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VAPOR DEPOSITION APPARATUS, VAPOR
DEPOSITION METHOD, AND METHOD FOR
MANUFACTURING ORGANIC EL DISPLAY
DEVICE

TECHNICAL FIELD

[0001] The disclosure relates to a vapor deposition appa-
ratus, a vapor deposition method, and a method for manu-
facturing an organic EL display device.

BACKGROUND ART

[0002] Recent years, development of various types of flat
panel displays has been witnessed. In particular, an organic
electro luminescence (EL) display device has attracted much
attention as an excellent flat panel display in terms of lower
power consumption, thinner size, and higher picture quality,
and has been recommended for development as a candidate
for next-generation display technology.

[0003] Insuch afield of EL display devices, as in the field
of liquid crystal display devices, an increase in the number
of pixels per inch (ppi) in the display device is demanded for
even higher picture quality. Accordingly, in the field of
organic EL display devices, formation of a vapor deposition
film that includes a light-emitting layer at a higher resolution
on the substrate is demanded for an increase in the number
of pixels per inch in the display device.

[0004] To form an organic EL element provided to an
organic EL display device, a film formation process based on
a vacuum vapor deposition technique is used. In particular,
when forming an organic EL element on a large substrate, a
scan vapor deposition technique (also referred to as a
transport film formation technique) of performing vapor
deposition while moving one of the large substrate and a
vapor deposition unit having a size smaller than the large
substrate relatively to the other is considered promising.

[0005] PTL 1 describes a vapor deposition particle emit-
ting portion provided to a vapor deposition unit of a vapor
deposition apparatus used in such scan vapor deposition.

[0006] FIG. 15 is a diagram illustrating a general configu-
ration of the vapor deposition unit provided to the known
vapor deposition apparatus of disclosed in PTL 1.

[0007] As illustrated, a housing 127 of a vapor deposition
unit 104 includes, on an inner side, a nozzle 134 serving as
ajetting hole for vapor, and contains a crucible 122 in which
a vapor deposition material 121 is enclosed.

[0008] Further, the housing 127 includes, on the inner
side, a heater 123 that heats the crucible 122 and the vapor
deposition material 121, and a heat insulating means 140
that surrounds the crucible 122 and the heater 123.

[0009] Furthermore, partition plates 150 made of a highly
thermoconductive material are provided in a nozzle arrange-
ment direction of the crucible 122, dividing the crucible 122
into a plurality of sections for storing the vapor deposition
material 121. Material evaporation spaces 151 are then
individually formed in each section between the partition
plates 150 by an inner lid 133 made of a same highly
thermoconductive material with the partition plates 150 and
provided with an orifice 139, thereby restricting the input
and output of vapor between adjacent spaces.

[0010] Further, in the vapor deposition unit 104, a vapor
diffuser and rectifier plate 152 is provided as a partition in
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a space between the material evaporation space 151 and the
nozzle 134 as a vapor diffuser for diffusing the vapor in a
longitudinal direction.

[0011] This vapor diffuser and rectifier plate 152 is con-
figured to separate the area between the material evaporation
space 151 and the nozzle 134 into a vapor diffusion space
154 and a vapor supply buffer space 155. With such a
configuration, the vapor from the material evaporation space
151 is dispersed in the vapor diffusion space 154, moved left
and right, and then moved to the vapor supply buffer space
155 via the orifice 153 provided to the vapor diffuser and
rectifier plate 152, and externally discharged from the nozzle
134.

[0012] PTL 1 thus states that, according to such a con-
figuration, in a long vapor deposition unit, it is possible to
realize a linear-type vapor deposition unit that achieves a
film thickness distribution having favorable reproducibility
during operation over a long period, from the start of
processing.

CITATION LIST

Patent Literature

[0013] PTL 1:JP 2015-10257 A (published Jan. 19, 2015).
SUMMARY
Technical Problem
[0014] The crucible 122 of the vapor deposition particle

emitting portion provided to the vapor deposition unit 104
disclosed in PTL 1 and illustrated in FIG. 15 includes a top
plate on which the nozzles 134 are linearly arranged.
[0015] Nevertheless, as illustrated in FIG. 15, on the top
plate of the crucible 122, the region between the nozzles 134
adjacent to each other is level.

[0016] Further, as the vapor deposition particles emitted
from the nozzles 134 of the vapor deposition unit 104 extend
in a separate patterning direction as well, the use of a
limiting plate that prevents the vapor deposition particles
from spreading in the separate patterning direction to a
predetermined width or greater and being vapor-deposited
on the substrate is required to form a high-resolution vapor
deposition film in the separate patterning direction.

[0017] Below are described the problems that may occur
when a vapor deposition film is formed on a substrate using
a vapor deposition unit that includes a vapor deposition
particle emitting portion provided with a top plate having a
level region between adjacent emission openings (nozzles),
and a limiting plate in the known vapor deposition appara-
tus, with reference to FIGS. 16A to 18B.

[0018] FIGS.16A and 16B are diagrams for explaining the
problems of a known vapor deposition unit 70 that includes
a vapor deposition particle emitting portion 56 provided
with a top plate 56S having a level region between emission
openings 57 adjacent to each other, and that is used for scan
vapor deposition.

[0019] FIG. 16A illustrates a case where a vapor deposi-
tion film 62R is formed on a substrate 61 using the vapor
deposition unit 70 not provided with a vapor deposition
mask in the known vapor deposition apparatus, and FIG.
168 illustrates smudges not intended by design that pattern
is other than the designed pattern occurring as a result of this
case.



US 2019/0067579 A1l

[0020] As illustrated in FIG. 16A, the known vapor depo-
sition unit 70 includes a plurality of limiting plates 59 and
the vapor deposition particle emitting portion 56 including
the top plate 56S provided with a plurality of the emission
openings 57 that emit vapor deposition particles arranged
linearly in a separate patterning direction, which is the
left-right direction in the diagram.

[0021] The plurality of limiting plates 59 are provided
above the vapor deposition particle emitting portion 56,
separated by a predetermined distance from the top plate
56S of the vapor deposition particle emitting portion 56.
Then, a space between two of the limiting plates 59 adjacent
to each other is formed to a size greater than that of the
emission opening 57, the limiting plate 59 is disposed above
the region between the two emission openings 57 adjacent to
each other, and a space between the limiting plates 59 is
disposed above the emission openings 57.

[0022] The substrate 61 is provided above the plurality of
limiting plates 59, separated by a predetermined distance
from upper faces 59H of the limiting plates 59.

[0023] Thus, the vapor deposition particles emitted from
the plurality of emission openings 57 of the vapor deposition
particle emitting portion 56 are vapor-deposited on the
substrate 61 via the spaces between the plurality of limiting
plates 59.

[0024] Then, with the vapor deposition unit 70 fixed as is,
the substrate 61 is scanned (transported) in a scanning
direction of the substrate (the depth direction in the dia-
gram), making it possible to form the vapor deposition film
62R having a predetermined thickness in the film thickness
direction in the diagram and a linear pattern in the scanning
direction of the substrate on the substrate 61.

[0025] While the limiting plates 59 prevent the vapor
deposition particles from spreading in the separate pattern-
ing direction to a predetermined width or greater and being
vapor-deposited on the substrate 61, as illustrated in FIG.
16B, when the known vapor deposition unit 70 is used,
smudges not intended by design, i.e., a pattern shape not
intended by design, with a width extending in the separate
patterning direction occur, resulting in the problem that the
vapor deposition film 62R having a shape with a width that
extends in the separate patterning direction unlike the design
pattern is formed on the substrate 61.

[0026] When the vapor deposition film 62R of an organic
EL element is formed and such a problem occurs, an
unnecessary vapor deposit film is formed on pixels adjacent
in the separate patterning direction, resulting in the problem
of a deterioration in element characteristics, such as a
deterioration in a brightness or a service life of the organic
EL elements of adjacent pixels.

[0027] To avoid such problems of deterioration in organic
EL element characteristics, considering the smudges not
intended by design described above, a design that widens the
spaces between adjacent pixels is required, that makes the
realization of a high-resolution organic EL display device
difficult.

[0028] Below, the reason for the occurrence of smudges
not intended by design in the vapor deposition film 62R in
the known vapor deposition unit 70 will be described.
[0029] As illustrated in FIG. 16A, the flow of vapor
deposition particles vapor-deposited on the substrate 61
(hereinafter referred to as the “vapor deposition flow”) is not
formed only by the vapor deposition particles emitted from
the plurality of emission openings 57 of the vapor deposition
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particle emitting portion 56, but also includes, for example,
a vapor deposition flow from the region A or the region B in
the diagram.

[0030] The reason for the occurrence of the vapor depo-
sition flow from the region A or the region B is as follows.
While the vapor deposition particles emitted from the emis-
sion openings 57 partially adhere to lower faces S9L of the
limiting plates 59, forming a vapor deposition layer 63, a
portion of these vapor deposition particles scatter onto the
limiting plate 59 side of the top plate 56S as a vapor
deposition particle mass 64. The top plate 565 becomes high
in temperature, causing the vapor deposition particle mass
64 on the surface of the top plate 56S side of the limiting
plates 59 to evaporate once again, and the vapor deposition
particles from the vapor deposition particle mass 64 to
scatter in various directions and form the vapor deposition
flow from the region A or the region B.

[0031] Thus, when the vapor deposition particle mass 64
exists in the region A or the region B of the surface of the
top plate 56S on the limiting plate 59 side, or even in a
region other than these regions, the vapor deposition flow
from the region A or the region B occurs. That is, as long as
the vapor deposition particle mass 64 exists on the surface
of the top plate 56S on the limiting plate 59 side, the vapor
deposition flow from the region A or the region B occurs.

[0032] The smudge portions not intended by design in
FIG. 16B are not formed by effects based on the vapor
deposition flow from the emission openings 57, but rather by
effects based on the vapor deposition flow from the region
A or the region B.

[0033] FIG. 17 is a diagram illustrating a case where the
film thickness distribution in the separate patterning direc-
tion of the vapor deposition film 62R formed on the substrate
61 using the known vapor deposition unit 70 illustrated in
FIG. 16A is normalized, given a maximum film thickness of
L.

