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METAL MASK SUBSTRATE FOR VAPOR
DEPOSITION, METAL MASK FOR VAPOR
DEPOSITION, PRODUCTION METHOD FOR
METAL MASK SUBSTRATE FOR VAPOR
DEPOSITION, AND PRODUCTION METHOD
FOR METAL MASK FOR VAPOR
DEPOSITION

BACKGROUND

[0001] The present disclosure relates to a vapor deposition
metal mask substrate, a vapor deposition metal mask, a
method for manufacturing a vapor deposition metal mask
substrate, and a method for manufacturing a vapor deposi-
tion metal mask.

[0002] Organic EL displays are display devices that are
known to be manufactured by vapor deposition. An organic
EL display includes an organic layer, which is a deposit of
organic molecules sublimed in the vapor deposition process.
Vapor deposition metal masks used in the vapor deposition
process have mask holes serving as passages of sublimed
organic molecules to the substrate. The openings of the mask
holes are shaped corresponding to the shape of pixels of the
organic EL display (see Japanese Laid-Open Patent Publi-
cation No. 2015-055007 for example).

[0003] A method for manufacturing a vapor deposition
metal mask includes a step of forming openings in a vapor
deposition metal mask substrate. The step of forming the
openings may include forming a resist mask by photolithog-
raphy and wet etching using the resist mask. In forming the
resist mask, the exposure region of the resist layer on the
surface of the vapor deposition metal mask substrate is
exposed to light. At least part of the light incident on the
resist layer scatters on the surface of the vapor deposition
metal mask substrate, and part of the scattering light falls on
the non-exposure region of the resist layer. As a result, when
a negative resist material is used for the resist layer, the
scattering of light leaves residues of the resist material.
When a positive resist material is used for the resist layer,
the scattering of light forms a missing part in the resist mask.
This may increase the difference between the structure of the
resist mask that is actually formed and the designed resist
mask structure, thereby increasing the difference between
the structure of openings formed by wet etching and the
designed opening structure.

SUMMARY

[0004] It is an objective of the present disclosure to
provide a vapor deposition metal mask substrate, a vapor
deposition metal mask, a method for manufacturing a vapor
deposition metal mask substrate, and a method for manu-
facturing a vapor deposition metal mask that increase the
structural accuracy of the openings of the vapor deposition
metal mask.

[0005] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a vapor
deposition metal mask substrate is provided that includes a
nickel-containing metal sheet including an obverse surface
and a reverse surface, which is opposite to the obverse
surface. At least one of the obverse surface and the reverse
surface is a target surface for placing a resist layer. The target
surface has a surface roughness Sa of less than or equal to
0.019 um. The target surface has a surface roughness Sz of
less than or equal to 0.308 pum. In the vapor deposition metal
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mask substrate, a specular reflectance of incident light to the
target surface may be between 53.0% and 97.0%, inclusive.
Also, in the vapor deposition metal mask substrate, the
nickel-containing metal sheet may be an invar sheet.
[0006] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a vapor
deposition metal mask substrate is provided that includes a
nickel-containing metal sheet including an obverse surface
and a reverse surface, which is opposite to the obverse
surface. At least one of the obverse surface and the reverse
surface is a target surface for placing a resist layer. A
specular reflectance of incident light to the target surface is
between 53.0% and 97.0%, inclusive.

[0007] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a method for
manufacturing a vapor deposition metal mask substrate is
provided. The method includes: forming a nickel-containing
metal sheet on an electrode surface by electrolysis; and
separating the nickel-containing metal sheet from the elec-
trode surface. The nickel-containing metal sheet includes an
obverse surface and a reverse surface, which is opposite to
the obverse surface. At least one of the obverse surface and
the reverse surface is a target surface for placing a resist
layer. The electrolysis causes the target surface to have a
surface roughness Sa of less than or equal to 0.019 um and
causes the target surface to have a surface roughness Sz of
less than or equal to 0.308 pm.

[0008] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a method for
manufacturing a vapor deposition metal mask substrate is
provided. The method includes: forming a nickel-containing
metal sheet on an electrode surface by electrolysis; and
separating the nickel-containing metal sheet from the elec-
trode surface. The nickel-containing metal sheet includes an
obverse surface and a reverse surface, which is opposite to
the obverse surface. At least one of the obverse surface and
the reverse surface is a target surface for placing a resist
layer. The electrolysis causes a specular reflectance of
incident light to the target surface to be between 53.0% and
97.0%, inclusive.

[0009] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a method for
manufacturing a vapor deposition metal mask is provided.
The method includes: forming a resist mask on a target
surface of a vapor deposition metal mask substrate; and
etching the target surface by wet etching using the resist
mask,

[0010] The structures described above limit scattering of
light on the target surface for placing a resist mask. Conse-
quently, the difference between the structure of the resist
mask formed by exposure and development and the
designed resist mask structure is reduced. This enhances the
structural accuracy of the openings of the vapor deposition
metal mask. When the nickel-containing metal sheet is an
invar sheet, the target surface is made of invar, which is a
metal material having a small thermal expansion coefficient.
This limits structural change of the vapor deposition metal
mask, which would otherwise be caused by the heat applied
during vapor deposition.

[0011] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a vapor
deposition metal mask is provided that includes a mask
portion composed of a nickel-containing metal sheet. The
mask portion includes an obverse surface including an
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obverse surface opening and a reverse surface including a
reverse surface opening in communication with the obverse
surface opening, the reverse surface being opposite to the
obverse surface. At least one of the obverse surface and the
reverse surface is a target surface. The target surface has a
surface roughness Sa of less than or equal to 0.019 um. The
target surface has a surface roughness Sz of less than or
equal to 0.308 um. In the vapor deposition metal mask, a
specular reflectance of incident light to the target surface
may be between 53.0% and 97.0%, inclusive.

