the grid film layer and keeping
the sidewall of the opening in the good morphology.

[0050] Further, the material of the grid film layer is silicon
nitride, and the process of etching silicon nitride is simple,
such that it is easy to form, in the silicon nitride material, an
opening having a small size and a good morphology. The
silicon nitride material has a high density, and when the
subsequent grid film layer having an opening is suspended,
the suspended grid film layer has the high mechanical
stability and mechanical strength as well as the high corro-
sion resistance. In addition, it is possible to form a grid film
layer having a uniform thickness and large tensile stress by
a furnace tube low-pressure chemical vapor deposition pro-
cess. The thickness of the grid thin film layer is 1 to 1.5
micrometers, and the magnitude of the tensile stress is 100
to 400 MPa. The surface roughness is smaller than 20
nanometers. Therefore, deformation caused by the own
weight of the grid film layer is effectively overcome while
ensuring the high mechanical stability, mechanical strength
and corrosion resistance of the subsequently suspended grid
film layer. Moreover, the opening having a small size can be
easily formed in the grid film layer of 1 to 1.5 micrometers.

[0051] Further, a mesh-shaped support layer is formed on
the back surface of the grid film layer between the adjacent
openings. The mesh-shaped support layer can support the
support layer having an opening when the grid film layer
having an opening is suspended, which facilitates preventing
the openings in the grid film layer from being deformed due
to the own weight of the grid film layer.

[0052] Further, in addition to a part of the mesh-shaped
support layer located on the back surface of the grid film
layer between adjacent openings, at least a part of the
mesh-shaped support layer is connected to a part of the
second semiconductor substrate exposed by the recess, or at
least a part of the mesh-shaped support layer is located in the
second semiconductor substrate exposed by the recess, so as
to further improve the support strength of the mesh-shaped
support layer.
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[0053] Further, by doping B in the second semiconductor
substrate, when the second semiconductor substrate is sub-
sequently etched along the back surface of the second
semiconductor substrate to form a recess, the etching rate on
the second semiconductor substrate material doped with B is
much smaller than the etching rate on the second semicon-
ductor substrate material that is not doped with B, such that
when forming the recess, the B-doped second semiconduc-
tor substrate material on the back surface of the grid film
layer between the openings is retained as the mesh-shaped
support layer, thereby making it simple and convenient to
form a mesh-shaped support layer with the high mechanical
strength and good morphology.

[0054] Further, the concentration of the doped B is greater
than 1E22 atom/cm®. When the second semiconductor sub-
strate is subsequently etched along the back surface of the
second semiconductor substrate by using the TMAH or
KOH etching solution to form a recess, the etched amount
of the second semiconductor substrate material by the
TMAH or KOH etching solution at such doping concentra-
tions of B is negligible, such that the second semiconductor
substrate doped with B can be completely retained as a
mesh-shaped support layer, and the support layer has a good
morphology. In addition, a doping depth of B is 1 to 10
micrometers, such that the thickness of the formed mesh-
shaped support layer is at least 1 to 10 micrometers, which
ensures the mechanical strength and mechanical stability of
the mesh-shaped support layer itself, so as to better support
the grid film layer having an opening on the surface.
[0055] Further, by organic combination of a grid film layer
having tensile stress and a mesh-shaped support layer having
a support structure, when the grid film layer having an
opening is suspended, not only the deformation caused by
the own weight of the grid film layer is overcome by the
tensile stress of the grid film layer, but also the deformation
caused by the own weight is further reduced by the support
of the mesh-shaped support layer, thereby better ensuring
that the opening subsequently formed in the grid film layer
will not be deformed, which facilitates improving the posi-
tional accuracy of the light-emitting unit formed during
evaporation and maintaining a good morphology, and also
improving the mechanical strength and mechanical stability
of the grid film layer having the opening and improving the
service life of the shadow mask.

[0056] Further, a bonding layer is disposed between the
front surface of the second semiconductor substrate and the
grid film layer and between the mesh-shaped support layer
and the grid film layer, in order to provide a high degree of
firmness between the grid film layer and the front surface of
the second semiconductor substrate, and to provide a high
degree of firmness between the mesh-shaped support layer
and the grid film layer.

[0057] The shadow mask of the present disclosure adopts
a semiconductor substrate having a recess as a main body
support structure and uses the grid film layer having an
opening on the front surface of the semiconductor substrate
as a mask during evaporation. Since the thickness of the
second semiconductor substrate can be large and the thick-
ness of the grid film layer can be made small, compared to
the existing case in which an evaporation pattern is formed
in the very thick invar alloy, the present disclosure can form,
in the grid film layer having a small thickness, an evapora-
tion pattern having a small size and a good morphology by
a simple etching process. Moreover, the width of the portion
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(lower portion) of the opening in the grid film layer close to
the recess is larger than the width of the portion (upper
portion) facing away from the recess. When the shadow
mask described above is used for evaporation, the grid film
layer faces the base plate, and the recess faces the evapo-
ration source. Therefore, when the evaporation gas diffuses
through the recess and the opening onto the base plate, only
the lower portion of the opening having a small width will
limit the diffusion of the evaporation gas, while both the
upper portion of the opening and the recess have wide
widths and thus have small limitations on the diffusion of the
evaporation gas, so that a light-emitting unit corresponding
to the width of the lower portion of the opening is formed on
the base plate, thereby preventing the generation of shadow
effect or reducing widths of inner and outer shadows in the
light-emitting unit during evaporation.

[0058] Further, the material of the semiconductor sub-
strate is silicon, and since the density of silicon (2.4 g/cm®)
is much smaller than the density of invar alloy (8.1 g/cm®),
the weight of the shadow mask produced by the present
disclosure is much smaller than that of the existing metal
shadow mask made of invar metal. Therefore, the bending
amount of the shadow mask produced by the present dis-
closure due to its own weight is much smaller than the
bending amount of the existing metal shadow mask due to
its own weight, such that it is ensured that the deformation
amount caused by the bending amount of the opening
formed in the grid film layer is very small, and during
evaporation, the light-emitting unit formed by using the
shadow mask of the present disclosure has the improved
positional accuracy and the better morphology.

[0059] Further, in addition to a part of the mesh-shaped
support layer located on the back surface of the grid film
layer between adjacent openings, at least a part of the
mesh-shaped support layer is connected to a part of the
semiconductor substrate exposed by the recess, or at least a
part of the mesh-shaped support layer is located in the
semiconductor substrate exposed by the recess, so as to
further improve the support strength of the mesh-shaped
support layer.

[0060] Further, a bonding layer is disposed between the
front surface of the semiconductor substrate and the grid
film layer and between the mesh-shaped support layer and
the grid film layer, in order to provide a high degree of
firmness between the grid film layer and the front surface of
the semiconductor substrate, and to provide a high degree of
firmness between the mesh-shaped support layer and the
grid film layer.

[0061] Further, since the grid film layer having the open-
ing is suspended, by the organic combination of a grid film
layer having tensile stress and a mesh-shaped support layer
having a support structure, not only the deformation caused
by the own weight of the grid film layer is overcome by the
tensile stress of the grid film layer, but also the deformation
caused by the own weight is further reduced by the support
of the mesh-shaped support layer, thereby better ensuring
that the opening subsequently formed in the grid film layer
will not be deformed, which facilitates improving the posi-
tional accuracy of the light-emitting unit formed during
evaporation and maintaining a good morphology, and also
improving the mechanical strength and mechanical stability
of the grid film layer having the opening and improving the
service life of the shadow mask.
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[0062] The method for manufacturing an OLED panel by
using the foregoing shadow mask can form a light-emitting
unit with a small size and a good morphology, and can
greatly reduce the impact of the shadow effect (the width of
the upper portion of the opening in the grid film layer is
smaller than the width of the lower portion, so that during
evaporation, only the lower portion of the opening having a
small width will limit the diffusion of the evaporation gas,
while both the upper portion of the opening and the recess
have large widths and thus have small limitations on the
diffusion of the evaporation gas, thereby forming, on the
base plate, a light-emitting unit corresponding to the width
of the lower portion of the opening, which greatly reduces
the widths of the inner shadow and the outer shadow in the
light-emitting unit) and improves the aperture ratio of the
OLED panel.