[0034] In FIG. 17, the film thickness distribution in the
separate patterning direction of the vapor deposition film
62R formed on the substrate 61 using the known vapor
deposition unit 70 is indicated by a solid line, and the film
thickness distribution in the separate patterning direction of
an ideal design pattern of the shape originally targeted is
indicated by an alternate long and short dash line.

[0035] This design pattern is determined by a width of the
emission opening 57 in the separate patterning direction, a
width of the space between two of the limiting plates 59
adjacent to each other, a distance between the lower face
59L of the limiting plate 59 and the emission opening 57,
and the distance between the upper face 59H of the limiting
plate 59 and the substrate 61.

[0036] Further, while both corner portions on an upper
side of the design pattern indicated by the alternate long and
short dash line have linear shapes, when the vapor deposi-
tion film 62R indicated by the solid line is actually formed,
the shapes are curved due to the effects based on the vapor
deposition flow from the region A or the region B.

[0037] Note that the film thickness distribution in the
separate patterning direction in FIG. 17 is the result of
measuring the vapor deposition film formed at a set film
thickness of 200 nm using ellipsometry at a film formation
rate of 6[/s using a silicon wafer as a substrate, the known
vapor deposition unit 70, and a commercial quinolinol
aluminum complex (Alq3) as a vapor deposition material.
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[0038] As illustrated in FIG. 16B and FIG. 17, the film
thickness distribution of the vapor deposition film 62R in the
separate patterning direction spreads to a design expansion
width or greater according to a width of the emission
opening 57 in the separate patterning direction due to the
effects of flying matter resulting from the effects of the
scattering of the vapor deposition particles from the area
surrounding the emission opening 57, that is, resulting from
the effects of the vapor deposition flow from the region A or
the region B, and this portion is observed as smudges not
intended by design.

[0039] While a case where the vapor deposition unit 70
not provided with a vapor deposition mask was used as an
example in the descriptions above, use of the vapor depo-
sition unit 70 provided with a vapor deposition mask 60
results in similar problems as described below.

[0040] FIGS.18Aand 18B are diagrams for explaining the
problems of a known vapor deposition unit 70a that includes
the vapor deposition particle emitting portion 56 provided
with the top plate 56S having a level region between the
emission openings 57 adjacent to each other, and that is used
for scan vapor deposition.

[0041] FIG. 18A illustrates a case where a vapor deposi-
tion film 63R is formed on the substrate 61 using the vapor
deposition unit 70a provided with the vapor deposition mask
60 in the known vapor deposition apparatus, and FIG. 18B
illustrates smudges not intended by design that pattern is
other than the designed pattern occurring as a result of this
case.

[0042] The vapor deposition unit 70a illustrated in FIG.
18A differs from the vapor deposition unit 70 illustrated in
FIG. 16A in that the vapor deposition unit 70a includes the
vapor deposition mask 60, provided with openings 60K,
between the upper faces S9H of the limiting plates 59 and
the substrate 61.

[0043] As illustrated in FIG. 18A, the openings 60K of the
vapor deposition mask 60 are each formed in accordance
with the position of the space between two of the limiting
plates 59 adjacent to each other. Further, a size of the region
A or the region B that affects the formation of smudges not
intended by design varies according to the position of the
opening 60K of the vapor deposition mask 60 with respect
to the position of the space between the two limiting plates
59 adjacent to each other (in the vapor deposition unit 70 not
provided with the vapor deposition mask 60 illustrated in
FIG. 16A, the size of region A or region B that affects the
formation of smudges not intended by design is the same).
[0044] As illustrated, considering the opening 60K of the
vapor deposition mask 60 above the left end of the space
between the two limiting plates 59 adjacent to each other in
the diagram, the region A that affects the formation of
smudges not intended by design is greater in size than the
region B. On the other hand, although not illustrated, con-
sidering the opening 60K of the vapor deposition mask 60
above the right end of the space between the two limiting
plates 59 adjacent to each other in the diagram, the region A
that affects the formation of smudges not intended by design
is smaller in size than the region B and, considering the
opening 60K of the vapor deposition mask 60 above the
substantial center in the separate patterning direction of the
space between the two limiting plates 59 adjacent to each
other, the region A and the region B that affect the formation
of smudges not intended by design are substantially in equal
in size.
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[0045] Thus, the effects based on the vapor deposition
flow from the region A or the region B can differ according
to the position of the opening 60K of the vapor deposition
mask 60 with respect to the position of the space between the
two limiting plates 59 adjacent to each other. Accordingly,
when the region A that affects the formation of smudges not
intended by design is greater in size than the region B, the
effect based on the vapor deposition flow from the region A
is greater than the effect based on the vapor deposition flow
from the region B and thus, as illustrated in FIG. 18B, the
smudges not intended by design on the left side in the
diagram are more widely formed in the separate patterning
direction than the smudges not intended by design on the
right side in the diagram.

[0046] As described above, while differences exist in the
shape of the formed smudges not intended by design, even
when the vapor deposition film 63R is formed on the
substrate 61 using the vapor deposition unit 70a provided
with the vapor deposition mask 60, the problem of the
occurrence of smudges not intended by design occurs in the
same manner as when the vapor deposition film 62R is
formed on the substrate 61 using the vapor deposition unit
70 not provided with the vapor deposition mask 60.
[0047] As described above, when the vapor deposition
film is formed on the substrate using a known vapor depo-
sition unit that includes the vapor deposition particle emit-
ting portion provided with a top plate having a level region
between adjacent emission openings (nozzles), and a limit-
ing plate, the problem arises that relatively large smudges
not intended by design occur and a high-resolution vapor
deposition film cannot be formed on the substrate.

[0048] In light of the above, an object of the disclosure is
to provide a vapor deposition apparatus, a vapor deposition
method, and a method for manufacturing an organic EL
display device capable of suppressing the occurrence of
relatively large smudges not intended by design.

Solution to Problem

[0049] To solve the above-described problems, a vapor
deposition apparatus according to the disclosure includes a
vapor deposition particle emitting portion including a top
plate linearly provided with a plurality of emission open-
ings, being configured to emit vapor deposition particles,
along with a first direction, and a plurality of limiting plates,
wherein the plurality of emission openings are positioned in
respective space between the plurality of limiting plates. The
top plate includes a recessed portion on the limiting plate
side, in a second direction orthogonal to the first direction,
in a region between two of the emission openings adjacent
to each other. The recessed portion includes at least one
inclined face inclined with respect to the first direction. A
perpendicular line perpendicular to at least a portion of the
inclined face intersects the limiting plate.

[0050] According to such a configuration, because (a) the
recessed portion is provided in the region between two of the
emission openings adjacent to each other in the second
direction orthogonal to the first direction, (b) the recessed
portion includes at least one inclined face inclined with
respect to the first direction, and (c) the perpendicular line
perpendicular to at least a portion of the inclined face
intersects the limiting plate, even when a portion of the
vapor deposition particles emitted from the emission open-
ings adhere to the limiting plates and then partially scatter to
the limiting plate side of the top plate as a vapor deposition
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particle mass, and the top plate increases to a temperature
higher than a sublimating temperature of a vapor deposition
material used in the top plate, in the top plate on the limiting
plate side, it is possible to limit the scattering direction of the
vapor deposition particles from the vapor deposition particle
mass in the recessed portion by the inclined face.

[0051] The amount of vapor deposition particles scattered
from the vapor deposition particle mass of the recessed
portion is greatest in the direction perpendicular to the
inclined face, and the vapor deposition particles scattered in
this direction adhere to the limiting plate.

[0052] Therefore, it is possible to decrease the amount of
vapor deposition particles that pass through the spaces
between the plurality of limiting plates from areas near the
emission openings, and achieve a vapor deposition appara-
tus capable of suppressing the occurrence of relatively large
smudges not intended by design.

[0053] To solve the above-described problems, a vapor
deposition method according to the disclosure is a method
including arranging a vapor deposition particle emitting
portion including a top plate linearly provided with a plu-
rality of emission openings configured to emit vapor depo-
sition particles in a first direction, a plurality of limiting
plates, a vapor deposition mask, and a substrate in that order
from a bottom, and vapor-depositing vapor deposition par-
ticles emitted from the vapor deposition particle emitting
portion on the substrate via spaces between the plurality of
limiting plates and openings in the vapor deposition mask.
The vapor-depositing is performed with the limiting plate
disposed with respect to a recessed portion that is provided
in a region between two of the emission openings adjacent
to each other on the limiting plate side of the top plate, in a
second direction orthogonal to the first direction, and that
includes at least one inclined face inclined with respect to
the first direction, causing a perpendicular line perpendicular
to at least a portion of the inclined face to intersect the
limiting plate.

[0054] According to the vapor deposition method
described above, the vapor-depositing is performed with the
limiting plate disposed with respect to the recessed portion
that is provided in the region between two of the emission
openings adjacent to each other on the limiting plate side of
the top plate, in the second direction orthogonal to the first
direction, and that includes at least one inclined face inclined
with respect to the first direction, causing a perpendicular
line perpendicular to at least a portion of the inclined face to
intersect the limiting plate, thereby making it possible to
decrease the amount of vapor deposition particles that pass
from areas near the emission openings through the plurality
of limiting plates, and achieve a vapor deposition method
capable of suppressing the occurrence of relatively large
smudges not intended by design.

[0055] To solve the above-described problems, a method
for manufacturing an organic EL display device according to
the disclosure is a method including a step for arranging a
vapor deposition particle emitting portion including a top
plate linearly provided with a plurality of emission openings
configured to emit vapor deposition particles in a first
direction, a plurality of limiting plates, a vapor deposition
mask, and a substrate in that order from a bottom, and an
organic EL element vapor deposition layer forming step for
vapor-depositing vapor deposition particles emitted from the
vapor deposition particle emitting portion on the substrate
via spaces between the plurality of limiting plates and
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openings in the vapor deposition mask. The vapor-deposit-
ing in the organic EL element vapor deposition layer form-
ing step is performed with the limiting plate disposed with
respect to a recessed portion that is provided in a region
between two of the emission openings adjacent to each other
on the limiting plate side of the top plate, in a second
direction orthogonal to the first direction, and that includes
at least one inclined face inclined with respect to the first
direction, causing a perpendicular line perpendicular to at
least a portion of the inclined face to intersect the limiting
plate.