[0012] To achieve the foregoing objective and in accor-
dance with one aspect of the present disclosure, a vapor
deposition metal mask is provided that includes a mask
portion composed of a nickel-containing metal sheet. The
mask portion includes an obverse surface including an
obverse surface opening and a reverse surface including a
reverse surface opening in communication with the obverse
surface opening, the reverse surface being opposite to the
obverse surface. At least one of the obverse surface and the
reverse surface is a target surface. A specular reflectance of
incident light to the target surface is between 53.0% and
97.0%, inclusive.

[0013] The structures described above limit scattering of
light on the target surface. Thus, when the resist mask is
formed on the target surface and openings are formed, the
difference between the structure of the resist mask formed by
exposure and development and the designed resist mask
structure is reduced on the target surface. This enhances the
structural accuracy of the openings of the vapor deposition
metal mask.

[0014] In the above-described vapor deposition metal
mask, the target surface may include at least the obverse
surface, and the obverse surface opening may be an opening
for passage of vapor deposition particles from the obverse
surface opening toward the reverse surface opening and may
be larger than the reverse surface opening.

[0015] The vapor deposition metal mask has the obverse
surface openings that are larger than the reverse surface
openings and therefore limits the shadow effect of the vapor
deposition particles entering through the obverse surface
openings. When holes are formed in the substrate for manu-
facturing the mask portions, of the obverse surface and the
reverse surface, the surface that is etched to a greater degree
has larger openings than the surface that is etched to a lesser
degree. Since the vapor deposition metal mask has the
obverse surface openings that are larger than the reverse
surface openings, the degree of etching on the obverse
surface is greater than the degree of etching on the reverse
surface. The obverse surface of the vapor deposition metal
mask serves as the target surface. Thus, the vapor deposition
metal mask may be manufactured by forming a resist mask
on the obverse surface and etching the vapor deposition
metal mask substrate from the obverse surface. Such a
method enhances the structural accuracy of the openings of
the vapor deposition metal mask.

[0016] In the above-described vapor deposition metal
mask, the nickel-containing metal sheet may be an invar
sheet. The target surface of the vapor deposition metal mask
is made of invar, which is a metal material having a small
thermal expansion coefficient. This limits structural change
of the vapor deposition metal mask, which would otherwise
be caused by the heat applied during vapor deposition.
[0017] In each of the above-described configuration, two
directions that are perpendicular to each other in the target
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surface may be directions in which light is incident as
viewed facing the target surface, and a difference in the
reflectance between the two directions may be less than or
equal to 3.6%. This structure enhances the structural accu-
racy of the openings of the vapor deposition metal mask in
the two-dimensional directions in the target surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a cross-sectional view showing the cross-
sectional structure of an example of a vapor deposition metal
mask substrate of one embodiment.

[0019] FIG. 2 is a cross-sectional view showing the cross-
sectional structure of another example of a vapor deposition
metal mask substrate of one embodiment.

[0020] FIG. 3 is a plan view showing the planar structure
of a mask device of one embodiment.

[0021] FIG. 4 is a cross-sectional view partially showing
an example of the cross-sectional structure of a vapor
deposition metal mask of one embodiment.

[0022] FIG. 5 is a cross-sectional view partially showing
another example of the cross-sectional structure of a vapor
deposition metal mask of one embodiment.

[0023] FIG. 6 is a process flow chart showing the flow of
steps in a method for manufacturing a vapor deposition
metal mask.

[0024] FIG. 7 is a diagram showing the relationship of the
method for manufacturing a vapor deposition metal mask
substrate to the surface roughness of the flat surface and the
reflectance in each test example.

[0025] FIG. 8 is a graph showing the reflectance of the
target surface of the vapor deposition metal mask substrate
of each test example.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0026] One embodiment of a vapor deposition metal mask
substrate, a vapor deposition metal mask, a method for
manufacturing a vapor deposition metal mask substrate, and
a method for manufacturing a vapor deposition metal mask
is now described. First, referring to FIGS. 1 to 5, the
structure of the vapor deposition metal mask substrate and
the structure of the vapor deposition metal mask are
described. Then, the method for manufacturing the vapor
deposition metal mask is described referring to FIG. 6, and
advantages achieved by the surface texture of the vapor
deposition metal mask substrate are described referring to
FIGS. 7 and 8.

[0027] [Vapor Deposition Metal Mask Substrate]

[0028] As shown in FIG. 1, a vapor deposition metal mask
substrate 10 is composed of a nickel-containing metal sheet
11. The nickel-containing metal sheet 11 includes a substrate
obverse surface 11a and a substrate reverse surface 115,
which is opposite to the substrate obverse surface 11a. At
least one of the substrate obverse surface 1la and the
substrate reverse surface 115 is a target surface for placing
a resist layer. The target surface is the surface on which a
resist mask is formed in the process of forming a vapor
deposition metal mask.

[0029] The nickel-containing metal sheet 11 may be made
of nickel or a nickel-iron alloy, such as a nickel-iron alloy
containing 30 mass % or more of nickel. Specifically, the
nickel-containing metal sheet 11 may be made of invar,
which is mainly composed of an alloy containing 36 mass %
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of nickel and 64 mass % of iron. The nickel-iron alloy
forming the nickel-containing metal sheet 11 may include
materials such as manganese, carbon, chromium, copper,
silicon, magnesium, or cobalt as a minor component. When
the nickel-containing metal sheet 11 is an invar sheet, the
thermal expansion coefficient of the nickel-containing metal
sheet 11 is about 1.2x1075° C., for example. When the
nickel-containing metal sheet 11 has such a thermal expan-
sion coefficient, the degree of thermal expansion of the
vapor deposition metal mask that is manufactured using the
vapor deposition metal mask substrate 10 matches the
degree of thermal expansion of a glass substrate. Thus, a
glass substrate can be suitably used as the target of vapor
deposition.