BRIEF DESCRIPTION OF DRAWINGS

[0063] FIG. 1 is a structural schematic diagram showing
manufacturing of an OLED by evaporation in the related art;
[0064] FIG. 2to FIG. 17 are structural schematic diagrams
showing a process for manufacturing a shadow mask for
OLED evaporation according to an embodiment of the
present disclosure;

[0065] FIG. 18 to FIG. 32 are structural schematic dia-
grams showing a process for manufacturing a shadow mask
for OLED evaporation according to another embodiment of
the present disclosure; and

[0066] FIG. 33 is a structural schematic diagram showing
manufacturing of an OLED panel by using a shadow mask
according to the present disclosure.

DESCRIPTION OF EMBODIMENTS

[0067] As is known in the Background, the existing form-
ing an OLED panel by evaporation has problems of the large
limit size of the sub-pixel (light-emitting unit) and the low
aperture ratio, such that the requirements of small-sized,
high-resolution OLED panels cannot be met.

[0068] Research on the existing evaporation process has
found that the size and shape of the opening in the existing
metal shadow mask limits the size of the sub-pixel (light-
emitting unit) formed by evaporation and the aperture ratio,
i.e., the size of the opening in the existing metal shadow
mask is still large, such that the sub-pixel (light-emitting
unit) formed by evaporation using the metal shadow mask is
still large, and it is difficult to ensure the morphology of the
existing metal shadow mask, thereby affecting the morphol-
ogy of the pixel (light-emitting unit) formed by evaporation
and affecting the aperture ratio.

[0069] Further research found that the specific formation
process of the above metal shadow mask lies in: providing
an invar alloy plate having a thickness of several tens of
micrometers to hundreds of micrometers; wet etching a front
surface of the invar alloy plate and forming multiple first
openings in the invar alloy plate; wet etching a back surface
of the invar alloy plate, and forming multiple second open-
ings in the invar alloy plate, each of the second openings and
the corresponding first opening interpenetrating each other,
and the interpenetrating first opening and the second open-
ing constituting a mask pattern for forming a light-emitting
unit; welding the back surface of the invar alloy plate having
multiple first openings and second openings to a frame
having a recess, the recess in the frame exposing the
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multiple second openings and the invar alloy plate between
the second openings. Reference is made to the metal shadow
mask 13 (the frame is not shown in the drawing) shown in
FIG. 1 for details. The metal shadow mask 13 has a first
opening 15 and a second opening 14 that are interpenetrating
each other (only one first opening 15 and one second
opening 14 are shown in FIG. 1 as an example). Due to the
physical properties of invar alloy and the isotropic properties
of wet etching, when forming a pattern (a first opening and
a second opening penetrating through the first opening) in a
thick (tens of micrometers to hundreds of micrometers)
invar alloy plate, especially when manufacturing a pattern
with a small feature size, it is difficult to ensure the mor-
phology and the uniformity and consistency of the pattern
feature size after isotropic wet etching, such that it is difficult
to make the limit feature size of the opening small. More-
over, it is easy for the sidewall of the opening formed by wet
etching to have curved sidewall morphology that is wide at
the top and narrow at the bottom (referring to the sidewalls
of the first opening and the second opening shown in FIG.
1 for details). Due to the properties of the evaporation
process, the gaseous light-emitting material generated by the
evaporation source 11 diffuses onto the base plate 12 through
the multiple second openings 14 and the first openings 15 on
the metal shadow mask 14, such that a light-emitting unit 16
corresponding to the multiple second openings 14 and the
first openings 15 is formed on the base plate 12. Since the
sidewall of the first opening 15 is a curved shape that is wide
at the top and narrow at the bottom while the second opening
14 is a curved shape that is narrow at the top and wide at the
bottom, the diffusion of the gaseous light-emitting material
will be restricted, such that the formed light-emitting unit 16
has a film thickness assurance region 17, and an inner
shadow region 18 and an outer shadow region 19 that are
located on two sides of the film thickness assurance region.
Since the film thicknesses of the inner shadow region 18 and
the outer shadow region 19 are not uniform, the inner
shadow region 18 and the outer shadow region 19 cannot be
used as effective light-emitting regions of the pixel, such that
the effective light-emitting region of the pixel reduces,
thereby affecting the aperture ratio (the formation of the
inner shadow region 18 and the outer shadow region 19
during evaporation is called shadow effect, and the shadow
effect should be avoided as possible during evaporation).

[0070] To this end, the present disclosure provides a
shadow mask for OLED evaporation, a method for manu-
facturing the same, and a method for manufacturing an
OLED panel. The manufacturing method for the shadow
mask for OLED evaporation lies in: forming a grid film layer
on a front surface of a first semiconductor substrate; forming
a number of openings arranged in an array in the grid film
layer, a width of an upper portion of the opening being
greater than a width of a lower portion of the opening;
providing a second semiconductor substrate including a
front surface and a back surface opposite thereto; bonding
the second semiconductor substrate and the first semicon-
ductor substrate, the front surface of the second semicon-
ductor substrate facing the grid film layer on the front
surface of the first semiconductor substrate; performing
etching along the back surface of the second semiconductor
substrate to remove a part of the second semiconductor
substrate, to form a recess, which exposes the openings in
the grid film layer and the grid film layer between adjacent
openings, in the second semiconductor substrate; and
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removing the first semiconductor substrate to expose the
grid film layer and openings in the grid film layer. Namely,
the shadow mask formed by the method of the present
disclosure adopts the second semiconductor substrate hav-
ing a recess as a main body support structure, and after a
corresponding evaporation pattern (corresponding to the
opening in the grid film layer) is formed on the grid film
layer, the first semiconductor substrate and the second
semiconductor substrate are bonded. Then the first semicon-
ductor substrate is removed, such that the grid film layer
having an opening is formed on the front surface of the
second semiconductor substrate, and the second semicon-
ductor substrate having a recess supports the grid film layer
having an opening. Since the thickness of the second semi-
conductor substrate can be large and the thickness of the grid
film layer can be made small, compared to the existing case
in which an evaporation pattern is formed in the very thick
invar alloy, the present disclosure can form, in the grid film
layer having a small thickness, an evaporation pattern hav-
ing a small size and a good morphology by a simple etching
process. Moreover, the width of the upper portion of the
opening formed in the grid film layer is greater than the
width of the lower portion of the opening, so that after
subsequently bonding the first semiconductor substrate and
the second semiconductor substrate and then etching the
second semiconductor substrate to form the recess and
removing the first semiconductor substrate, i.e., the grid film
layer having an opening is located on the surface of the
second semiconductor substrate, the opening in the corre-
sponding grid film layer becomes an inverse tilted angle, i.e.,
the width of the portion (lower portion) of the opening in the
grid film layer close to the recess is larger than the width of
the portion (upper portion) facing away from the recess.
When the shadow mask described above is used for evapo-
ration, the grid film layer faces the base plate, and the recess
faces the evaporation source. Therefore, when the evapora-
tion gas diffuses through the recess and the opening onto the
base plate, only the lower portion of the opening having a
small width will limit the diffusion of the evaporation gas,
while both the upper portion of the opening and the recess
have wide widths and thus have small limitations on the
diffusion of the evaporation gas, so that a light-emitting unit
corresponding to the width of the lower portion of the
opening is formed on the base plate, thereby preventing the
generation of shadow effect or reducing widths of inner and
outer shadows in the light-emitting unit during evaporation.
Moreover, in the present disclosure, an opening is first
formed in the grid film layer of the first semiconductor
substrate and the width of the upper portion of the opening
is greater than the width of the lower portion of the opening;
then the second semiconductor substrate and the first semi-
conductor substrate are bonded, and the front surface of the
second semiconductor substrate faces the grid film layer on
the front surface of the first semiconductor substrate; then
the first semiconductor substrate is removed, and a part of
the second semiconductor substrate is removed by perform-
ing etching along the back surface of the second semicon-
ductor substrate, to form a recess, which exposes a number
of openings in the grid film layer and the grid film layer
between adjacent openings, in the second semiconductor
substrate, and expose the grid film layer and the opening in
the grid film layer, such that the conversion of the positive
tilted angle opening on the first semiconductor substrate to
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the inverse tilted angle on the second semiconductor sub-
strate can be conveniently achieved and the process is
simple.

[0071] In order to make the above purposes, features and
advantages of the present disclosure more apparent, the
specific embodiments of the present disclosure will be
described in detail below in conjunction with the drawings.
When the embodiment of the present disclosure is described
in detail, for the convenience of description, the schematic
diagram will be enlarged locally without conforming to the
general proportion, and the schematic diagram is only an
example, which should not limit the scope of the present
disclosure. In addition, three-dimensional dimensions of
length, width and depth should be included in the actual
manufacturing.