[0056] According to the method for manufacturing an
organic EL display device described above, in the organic
EL element vapor deposition layer forming step, the vapor-
depositing is performed with the limiting plate disposed with
respect to the recessed portion that is provided in the region
between two of the emission openings adjacent to each other
on the limiting plate side of the top plate, in the second
direction orthogonal to the first direction, and includes at
least one inclined face inclined with respect to the first
direction, causing a perpendicular line perpendicular to at
least a portion of the inclined face to intersect the limiting
plate, thereby making it possible to decrease the amount of
vapor deposition particles that pass from areas near the
emission openings through the plurality of limiting plates,
and achieve a method for manufacturing an organic EL
display device capable of suppressing the occurrence of
relatively large smudges not intended by design.

Advantageous Effects of Invention

[0057] According to a first aspect of the disclosure, it is
possible to provide a vapor deposition apparatus, a vapor
deposition method, and a method for manufacturing an
organic EL display device capable of suppressing the occur-
rence of relatively large smudges not intended by design.

BRIEF DESCRIPTION OF DRAWINGS

[0058] FIG. 1 is a diagram illustrating a schematic con-
figuration of a vapor deposition apparatus according to a first
embodiment of the disclosure.

[0059] FIG. 2 is a diagram illustrating a case where the
vapor deposition apparatus illustrated in FIG. 1 is provided
in vacuum chamber.

[0060] FIG. 3A is a diagram illustrating a case where a
vapor deposition film is formed on a substrate without using
a vapor deposition mask in the vapor deposition apparatus
illustrated in FIG. 1.

[0061] FIG. 3B is a diagram illustrating a vapor deposition
particle emitting portion provided to the vapor deposition
apparatus illustrated in FIG. 1 as viewed from a substrate
direction.

[0062] FIG. 4 is a diagram illustrating a case where a film
thickness distribution in a separate patterning direction of a
vapor deposition film formed on the substrate without using
a vapor deposition mask in the vapor deposition apparatus
illustrated in FIG. 1 is normalized, given a maximum film
thickness of 1.

[0063] FIG. 5 is a diagram illustrating an example of a
process for manufacturing an organic EL display device
using the vapor deposition apparatus illustrated in FIG. 1.
[0064] FIGS. 6A to 6C are diagrams illustrating examples
of a case where a light-emitting layer having a stripe shape
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included in the organic EL display device is formed using
the vapor deposition apparatus illustrated in FIG. 1.

[0065] FIG. 7 is a diagram illustrating an example of a
modification in the vapor deposition particle emitting por-
tion provided to the vapor deposition apparatus illustrated in
FIG. 1.

[0066] FIG. 8A is a diagram illustrating a case where the
vapor deposition film is formed on the substrate without
using a vapor deposition mask in the vapor deposition
apparatus according to a second embodiment of the disclo-
sure.

[0067] FIG. 8B is a diagram illustrating the vapor depo-
sition particle emitting portion as viewed from the substrate
direction.

[0068] FIG. 9 is a diagram illustrating a case where the
film thickness distribution in the separate patterning direc-
tion of the vapor deposition film formed on the substrate
without using a vapor deposition mask in the vapor depo-
sition apparatus according to the second embodiment of the
disclosure is normalized, given a maximum film thickness of
1.

[0069] FIG. 10A is a diagram illustrating a case where the
vapor deposition film is formed on the substrate without
using a vapor deposition mask in the vapor deposition
apparatus according to a third embodiment of the disclosure.
[0070] FIG. 10B is a diagram illustrating the vapor depo-
sition particle emitting portion as viewed from the substrate
direction.

[0071] FIG. 11 is a diagram illustrating a case where the
film thickness distribution in the separate patterning direc-
tion of the vapor deposition film formed on the substrate
without using a vapor deposition mask in the vapor depo-
sition apparatus according to the third embodiment of the
disclosure is normalized, given a maximum film thickness of
L.

[0072] FIG. 12A is a diagram illustrating the vapor depo-
sition particle emitting portion provided to the vapor depo-
sition apparatus according to a forth embodiment of the
disclosure.

[0073] FIG. 12B is a diagram illustrating the vapor depo-
sition particle emitting portion as viewed from the substrate
direction.

[0074] FIGS. 13A to 13C are diagrams illustrating an
example of modifications of a recessed portion that can be
provided to the vapor deposition particle emitting portion.
[0075] FIG. 14A is a diagram illustrating the vapor depo-
sition particle emitting portion provided to the vapor depo-
sition apparatus according to a fifth embodiment of the
disclosure.

[0076] FIG. 14B is a diagram illustrating the vapor depo-
sition particle emitting portion as viewed from the substrate
direction.

[0077] FIG. 15 is a diagram illustrating a schematic con-
figuration of the vapor deposition unit provided to the
known vapor deposition apparatus disclosed in PTL 1.
[0078] FIG. 16A illustrates a case where the vapor depo-
sition film is formed on the substrate using the vapor
deposition unit not provided with a vapor deposition mask in
the known vapor deposition apparatus.

[0079] FIG. 16B illustrates smudges not intended by
design that pattern is other than the design pattern occurring
as a result of the case.

[0080] FIG. 17 is a diagram illustrating a case where the
film thickness distribution in the separate patterning direc-
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tion of the vapor deposition film formed on the substrate
using the vapor deposition unit not provided with a vapor
deposition mask illustrated in FIG. 16A is normalized, given
a maximum film thickness of 1.

[0081] FIG. 18A illustrates a case where the vapor depo-
sition film is formed on the substrate using a vapor deposi-
tion unit 70a provided with a vapor deposition mask in the
known vapor deposition apparatus.

[0082] FIG. 18B illustrates smudges not intended by
design that pattern is other than the design pattern occurring
as a result of the case.

DESCRIPTION OF EMBODIMENTS

[0083] A description follows regarding embodiments of
the disclosure, with reference to FIGS. 1 to 14B. Hereinafter,
for convenience of descriptions, a configuration having the
same functions as those of a configuration described in a
specific embodiment are denoted by the same reference
numerals, and its descriptions may be omitted.

[0084] Note that while, in each of the embodiments below,
description is made of a vapor deposition apparatus and a
vapor deposition method according to the disclosure using a
manufacturing process of an organic EL display device as an
example, the vapor deposition apparatus and the vapor
deposition method according to the disclosure are not lim-
ited thereto and, needless to say, may be favorably used in
various fields in which formation of a high-resolution vapor
deposition film on a substrate is required.

First Embodiment

[0085] A first embodiment of the disclosure will be
described with reference to FIGS. 1 to 7.

[0086] FIG. 1 is a diagram illustrating a schematic con-
figuration of a vapor deposition apparatus 1 that includes a
vapor deposition particle emitting portion 3 provided with a
recessed portion that includes inclined faces 3a, 36 in a
region between two emission openings 4 adjacent to each
other.

[0087] As illustrated, the vapor deposition apparatus 1
includes the substrate 61 and a vapor deposition unit 5, and
the vapor deposition unit 5 includes the vapor deposition
particle emitting portion 3, the plurality of limiting plates 59,
and the vapor deposition mask 60.

[0088] Note that the vapor deposition particle emitting
portion 3, the plurality of limiting plates 59, the vapor
deposition mask 60, and the substrate 61 are disposed in the
described order from a bottom in a film thickness direction
in the diagram.

[0089] Then, the plurality of emission openings 4 of the
vapor deposition particle emitting portion 3 are each respec-
tively positioned in spaces between the plurality of limiting
plates 59, and the limiting plates 59 are each disposed above
the region between two of the emission openings 4 adjacent
to each other.

[0090] Thus, the vapor deposition particles emitted from
the plurality of emission openings 4 of the vapor deposition
particle emitting portion 3 are vapor-deposited on the sub-
strate 61 as a vapor deposition film 12 via the spaces
between the plurality of limiting plates 59 and the openings
60K of the vapor deposition mask 60.

[0091] The vapor deposition particle emitting portion 3
includes a top plate 3/ formed with the plurality of emission
openings 4 configured to emit the vapor deposition particles
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linearly arranged in a separate patterning direction (a first
direction) in the diagram, and the inclined face 3a, the
inclined face 3b, and a planar face 3S are provided in a
region between two of the emission openings 4 adjacent to
each other on the limiting plate 59 side of the top plate 3/
[0092] Specifically, on the limiting plate 59 side of the top
plate 3/, a recessed portion 3U formed by the inclined face
3a, the inclined face 3b, and the planar face 3S is provided
in a scanning direction (second direction) of the substrate
orthogonal to the separate patterning direction in the dia-
gram, in the region between two of the emission openings 4
adjacent to each other.

[0093] The inclined face 3a and the inclined face 3b are
inclined faces, causing a perpendicular line S of the inclined
face 3a and a perpendicular line S of the inclined face 35 to
intersect the limiting plate 59 that exists directly above.
[0094] Specifically, the perpendicular lines S of large
portions of the inclined face 3a and the inclined face 35
intersect the lower face 59L of the limiting plate 59 that
exists directly above, and the perpendicular lines S of the
inclined face 3« and the inclined face 35 near the emission
openings 4 intersect side surfaces of the limiting plate 59.
[0095] In the related art, while the region between two of
the emission openings adjacent to each other is formed on a
planar face (refer to FIG. 15, FIG. 16A, and FIG. 18A) on
the limiting plate side of the top plate, in the present
embodiment the recessed portion 3U formed by the inclined
face 3a, the inclined face 3b, and the planar face 3S is
provided in the region between the two emission openings 4
adjacent to each other on the limiting plate 59 side of the top
plate 3f.

[0096] During use of the vapor deposition apparatus 1, a
portion of the vapor deposition particles emitted from the
emission openings 4 is adhered to side surfaces of the
limiting plates 59 and the lower faces 591, which is the
surface facing the upper faces 59H, of the limiting plates 59,
and subsequently partially scattered to the limiting plate 59
side of the top plate 3f including the inclined face 3a, the
inclined face 34, and the planar face 3S as the vapor
deposition particle mass 64. Further, the top plate 3/ that
includes the inclined face 3a, the inclined face 35, and the
planar face 3S becomes higher in temperature than a subli-
mating temperature of the vapor deposition material used.
[0097] In such a case as well, in the region between two
of the emission openings 4 adjacent to each other on the
limiting plate 59 side of the top plate 3f in the vapor
deposition particle emitting portion 3 of the vapor deposition
apparatus 1, the recessed portion 3U formed by the inclined
face 3a, the inclined face 3b, and the planar face 3S is
provided in the scanning direction of the substrate orthogo-
nal to the separate patterning direction in the diagram,
making it possible to limit the scattering direction of the
vapor deposition particles from the vapor deposition particle
mass 64 in the recessed portion 3U by the inclined faces 3a,
3b.