[0030] The nickel-containing metal sheet 11 has a thick-
ness T1 of between 1 pm and 100 pm, inclusive, preferably
between 2 um and 40 pm, inclusive. When the thickness T1
of the nickel-containing metal sheet 11 is less than or equal
to 40 um, the nickel-containing metal sheet 11 has holes of
a depth of less than or equal to 40 um. When a vapor
deposition metal mask is manufactured using the vapor
deposition metal mask substrate 10 that includes the nickel-
containing metal sheet 11 having such a thickness T1, the
vapor deposition metal mask reduces the area in the depo-
sition target to which deposition particles cannot adhere due
to the presence of the vapor deposition metal mask (the
shadow area) as viewed from the deposition particles trav-
eling toward the vapor deposition metal mask. In other
words, the shadow effect is reduced.

[0031] The surface texture of the target surface of the
nickel-containing metal sheet 11 satisfies at least one of
[Condition 1] and [Condition 2] below.

[0032] [Condition 1] Surface roughness Sa<0.019 um, and
surface roughness Sz=<0.308 pm

[0033] [Condition 2] 53.0%=reflectance R of the target
surface=97.0%
[0034] The surface roughness Sa and the surface rough-

ness Sz are values obtained by a method according to ISO
25178. The reflectance R is determined using Expression (1)
below and by measuring the specular reflection light that is
reflected when light from a halogen lamp is incident on the
target surface. The light emitted from the halogen lamp is
incident on a region of 14 mm? in the target surface at an
angle of 45°+0.2° to the direction of the normal to the target
surface. The element that receives the reflection light has an
area of 11.4 mm?. The reflectance R is measured in three
different sections in the target surface. The reflectance R of
the target surface is the average of the reflectances R
obtained in the sections of the target surface. In each section,
light rays emitted from two directions that are perpendicular
to each other as viewed facing the target surface are used to
measure the reflectance R. The reflectance R is measured
separately for each direction. When a nickel-containing
metal sheet 11 that is formed only by rolling the base
material is measured, one of the directions of the light
incident on the target surface as viewed facing the target
surface is the same as the direction in which the base
material is rolled.

Reflectance R=[amount of specular reflection light/
amount of incident light]x100 (€8]
[0035] The surface texture that satisfies at least one of
[Condition 1] and [Condition 2] limits scattering of incident
light on the target surface. When light is incident on the
resist layer on the target surface, such a surface texture
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reduces the likelihood that part of the light scatters on the
target surface and falls on the non-exposure region of the
resist layer. Consequently, the difference between the struc-
ture of the resist mask formed by exposure and development
and the designed resist mask structure is reduced. Further,
the difference between the structure of the opening formed
by wet etching and the designed opening structure is
reduced.

[0036] To reduce the difference between the structure of
the resist mask and the designed resist mask structure, the
surface texture of the target surface of the nickel-containing
metal sheet 11 preferably further satisfies [Condition 3]
below.

[0037] [Condition 3] Difference in reflectance between
two directions that are perpendicular to each other<3.6%
[0038] The two directions that are perpendicular to each
other are in the target surface. The two directions that are
perpendicular to each other include a first direction and a
second direction. The difference in reflectance between two
directions that are perpendicular to each other is the differ-
ence between the reflectance of the light emitted from the
first direction and the reflectance of the light emitted from
the second direction as viewed facing the target surface.
[0039] When the process of forming the nickel-containing
metal sheet 11 includes rolling, the base material for forming
the nickel-containing metal sheet 11 is rolled in one direc-
tion (a one-dimensional direction). As a result, of the direc-
tions in the target surface, the reflectance R of the target
surface for the direction in which the base material is rolled
differs from the reflectances R for the other directions.
[0040] When the process of forming the nickel-containing
metal sheet 11 includes physical polishing or chemical
mechanical polishing, the polishing progresses in one direc-
tion or in different directions. As a result, of the directions
in the target surface, the reflectance R of the target surface
for the direction in which the polishing progresses differs
from the reflectances R for the other directions.

[0041] When the process of forming the nickel-containing
metal sheet 11 includes the formation of metal foil by
electrolysis, factors such as how the metal foil has developed
or the surface condition of the electrode may cause the
reflectance R of the target surface to vary depending on the
direction of light incident on the target surface. The nickel-
containing metal sheet 11 that satisfies [Condition 3] pro-
vides the effect of reducing the difference between the
structure of the resist mask and the designed resist mask
structure in the two-dimensional directions in the target
surface. Since the anisotropy tends to occur depending on
the electrolysis conditions, satisfying [Condition 3]
increases the effect of reducing the difference between the
structure of the resist mask and the designed resist mask
structure.

[0042] As shown in FIG. 2, the vapor deposition metal
mask substrate 10 may include a plastic support layer 12 in
addition to the nickel-containing metal sheet 11. That is, the
vapor deposition metal mask substrate 10 may be embodied
as a laminate of the nickel-containing metal sheet 11 and the
support layer 12. The support layer 12 may be made of a
resist or polyimide, for example.

[0043] When the support layer 12 is made of a resist, the
support layer 12 is a resist layer. The resist layer as the
support layer 12 adheres to the substrate obverse surface 11a
of the nickel-containing metal sheet 11, for example. In this
case, the target surface of the nickel-containing metal sheet
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11 includes at least the substrate obverse surface 11a. The
resist layer as the support layer 12 may be formed as a sheet
and then affixed to the substrate obverse surface 11a. Alter-
natively, the resist layer as the support layer 12 may be
formed by applying coating liquid for forming the resist
layer to the substrate obverse surface 11a.

[0044] When the support layer 12 is made of polyimide,
the polyimide layer as the support layer 12 adheres to the
substrate reverse surface 115 of the nickel-containing metal
sheet 11. In this case, the target surface of the nickel-
containing metal sheet 11 includes at least the substrate
obverse surface 1la. The resist layer is located on the
substrate obverse surface 11a of the nickel-containing metal
sheet 11. The thermal expansion coefficient of polyimide and
the temperature dependence of thermal expansion coeffi-
cient are equivalent to those of invar. This limits curling of
the nickel-containing metal sheet 11, which would otherwise
occur due to expansion or contraction of the support layer 12
caused by a change in the temperature of the support layer
12.