[0072] FIG. 2to FIG. 17 are structural schematic diagrams
showing a process for manufacturing a shadow mask for
OLED evaporation according to an embodiment of the
present disclosure.

[0073] Referring to FIG. 2, a first semiconductor substrate
201 is provided, and the first semiconductor substrate 201
includes a front surface and a back surface opposite thereto.
[0074] The front surface and the back surface of the first
semiconductor substrate 201 are opposite to each other, and
side surfaces are further provided between the front surface
and the back surface. Referring to FIG. 2 for details, an
upper surface of the first semiconductor substrate 201
described in FIG. 2 is defined as the front surface, and a
lower surface is defined as the back surface. Two side
surfaces between the upper surface and the lower surface are
defined as the side surfaces.

[0075] The first semiconductor substrate 201 serves as a
platform for subsequently forming a grid film layer. The first
semiconductor substrate 201 and a subsequent second semi-
conductor substrate may be made of a same material or
different materials.

[0076] Referring to FIG. 3 and FIG. 4, a grid film layer
202 is formed on the front surface of the first semiconductor
substrate 201.

[0077] In the present embodiment, the formation process
of the grid film layer 202 lies in, referring to FIG. 3, forming
a grid thin film layer 205 that covers the front surface, the
back surface and the side surfaces of the first semiconductor
substrate 201; and referring to FIG. 4, forming a first hard
mask layer 203 on a surface of the grid thin film layer 205
on the front surface of the first semiconductor substrate;
performing etching to remove the grid thin film layer on the
back surface and the side surfaces of the first semiconductor
substrate 201, and using the grid thin film layer remaining on
the front surface of the first semiconductor substrate 201 as
the grid film layer 202. In other embodiments, it is possible
that only a grid thin film covering the front surface of the
first semiconductor substrate is formed as the grid film layer.
[0078] The purpose of first forming the grid thin film layer
205 covering the front surface, the back surface and the side
surfaces of the first semiconductor substrate 201, performing
etching to remove the grid film layer on the back surface and
the side surfaces of the first semiconductor substrate 201 and
using the grid thin film layer remaining on the front surface
of the first semiconductor substrate 201 as the grid film layer
202 lies in that a grid thin film layer having a uniform
thickness and large tensile stress can be easily formed by a
furnace tube low-pressure chemical vapor deposition pro-
cess.
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[0079] A number of openings are subsequently formed in
the grid film layer 202 formed on the front surface of the first
semiconductor substrate 201, as a mask layer during evapo-
ration. After the openings are formed in the grid film layer,
the first semiconductor substrate 201 and the second semi-
conductor substrate are subsequently bonded. After remov-
ing the first semiconductor substrate, the formed grid film
layer 202 with the openings is configured to be located on a
front surface of the second semiconductor substrate. The
second semiconductor substrate serves as a support structure
for supporting the grid film layer. Therefore, compared with
the existing metal shadow mask, the forming method of a
shadow mask in the present disclosure can form, in the grid
film layer 202, an evaporation pattern (opening) having a
small size and a good morphology, since the formed grid
film layer 202 can be thin (1 to 1.5 micrometers) and the
etching process can be simple.

[0080] After bonding first semiconductor substrate 201
and the second semiconductor substrate and then etching the
second semiconductor substrate to form a recess and remov-
ing the first semiconductor substrate, the grid film layer
having a number of openings on the front surface of the
second semiconductor substrate is suspended. In the present
embodiment, the grid thin film layer 205 and the grid film
layer 202 have tensile stress, thereby preventing deforma-
tion of the suspended grid film layer caused by its own
weight, improving the positional accuracy of the opening in
the grid film layer and keeping the sidewall of the opening
in the good morphology.

[0081] In the present embodiment, the material of the grid
thin film layer 205 and the grid film layer 202 is silicon
nitride, and the process of etching silicon nitride is simple,
such that it is easy to form, in the silicon nitride material, an
opening having a small size and a good morphology. The
silicon nitride material has a high density, and when the
subsequent grid film layer having an opening is suspended,
the suspended grid film layer has the high mechanical
stability and mechanical strength as well as the high corro-
sion resistance. In addition, it is possible to form a grid film
layer having a uniform thickness and large tensile stress by
a furnace tube low-pressure chemical vapor deposition pro-
cess. The thicknesses of the grid thin film layer 205 and the
grid film layer 202 are in 1 to 1.5 micrometers, and may be
1.5 micrometers, 2 micrometers, 2.5 micrometers, 3
micrometers, 4 micrometers, or 4.5 micrometers. The mag-
nitude of the tensile stress is 100 to 400 MPa, and may be
150 Mpa, 200 Mpa, 250 Mpa, 300 Mpa, or 350 Mpa. The
surface roughness is smaller than 20 nanometers. Therefore,
deformation caused by the own weight of the grid film layer
is effectively overcome while ensuring the high mechanical
stability, mechanical strength and corrosion resistance of the
subsequently suspended grid film layer. Moreover, the open-
ing having a small size can be easily formed in the grid film
layer of 1 to 1.5 micrometers. This can prevent the grid film
layer from being too thin, which would otherwise cause it to
be damaged during the subsequent process, and is also
prevented from being too thick, which would otherwise
cause the substrate to warp due to the excessively large
stress.

[0082] In one embodiment, the formation process of the
grid thin film layer 205, which covers the front surface, the
back surface, and the side surfaces of the first semiconductor
substrate 201, has tensile stress and is made of a material of
silicon nitride, is a low-pressure furnace tube deposition
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process. As for the low-pressure furnace tube deposition
process, the temperature is greater than 600° C., the chamber
pressure is 0.2 to 7 Torr, and the gas includes silane gas and
NH3. When the grid thin film layer 205 is formed by the
low-pressure furnace tube deposition process, the grid thin
film layer 205 can be simultaneously formed on the entire
surface (a front surface, a back surface, and side surfaces) of
a semiconductor substrate on an insulator. In addition to the
simple forming process, the thickness of the grid thin film
layer 205 is uniform and the surface roughness is low.
Moreover, the tensile stress distribution at various positions
of the film layer is uniform and it is easy to control the
magnitude of the stress.

[0083] In other embodiments, the material of the grid film
layer may also be silicon oxide or silicon oxynitride.
[0084] The material of the first hard mask layer 203 is
different from the material of the grid film layer 202. In an
embodiment, the material of the first hard mask layer may be
one or more of Al, silicon oxide, amorphous carbon, TiN, Ti,
TaN, and Ta.

[0085] In the present embodiment, the grid film layer has
a single layer structure. In other embodiments, the grid film
layer may have a structure stacked by multiple layers (two
or more layers).

[0086] Referring to FIGS. 5, 6, and 7. a number of
openings 204 arranged in an array are formed in the grid film
layer 202, and a width of an upper portion of the opening
204 is greater than a width of a lower portion of the opening.
[0087] In the present embodiment, the process for forming
anumber of openings 204 in the grid film layer 202 includes:
referring to FIG. 5, patterning the first hard mask layer 203;
referring to FIG. 6, etching the remaining grid film layer 202
on the front surface of the first semiconductor substrate 201
by using the patterned first hard mask layer 203 as a mask
to form a number of openings arranged in an array in the grid
film layer 202; and referring to FIG. 7, removing the
patterned first hard mask layer.

[0088] In an embodiment, the process of patterning the
first hard mask layer 203 includes: forming a photoresist
layer (not shown in the drawings) on the first hard mask
layer 203; patterning the photoresist layer by exposure and
development processes; and etching the first hard mask layer
by using the patterned photoresist layer as a mask.