[0098] Specifically, the inclined faces 3a, 36 are inclined,
causing the perpendicular lines S of the inclined faces 3a, 35
to intersect the limiting plate 59 that exists directly above,
making it possible to decrease an amount of vapor deposi-
tion particles that, from the vapor deposition particle mass
64 in the recessed portion 3U, reach near to the emission
opening 4, and reduce a vapor deposition particle density
near the emission opening 4, thereby suppressing the occur-
rence of relatively large smudges not intended by design.
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[0099] Further, the recessed portion 3U includes at least a
portion of a region where the region between the two
emission openings 4 adjacent to each other and the space
between the plurality of limiting plates 59 overlap in a plan
view (including the entire overlapping region in the present
embodiment), thereby making it possible to decrease the
amount of vapor deposition particles that pass from areas
near the emission openings 4 through the spaces between the
plurality of limiting plates 59.

[0100] FIG. 2 is a diagram illustrating a case where the
vapor deposition apparatus 1 is provided in a vacuum
chamber 52.

[0101] As illustrated, the vapor deposition apparatus 1 is
provided in the vacuum chamber 52 connected with a
vacuum pump 51, making it possible to form the vapor
deposition film 12, such as an organic film, for example, on
the substrate 61 using a vacuum vapor deposition technique.
[0102] Note that, in the present embodiment, only the
substrate 61 is scanned (transported) in the scanning direc-
tion of the substrate in the diagram, all other constituent
members are fixed, and vapor-depositing is performed while
only the substrate 61 is scanned in the scanning direction of
the substrate in the diagram, making it possible to form, on
the substrate 61, a vapor deposition film having a predeter-
mined thickness in the film thickness direction in the dia-
gram and a linear pattern in the scanning direction of the
substrate 61.

[0103] A vapor deposition source 54 may be provided
inside or outside the vacuum chamber 52, and is provided
outside the vacuum chamber 52 in the present embodiment.

[0104] While, a crucible that sublimates a vapor deposi-
tion material (also called a film formation material) and
generates vapor deposition particles as gas is used in the
present embodiment as the vapor deposition source 54, the
vapor deposition source is not limited thereto.

[0105] Note that, in the present embodiment, the vapor
deposition source 54 is provided outside the vacuum cham-
ber 52, and thus the vapor deposition source 54 outside the
vacuum chamber 52 and the vapor deposition particle emit-
ting portion 3 inside the vacuum chamber 52 are coupled
using a pipe 55.

[0106] Further, internal temperatures of the pipe 55 and
the vapor deposition particle emitting portion 3 are prefer-
ably set at least 50° C. higher than the sublimating tempera-
ture of the vapor deposition material and, for example, when
the sublimating temperature of the vapor deposition material
used is 350° C., the internal temperatures are preferably set
to the sufficiently higher temperature of 400° C. or higher.

[0107] Note that, as illustrated, in addition to the vapor
deposition particle emitting portion 3, the plurality of lim-
iting plates 59, and the vapor deposition mask 60, the vapor
deposition unit 5 includes a shutter 58 provided between the
vapor deposition particle emitting portion 3 and the plurality
of limiting plates 59, as well as the vapor deposition source
54 and the pipe 55 described above.

[0108] The shutter 58 is disposed in a closed position, for
example, while the starting period of vapor deposition when
the initial vapor deposition flow is unstable, and at the end
of vapor deposition when the vapor deposition flow unde-
sirably reach the substrate 61, stopping the vapor deposition
flow from reaching the substrate 61, and is disposed in an
open position during normal vapor deposition periods,
allowing the vapor deposition flow to pass as is.
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[0109] While, in the present embodiment, the opening/
closing direction of the shutter 58 is described as the same
as the scanning direction of the substrate in the diagram as
an example, the opening/closing direction of the shutter 58
is not limited thereto and, for example, may be the separate
patterning direction in the diagram.

[0110] Note that the limiting plates 59 prevent the vapor
deposition particles from spreading to a predetermined
width or greater in the separate patterning direction and
being vapor-deposited on the substrate 61, the vapor depo-
sition mask 60 is smaller in size than the substrate 61, and
a plurality of the openings 60K corresponding to the pattern
of the vapor deposition film to be formed on the substrate 61
are provided.

[0111] While, in the present embodiment, a case where
vapor-depositing is performed while the substrate 61 is
scanned in the scanning direction of the substrate in the
diagram with respect to the vapor deposition unit 5 that is
fixed is described as an example, the embodiment is not
limited thereto, and vapor-depositing may be performed
while scanning the vapor deposition unit 5 in the scanning
direction of the substrate in the diagram with respect to the
substrate 61 that is fixed.

[0112] Furthermore, in a case where the vapor deposition
unit 5 and the substrate 61 are scanned in the same direction
or different directions, vapor-depositing may be performed
while relatively moving one of the vapor deposition unit 5
and the substrate 61 with respect to the other.

[0113] FIG. 3A is a diagram illustrating a case where a
vapor deposition film 11 is formed on the substrate 61 in the
vapor deposition apparatus 1 without using the vapor depo-
sition mask 60.

[0114] FIG. 3B is a diagram illustrating the vapor depo-
sition particle emitting portion 3 provided to the vapor
deposition apparatus 1 as viewed from the substrate 61
direction.

[0115] As illustrated in FIGS. 3A and 3B, the emission
openings 4 are each formed into a shape having a width in
the scanning direction of the substrate that is greater than a
width in the separate patterning direction.

[0116] Then, on the limiting plate 59 side of the top plate
3f of the vapor deposition particle emitting portion 3, the
emission openings 4 each protrude to the substrate 61 side.
[0117] Note that, in the present embodiment, the emission
opening 4 used has a width of 3 mm in the separate
patterning direction, a width of 60 mm in the scanning
direction of the substrate, and a depth of 60 mm. Further, a
distance between two of the emission openings 4 adjacent to
each other is 30 mm, and a distance from a height of the
emission opening 4 to a height of the lower face 59L of the
limiting plate 59 is 50 mm. Further, a pitch of the spaces
between the limiting plates 59 is 30 mm, the same as the
distance between the two emission openings 4 adjacent to
each other, a distance between the lower faces 59L of two of
the limiting plates 59 adjacent to each other, that is, a space
width between the limiting plates 59, is 6 mm, and a distance
from the height of the emission opening 4 to a height of the
planar face 3S, that is, a depth of the recessed portion 3U,
is 10 mm. Further, a distance from the emission opening 4
to the substrate 61 is 200 mm, and a height of the limiting
plate 59 used is 30 mm. These values are merely examples,
and naturally may be changed as appropriate, as necessary.
[0118] As illustrated in FIG. 3B, the top plate 3/ includes
the plurality of emission openings 4 linearly arranged in the
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separate patterning direction in the diagram and configured
to emit the vapor deposition particles, as well as the recessed
portion 3U that includes the inclined face 3a, the inclined
face 3b, and the planar face 3S and provided in the scanning
direction of the substrate orthogonal to the separate pattern-
ing direction in the diagram, in a region between two of the
emission openings 4 adjacent to each other, on the limiting
plate 59 side of the top plate 3f.

[0119] Note that while, in the present embodiment, the
width of the recessed portion 3U in the scanning direction is
formed greater than the width of the emission opening 4 in
the scanning direction, the width of the recessed portion 3U
in the scanning direction is not limited thereto, and may be
less than or equal to the width of the emission opening 4 in
the scanning direction.

[0120] FIG. 4 is a diagram illustrating a case where a film
thickness distribution in the separate patterning direction of
the vapor deposition film 11 formed on the substrate 61
without using the vapor deposition mask 60 in the vapor
deposition apparatus 1 is normalized, given a maximum film
thickness of 1, as illustrated in FIG. 3A.

[0121] The alternate long and short dash line in the
diagram indicates the design pattern, and this design pattern
is an ideal pattern determined by the width of the emission
opening 4 in the separate patterning direction, the width of
the space between two of the limiting plates 59 adjacent to
each other, a distance between the lower face 59L of the
limiting plate 59 and the emission opening 4, and the
distance between the upper face 59H of the limiting plate 59
and the substrate 61.

[0122] The solid line in the diagram is the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus illustrated in FIG. 16A, and the dashed
line in the figure is the pattern of the vapor deposition film
11 formed on the substrate 61 without using the vapor
deposition mask 60 in the vapor deposition apparatus 1, as
illustrated in FIG. 3A.

[0123] As illustrated, in the pattern of the vapor deposition
film 11 formed on the substrate 61 without using the vapor
deposition mask 60 in the vapor deposition apparatus 1, the
smudges not intended by design in the separate patterning
direction are small compared to those in the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus, resulting in a pattern close to the
design pattern, which is the ideal pattern.

[0124] This is because the inclined faces 3a, 3b of the
vapor deposition particle emitting portion 3 of the vapor
deposition apparatus 1 are inclined, causing the perpendicu-
lar lines S of the inclined faces 3a, 36 to intersect the
limiting plate 59 that exists directly above, making it pos-
sible to decrease an amount of the vapor deposition particles
from the vapor deposition particle mass 64 in the recessed
portion 3U that reaches near to the emission opening 4 and
reduce a vapor deposition particle density near the emission
opening 4, thereby suppressing the occurrence of relatively
large smudges not intended by design.

[0125] Note that the film thickness distribution in the
separate patterning direction of the vapor deposition appa-
ratus 11 illustrated in FIG. 4 is the result of measuring the
vapor deposition film 11 formed at a set film thickness of
200 nm using ellipsometry at a film formation rate of 6[/s
using a silicon wafer as a substrate, the vapor deposition
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apparatus 1 (without use of the vapor deposition mask 60),
and a commercial quinolinol aluminum complex (Alq3) as
a vapor deposition material.