[0045] The support layer 12 has a thickness T2 of between
5 pm and 50 pm, inclusive. To increase the mechanical
strength of the laminate of the support layer 12 and the
nickel-containing metal sheet 11, the thickness T2 of the
support layer 12 is preferably greater than or equal to 5 um.
In the process of manufacturing the vapor deposition metal
mask, the support layer 12 may be removed from the
nickel-containing metal sheet 11 by immersion in an alkaline
solution, for example. The thickness of the support layer 12
is preferably less than or equal to 50 pm so as not to take an
excessively long time for the removal.

[0046] [Method for Manufacturing vapor Deposition
Metal Mask Substrate]

[0047] The method for manufacturing a vapor deposition
metal mask base is part of the method for manufacturing a
vapor deposition metal mask. The method for manufacturing
a vapor deposition metal mask substrate uses one of (A)
electrolysis, (B) rolling and polishing, (C) electrolysis and
polishing, and (D) rolling alone.

[0048] In forming a base material to be rolled to form the
nickel-containing metal sheet 11, the oxygen trapped in the
material for forming the base material to be rolled is usually
removed. The removal of the oxygen contained in the
material may involve mixing a deoxidizer, such as granular
aluminum or magnesium, into the material for forming the
base material. As a result, the base material includes alumi-
num or magnesium as a metallic oxide such as aluminum
oxide or magnesium oxide. Most of the metallic oxide is
removed from the base material before the base material is
rolled, while some of the metallic oxide remains in the base
material to be rolled. The metallic oxide remaining in the
base material is one of the factors of the anisotropy of
reflectance. In this respect, the manufacturing method that
uses electrolysis limits the mixing of the metallic oxide into
the nickel-containing metal sheet 11.

[0049] In the method for manufacturing a vapor deposition
metal mask substrate including a support layer 12, a separate
support layer 12 may be affixed to the target surface of the
nickel-containing metal sheet 11, or a support layer 12 may
be formed separately by applying a coating to the target
surface of the nickel-containing metal sheet 11.

[0050] (A) Electrolysis

[0051] When the method for manufacturing the nickel-
containing metal sheet 11 uses electrolysis, the nickel-
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containing metal sheet 11 is formed on the surface of an
electrode for electrolysis. The nickel-containing metal sheet
11 is then removed from the surface of the electrode. The
nickel-containing metal sheet 11 thus manufactured includes
the target surface and the surface that is opposite to the target
surface and has been in contact with the surface of the
electrode. When the surface condition of the electrode is
equivalent to the surface condition of the target surface of
the nickel-containing metal sheet 11, both of the substrate
obverse surface 11a and the substrate reverse surface 115 of
the nickel-containing metal sheet 11 have the surface texture
corresponding to the target surface. When the surface of the
electrode has a greater surface roughness than the target
surface of the nickel-containing metal sheet 11, or a lower
reflectance than the nickel-containing metal sheet 11, the
surface opposite to the surface that has been in contact with
the electrode surface serves as the target surface of the
nickel-containing metal sheet 11. The structure in which
both of the substrate obverse surface 11a and the substrate
reverse surface 115 have the surface texture corresponding
to the target surface eliminates the need for distinguishing
between the substrate obverse surface 11a and the substrate
reverse surface 115 when forming a resist layer on the target
surface. After removed from the electrode, the nickel-con-
taining metal sheet 11 may be annealed.

[0052] The electrolytic bath for electrolysis contains an
iron ion source, a nickel ion source, and a pH buffer, for
example. The electrolytic bath used for electrolysis may also
contain a stress relief agent, an Fe** ion masking agent, and
a complexing agent, such as malic acid or citric acid, and is
a weakly acidic solution having a pH adjusted for electroly-
sis. Examples of the iron ion source include ferrous sulfate
heptahydrate, ferrous chloride, and ferrous sulfamate.
Examples of the nickel ion source include nickel (IT) sulfate,
nickel (II) chloride, nickel sulfamate, and nickel bromide.
Examples of the pH buffer include boric acid and malonic
acid. Malonic acid also functions as an Fe®* ion masking
agent. The stress relief agent may be saccharin sodium, for
example. The electrolytic bath used for electrolysis may be
an aqueous solution containing additives listed above. The
electrolytic bath is adjusted to have a pH of between 2 and
3, inclusive, for example, using a pH adjusting agent, such
as 5% sulfuric acid or nickel carbonate.

[0053] The electrolysis conditions for electrolysis are con-
ditions in which properties such as the surface texture of the
target surface and the composition ratio of nickel in the
nickel-containing metal sheet 11 are adjusted by the tem-
perature of the electrolytic bath, current density, and elec-
trolysis time. In particular, to manufacture the nickel-con-
taining metal sheet 11 that satisfies [Condition 3] described
above, factors such as the temperature of the electrolytic
bath, current density, positioning of the electrode, method
for agitating the electrolytic bath, and composition of elec-
trolytic bath are adjusted so that electrolytic foil develops
isotropically on the surface of the electrode. Further, to
manufacture the nickel-containing metal sheet 11 that sat-
isfies [Condition 3], a suitable brightening agent is added.
The anode in the electrolysis conditions using the electro-
Iytic bath may be pure iron and nickel. The cathode in the
electrolysis conditions may a plate of stainless steel such as
SUS304. The temperature of the electrolytic bath may be
between 40° C. and 60° C., inclusive. The current density
may be between 1 A/dm® and 4 A/dm?, inclusive.
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[0054] (B) Polishing

[0055] When the method for manufacturing the nickel-
containing metal sheet 11 uses polishing, the nickel-con-
taining metal sheet 11 to be polished may be manufactured
by (A) electrolysis or rolling. When the nickel-containing
metal sheet 11 to be polished is manufactured by rolling, the
base material of nickel-containing metal is first rolled and
then annealed. The level differences of the substrate obverse
surface 11a of the nickel-containing metal sheet 11 before
polishing are less than those of the obverse surface of the
base material. The level differences of the substrate reverse
surface 115 of the nickel-containing metal sheet 11 before
polishing are less than those of the reverse surface of the
base material. The target surface of the nickel-containing
metal sheet 11 before polishing then undergoes a physical,
chemical, chemical mechanical, or electric polishing process
to become a smooth surface. The nickel-containing metal
sheet 11 including the target surface is thus manufactured.
[0056] The polishing liquid used for chemical polishing
may be a chemical polishing liquid for an iron-based alloy
that contains hydrogen peroxide as the main component. The
electrolyte used for electrical polishing is a perchloric acid-
based electropolishing solution or a sulfuric acid-based
electropolishing solution. The nickel-containing metal sheet
11 before polishing may also be embodied as a nickel-
containing metal sheet 11 that is rolled and then wet etched
to be thinner with an acidic etching solution.