[0089] In the present embodiment, the width of the upper
portion of the opening 204 is greater than the width of the
lower portion of the opening, or the width of the opening
gradually decreases from the top to the bottom. After sub-
sequently bonding the first semiconductor substrate 201 and
the second semiconductor substrate, and then etching the
second semiconductor substrate to form the recess and
removing the first semiconductor substrate, i.e., the grid film
layer having the opening is located on the surface of the
second semiconductor substrate, the opening in the corre-
sponding grid film layer becomes an inverse tilted angle, i.e.,
the width of the portion (lower portion) of the opening in the
grid film layer close to the recess is larger than the width of
the portion (upper portion) facing away from the recess.
When the evaporation gas diffuses through the recess and the
opening onto the base plate, only the lower portion of the
opening having a small width will limit the diffusion of the
evaporation gas, while both the upper portion of the opening
and the recess have wide widths and thus have small
limitations on the diffusion of the evaporation gas, so that a
light-emitting unit corresponding to the width of the lower
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portion of the opening is formed on the base plate, thereby
preventing the generation of shadow effect or reducing
widths of inner and outer shadows in the light-emitting unit
during evaporation. It should be noted that before the first
semiconductor substrate and the second semiconductor sub-
strate are bonded, the upper portion of the opening 204 is the
portion of the opening facing away from the front surface of
the first semiconductor substrate 201, and the lower portion
of the opening is the portion of the opening close to the front
surface of the first semiconductor substrate 201. From the
top to the bottom refers to a direction from facing away from
the front surface of first semiconductor substrate to being
close to the front surface of the first semiconductor substrate.
The sidewall morphology of the opening 204 may be an
inclined plane, an inclined curved side surface or an inclined
stepped surface. After bonding the first semiconductor sub-
strate and the second semiconductor substrate and then
forming the recess in the second semiconductor substrate
and removing the first semiconductor substrate, the upper
portion of the opening is the portion close to the recess, and
the lower portion of the opening is the portion facing away
from the recess.

[0090] In an embodiment, an inclination angle b of a
sidewall of the opening 204 is 40° to 80°. The opening 204
has a size of 2 to 20 micrometers. The inclination angle of
the sidewall of the opening 204 is an angle between a surface
of the sidewall or a tangent to the surface of the sidewall and
the surface of the first semiconductor substrate 202.
[0091] Etching the grid film layer 202 to form the opening
204 may employ a wet etching or a dry etching process. In
an embodiment, the wet etching may employ a phosphoric
acid solution. In another embodiment, the dry etching pro-
cess is plasma etching, the gas used in the plasma etching is
one or more of CH3F and CH2F2, the reaction chamber
pressure is 10 mTorr to 100 mTorr, the chamber temperature
is 20 degrees to 100 degrees, the output power of the RF
power source is 60 watts to 1000 watts, and the output power
of the RF bias power source is 100 watts to 400 watts, such
that an opening 204 having a good morphology and an
inclined sidewall is formed.

[0092] The first hard mask layer may be removed by a wet
or dry etching process.

[0093] In other embodiments, it is possible that no first
hard mask layer is formed, and a photoresist layer may be
directly formed on the surface of the grid film layer. Then,
the photoresist layer is patterned, and the grid film layer is
etched using the patterned photoresist layer as a mask. A
number of openings arranged in an array are formed in the
grid film layer, and the width of the upper portion of the
opening is greater than the width of the lower portion of the
opening.

[0094] The openings formed in the grid film layer 202 are
mutually discrete. The openings are arranged in an array in
the grid film layer 202, and the array arrangement may be a
matrix arrangement or other arrangement.

[0095] Referring to FIG. 8, a second semiconductor sub-
strate 101 is provided, and the second semiconductor sub-
strate 101 includes a front surface and a back surface
opposite thereto.

[0096] The front surface and the back surface of the
second semiconductor substrate 101 are opposite to each
other, and side surfaces are further provided between the
front surface and the back surface. Referring to FIG. 8 for
details, an upper surface of the second semiconductor sub-
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strate 101 described in FIG. 8 is defined as the front surface,
a lower surface is defined as the back surface, and two side
surfaces between the upper surface and the lower surface are
defined as the side surfaces.

[0097] The second semiconductor substrate 101 is used to
form a main body support structure of the shadow mask.
Namely, the semiconductor substrate remaining after the
subsequent etching along the back surface of the semicon-
ductor substrate 101 to form a recess (the recess exposes a
number of openings and the grid film layer between the
openings) can support a grid film layer having a number of
openings on the front surface of the semiconductor sub-
strate.

[0098] The material of the second semiconductor substrate
101 may be silicon or germanium. In one embodiment, the
second semiconductor substrate 101 has a thickness of 500
to 725 micrometers.

[0099] In the present embodiment, the material of the
second semiconductor substrate 101 is silicon. Since silicon
atoms in the second semiconductor substrate 101 of the
silicon material have a fixed crystal orientation, by using
different etching rates of an alkaline solution on silicon
materials having different crystal orientations, a recess hav-
ing a good sidewall morphology can be conveniently formed
in the second semiconductor substrate 101 having a large
thickness (several hundred micrometers to several millime-
ters) when subsequently etching the back surface of the
second semiconductor substrate 101. In addition, since the
density of silicon (2.4 g/em?) is much smaller than the
density of invar alloy (8.1 g/em?), the weight of the shadow
mask produced by the present disclosure is much smaller
than that of the existing metal shadow mask made of invar
metal. Therefore, the bending amount of the shadow mask
produced by the present disclosure due to its own weight is
much smaller than the bending amount of the existing metal
shadow mask due to its own weight, such that it is ensured
that the deformation amount caused by the bending amount
of the opening formed in the grid film layer is very small,
and during evaporation, the light-emitting unit formed by
using the shadow mask of the present disclosure has the
improved positional accuracy and the better morphology. In
addition, since the thermal expansion coeflicient of the
silicon material is small (close to the thermal expansion
coeflicient of the invar metal), the deformation amount of
the shadow mask caused by being heated during evaporation
is also very small. Further, the silicon material also has the
advantages of no adhesion and plasticity, so that the semi-
conductor substrate 101 is less likely to be deformed during
the manufacturing process.

[0100] A protective layer 108 is further formed in the front
surface of the second semiconductor substrate 101. The
protective layer 108 protects the front surface of the second
semiconductor substrate 101 from being damaged when a
second mask layer is subsequently formed on the side
surface and the back surface of the second semiconductor
substrate 101.

[0101] In an embodiment, the material of the protective
layer 108 may be silicon oxide, silicon carbide or amorphous
carbon.

[0102] Referring to FIGS. 9 and 10, a second hard mask
layer 102 is formed on the side surfaces and the back surface
of the second semiconductor substrate 101.

[0103] The material of the second hard mask layer 102 is
different from the material of the second semiconductor
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substrate 101. The second hard mask layer 102 on the back
surface of the second semiconductor substrate serves as the
mask when the second semiconductor substrate is subse-
quently etched along the back surface of the second semi-
conductor substrate by wet etching to form a recess in the
second semiconductor substrate. When the second semicon-
ductor substrate is etched along the back surface of the
second semiconductor substrate, the second hard mask layer
102 on the side surfaces of the second semiconductor
substrate causes the second semiconductor substrate on the
side surfaces not to be etched, such that the remaining
second semiconductor substrate material can maintain a
good morphology to support the grid film layer on the front
surface of the remaining second semiconductor substrate.
[0104] The second hard mask layer 102 may be silicon
nitride, silicon oxide, silicon oxynitride, silicon carbide,
silicon carbonitride, titanium nitride or tantalum nitride.
[0105] The formation process of the second hard mask
layer 102 lies in: after forming the protective layer 108 on
the front surface of the second semiconductor substrate 101,
forming a hard mask thin film layer 109 covering the surface
of the protective layer 108 and the side surfaces and the
bottom surface of the second semiconductor substrate 101
by a deposition process (referring to FIG. 9); performing
etching to remove the hard mask thin film layer on the front
surface of the second semiconductor substrate 101, and
forming a second hard mask layer on the back surface and
the side surfaces of the second semiconductor substrate 101.
[0106] A dry etching process is used to perform etching to
remove the hard mask thin film layer on the front surface of
the second semiconductor substrate 101.

[0107] Referring to FIG. 11, the protective layer 108
(referring to FIG. 10) is removed, and a bonding layer 103
is formed on the front surface of the second semiconductor
substrate 101.

[0108] The bonding layer 103 is used for subsequent
bonding of the first semiconductor substrate 201 (referring
to FIG. 7) and the second semiconductor substrate 101. In
the present embodiment, the material of the bonding layer
103 is silicon oxide, and the forming process is thermal
oxidation.

[0109] It should be noted that the bonding layer 103 may
adopt other bonding materials according to the needs of the
bonding process.

[0110] Referring to FIG. 12, the second semiconductor
substrate 101 and the first semiconductor substrate 201 are
bonded, and the front surface of the second semiconductor
substrate 101 faces the grid film layer 202 on the front
surface of the first semiconductor substrate 201.

[0111] In the present embodiment, the bonding layer 103
on the front surface of the second semiconductor substrate
101 is in contact with the grid film layer 202 on the front
surface of the first semiconductor substrate 201.