[0126] While the above has described a case where, in the
vapor deposition apparatus 1, the vapor deposition film 11 is
formed on the substrate 61 without using the vapor deposi-
tion mask 60, even in a case where the vapor deposition film
is formed on the substrate 61 in the vapor deposition
apparatus 1 using the vapor deposition mask 60, the
smudges not intended by design in the separate patterning
direction are small and a pattern obtained to be closer to the
design pattern, which is the ideal pattern compared to those
of the vapor deposition film formed in the known vapor
deposition apparatus using the vapor deposition mask.
[0127] As clearly understood from the relationship
between FIGS. 16A, 16B and FIGS. 18A, 18B described
above as well, in a case where smudges not intended by
design occur in the vapor deposition film formed on the
substrate without using the vapor deposition mask, smudges
not intended by design will occur even when the vapor
deposition mask is used, although the shape of the smudges
is different.

[0128] Thus, as long as smudges not intended by design
are suppressed in the vapor deposition film formed on the
substrate without using the vapor deposition mask, the
smudges not intended by design can also be suppressed in
the vapor deposition film formed on the substrate using the
vapor deposition mask. Thus, in the present embodiment as
well as each of the embodiments hereinafter, only the results
of suppressing smudges not intended by design in the vapor
deposition film formed on the substrate without using the
vapor deposition mask are described, and the results of
suppressing smudges not intended by design in the vapor
deposition film formed on the substrate using the vapor
deposition mask are omitted.

[0129] Below is described the process of manufacturing
the organic EL display device using the vapor deposition
apparatus 1 based on FIGS. 5 to 6C.

[0130] FIG. 5 is a diagram illustrating an example of the
process for manufacturing the organic EL display device
using the vapor deposition apparatus 1.

[0131] FIGS. 6A to 6C are diagrams illustrating cases
where a light-emitting layer is formed on the substrate 61
using the vapor deposition apparatus 1.

[0132] First, a TFT element is prepared (TFT substrate
preparation) on the substrate 61, and then a first electrode is
formed (51).

[0133] Then, a hole injection layer and a hole transport
layer are formed across the entire surface of the substrate 61
by a vacuum vapor deposition technique (S2, S3).

[0134] Subsequently, a light-emitting layer is formed in a
predetermined location by a vacuum vapor deposition tech-
nique using the vapor deposition apparatus 1 (S4).

[0135] As illustrated in FIGS. 6A to 6C, in step S4, ared
light-emitting layer 12R, a green light-emitting layer 12G,
and a blue light-emitting layer 12B, each having the same
width in the separate patterning direction and a linear shape
extending in the scanning direction of the substrate, are
separately formed in sequence in the separate patterning
direction, and the red light-emitting layer 12R, the green
light-emitting layer 12G, and the blue light-emitting layer
12B are formed from one end to the other end of the
substrate in a striped pattern (striped) in the scanning
direction of the substrate.
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[0136] Subsequently. an electron transport layer, an elec-
tron injection layer, and a second electrode are formed
across the entire surface by a vacuum vapor deposition
technique in a described order (S5, S6, S7).

[0137] As described above, the region (display portion) of
the organic EL element is sealed to the substrate 61, on
which vapor deposition has been completed, to prevent
deterioration of the organic EL element by moisture and
oxygen in the atmosphere (S8).

[0138] The sealing is performed by forming a film not
susceptible to moisture or oxygen permeation using a chemi-
cal vapor deposition (CVD) method, or by adhering glass
substrates or the like together using an adhesive or the like.
[0139] According to the process described above, the
organic EL display device is prepared and electric current is
introduced from a driving circuit formed on the outside to
organic EL elements in individual pixels to emit light,
making it possible to achieve a preferred display.

Modification

[0140] FIG. 7 is a diagram illustrating a vapor deposition
particle emitting portion 13 that can be used in place of the
vapor deposition particle emitting portion 3 in the vapor
deposition apparatus 1.

[0141] While, in the recessed portion 3U that is provided
on the limiting plate 59 side of the top plate 3f of the vapor
deposition particle emitting portion 3 described above and
that includes the inclined face 3a, the inclined face 35, and
the planar face 35, a length of the inclined faces 3a, 35 is
greater than that of the planar face 3S, and a ratio occupied
by the inclined faces within the recessed portion 3U is large,
in the recessed portion 13U that is provided on the limiting
plate 59 side of the top plate 13/ of the vapor deposition
particle emitting portion 13 described above and that
includes the inclined face 13a, the inclined face 135, and the
planar face 13S as illustrated in FIG. 7, a length of the
inclined faces 13a, 134 is less than that of a planar face 138,
and the ratio occupied by the inclined faces within a recessed
portion 13U is small.

[0142] In the vapor deposition particle emitting portion 13
as well, the inclined faces 134, 135 are inclined, causing the
perpendicular lines S of the inclined faces 13a, 135 to
intersect the limiting plate 59 that exists directly above,
making it possible to decrease the amount of vapor deposi-
tion particles that, from the vapor deposition particle mass
64 in the recessed portion 13U, reach near to an emission
opening 14, and reduce a vapor deposition particle density
near the emission opening 14, thereby suppressing the
occurrence of relatively large smudges not intended by
design.

[0143] Further, the recessed portion 13U includes a region
where the region between the two emission openings 14
adjacent to each other and the space between the plurality of
limiting plates 59 overlap in a plan view, thereby making it
possible to reduce the amount of vapor deposition particles
that pass from areas near the emission openings 14 through
the spaces between the plurality of limiting plates 59.
[0144] Note that while, in the present embodiment, a case
where the recessed portion includes two inclined faces and
one planar face was described as an example, the shape is
not limited thereto as long as the recessed portion includes
an inclined face inclined with respect to the separate pat-
terning direction, causing the perpendicular line S to inter-
sect the limiting plate 59 that exists directly above.
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[0145] Further, in the present embodiment, to form a more
uniform vapor deposition film, the recessed portion 3U is
symmetrically provided in the separate patterning direction
about the center of the emission opening 4, the arrangement
is not limited thereto.

Second Embodiment

[0146] Next, a second embodiment of the disclosure will
be described with reference to FIGS. 8A to 9. The present
embodiment differs from the first embodiment in that a
recessed portion 23U that includes inclined faces 23a, 235
is provided partially, and not entirely, across the region
between two emission openings 24 adjacent to each other in
the separate patterning direction, and the recessed portion
23U that includes the inclined faces 23a, 235 only, that is,
the recessed portion 23U is formed in a reverse wedge-like
shape. All other components are as described in the first
embodiment. For convenience of descriptions, members
having the same functions as those of the members illus-
trated in the diagrams in the first embodiment are denoted by
the same reference numerals, and descriptions thereof will
be omitted.

[0147] FIG. 8A is a diagram illustrating a case where a
vapor deposition film 25 is formed on the substrate 61
without using a vapor deposition mask in a vapor deposition
apparatus 20.

[0148] FIG. 8B is a diagram illustrating a vapor deposition
particle emitting portion 23 as viewed from the substrate
direction.

[0149] As illustrated in FIGS. 8A and 8B, the emission
openings 24 are each formed into a shape having a width in
the scanning direction of the substrate that is greater than a
width in the separate patterning direction, and has a width in
the separate patterning direction of 3 mm, a width in the
scanning direction of the substrate of 60 mm, and a depth of
60 mm.

[0150] Then, the recessed portion 23U including the
inclined faces 23a, 236 is provided partially, and not
entirely, across the region between two of the emission
openings 24 adjacent to each other on the limiting plate 59
side of the top plate 23/in the separate patterning direction.
While, in the present embodiment, a planar portion is
provided every 11.5 mm from each of the emission openings
24 adjacent to each other to the recessed portion 23U
therebetween in the separate patterning direction, the
embodiment is not limited thereto.

[0151] The recessed portion 23U is formed into a reverse
wedge-like shape and, while in the present embodiment, is
formed at a depth of 10 mm and a width in the separate
patterning direction of 4 mm, the embodiment is not limited
thereto.

[0152] Note that the inclined face 23a and the inclined
face 234 are inclined, causing the perpendicular lines S of
the inclined faces 23a, 235 to intersect the lower face 59L
of the limiting plate 59 that exist directly above.

[0153] Further, the inclined face 234 is provided facing the
inclined face 234.

[0154] Then, in the present embodiment, extended planes
respectively extending from the inclined faces 23a, 235 in
the limiting plate 59 direction intersect both ends in the
separate patterning direction of the lower face 59L of the
limiting plate 59 that exists directly above the region
between the two emission openings 24 adjacent to each
other. However, the embodiment is not limited thereto.
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[0155] Thus, the vapor deposition particles vapor-depos-
ited once again from the vapor deposition particle mass 64
in the recessed portion 23U do not spread to the outer side
of the extended planes, making it possible to suppress the
scattering of vapor deposition particles to areas near the
emission opening 24.

[0156] That is, the amount of vapor deposition particles
that, from the vapor deposition particle mass 64 in the
recessed portion 23U, reach near to the emission opening 24
can be decreased, and the vapor deposition particle density
near the emission opening 24 can be reduced, thereby
making it possible to suppress the occurrence of relatively
large smudges not intended by design.

[0157] FIG. 9 is a diagram illustrating a case where the
film thickness distribution in the separate patterning direc-
tion of the vapor deposition film 25 formed on the substrate
61 without using a vapor deposition mask in the vapor
deposition apparatus 20 is normalized, given a maximum
film thickness of 1, as illustrated in FIG. 8A.

[0158] The alternate long and short dash line in the
diagram indicates the design pattern, and this design pattern
is an ideal pattern determined by the width of the emission
opening 24 in the separate patterning direction, the width of
the space between two of the limiting plates 59 adjacent to
each other, the distance between the lower face 59 of the
limiting plate 59 and the emission opening 24, and the
distance between the upper face 59H of the limiting plate 59
and the substrate 61.

[0159] The solid line in the diagram is the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus illustrated in FIG. 16A, and the dashed
line in the figure is the pattern of the vapor deposition film
25 formed on the substrate 61 in the vapor deposition
apparatus 20 without using a vapor deposition mask, as
illustrated in FIG. 8A.

[0160] As illustrated, in the pattern of the vapor deposition
film 25 formed on the substrate 61 in the vapor deposition
apparatus 20 without using a vapor deposition mask, the
smudges not intended by design in the separate patterning
direction are small compared to those in the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus, resulting in a pattern close to the
design pattern, which is the ideal pattern.