[0057] [Vapor Deposition Metal Mask]

[0058] As shown in FIG. 3, a mask device 20 includes a
main frame 21 and a plurality of vapor deposition metal
masks 30. The main frame 21 is a frame-shaped plate
supporting the vapor deposition metal masks 30. The main
frame 21 is attached to a vapor deposition apparatus for
vapor deposition. The main frame 21 includes a plurality of
main frame holes 21H. Each main frame hole 21H extends
over substantially the entire section to which the correspond-
ing vapor deposition metal mask 30 is attached. The main
frame holes 21H extend through the main frame 21.
[0059] Each vapor deposition metal mask 30 includes a
sub-frame 31 and a plurality of mask portions 32. The
sub-frame 31 is a frame-shaped plate supporting the mask
portions 32. The sub-frame 31 is attached to the main frame
21. The sub-frame 31 includes a plurality of sub-frame holes
33. Each sub-frame hole 33 extends over substantially the
entire section to which the corresponding mask portion 32 is
attached. The sub-frame holes 33 extend through the sub-
frame 31. Each mask portion 32 is fixed to the rim defining
the corresponding sub-frame hole 33 by welding or adhe-
sion. An example of the cross-sectional structure of the mask
portion 32 is now described with reference to FIG. 4, and
another example of the cross-sectional structure of the mask
portion 32 is described with reference to FIG. 5.

[0060] Referring to FIG. 4, each mask portion 32 is
composed of a nickel-containing metal sheet 321. The
material forming the nickel-containing metal sheet 321 is
substantially the same as the material forming the nickel-
containing metal sheet 11 of the vapor deposition metal
mask substrate 10 described above. The nickel-containing
metal sheet 321 is manufactured by forming mask holes
321H in the nickel-containing metal sheet 11. The nickel-
containing metal sheet 321 includes a mask obverse surface
321a and a mask reverse surface 3215, which is opposite to
the mask obverse surface 321a. At least one of the mask
obverse surface 321a and the mask reverse surface 3215 is
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the target surface on which a resist layer has been placed.
The mask obverse surface 321a is the surface that faces the
vapor deposition source in the vapor deposition apparatus.
The mask reverse surface 3215 is the surface that is in
contact with the vapor deposition target, such as a glass
substrate, in the vapor deposition apparatus. The surface
texture of the target surface of the nickel-containing metal
sheet 321 is substantially the same as the surface texture of
the target surface of the nickel-containing metal sheet 11.
The region in the target surface of the nickel-containing
metal sheet 321 that is free of the mask holes 32H has a
surface texture that satisfies at least one of [Condition 1] and
[Condition 2] described above. In addition, the region in the
target surface of the nickel-containing metal sheet 321 that
is free of the mask holes 32H preferably has a surface texture
that satisfies [Condition 3] described above.

[0061] The mask portion 32 includes a plurality of mask
holes 321H extending through the nickel-containing metal
sheet 321. The hole side surface defining each mask hole
321H has a curved cross-sectional shape in the thickness
direction of the nickel-containing metal sheet 321. The hole
side surface gently curves from the mask obverse surface
321a to the mask reverse surface 3215. The mask obverse
surface 321a includes obverse surface openings Ha that are
openings of the mask holes 321H. The mask reverse surface
3215 includes reverse surface openings Hb that are openings
of the mask holes 321H. The obverse surface openings Ha
are larger in size than the reverse surface openings Hb as
viewed from above. Each mask hole 321H is a passage for
the vapor deposition particles sublimated from the vapor
deposition source. The vapor deposition particles sublimated
from the vapor deposition source travel from the obverse
surface openings Ha toward the reverse surface openings
Hb. The mask hole 321H having the obverse surface open-
ing Ha that is larger than the reverse surface opening Hb
reduces the shadow effect of the vapor deposition particles
entering through the obverse surface opening Ha.

[0062] When the mask holes 321H are formed in the
nickel-containing metal sheet 11 of the vapor deposition
metal mask substrate 10, of the substrate obverse surface 11a
and the substrate reverse surface 115, the surface that is
etched to a greater degree has larger openings than the
surface that is etched to a lesser degree. Since the vapor
deposition metal mask 30 has the obverse surface openings
Ha that are larger than the reverse surface openings Hb, the
degree of etching on the substrate obverse surface 11a is set
to be greater than the degree of etching on the substrate
reverse surface 115. When the substrate obverse surface 11a
is the target surface, the vapor deposition metal mask 30 may
be manufactured by forming a resist mask on the substrate
obverse surface 11a and etching the nickel-containing metal
sheet 11 from the substrate obverse surface 11a. This limits
scattering of light on the target surface for placing the resist
mask. Consequently, the difference between the structure of
the resist mask formed by exposure and development and
the designed resist mask structure is reduced. This enhances
the structural accuracy of the mask holes 321H of the vapor
deposition metal mask 30. In particular, the target surface
that satisfies [Condition 3] enhances the structural accuracy
of the mask holes 321H in the two-dimensional directions in
the target surface.