[0112] The bonding process uses a direct bonding process.
[0113] Referring to FIGS. 13 to 15, a part of the second
semiconductor substrate 101 is removed by performing
etching along the back surface of the second semiconductor
substrate 101, and a recess 111, which exposes a number of
openings 204 in the grid film layer 202 and the grid film
layer between adjacent openings 204, is formed in the
second semiconductor substrate 101.

[0114] In the present embodiment, the forming process of
the recess 111 includes: referring to FIG. 14, forming a
patterned second photoresist layer 110 on the surface of the
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second hard mask layer 102 on the back surface of the
second semiconductor substrate 101; etching the second
hard mask layer 102 on the back surface of the second
semiconductor substrate 101 by using the patterned second
photoresist layer 110 as a mask; referring to FIGS. 15 and
16, then etching the second semiconductor substrate 101 and
the bonding layer 103 along the back surface of the second
semiconductor substrate 101 to form a recess 111, which
exposes a number of openings 204 in the grid film layer 202
and the grid film layer between adjacent openings 204, in the
semiconductor substrate 101 and the bonding layer 103.

[0115] Referring to FIG. 14, the forming process of the
patterned second photoresist layer 110 lies in: forming a
photoresist layer on the surface of the second hard mask
layer 102 on the back surface of the second semiconductor
substrate 101 by a spin coating process; and pattering the
photoresist layer using an exposure and development pro-
cess to form a patterned second photoresist layer 110.

[0116] Referring to FIG. 15, a method of etching a second
hard mask layer 102 on the back surface of the second
semiconductor substrate 101 is performed by a dry etching
process. In one embodiment, the dry etching process is a
plasma etching process, and the etching gas used in the
plasma etching process includes a fluorine-containing gas.

[0117] Etching the second semiconductor substrate 101
employs a wet etching process. The etching solution used for
wet etching is TMAH (tetramethylammonium hydroxide) or
KOH solution. Due to different etching rates of the TMAH
(tetramethylammonium hydroxide) or KOH solution on
silicon materials having different crystal orientations when
etching silicon materials, it is possible to easily form the
recess 111 having an upper portion with a large width and a
lower portion with a small width. In addition, when etching,
the etching rate of the etching solution on the material of the
second hard mask layer 102 is extremely low, so that the
second hard mask layer 102 on the side surface of the second
semiconductor substrate 101 protects the side surface of the
second semiconductor substrate from being etched. More-
over, when etching, the etching rate of the etching solution
on the grid film layer 202 is also extremely low, so that the
grid film layer 202 can be kept intact.

[0118] In the present embodiment, the width of the recess
111 gradually reduces from the upper portion (the portion
close to the back surface of the second semiconductor
substrate 101) to the lower portion (the portion close to the
front surface of the second semiconductor substrate 101).
Namely, the width of the upper portion of the recess 111 is
large and the width of the lower portion is small. Since the
recess 111 faces the evaporation source during evaporation,
the opening edge of the recess 111 will not affect the
diffusion of the evaporation gas when the width of the upper
portion of the recess 111 is large, thereby improving the
inner shadow and the outer shadow of the light-emitting umt
formed by evaporation.

[0119] In the present embodiment, when the material of
the first semiconductor substrate 201 is the same as the
material of the second semiconductor substrate 101, while
etching the second semiconductor substrate 101, the first
semiconductor substrate 201 is removed by etching (refer-
ring to FIG. 14) to expose the grid film layer 202 and the
openings 204 in the grid film layer 202. In other embodi-
ments, when the material of the first semiconductor substrate
is different from the material of the second semiconductor
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substrate, the first semiconductor substrate 201 may be
removed using a lift-off process.

[0120] Referring to FIG. 16, etching is performed on the
bonding layer 103 by a wet etching process, and the etching
solution used in the wet etching process is an etching
solution containing hydrofluoric acid. After etching the
bonding layer 103, the grid film layer 202 having the
opening 204 is suspended. After etching a part of the
bonding layer 103, a sub-recess (not shown in the drawing)
formed in the bonding layer 103 serves as a part of the recess
111.

[0121] Referring to FIG. 17, the patterned second photo-
resist layer 110 is removed (referring to FIG. 15).

[0122] Inanembodiment, the second photoresist layer 110
may be removed using an ashing process.

[0123] FIGS. 18 to 32 are structural schematic diagrams
showing a manufacturing process of a shadow mask for
OLED evaporation according to another embodiment of the
present disclosure. The difference between the present
embodiment and the foregoing embodiment lies in that a
mesh-shaped support layer is formed on the surface of the
grid film layer exposed by the recess (the back surface of the
grid film layer between adjacent openings), in order to
increase the strength of the formed shadow mask (suspended
and having the grid film layer) and prevent the shadow mask
(suspended and having the grid film layer) from being
deformed and improve the service life. It should be noted
that, the description or the definition of the similar or
identical structure in the present embodiment and in the
foregoing embodiment can be referred to the description or
definition of the corresponding structure in the foregoing
embodiment, and details are not described in the present
embodiment.

[0124] Referring to FIG. 18 and FIG. 19, FIG. 19 is a
schematic top diagram of a portion of the structure of FIG.
18, and FIG. 18 is a cross-sectional structural schematic
diagram of FIG. 19 taken along a cutting line AB. Before the
step of forming a bonding layer on the front surface of the
second semiconductor substrate 101, a third hard mask layer
120 is formed on the front surface of the second semicon-
ductor substrate 101. The third hard mask layer 120 has a
mesh-shaped opening 121 exposing the front surface of the
second semiconductor substrate 101.

[0125] The material of the third hard mask layer 120 may
be one or more of silicon nitride, silicon oxide, silicon
carbide, silicon carbonitride, titanium nitride, tantalum
nitride, and metal oxide.

[0126] The third hard mask layer 120 is a mask for use in
subsequently forming the mesh-shaped support layer in the
second semiconductor substrate 101. A mesh-shaped open-
ing 121 is formed in the third hard mask layer 120 by a
photolithography and etching process. The shape and posi-
tion of the mesh-shaped opening 121 correspond to the
shape and position of the mesh-shaped support layer sub-
sequently formed in the second semiconductor substrate
101.

[0127] The mesh-shaped opening 121 may be composed
of a number of laterally and/or longitudinally arranged
openings, and the lateral opening and the corresponding
longitudinal opening interpenetrate each other. The mesh-
shaped opening 121 has a number of meshes correspond-
ingly. When the mesh-shaped support layer is subsequently
formed in the second semiconductor substrate 101, the
position of the mesh-shaped opening corresponds to the
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position of the support layer. After the mesh-shaped support
layer is formed, when the first semiconductor substrate and
the second semiconductor substrate are subsequently
bonded, the mesh-shaped support layer is located on the
back surface of the grid film layer having an opening. When
the grid film layer having an opening is suspended, the
mesh-shaped support layer can support the suspended grid
film layer having an opening, thereby preventing deforma-
tion of the grid film layer and improving the service life. In
order to enable the support layer formed into a mesh shape
to be located on the back surface of the grid film layer
between adjacent openings, each mesh in the mesh-shaped
opening 121 formed in the third hard mask layer 120 is
correspondingly located around one or more openings sub-
sequently formed in the grid film layer.

[0128] Moreover, in order to further improve the support
strength of the subsequently formed mesh-shaped support
layer, the mesh-shaped support layer, in addition to being
located on the back surface of the grid film layer between the
openings, is at least partially connected to a part of the
second semiconductor substrate exposed by the recess (the
recess is subsequently formed by etching the second semi-
conductor substrate), or the mesh-shaped support layer is at
least partially located in the second semiconductor substrate
exposed by the recess. In order to form such a mesh-shaped
support layer to correspond to the mesh-shaped opening 121
in the third hard mask layer 120, referring to FIG. 12, the
mesh-shaped opening in the dotted box corresponds to the
part of the mesh-shaped support layer on the back surface of
the grid film layer between the adjacent openings, and the
mesh-shaped opening outside the dotted box corresponds to
the part of the mesh-shaped support layer connected to the
remaining second semiconductor substrate after the second
semiconductor substrate is subsequently etched to form a
recess. It should be noted that the mesh-shaped opening
shown in FIG. 12 is only an example, which does not limit
the protection scope of the present disclosure. In other
embodiments, the mesh-shaped opening may include only
lateral openings or longitudinal openings, or a number of
grids may be arranged regularly or irregularly.

[0129] Referring to FIG. 20, a mesh-shaped support layer
122 is formed in the second semiconductor substrate 101
along the mesh-shaped opening 121. The mesh-shaped sup-
port layer surface 122 is flush with the front surface of the
second semiconductor substrate 101.