Third Embodiment

[0161] Next, a third embodiment of the disclosure will be
described with reference to FIGS. 10A to 11. The present
embodiment differs from the first and second embodiments
in that a plurality of recessed portions 33U are provided in
the separate patterning direction of the region between two
emission openings 34 adjacent to each other. All other
components are as described in the first and second embodi-
ments. For convenience of descriptions, members having the
same functions as those of the members illustrated in the
diagrams in the first and second embodiments are denoted
by the same reference numerals, and descriptions thereof
will be omitted.

[0162] FIG. 10A is a diagram illustrating a case where a
vapor deposition film 35 is formed on the substrate 61 in a
vapor deposition apparatus 30 without using a vapor depo-
sition mask.

[0163] FIG. 10B is a diagram illustrating a vapor deposi-
tion particle emitting portion 33 as viewed from the sub-
strate direction.
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[0164] As illustrated in FIGS. 10A and 10B, emission
openings 34 are each formed into a shape having a width in
the scanning direction of the substrate that is greater than a
width in the separate patterning direction.

[0165] Then, the plurality of recessed portions 33U (five
in the present embodiment) are continuously provided in the
separate patterning direction in the region between two of
the emission openings 34 adjacent to each other on the
limiting plate 59 side of a top plate 33f.

[0166] The recessed portions 33U are each formed into a
reverse wedge-like shape and while, in the present embodi-
ment, are formed at a depth of 10 mm and a width in the
separate patterning direction of 4 mm, the embodiment is not
limited thereto.

[0167] Further, while in the present embodiment planar
portions are continuously provided every 3.5 mm from each
of the emission openings 34 adjacent to each other to the five
recessed portions 33U continuously provided therebetween
in the separate patterning direction, the embodiment is not
limited thereto.

[0168] Furthermore, in the present embodiment, extended
planes of an inclined face 33a and an inclined face 334
provided to each of the recessed portions 33U in the limiting
plate 59 direction intersect both ends in the separate pat-
terning direction of the lower face 591 of the limiting plate
59 that exists directly above the region between the two
emission openings 34 adjacent to each other. However, the
embodiment is not limited thereto.

[0169] Note that the perpendicular lines S of the inclined
face 33a and the inclined face 335 provided to each of the
recessed portions 33U intersect the lower face 591 of the
limiting plate 59.

[0170] Thus, the vapor deposition particles vapor-depos-
ited once again from the vapor deposition particle masses 64
in the five recessed portions 33U continuously provided do
not spread to the outer side of the extended planes, making
it possible to suppress the scattering of vapor deposition
particles to areas near the emission opening 34.

[0171] That is, the amount of vapor deposition particles
that, from the vapor deposition particle mass 64 in each of
the recessed portions 33U, reach near to the emission
opening 34 can be decreased, and the vapor deposition
particle density near the emission opening 34 can be
reduced, thereby making it possible to suppress the occur-
rence of relatively large smudges not intended by design.
[0172] FIGS. 11A and 11B are diagrams illustrating a case
where the film thickness distribution in the separate pattern-
ing direction of the vapor deposition film 35 formed on the
substrate 61 without using a vapor deposition mask in the
vapor deposition apparatus 30 is normalized, given a maxi-
mum film thickness of 1, as illustrated in FIG. 10A.
[0173] The alternate long and short dash line in the
diagram indicates the design pattern, and this design pattern
is an ideal pattern determined by the width of the emission
opening 34 in the separate patterning direction, the width of
the space between two of the limiting plates 59 adjacent to
each other, the distance between the lower face 59L of the
limiting plate 59 and the emission opening 34, and the
distance between the upper face 59H of the limiting plate 59
and the substrate 61.

[0174] The solid line in the diagram is the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus illustrated in FIG. 16A, and the dashed
line in the figure is the pattern of the vapor deposition film
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35 formed on the substrate 61 in the vapor deposition
apparatus 30 without using a vapor deposition mask, as
illustrated in FIG. 10A.

[0175] As illustrated, in the pattern of the vapor deposition
film 35 formed on the substrate 61 in the vapor deposition
apparatus 30 without using a vapor deposition mask, the
smudges not intended by design in the separate patterning
direction are small compared to those in the pattern of the
vapor deposition film obtained using the known vapor
deposition apparatus, resulting in a pattern close to the
design pattern, which is the ideal pattern.

[0176] Note that while, in the present embodiment, a case
where the five recessed portion 33U are continuously pro-
vided is used as an example, the embodiment is not limited
thereto, and naturally the recessed portions 33U may be
non-continuously provided and the number and arranged
positions may be changed as appropriate.

Fourth Embodiment

[0177] Next, a fourth embodiment of the disclosure will be
described with reference to FIGS. 12A to 13C. The present
embodiment differs from the first to third embodiments in
that a recessed portion 43U is provided near each emission
opening 44 in the separate patterning direction of the region
between two of the emission openings 44 adjacent to each
other. All other components are as described in the first to
third embodiments. For convenience of descriptions, mem-
bers having the same functions as those of the members
illustrated in the diagrams in the first to third embodiments
are denoted by the same reference numerals, and descrip-
tions thereof will be omitted.

[0178] FIG. 12A is a diagram illustrating a vapor deposi-
tion particle emitting portion 43.

[0179] FIG. 12B is a diagram illustrating the vapor depo-
sition particle emitting portion 43 as viewed from the
substrate direction.

[0180] As illustrated in FIGS. 12A and 12B, the emission
openings 44 are each formed into a shape having a width in
the scanning direction of the substrate that is greater than a
width in the separate patterning direction.

[0181] Then, the recessed portions 43U are each provided
near the emission opening 44 of the region between two of
the emission openings 44 adjacent to each other in the
separate patterning direction, on the limiting plate 59 side of
a top plate 437 That is, two of the recessed portions 43U are
provided in the region between two of the emission openings
44 adjacent to each other in the separate patterning direction.
[0182] Each of the recessed portions 43U include an
inclined face 434 and an inclined face 435.

[0183] The inclined face 43a is inclined, causing the
perpendicular line S of a portion of the inclined face 434 to
intersect the limiting plates 59 adjacent to, and not directly
above, the inclined face 43a in the separate patterning
direction, and the inclined face 435 is inclined, causing the
perpendicular line S of a portion of the inclined face 435 to
intersect the limiting plates 59 adjacent to, and not directly
above, the inclined face 435 in the separate patterning
direction.

[0184] The vapor deposition particles vapor-deposited
once again from the vapor deposition particle mass (not
illustrated) in the recessed portion 43U provided near the
emission opening 44 are prevented from scattering into the
spaces between the limiting plates 59 by the inclined face
43a and the inclined face 43b. This is because the vapor
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deposition particles vapor-deposited once again from the
vapor deposition particle mass (not illustrated) on the
inclined face 43¢ and the inclined face 43b are vapor-
deposited on the adjacent limiting plates 59 in the separate
patterning direction.

[0185] Thus, the amount of vapor deposition particles that,
from the vapor deposition particle mass in each of the
recessed portions 43U, are scattered to the spaces between
the limiting plates 59 can be decreased, making it possible
to suppress the occurrence of relatively large smudges not
intended by design.

[0186] Further, the recessed portion 43U includes a region
where the region between the two emission openings 44
adjacent to each other and the space between the plurality of
limiting plates 59 overlap in a plan view, thereby making it
possible to decrease the amount of vapor deposition particles
that pass from areas near the emission openings 44 through
the spaces between the plurality of limiting plates 59.

[0187] Note that, while in the present embodiment an
upper side and a lower side of the emission opening 44 are
formed by planar faces as illustrated in FIG. 12B, the upper
side and the lower side of the emission opening 44 are not
limited thereto and may be provided with inclined faces as
well.

[0188] FIGS. 13A to 13C are diagrams illustrating modi-
fications of the recessed portion that can be provided to
vapor deposition particle emitting portions 45, 46, 47.

[0189] FIG. 13A is a diagram illustrating a top plate 45/ of
the vapor deposition particle emitting portion 45, and illus-
trates an example of a recessed portion including inclined
faces 45a, 45b having inclination angles less than those of
the inclined face 434 and the inclined face 435 provided to
the vapor deposition particle emitting portion 43 illustrated
in FIGS. 12A and 12B. Even with such a recessed portion,
the amount of vapor deposition particles scattered to the
spaces between the limiting plates 59 can be decreased by
suitably arranging the limiting plates 59, making it possible
to suppress the occurrence of relatively large smudges not
intended by design.

[0190] FIG. 13B is a diagram illustrating a top plate 46g
of the vapor deposition particle emitting portion 46, and
illustrates an example of a recessed portion including a
plurality of inclined faces 464, 465, 46¢, 46d, 46¢, 46f, each
having a different inclination angle. Even with such a
recessed portion, the amount of vapor deposition particles
scattered to the spaces between the limiting plates 59 can be
decreased by suitably arranging the limiting plates 59,
making it possible to suppress the occurrence of relatively
large smudges not intended by design.

[0191] FIG. 13C is a diagram illustrating a top plate 47f of
the vapor deposition particle emitting portion 47, and illus-
trates an example of a recessed portion including an inclined
face formed by a curved surface 47a. Even with such a
recessed portion, the amount of vapor deposition particles
scattered to the spaces between the limiting plates 59 can be
decreased by suitably arranging the limiting plates 59,
making it possible to suppress the occurrence of relatively
large smudges not intended by design.

[0192] Note that each of the modifications illustrated in
FIGS. 13A to 13C may naturally be used as modifications in
the first to third embodiments described above in addition to
the present embodiment.
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Fifth Embodiment

[0193] Next, a fifth embodiment of the disclosure will be
described below with reference to FIGS. 14A and 14B. The
present embodiment differs from the fourth embodiment in
that a recessed portion 73U that includes an inclined face
73a near each emission opening 74 and a face 735 perpen-
dicular to the lower face 59L of the limiting plate 59 in the
region between two of the emission openings 74 adjacent to
each other, in the separate patterning direction. All other
components are as described in the fourth embodiment. For
convenience of descriptions, members having the same
functions as those of the members illustrated in the diagrams
in the fourth embodiment are denoted by the same reference
numerals, and descriptions thereof will be omitted.

[0194] FIG. 14A is a diagram illustrating a vapor deposi-
tion particle emitting portion 73.