[0063] In another example shown in FIG. 5, each mask
portion 32 includes a plurality of mask holes 321H extend-
ing through the nickel-containing metal sheet 321. The
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obverse surface openings Ha are larger than the reverse
surface openings Hb as seen from above also in the example
shown in FIG. 5. Each mask hole 321H includes a mask
large hole 32LH having an obverse surface opening Ha and
a mask small hole 32SH having a reverse surface opening
Hb. The mask large hole 32LH is a hole whose cross-
sectional area monotonously decreases from the obverse
surface opening Ha toward the mask reverse surface 3215.
The mask small hole 32SH is a hole whose cross-sectional
area monotonously decreases from the reverse surface open-
ing Hb toward the mask obverse surface 321a.

[0064] The hole side surface defining each mask hole
321H has a section where the mask large hole 32LH is
connected to the mask small hole 32SH as seen in a
cross-sectional view. The section where the mask large hole
32LH is connected to the mask small hole 32SH is located
in the middle area in the thickness direction of the nickel-
containing metal sheet 321. The section where the mask
large hole 32LH is connected to the mask small hole 32SH
protrudes inward of the mask hole 321H. The distance
between the mask reverse surface 3215 and the section
where the hole side surface defining the mask hole 321H
protrudes to the greatest extent is a step height SH. The
cross-sectional structure described above with reference to
FIG. 4 is an example in which the step height SH is zero. To
limit the shadow effect described above, the step height SH
is preferably zero. In order to obtain a mask portion 32
having zero step height SH, the nickel-containing metal
sheet 11 preferably has a thickness of less than or equal to
40 um so that the mask holes 321H are formed by wet
etching from the substrate obverse surface 11a to the sub-
strate reverse surface 115, eliminating the need for wet
etching from the substrate reverse surface 1156. For this
reason, the vapor deposition metal mask substrate 10 that is
manufactured using (A) electrolysis, (B) rolling and polish-
ing, or (C) electrolysis and polishing is advantageous.
[0065] To form the mask large holes 32LH in the nickel-
containing metal sheet 11, the nickel-containing metal sheet
11 is etched from the substrate obverse surface 11a. To form
the mask small holes 32SH in the nickel-containing metal
sheet 11, the nickel-containing metal sheet 11 is etched from
the substrate reverse surface 115. The structure in which the
substrate obverse surface 11a is a target surface and the
substrate reverse surface 115 is also a target surface limits
scattering of light on the target surfaces for placing resist
masks. This further enhances the structural accuracy of the
mask holes 321H of the vapor deposition metal mask 30.

[0066] [Method for Manufacturing Vapor Deposition
Metal Mask]
[0067] The method for manufacturing the vapor deposi-

tion metal mask 30 described with reference to FIG. 4 and
the method for manufacturing the vapor deposition metal
mask 30 described with reference to FIG. 5 are substantially
identical in steps except for the step of wet etching the
nickel-containing metal sheet 11. Thus, the method for
manufacturing the vapor deposition metal mask 30
described with reference to FIG. 4 is mainly described
below, and the overlapping part of the method for manu-
facturing the vapor deposition metal mask 30 described with
reference to FIG. 5 is not described.

[0068] As shown in FIG. 6, the method for manufacturing
a vapor deposition metal mask first prepares a nickel-
containing metal sheet 11 by a process such as (A) elec-
trolysis or (B) rolling and polishing described above (Step
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S1-1). Next, the method forms a resist layer on one of the
target surfaces of the nickel-containing metal sheet 11 (Step
S1-2) and forms a resist mask on the target surface by
performing exposure and development of the resist layer
(Step S1-3).

[0069] The method then forms mask holes 321H in the
nickel-containing metal sheet 11 by wet etching the target
surface using the resist mask (Step S1-4). The resist mask is
then removed from the target surface so that the mask
portions 32 are manufactured (Step S1-5). The method then
fixes the mask obverse surfaces 321a of the mask portions
32 to a sub-frame 31 to manufacture the vapor deposition
metal mask (Step S1-6).

[0070] The etching solution for etching the nickel-con-
taining metal sheet 11 may be any acidic etching solution
that is capable of etching invar. The acidic etching solution
is, for example, a solution containing perchloric acid, hydro-
chloric acid, sulfuric acid, formic acid, or acetic acid mixed
in a ferric perchlorate solution or a mixture of a ferric
perchlorate solution and a ferric chloride solution. The
etching of the target surface may be performed by a dipping
method in which the nickel-containing metal sheet 11 is
immersed in an acidic etching solution, or by a spraying
method in which an acidic etching solution is sprayed onto
the target surface of the nickel-containing metal sheet 11.
Alternatively, the etching of the target surface may be
performed by a spinning method in which an acidic etching
solution is trickled onto the nickel-containing metal sheet 11
that is rotated by a spinner.

[0071] When the resist layer on the target surface is
illuminated with light, it is less likely that part of the light
will scatter on the target surface and fall on the non-exposure
region of the resist layer. Consequently, the difference
between the structure of the resist mask formed by exposure
and development and the designed resist mask structure is
reduced. This enhances the structural accuracy of the mask
holes 321H of the nickel-containing metal sheet 321. The
resist layer may be formed on the target surface by forming
a sheet-shaped resist layer and affixing the formed resist
layer to the target surface, or by applying a coating liquid for
forming a resist layer to the target surface.

[0072] In the method for manufacturing the vapor depo-
sition metal mask 30 described with reference to FIG. 5,
Steps S1-1 to S1-5 are performed on the substrate obverse
surface 1la corresponding to the mask obverse surface
321a, thereby forming the mask large holes 32L.H. The mask
large holes 32LH are then filled with a resist or the like to
protect the mask large holes 32L.H. Then, Steps S1-2 to S1-5
are performed on the substrate reverse surface 115 corre-
sponding to the mask reverse surface 3215, thereby forming
the mask small holes 32SH. The mask portions 32 are thus
obtained. The mask obverse surfaces 321a of the mask
portions 32 are fixed to a sub-frame 31 to manufacture the
vapor deposition metal mask (Step S1-6).