[0130] The formation process of the mesh-shaped support
layer 122 includes: doping B into the exposed second
semiconductor substrate 101 along the mesh-shaped open-
ing 121; and then performing annealing to form the mesh-
shaped support layer 122.

[0131] In the present embodiment, by doping B in the
second semiconductor substrate 101, when the second semi-
conductor substrate is subsequently etched along the back
surface of the second semiconductor substrate 101 to form
a recess by using the TMAH or KOH etching solution, the
etching rate on the second semiconductor substrate material
doped with B is much smaller than the etching rate on the
second semiconductor substrate material that is not doped
with B, such that when forming the recess, the B-doped
second semiconductor substrate material on the back surface
of the grid film layer between the openings is retained as the
mesh-shaped support layer, thereby making it simple and
convenient to form a mesh-shaped support layer with the
high mechanical strength and good morphology. Moreover,
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in order to make the mesh-shaped support layer have the
better support capability and mechanical strength, the
formed mesh-shaped support layer is generally thick (1 to 10
micrometers). B can be doped to a deep depth under the
existing doping process, and then an annealing process is
carried out to cause the doped B to diffuse, thereby forming
a mesh-shaped support layer having a large thickness and
reducing the difficulty of the process.

[0132] In oneembodiment, a concentration of the doped B
is greater than 1E22 atom/cm®, and may be 2E22 atom/cm®,
3E22 atom/cm®, 5E22 atom/cm® 8E22 atom/cm?®, 1E23
atom/cm?>, 3E23 atom/cm®, 5E23 atom/cm’, 823 atom/cm’
or 1E24 atom/cm’. When the second semiconductor sub-
strate is subsequently etched along the back surface of the
second semiconductor substrate 101 by using the TMAH or
KOH etching solution to form a recess, the etched amount
of the second semiconductor substrate material by the
TMAH or KOH etching solution at such doping concentra-
tions of B is negligible, such that the second semiconductor
substrate doped with B can be completely retained as a
mesh-shaped support layer, and the mesh-shaped support
layer has a good morphology. In addition, a doping depth of
B is 1 to 10 micrometers, such that the thickness of the
subsequently formed mesh-shaped support layer is at least 1
to 10 micrometers, which ensures the mechanical strength
and mechanical stability of the mesh-shaped support layer
itself, so as to better support the grid film layer having an
opening on the surface and to prevent the mesh-shaped
support layer from being too thin, which would otherwise
cause it to be damaged in the subsequent process, and also
prevent the mesh-shaped support layer from being too thick,
which would otherwise deteriorate the shadow effect caused
during evaporation. The process of doping B may be ion
implantation, gas source diffusion, and solid source diffu-
sion.

[0133] In an embodiment, in order to make the concen-
tration of the doped B uniform and make the depth meet the
requirements, when the process of doping B is ion implan-
tation, the energy of the ion implantation is greater than 500
KeV and a dose is greater than 1E17/cm2; the gas source
diffusion uses gas of B2H6, a temperature greater than 600°
C. and a pressure of 200 to 300 mtorr; and the solid source
diffusion uses a boron nitride sheet as a solid source, gas of
N2, a temperature of 1000 to 1200° C. and a pressure of 300
mtorr.

[0134] After the doping of B, annealing is performed to
diffuse the doped B. In one embodiment, a temperature for
the annealing is 1000 to 1200° C. and time for the annealing
is 1 to 10 hours.

[0135] Referring to FIG. 21, the third hard mask layer 120
is removed (referring to FIG. 20). A second hard mask layer
102 is formed on the side surfaces and the back surface of
the second semiconductor substrate 101, and a bonding layer
103 is formed on the front surface of the second semicon-
ductor substrate 101.

[0136] The formation process and related definitions of the
second hard mask layer 102 and the bonding layer 103 in the
foregoing embodiments can be referred for the formation
process and definition of the second hard mask layer 102 and
the bonding layer 103, and details thereof will not be
described herein again.

[0137] Referring to FIG. 22, a first semiconductor sub-
strate 201 is provided, and a grid film layer 202 is formed on
the front surface of the first semiconductor substrate 201;
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and a number of openings 204 arranged in an array are
formed in the grid film layer 202, and a width of the upper
portion of the opening 204 is greater than a width of the
lower portion of the opening. It should be noted that an
upper portion of the opening 204 is a portion of the opening
facing away from the front surface of the first semiconductor
substrate 201, and the lower portion of the opening is a
portion of the opening close to the front surface of the first
semiconductor substrate 201.

[0138] Referring to FIG. 23, the second semiconductor
substrate 101 and the first semiconductor substrate 201 are
bonded, and the front surface of the second semiconductor
substrate 101 faces the grid film layer 202 on the front
surface of the first semiconductor substrate 201.

[0139] Referring to FIGS. 24 to 25, etching is performed
along the back surface of the second semiconductor sub-
strate 101 to remove a part of the second semiconductor
substrate 101, so as to form a recess 111 in the second
semiconductor substrate 101. The recess 111 exposes a
number of openings 204 in the grid film layer 202 and a
mesh-shaped support layer on the surface (back surface) of
the grid film layer between adjacent openings 204.

[0140] In the present embodiment, the forming process of
the recess 111 includes: forming a patterned second photo-
resist layer 110 on the surface of the second hard mask layer
102 on the back surface of the second semiconductor
substrate 101; etching the second hard mask layer 102 on the
back surface of the second semiconductor substrate 101 by
using the patterned second photoresist layer 110 as a mask;
referring to FIGS. 15 and 16, then etching the second
semiconductor substrate 101 and the bonding layer 103
along the back surface of the second semiconductor sub-
strate 101, to form a recess 111, which exposes a number of
openings 204 in the grid film layer 202 and the mesh-shaped
support on the surface (back surface) of the grid film layer
between the adjacent openings 204, in the semiconductor
substrate 101 and the bonding layer 103. It should be noted
that in the present embodiment, the surface of the grid film
layer 202 close to the recess 111 is defined as the back
surface, and the surface of the grid film layer 202 facing
away from the recess 111 is defined as the front surface.
[0141] Etching the second semiconductor substrate 101
employs a wet etching process, and the etching solution used
for the wet etching is TMAH (tetramethylammonium
hydroxide) or KOH solution. Due to the different etching
rates of the TMAH (tetramethylammonium hydroxide) or
KOH solution on silicon materials having different crystal
orientations when etching silicon materials, it is possible to
easily form the recess 111 having an upper portion with a
large width and a lower portion with a small width. More-
over, since a part of the second semiconductor substrate 101
is doped with a high concentration of B, and the etching rate
of TMAH (tetramethylammonium hydroxide) or KOH solu-
tion on the second semiconductor substrate material doped
with a high concentration of B is extremely low, when
etching, the part of the second semiconductor substrate
material that is doped with a high concentration of B and in
contact with the bonding layer 103 is retained as a mesh-
shaped support layer 122. In addition, when etching, the
etching rate of the etching solution on the material of the
second hard mask layer 102 is extremely low, so that the
second hard mask layer 102 on the side surface of the second
semiconductor substrate 101 protects the side surface of the
second semiconductor substrate from being etched. More-
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over, when etching, the etching rate of the etching solution
on the grid film layer 202 is also extremely low, so that the
grid film layer 202 can be kept intact.

[0142] In an embodiment, the width of the mesh-shaped
support layer 122 is smaller than the width of the grid film
layer 120 between adjacent openings 108, such that at the
time of evaporation, the mesh-shaped support layer 122 does
not affect the diffusion of the evaporation gas, and the
generation of the shadow effect is prevented. Correspond-
ingly, when the bonding layer 103 is being etched, the
bonding layer 103 between the mesh-shaped support layer
122 and the grid film layer 202 is retained. Further, the width
of the bonding layer 103 remaining between the mesh-
shaped support layer 122 and the grid film layer 202 is also
smaller than the width of the grid film layer 202 between the
openings, such that the bonding layer 103 remaining
between the mesh-shaped support layer 122 and the grid film
layer 202 does not affect the diffusion of the evaporation gas,
thereby preventing the generation of the shadow effect.
Etching the bonding layer 103 employs a wet etching
process or a dry etching process. In an embodiment, the
etching solution used in the wet etching process is an etching
solution containing hydrofluoric acid. It should be noted that
after etching a part of the bonding layer 103, a sub-recess
(not shown in the drawing) formed in the bonding layer 103
is formed as a part of the recess 111.