[0195] FIG. 14B is a diagram illustrating the vapor depo-
sition particle emitting portion 73 as viewed from the
substrate direction.

[0196] As illustrated in FIGS. 14A and 14B, the emission
openings 74 are each formed into a shape having a width in
the scanning direction of the substrate that is greater than a
width in the separate patterning direction.

[0197] Then, the recessed portions 73U are each provided
near the emission opening 74 of the region between two of
the emission openings 74 adjacent to each other in the
separate patterning direction, on the limiting plate 59 side of
a top plate 73f. That is, two of the recessed portions 73U are
provided in the region between two of the emission openings
74 adjacent to each other in the separate patterning direction.

[0198] The inclined face 73¢ provided to each of the
recessed portions 73U is inclined, causing the perpendicular
line S of a portion of the inclined face 73a to intersect the
limiting plate 59 adjacent to, and not directly above, the
inclined face 73« in the separate patterning direction.

[0199] Note that, as illustrated in FIG. 14B, the inclined
face 73a is provided on the upper side and the lower side of
the emission opening 74.

[0200] The vapor deposition particles vapor-deposited
once again from the vapor deposition particle mass (not
illustrated) in the recessed portion 73U provided near the
emission opening 74 are prevented from scattering into the
spaces between the limiting plates 59 by the inclined face
73a. This is because the vapor deposition particles vapor-
deposited once again from the vapor deposition particle
mass (not illustrated) on the inclined face 73a are vapor-
deposited on the adjacent limiting plate 59 in the separate
patterning direction.

[0201] Thus, the amount of vapor deposition particles that,
from the vapor deposition particle mass in each of the
recessed portions 73U, are scattered to the spaces between
the limiting plates 59 can be decreased, making it possible
to suppress the occurrence of relatively large smudges not
intended by design.

[0202] Further, the recessed portion 73U includes a por-
tion of a region where the region between the two emission
openings 74 adjacent to each other and the space between
the plurality of limiting plates 59 overlap in a plan view,
thereby making it possible to decrease the amount of vapor
deposition particles that pass from areas near the emission
openings 74 through the spaces between the plurality of
limiting plates 59.
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Supplement

[0203] The vapor deposition apparatus according to a first
aspect of the disclosure includes a vapor deposition particle
emitting portion including a top plate linearly provided with
a plurality of emission openings, being configured to emit
vapor deposition particles, along with a first direction, and a
plurality of limiting plates, wherein the plurality of emission
openings being positioned in respective space between the
plurality of limiting plates. The top plate includes a recessed
portion on the limiting plate side, in a second direction
orthogonal to the first direction, in a region between two of
the emission openings adjacent to each other. The recessed
portion includes at least one inclined face inclined with
respect to the first direction, causing a perpendicular line
perpendicular to at least a portion of the inclined face to
intersect the limiting plate.

[0204] According to such a configuration, because (a) the
recessed portion is provided in the region between two of the
emission openings adjacent to each other in the second
direction orthogonal to the first direction, (b) the recessed
portion includes at least one inclined face inclined with
respect to the first direction, and (c) the perpendicular line
perpendicular to at least a portion of the inclined face
intersects the limiting plate, even when a portion of the
vapor deposition particles emitted from the emission open-
ings adhere to the limiting plates and then partially scatter to
the limiting plate side of the top plate as a vapor deposition
particle mass, and the top plate increases to a temperature
higher than a sublimating temperature of a vapor deposition
material used in the top plate, in the top plate on the limiting
plate side, it is possible to limit the scattering direction of the
vapor deposition particles from the vapor deposition particle
mass in the recessed portion by the inclined face.

[0205] The amount of vapor deposition particles scattered
from the vapor deposition particle mass of the recessed
portion is greatest in the direction perpendicular to the
inclined face, and the vapor deposition particles scattered in
this direction adhere to the limiting plate.

[0206] Therefore, it is possible to decrease the amount of
vapor deposition particles that pass through the spaces
between the plurality of limiting plates from areas near the
emission openings, and achieve a vapor deposition appara-
tus capable of suppressing the occurrence of relatively large
smudges not intended by design.

[0207] According to the vapor deposition apparatus
according to a second aspect of the disclosure, in the first
aspect, the limiting plate intersected by the perpendicular
line of the inclined face may be the limiting plate that exist
directly above the region between two of the emission
openings adjacent to each other.

[0208] According to the configuration described above, it
is possible to decrease the amount of vapor deposition
particles that pass through the spaces between the plurality
of limiting plates from areas near the emission openings, and
achieve a vapor deposition apparatus capable of suppressing
the occurrence of relatively large smudges not intended by
design.

[0209] According to the vapor deposition apparatus
according to a third aspect of the disclosure, in the first or
second aspect, the inclined face may at least partially
overlap with one of the spaces between the plurality of
limiting plates in plan view.

[0210] According to the configuration described above, it
is possible to decrease the amount of vapor deposition
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particles that pass through the spaces between the plurality
of limiting plates from areas near the emission openings, and
achieve a vapor deposition apparatus capable of suppressing
the occurrence of relatively large smudges not intended by
design.

[0211] According to the vapor deposition apparatus
according to a fourth aspect of the disclosure, in the second
aspect, the perpendicular line of the inclined face may be
configured to intersect the lower face of the limiting plate
that exists directly above the region between two of the
emission openings adjacent to each other.

[0212] According to the configuration described above, it
is possible to decrease the amount of vapor deposition
particles that pass through the spaces between the plurality
of limiting plates from areas near the emission openings, and
achieve a vapor deposition apparatus capable of suppressing
the occurrence of relatively large smudges not intended by
design.

[0213] According to the vapor deposition apparatus
according to a fifth aspect of the disclosure, in any one of the
first, second or fourth aspects, extended planes extending
from the inclined faces in the limiting plate direction may
respectively intersect both ends in the first direction of the
lower face of the limiting plate that exists directly above the
region between two of the emission openings adjacent to
each other.

[0214] According to the configuration described above,
the vapor deposition particles vapor-deposited once again
from the vapor deposition particle mass in the recessed
portion do not spread to the outer side of the extended
planes, making it possible to decrease the amount of vapor
deposition particles that pass through the spaces between the
plurality of limiting plates from areas near the emission
openings, and achieve a vapor deposition apparatus capable
of suppressing the occurrence of relatively large smudges
not intended by design.

[0215] According to the vapor deposition apparatus
according to a sixth aspect of the disclosure, in the first
aspect, the recessed portion may be formed by a plurality of
inclined faces, each having a different inclination angle.

[0216] According to such a configuration, the amount of
vapor deposition particles that, from the vapor deposition
particle mass in the recessed portion formed by the plurality
of inclined faces each having a different inclination angle,
reach near to the emission opening can be decreased, and the
vapor deposition particle density near the emission operning
can be reduced, thereby making it possible to achieve a
vapor deposition apparatus capable of suppressing the
occurrence of relatively large smudges not intended by
design.

[0217] According to the vapor deposition apparatus
according to a seventh aspect of the disclosure, in the first
aspect, the recessed portion may be formed by a curved
surface.

[0218] According to such a configuration, the amount of
vapor deposition particles that, from the vapor deposition
particle mass in the recessed portion formed by a curved
surface, reach near to the emission opening can be
decreased, and the vapor deposition particle density near the
emission opening can be reduced, thereby making it possible
to achieve a vapor deposition apparatus capable of suppress-
ing the occurrence of relatively large smudges not intended
by design.



US 2019/0067579 A1l

[0219] According to the vapor deposition apparatus
according to an eighth aspect of the disclosure, in any one
of the first to seventh aspects, a plurality of the recessed
portions are preferably provided in the region between two
of the emission openings adjacent to each other in the first
direction.

[0220] According to such a configuration, the amount of
vapor deposition particles that, from the vapor deposition
particle mass in the plurality of recessed portions, reach near
to the emission opening can be decreased, and the vapor
deposition particle density near the emission opening can be
reduced, thereby making it possible to achieve a vapor
deposition apparatus capable of suppressing the occurrence
of relatively large smudges not intended by design.

[0221] According to the vapor deposition apparatus
according to a ninth aspect of the disclosure, in any one of
the first to eighth aspects, the recessed portion is preferably
provided symmetrically in the first direction about the
emission opening.

[0222] According to such a configuration, it is possible to
achieve a vapor deposition apparatus capable of forming a
more uniform vapor deposition film.

[0223] According to the vapor deposition apparatus
according to a tenth aspect of the disclosure, in any one of
the first to ninth aspects, each of the plurality of emission
openings has a width in the second direction that is greater
than a width in the first direction.

[0224] According to such a configuration, it is possible to
achieve a vapor deposition apparatus capable of forming a
vapor deposition film that is linear in the second direction.
[0225] According to the vapor deposition apparatus
according to an eleventh aspect of the disclosure, in any one
of the first to tenth aspects, the vapor deposition particle
emitting portion, the plurality of limiting plates, a vapor
deposition mask, and a substrate are disposed in the
described order from a bottom.

[0226] According to the configuration described above, it
is possible to achieve a vapor deposition apparatus capable
of suppressing the occurrence of relatively large smudges
not intended by design when a vapor deposition film is
formed on the substrate via the limiting plates and the vapor
deposition mask.

[0227] According to the vapor deposition apparatus
according to a twelfth aspect of the disclosure, in the
eleventh aspect, the substrate or a vapor deposition unit that
includes the vapor deposition particle emitting portion, the
plurality of limiting plates, and the vapor deposition mask
may be configured to move in the second direction.

[0228] According to the configuration described above, it
is possible to achieve a vapor deposition apparatus that can
be used in scan vapor deposition.

[0229] According to the vapor deposition apparatus
according to a thirteenth aspect of the disclosure, in any one
of the first to twelfth aspects, the emission openings may
protrude to the limiting plate side of the top plate of the
vapor deposition particle emitting portion.

[0230] According to the configuration described above, it
is possible to achieve a vapor deposition apparatus capable
of suppressing the occurrence of relatively large smudges
not intended by design.