[0073] When the vapor deposition metal mask substrate 10
includes a support layer 12 made of polyimide, the support
layer 12 is removed from the vapor deposition metal mask
substrate 10 after Step S1-5. The support layer 12 may be
removed by peeling using laser irradiation, chemical disso-
Iution or peeling, or physical peeling, for example. Alterna-
tively, when the vapor deposition metal mask substrate 10
includes a support layer 12 made of polyimide, the support
layer 12 may be coupled to the sub-frame 31 as a component
of the vapor deposition metal mask. A method of chemically
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removing the support layer 12 does not apply external force
to the nickel-containing metal sheet 11, reducing the likeli-
hood that the nickel-containing metal sheet 11 has creases or
distortion, as compared to physically peeling the support
layer 12 from the nickel-containing metal sheet 11. The
method of chemically removing the support layer 12 from
the vapor deposition metal mask substrate 10 preferably uses
an alkaline solution that dissolves the support layer 12 to
peel the support layer 12 from the nickel-containing metal
sheet 11, for example.

[0074] [Test Examples]

[0075] Referring to FIGS. 7 and 8, the surface roughness
Sa and Sz, reflectance R, reflectance difference, and pro-
cessing accuracy of the resist mask of the vapor deposition
metal mask substrate 10 are now described. FIG. 7 shows the
surface roughness Sa and Sz, reflectance R, and reflectance
difference in levels of Test Examples 1 to 9. FIG. 8 shows
the angular dependence of the reflectances of Test Examples
1, 2, 3, and 9, which are representative examples among the
reflectances measured for Test Examples 1 to 9.

[0076] As shown in FIG. 7, Test Examples 1, 2, 3, 6 and
7 are vapor deposition metal mask substrates 10 that were
manufactured by (A) electrolysis and had a thickness of 20
um. Test Examples 4 and 5 are vapor deposition metal mask
substrates 10 that were manufactured by (B) rolling and
polishing and had a thickness of 20 pum. For the vapor
deposition metal mask substrates 10 that were manufactured
by (A) electrolysis, the surface texture of the surfaces that
had been in contact with electrodes are indicated as the
surface texture corresponding to the target surfaces. The
surface roughness Sa of the SUS electrode was 0.018 um,
and the surface roughness Sz was 0.170 um. Test Examples
8 and 9 are vapor deposition metal mask substrates 10 that
were formed by rolling. These vapor deposition metal mask
substrate 10 were not polished. The thickness of Test
Examples 8 and 9 was greater than the thickness of Test
Examples 4 and 5 by 10 um, which was the amount of
polishing in Test Examples 8 and 9.

[0077] Each of Test Examples 1, 2, 3, 6 and 7 was obtained
by using an electrolytic bath that was an aqueous solution to
which the following additives were added. The electrolytic
bath was adjusted to have a pH of 2.3. Test Examples 1, 2,
3, 6 and 7 were obtained by varying the current density
within the range between 1 (A/dm?®) and 4 (A/dm?), inclu-
sive. Test Examples 1, 2, 3, 6 and 7 differ from one another
in the composition ratio between iron and nickel.

[0078] Electrolyte for Test Examples

[0079] Ferrous sulfate heptahydrate: 83.4 g

[0080] Nickel sulfate(Il) hexahydrate: 250.0 g

[0081] Nickel(II) chloride hexahydrate: 40.0 g

[0082] Boric acid: 30.0 g

[0083] Saccharin sodium dihydrate: 2.0 g

[0084] Malonic acid: 5.2 g

[0085] Temperature: 50° C.

[0086] Each of Test Example 4 and Test Example 5 was

obtained by subjecting an unpolished nickel-containing
metal sheet 11 formed by rolling to chemical polishing using
a hydrogen peroxide-based chemical polishing liquid.

[0087] Test Examples 8 and 9 are the nickel-containing
metal sheets 11 that are similar to those of Test Examples 4
and 5, which were obtained by rolling and polishing, except
that Test Examples 8 and 9 were not polished. Test Examples
8 and 9 are of levels that are not chemically polished.
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[0088] In the levels of each of Test Examples 1 to 7, the
surface roughness Sa of the target surface was less than or
equal to 0.019 pm, and the surface roughness Sz of the target
surface was less than or equal to 0.308 pm. In contrast, in the
levels of each of Test Examples 8 and 9, the surface
roughness Sa of the target surface was about 0.04 um. This
indicates that the vapor deposition metal mask substrate that
is manufactured by (A) electrolysis or (B) polishing has a
significantly lower surface roughness Sa. In addition, in the
levels of Test Examples 8 and 9, the surface roughness Sz of
the target surface was substantially greater than or equal to
0.35 um. This indicates that the vapor deposition metal mask
substrates that are manufactured by (A) electrolysis or (B)
polishing have a significantly low surface roughness Sz.
[0089] As shown in FIGS. 7 and 8, in the levels of Test
Examples 1 to 3, the reflectances R were between 53.0% and
97.0%, inclusive. In contrast, Test Examples 8 and 9 had a
reflectance R of less than 53.0% and had a greater half
bandwidth than the other test examples. This indicates that
the vapor deposition metal mask substrate manufactured by
(A) electrolysis or (B) polishing achieves a high reflectance
R of 53.0% or greater.

[0090] In the levels of each of Test Examples 1 to 3, the
reflectance difference between two directions that are per-
pendicular to each other was less than or equal to 2.7%. In
Test Example 5, the reflectance difference between two
directions that are perpendicular to each other was 3.6%. In
contrast, the reflectance difference of Test Example 9 was
6.2%, and the reflectance difference of Test Example 6,
which was different from Test Examples 1 to 3 in electrolysis
conditions, was 6.5%. This indicates that a low reflectance
difference, which cannot be achieved by rolling, can be
achieved by adjusting the temperature and current density of
the electrolytic bath for (A) electrolysis.