[0143] Referring to FIGS. 26 and 27, FIG. 27 is a top
schematic diagram of a portion of the structure in FIG. 26
(the second hard mask layer 102 on the back surface of the
second semiconductor substrate in FIG. 26 is not shown),
and FIG. 26 is a cross-sectional structural schematic diagram
of FIG. 27 taken along the direction of the cutting line AB,
with the patterned second photoresist layer 110 being
removed (referring to FIG. 25).

[0144] Referring to FIG. 27, in addition to a part of the
mesh-shaped support layer 122 (the pattern filled with dots
in the solid line box in FIG. 27) located on the surface (back
surface) of the grid film layer 202 between the adjacent
openings 204, at least a part (the pattern filled with dots in
the selection box in FIG. 27) of the mesh-shaped support
layer 122 is also connected to a part of the second semi-
conductor substrate 101 exposed by the recess 111 (referring
to FIG. 26), or at least a part of the mesh-shaped support
layer 122 (the pattern filled with dots in the selection box in
FIG. 20) is also located in the semiconductor substrate 101
exposed by the recess. Namely, at least a part of the
mesh-shaped support layer 122 is connected to the second
semiconductor substrate 101 remaining after form the recess
111 by etching, which is advantageous for improving the
mechanical strength and supporting ability of the mesh-
shaped support layer.

[0145] In order to further explain the structure of the
mesh-shaped support layer in the present disclosure, FIGS.
28 to 32 are several specific examples of the mesh-shaped
support layer (The second hard mask layer on the back
surface of the second semiconductor substrate is not shown
in FIGS. 28 to 32, and for clarity of illustration, the portion
of the mesh-shaped support layer located in the second
semiconductor substrate 101 and the portion of the grid film
layer located on the back surface of the grid film layer 202
between adjacent openings 204 are separated by a hyper-
bolic break line, but the two are actually connected
together). It should be noted that, in practical applications,
there are numerous openings 204 formed in the grid film
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layer 202 and numerous meshes in the mesh-shaped support
layer, and for convenience of illustration in the present
disclosure, the number of the openings 204 and meshes
shown in FIGS. 21-25 is for illustrative purposes only, and
the number of the openings 204 and meshes should not limit
the scope of the present disclosure.

[0146] Referring to FIG. 28, the mesh-shaped support
layer 122 has multiple interconnected lateral support struc-
tures and longitudinal support structures, and the multiple
lateral support structures and longitudinal support structures
are interconnected to form multiple grids. Each of the
openings 204 in the grid film layer 202 is surrounded by one
grid in the mesh-shaped support layer 122, and at least a
portion (the edge of the mesh-shaped support layer 122 or
the periphery thereof) of the mesh-shaped support layer 122
is connected to a part of the second semiconductor substrate
101 exposed by the recess, or the mesh-shaped support layer
is at least partially located in the second semiconductor
substrate 101 exposed by the recess.

[0147] Referring to FIG. 29, the mesh-shaped support
layer 122 may include only lateral support structures or
longitudinal support structures. A grid is defined between
adjacent lateral support structures (or longitudinal support
structures), and at least one opening in the grid film layer
202 is surrounded by one grid.

[0148] Referring to FIG. 30, the mesh-shaped support
layer 122 has multiple interconnected lateral support struc-
tures and longitudinal support structures, and multiple lat-
eral support structures and longitudinal support structures
are interconnected to form multiple grids. One grid of
mesh-shaped support layers 122 may surround at least one
opening 204 in the grid film layer 202.

[0149] Referring to FIG. 31, the number of lateral support
structures and the number of longitudinal support structures
in the mesh-shaped support layer 122 may be different, and
multiple lateral support structures and longitudinal support
structures are interconnected to form multiple grids. One
grid of the mesh-shaped support layer 122 may surround at
least one opening 204 in the grid film layer 202.

[0150] Referring to FIG. 32, when the mesh-shaped sup-
port layer 122 has multiple interconnected lateral support
structures and longitudinal support structures, it is possible
that only the edge or two ends of part of the lateral support
structures and/or the longitudinal support structures is con-
nected to a part of the semiconductor substrate 101 exposed
by the recess, or the mesh-shaped support layer is at least
partially located in the semiconductor substrate 101 exposed
by the recess.

[0151] Referring to FIG. 17 and FIG. 26, an embodiment
of the present disclosure further provides a shadow mask for
OLED evaporation, including:

[0152] a semiconductor substrate 101, the semiconductor
substrate 101 including a front surface and a back surface
opposite thereto, the semiconductor substrate 101 having a
recess 111 penetrating the front surface and the back surface;
and

[0153] a grid film layer 202 located on the front surface of
the semiconductor substrate 101, a number of openings 204
arranged in an array being provided in the grid film layer
202, and a width of an upper portion of the opening 204
being smaller than a width of a lower portion, the recess 111
exposing a number of openings 204 in the grid film layer 202
and the grid film layer between adjacent openings.
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[0154] Tt should be noted that the upper portion of the
opening 204 represents a portion of the opening 204 facing
away from the front surface of the semiconductor substrate
101, and the lower portion of the opening 204 represents a
portion of the opening 204 close to the front surface of the
semiconductor substrate 101.

[0155] In an embodiment, the grid film layer 202 has
tensile stress.
[0156] In an embodiment, the material of the grid film

layer 202 is silicon nitride, the grid film layer 202 has a
thickness of 1 to 1.5 micrometers, the tensile stress in a
magnitude of 100 to 400 MPa, and the surface roughness
smaller than 20 nanometers.

[0157] In an embodiment, an inclination angle a of a
sidewall of the opening 204 is 130° to 170°. The opening has
a size of 2 to 20 micrometers. The inclination angle of the
sidewall of the opening 204 is an angle between a sidewall
surface of the opening or a tangent to the sidewall surface of
the opening and the front surface of the semiconductor
substrate 101.

[0158] In another embodiment, the material of the grid
film layer 202 is silicon oxide or silicon oxynitride.

[0159] A bonding layer 103 is disposed between the front
surface of the semiconductor substrate 101 and the grid film
layer 202. In an embodiment, the material of the bonding
layer 103 is silicon oxide.

[0160] In an embodiment, referring to FIG. 26, the back
surface of the grid film layer 202 between the openings 204
is further provided with a mesh-shaped support layer 122.
The recess 111 also exposes the mesh-shaped support layer
122. Tt should be noted that the back surface of the grid film
layer 202 refers to the surface of the grid film layer 202 close
to the front surface of the semiconductor substrate 101. In an
embodiment, a bonding layer is further provided between
the mesh-shaped support layer 122 and the back surface of
the grid film layer 202.

[0161] In anembodiment, the material of the mesh-shaped
support layer 122 is a B-doped semiconductor substrate
material.

[0162] Inan embodiment, the concentration of B doped in
the mesh-shaped support layer is greater than 1E22 atoms/
cm’, and the thickness of the mesh-shaped support layer is
1-10 micrometers.

[0163] In an embodiment, the width of the mesh-shaped
support layer 122 is smaller than the width of the grid film
layer 202 between adjacent openings 204. The width of the
bonding layer between the mesh-shaped support layer 122
and the grid film layer 202 is smaller than the width of the
grid film layer 202 between adjacent openings 204.

[0164] In an embodiment, in addition to a part of the
mesh-shaped support layer 122 provided on the back surface
of the grid film layer 202 between adjacent openings, at least
a part of the mesh-shaped support layer 122 is connected to
a part of the semiconductor substrate 101 exposed by the
recess 111, or the mesh-shaped support layer 122 is at least
partially located in the semiconductor substrate 101 exposed
by the recess 111.

[0165] Inan embodiment, the material of the semiconduc-
tor substrate 101 is silicon or germanium.

[0166] It should be noted that the corresponding definition
or description in the part of the forming process of the mask
for OLED evaporation described above can be referred for
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other definitions or descriptions of the shadow mask used for
OLED evaporation, and details thereof will not be described
herein again.