[0091] The sizes of minimum resolutions of the resist
masks formed on the target surfaces of Test Examples 1 to
7 varied within the range of 4 pm to 5 um when circular
holes were formed in the resist layers by exposure to
ultraviolet light. In particular, Test Examples 1 to 3 and 5, in
which the reflectance differences were less than or equal to
3.6%, had smaller variations than Test Examples 6 and 7 in
the sizes of minimum resolutions in the two-dimensional
directions in the target surface. Specifically, Test Examples
1 to 3, in which the reflectance differences were less than or
equal to 2.7%, had smaller minimum resolutions than Test
Example 5, in which the reflectance difference was less than
or equal to 3.6%. The minimum resolutions of the resist
masks formed on the surfaces of Test Examples 8 and 9 in
the same manner were greater than or equal to 7 um when
circular holes were formed in the resist layers by exposure
to ultraviolet light. Therefore, in order to increase the
structural accuracy of the openings of the vapor deposition
metal mask, the reflectance difference is preferably less than
or equal to 3.6%, more preferably less than or equal to 2.7%.

[0092] The embodiment described above may be modified
as follows.
[0093] In manufacturing the vapor deposition metal mask

substrate by electrolysis, the pattern of the mask for the
nickel-containing metal sheet 11 may be formed in advance
on the surface of the electrode. In this manufacturing
method, the nickel-containing metal sheet 11 is formed on
the section of the surface of the electrode that is free of the
pattern. After the nickel-containing metal sheet 11 is formed
on the surface of the electrode, the pattern is dissolved or
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otherwise removed from the electrode surface. The nickel-
containing metal sheet is then removed from the electrode
surface. The vapor deposition metal mask substrate is thus
manufactured. The pattern that is preformed on the electrode
surface may be any pattern that limits the development of the
nickel-containing metal sheet 11 on the pattern. A resist
pattern may be used, for example.

[0094] Such a method for manufacturing a vapor deposi-
tion metal mask substrate allows the formation of holes and
recesses in the section of the vapor deposition metal mask
substrate 10 that corresponds to the pattern. This achieves
the alignment between the structure of the pattern formed on
the electrode surface and the structure of the holes, such as
mask holes. The method may reduce time and effort required
for wet etching the vapor deposition metal mask substrate
10. Further, the method will even eliminate the need for the
wet etching process.

[0095] In Steps S1-6, instead of the mask obverse surfaces
321a of the mask portions 32, the mask reverse surfaces
3215 of the mask portions 32 may be fixed to the sub-frame
31. That is, the vapor deposition metal mask may be either
of a structure in which the mask obverse surfaces 321qa are
fixed to the sub-frame 31 and a structure in which the mask
reverse surfaces 3215 are fixed to the sub-frame 31.
[0096] In the method for manufacturing the vapor depo-
sition metal mask 30 described referring to FIG. 5, the step
of forming the mask large holes 32LH may be performed
after the step of forming the mask small holes 32SH.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0097] 10: vapor deposition metal mask substrate, 11 and
321: nickel-containing metal sheet, 11a: substrate obverse
surface, 115: substrate reverse surface, 12: support layer, 20:
mask device, 21H: main frame hole, 30: vapor deposition
metal mask, 31: sub-frame, 32: mask portion, 321H: mask
hole, 32LLH: mask large hole, 32SH: mask small hole, 33:
sub-frame hole, 321: nickel-containing metal sheet, 321a:
mask obverse surface, 3215: mask reverse surface

1. A vapor deposition metal mask substrate comprising a
nickel-containing metal sheet including an obverse surface
and a reverse surface, which is opposite to the obverse
surface, wherein

at least one of the obverse surface and the reverse surface

is a target surface for placing a resist layer,

the target surface has a surface roughness Sa of less than

or equal to 0.019 pm, and

the target surface has a surface roughness Sz of less than

or equal to 0.308 pum.

2. The vapor deposition metal mask substrate according to
claim 1, wherein a specular reflectance of incident light to
the target surface is between 53.0% and 97.0%, inclusive.
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3. The vapor deposition metal mask substrate according to
claim 2, wherein

two directions that are perpendicular to each other in the

target surface are directions in which light is incident as
viewed facing the target surface, and

a difference in the reflectance between the two directions

is less than or equal to 3.6%.

4. A vapor deposition metal mask substrate comprising a
nickel-containing metal sheet including an obverse surface
and a reverse surface, which is opposite to the obverse
surface, wherein

at least one of the obverse surface and the reverse surface

is a target surface for placing a resist layer, and

a specular reflectance of incident light to the target surface

is between 53.0% and 97.0%, inclusive.

5. The vapor deposition metal mask substrate according to
claim 4, wherein

two directions that are perpendicular to each other in the

target surface are directions in which light is incident as
viewed facing the target surface, and

a difference in the reflectance between the two directions

is less than or equal to 3.6%.

6. The vapor deposition metal mask substrate according to
claim 1, wherein the nickel-containing metal sheet is an
invar sheet.

7. A method for manufacturing a vapor deposition metal
mask substrate, the method comprising:

forming a nickel-containing metal sheet on an electrode

surface by electrolysis; and

separating the nickel-containing metal sheet from the

electrode surface, wherein

the nickel-containing metal sheet includes an obverse

surface and a reverse surface, which is opposite to the
obverse surface,

at least one of the obverse surface and the reverse surface

is a target surface for placing a resist layer, and

the electrolysis causes the target surface to have a surface

roughness Sa of less than or equal to 0.019 um and
causes the target surface to have a surface roughness Sz
of less than or equal to 0.308 pum.

8. A method for manufacturing a vapor deposition metal
mask substrate, the method comprising:

forming a nickel-containing metal sheet on an electrode

surface by electrolysis; and

separating the nickel-containing metal sheet from the

electrode surface, wherein

the nickel-containing metal sheet includes an obverse

surface and a reverse surface, which is opposite to the
obverse surface,

at least one of the obverse surface and the reverse surface

is a target surface for placing a resist layer, and

the electrolysis causes a specular reflectance of incident

light to the target surface to be between 53.0% and
97.0%, inclusive.
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