[0167] Referring to FIG. 33, another embodiment of the
present disclosure further provides a method for manufac-
turing an OLED panel using the shadow mask described
above. including:

[0168] providing a base plate 301;

[0169] transferring the base plate 301 into an evaporation
chamber;

[0170] placing the shadow mask on the surface of the base

plate 301, such that the openings 204 in the grid film layer
202 on the shadow mask face the surface of the base plate
301 to expose a part of the surface of the base plate 301 by
the openings 204 in the grid film layer, the recess 111 in the
shadow mask facing an evaporation source 11; and
[0171] diffusing a gaseous light-emitting material gener-
ated by the evaporation source 11 onto the base plate 301
through the recess 111 and the openings 204 of the shadow
mask, and forming, on the base plate 301, a light-emitting
unit 303 corresponding to the openings 108.
[0172] One light-emitting material, such as one of red,
green and blue light-emitting materials, is evaporated at a
time. After evaporating one light-emitting material in the
evaporation chamber, the silicon substrate can be transferred
to another evaporation chamber, such that another light-
emitting material is evaporated in a similar scheme, and so
on, until the three light-emitting materials are evaporated.
[0173] Although the present disclosure has been disclosed
above, the present disclosure is not limited thereto. Any
changes and modifications may be made by those skilled in
the art without departing from the spirit and scope of the
disclosure, and the scope of the present disclosure should be
determined by the scope defined by the appended claims.
What is claimed is:
1. A method for manufacturing a shadow mask for OLED
evaporation, comprising:
providing a first semiconductor substrate, comprising a
front surface and a back surface opposite to the front
surface;
forming a grid film layer on the front surface of the first
semiconductor substrate;
forming a number of openings arranged in an array in the
grid film layer, wherein each of the openings has an
upper portion and a lower portion and a width of the
upper portion is greater than a width of the lower
portion;
providing a second semiconductor substrate, comprising a
front surface and a back surface opposite to the front
surface;
bonding the second semiconductor substrate and the first
semiconductor substrate, the front surface of the second
semiconductor substrate facing the grid film layer on
the front surface of the first semiconductor substrate;
performing etching along the back surface of the second
semiconductor substrate to remove a part of the second
semiconductor substrate to form a recess in the second
semiconductor substrate, the recess exposing the num-
ber of openings in the grid film layer and the grid film
layer between adjacent one of the openings; and
removing the first semiconductor substrate to expose the
grid film layer and the openings in the grid film layer.
2. The method for manufacturing a shadow mask for
OLED evaporation according to claim 1, wherein forming
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the grid film layer comprises: forming a grid thin film layer
covering the front surface, the back surface, and side sutr-
faces of the first semiconductor substrate; forming a first
hard mask layer on a surface of the grid thin film layer on
the front surface of the first semiconductor substrate; and
performing etching to remove the grid thin film layer on the
back surface and the side surfaces of the first semiconductor
substrate, the grid thin film layer remaining on the front
surface of the first semiconductor substrate serving as the
grid film layer.

3. The method for manufacturing a shadow mask for
OLED evaporation according to claim 2, wherein the grid
film layer and the grid thin film layer have tensile stress.

4. The method for manufacturing a shadow mask for
OLED evaporation according to claim 2, wherein forming
the number of openings in the grid film layer comprises:
patterning the first hard mask layer; etching the grid film
layer remaining on the front surface of the first semicon-
ductor substrate by using the patterned first hard mask layer
as a mask, to form the number of openings arranged in the
array in the grid film layer; and removing the patterned first
hard mask layer.

5. The method for manufacturing a shadow mask for
OLED evaporation according to claim 4, wherein an incli-
nation angle of a sidewall of each of the openings is 40° to
80°, and a size of each of the openings is 2 to 20 microm-
eters.

6. The method for manufacturing a shadow mask for
OLED evaporation according to claim 1, further comprising,
prior to said bonding: forming a second hard mask layer
covering the back surface and side surfaces of the second
semiconductor substrate; and forming a bonding layer on the
front surface of the second semiconductor substrate.

7. The method for manufacturing a shadow mask for
OLED evaporation according to claim 6, wherein a material
of the bonding layer is silicon oxide.

8. The method for manufacturing a shadow mask for
OLED evaporation according to claim 6, wherein forming
the recess comprises: forming a patterned second photoresist
layer on a surface of the second hard mask layer on the back
surface of the second semiconductor substrate; etching the
second hard mask layer on the back surface of the second
semiconductor substrate by using the patterned second pho-
toresist layer as a mask; and then etching the second
semiconductor substrate and the bonding layer along the
back surface of the second semiconductor substrate, to form
the recess in the semiconductor substrate and the bonding
layer, the recess exposing the number of openings in the grid
film layer and the grid film layer between adjacent ones of
the openings.

9. The method for manufacturing a shadow mask for
OLED evaporation according to claim 8, wherein the first
semiconductor substrate is removed while etching the sec-
ond semiconductor substrate.

10. The method for manufacturing a shadow mask for
OLED evaporation according to claim 6, further comprising,
prior to said forming the second hard mask layer: forming a
third hard mask layer on the front surface of the second
semiconductor substrate, the third hard mask layer having a
mesh-shaped opening exposing the front surface of the
second semiconductor substrate; forming a mesh-shaped
support layer in the second semiconductor substrate along
the mesh-shaped opening, a surface of the support layer
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being flush with the front surface of the second semicon-
ductor substrate; and removing the third hard mask layer.

11. The method for manufacturing a shadow mask for
OLED evaporation according to claim 10, wherein a process
of forming the mesh-shaped support layer comprises: doping
B into the exposed second semiconductor substrate along the
mesh-shaped opening; and then performing annealing.

12. The method for manufacturing a shadow mask for
OLED evaporation according to claim 10, wherein after said
bonding, the mesh-shaped support layer is located on the
bonding layer on a back surface of the grid film layer
between adjacent ones of the openings.

13. The method for manufacturing a shadow mask for
OLED evaporation according to claim 12, wherein a width
of the mesh-shaped support layer is smaller than a width of
the grid film layer between adjacent ones of the openings.

14. The method for manufacturing a shadow mask for
OLED evaporation according to claim 13, wherein after the
recess is formed, at least a part of the mesh-shaped support
layer is connected to a part of the second semiconductor
substrate exposed by the recess, or the mesh-shaped support
layer is at least partially located in the second semiconductor
substrate exposed by the recess.

15. A shadow mask for OLED evaporation, comprising:

a semiconductor substrate comprising a front surface and

a back surface opposite to the front surface, and a
recess penetrating the front surface and the back sur-
face; and

a grid film layer on the front surface of the semiconductor

substrate, the grid film layer including a number of
openings arranged in an array, wherein each of the
openings has an upper portion and a lower portion, a
width of the upper portion is greater than a width of the
lower portion, and the recess exposes the number of
openings in the grid film layer and the grid film layer
between adjacent ones of the openings.

16. The shadow mask for OLED evaporation according to
claim 15, wherein the grid film layer has tensile stress.

17. The shadow mask for OLED evaporation according to
claim 16, wherein a material of the grid film layer is silicon
nitride, the grid film layer has a thickness of 1 to 1.5
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micrometers, the tensile stress has a magnitude of 100 to 400
Mpa, and a surface roughness smaller than 20 nanometers.

18. The shadow mask for OLED evaporation according to
claim 15, wherein an inclination angle of a sidewall of each
of the openings is 130° to 170°, and a size of each of the
openings is 2 to 20 micrometers.

19. The shadow mask for OLED evaporation according to
claim 16, wherein a material of the grid film layer is silicon
oxide or silicon oxynitride.

20. The shadow mask for OLED evaporation according to
claim 15, comprising a bonding layer between the front
surface of the semiconductor substrate and the grid film
layer.

21. The shadow mask for OLED evaporation according to
claim 15, wherein a back surface of the grid film layer
between the openings includes a mesh-shaped support layer,
and the recess exposes the mesh-shaped support layer.

22. The shadow mask for OLED evaporation according to
claim 21, wherein a material of the mesh-shaped support
layer is a B-doped semiconductor substrate material.

23. The shadow mask for OLED evaporation according to
claim 22, wherein a concentration of B doped in the mesh-
shaped support layer is greater than 1E22 atom/cm3, and a
thickness of the mesh-shaped support layer is 1 to 10
micrometers.

24. The shadow mask for OLED evaporation according to
claim 21, comprising a bonding layer between the mesh-
shaped support layer and the back surface of the grid film
layer between adjacent ones of the openings.

25. The shadow mask for OLED evaporation according to
claim 21, wherein a width of the mesh-shaped support layer
is smaller than a width of the grid film layer between
adjacent ones of the openings.

26. The shadow mask for OLED evaporation according to
claim 21, wherein at least a part of the mesh-shaped support
layer is connected to a part of the semiconductor substrate
exposed by the recess, or at least a part of the mesh-shaped
support layer is located in the semiconductor substrate
exposed by the recess.
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