[0231] To solve the above-described problems, a vapor
deposition method according to the disclosure includes
arranging a vapor deposition particle emitting portion
including a top plate linearly provided with a plurality of
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emission openings, being configured to emit vapor deposi-
tion particles, along with a first direction, a plurality of
limiting plates, a vapor deposition mask, and a substrate in
the described order from a bottom, and vapor-depositing
vapor deposition particles emitted from the vapor deposition
particle emitting portion on the substrate via spaces between
the plurality of limiting plates and openings in the vapor
deposition mask. The vapor-depositing is performed with
the limiting plate disposed as a perpendicular line perpen-
dicular to at least a portion of the inclined face to intersect
the limiting plate with respect to a recessed portion being
provided in a region between two of the emission openings
adjacent to each other on the limiting plate side of the top
plate, in a second direction orthogonal to the first direction,
and including at least one inclined face inclined with respect
to the first direction.

[0232] According to the vapor deposition method
described above, the vapor-depositing is performed with the
limiting plate disposed with respect to the recessed portion
that is provided in the region between two of the emission
openings adjacent to each other on the limiting plate side of
the top plate, in the second direction orthogonal to the first
direction, and that includes at least one inclined face inclined
with respect to the first direction, causing a perpendicular
line perpendicular to at least a portion of the inclined face to
intersect the limiting plate, thereby making it possible to
decrease the amount of vapor deposition particles that pass
from areas near the emission openings through the plurality
of limiting plates, and achieve a vapor deposition method
capable of suppressing the occurrence of relatively large
smudges not intended by design.

[0233] The method for manufacturing an organic EL dis-
play device according to the disclosure is a method includ-
ing a forming step of a vapor deposition layer for an organic
EL element including arranging a vapor deposition particle
emitting portion including a top plate linearly provided with
a plurality of emission openings, being configured to emit
vapor deposition particles, along with a first direction, a
plurality of limiting plates, a vapor deposition mask, and a
substrate in the described order from a bottom, and vapor-
depositing vapor deposition particles emitted from the vapor
deposition particle emitting portion on the substrate via
spaces between the plurality of limiting plates and openings
in the vapor deposition mask. The vapor-depositing is per-
formed, in the forming step of the vapor deposition layer for
the organic EL element, with the limiting plate disposed as
a perpendicular line perpendicular to at least a portion of the
inclined face to intersect the limiting plate with respect to a
recessed portion being provided in a region between two of
the emission openings adjacent to each other on the limiting
plate side of the top plate, in a second direction orthogonal
to the first direction, and including at least one inclined face
inclined with respect to the first direction.

[0234] According to the method for manufacturing an
organic EL display device described above, in the organic
EL element vapor deposition layer forming step, the vapor-
depositing is performed with the limiting plate disposed with
respect to the recessed portion that is provided in the region
between two of the emission openings adjacent to each other
on the limiting plate side of the top plate, in the second
direction orthogonal to the first direction, and includes at
least one inclined face inclined with respect to the first
direction, causing a perpendicular line perpendicular to at
least a portion of the inclined face to intersect the limiting
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plate, thereby making it possible to decrease the amount of
vapor deposition particles that pass from areas near the
emission openings through the plurality of limiting plates,
and achieve a method for manufacturing an organic EL
display device capable of suppressing the occurrence of
relatively large smudges not intended by design.

[0235] According to a method for manufacturing an
organic EL display device according to a sixteenth aspect of
the disclosure, in the fifteenth aspect, the organic EL element
vapor deposition layer forming step may be a light-emitting
layer vapor-depositing step.

[0236] According to the method described above, it is
possible to vapor-deposit a light-emitting layer while sup-
pressing the occurrence of relatively large smudges not
intended by design.

Additional Items

[0237] The disclosure is not limited to each of the embodi-
ments stated above, and various modifications may be
implemented within a range not departing from the scope of
the claims. Embodiments obtained by appropriately com-
bining technical approaches stated in each of the different
embodiments also fall within the scope of the technology of
the disclosure. Moreover, novel technical features may be
formed by combining the technical approaches stated in
each of the embodiments.

INDUSTRIAL APPLICABILITY

[0238] The disclosure can be used for a vapor deposition
apparatus, a vapor deposition method, and a method for
manufacturing an organic EL display device.

REFERENCE SIGNS LIST
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[0269] 33 Vapor deposition particle emitting portion

[0270] 33a Inclined face

[0271] 33b Inclined face

[0272] 33/ Top plate

[0273] 33U Recessed portion

[0274] 34 Emission opening

[0275] 35 Vapor deposition film

[0276] 43 Vapor deposition particle emitting portion

[0277] 43a Inclined face

[0278] 43b Inclined face

[0279] 43/ Top plate

[0280] 43U Recessed portion

[0281] 44 Emission opening

[0282] 45 Vapor deposition particle emitting portion

[0283] 45a Inclined face

[0284] 45b Inclined face

[0285] 45/ Top plate

[0286] 46 Vapor deposition particle emitting portion

[0287] 46a Inclined face

[0288] 464 Inclined face

[0289] 46¢ Inclined face

[0290] 46d Inclined face

[0291] 46e Inclined face

[0292] 46/ Inclined face

[0293] 46¢ Top plate

[0294] 47 Vapor deposition particle emitting portion

[0295] 47a Curved surface

[0296] 47 Top plate

[0297] 52 Vacuum chamber

[0298] 54 Vapor deposition source

[0299] 59 Limiting plate

[0300] 59L Lower face of limiting plate

[0301] 59H Upper face of limiting plate

[0302] 60 Vapor deposition mask

[0303] 60K Opening

[0304] 61 Substrate

[0305] 64 Vapor deposition particle mass

[0306] 73 Vapor deposition particle emitting portion

[0307] 73a Inclined face

[0308] 735 Surface perpendicular to lower face of limiting
plate

[0309] 73/ Top plate

[0310] 73U Recessed portion

[0311] 74 Emission opening

[0312] S Perpendicular line

1. A vapor deposition apparatus comprising:

a vapor deposition particle emitting portion including a
top plate linearly provided with a plurality of emission
openings, being configured to emit vapor deposition
particles, along with a first direction; and

a plurality of limiting plates,

wherein the plurality of emission openings are positioned
in respective space between the plurality of limiting
plates,

the top plate includes a recessed portion on the limiting
plate side, in a second direction orthogonal to the first
direction, in a region between two of the emission
openings adjacent to each other,

the recessed portion includes at least one inclined face

[0239] 1 Vapor deposition apparatus

[0240] 3 Vapor deposition particle emitting portion
[0241] 3a Inclined face

[0242] 354 Inclined face

[0243] 3/ Top plate

[0244] 3S Planar face

[0245] 3U Recessed portion

[0246] 4 Emission opening

[0247] 5 Vapor deposition unit

[0248] 11 Vapor deposition film

[0249] 12 Vapor deposition film

[0250] 12R Red light-emitting layer

[0251] 12G Green light-emitting layer

[0252] 12B Blue light-emitting layer

[0253] 13 Vapor deposition particle emitting portion
[0254] 13a Inclined face

[0255] 13b Inclined face

[0256] 13/ Top plate

[0257] 138 Planar face

[0258] 13U Recessed portion

[0259] 14 Emission opening

[0260] 20 Vapor deposition apparatus

[0261] 23 Vapor deposition particle emitting portion
[0262] 23a Inclined face

[0263] 235 Inclined face

[0264] 23/ Top plate

[0265] 23U Recessed portion

[0266] 24 Emission opening

[0267] 25 Vapor deposition film

[0268] 30 Vapor deposition apparatus

inclined with respect to the first direction, and
a perpendicular line perpendicular to at least a portion of
the inclined face intersects the limiting plate.
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2. The vapor deposition apparatus according to claim 1,

wherein the limiting plate intersected by the perpendicular
line of the inclined face exists directly above the region
between two of the emission openings adjacent to each
other.

3. The vapor deposition apparatus according to claim 1,

wherein the inclined face at least partially overlaps with
one of the spaces between the plurality of limiting
plates in a plan view.

4. The vapor deposition apparatus according to claim 2,

wherein the perpendicular line of the inclined face inter-
sects a lower face of the limiting plate that exists
directly above the region between two of the emission
openings adjacent to each other.

5. The vapor deposition apparatus according to claim 1,

wherein extended planes extending from the inclined
faces in the limiting plate direction respectively inter-
sect both ends in the first direction of the lower face of
the limiting plate that exists directly above the region
between two of the emission openings adjacent to each
other.

6. The vapor deposition apparatus according to claim 1,

wherein the recessed portion includes a plurality of
inclined faces, each having a different inclination angle.

7. The vapor deposition apparatus according to claim 1,

wherein the recessed portion is formed by a curved
surface.

8. The vapor deposition apparatus according to claim 1,

wherein a plurality of the recessed portions are provided
in the first direction in the region between two of the
emission openings adjacent to each other.

9. The vapor deposition apparatus according to claim 1,

wherein the recessed portion is provided symmetrically in
the first direction about the emission opening.

10. The vapor deposition apparatus according to claim 1,

wherein each of the plurality of emission openings has a
width in the second direction that is greater than a width
in the first direction.

11. The vapor deposition apparatus according to claim 1,

wherein the vapor deposition particle emitting portion, the
plurality of limiting plates, a vapor deposition mask,
and a substrate are disposed in the described order from
a bottom.

12. The vapor deposition apparatus according to claim 11,

wherein the substrate or a vapor deposition unit including
the vapor deposition particle emitting portion, the plu-
rality of limiting plates, and the vapor deposition mask
is configured to move in the second direction.

13. The vapor deposition apparatus according to claim 1,

wherein the emission openings protrude to the limiting
plate side of the top plate of the vapor deposition
particle emitting portion.

Feb. 28,2019

14. A vapor deposition method comprising:

arranging a vapor deposition particle emitting portion
including a top plate linearly provided with a plurality
of emission openings, being configured to emit vapor
deposition particles, along with a first direction, a
plurality of limiting plates, a vapor deposition mask,
and a substrate in the described order from a bottom;
and

vapor-depositing vapor deposition particles emitted from
the vapor deposition particle emitting portion on the
substrate via spaces between the plurality of limiting
plates and openings in the vapor deposition mask,

wherein the vapor-depositing is performed with the lim-
iting plate disposed as a perpendicular line perpendicu-
lar to at least a portion of the inclined face to intersect
the limiting plate with respect to a recessed portion
being provided in a region between two of the emission
openings adjacent to each other on the limiting plate
side of the top plate, in a second direction orthogonal
to the first direction, and including at least one inclined
face inclined with respect to the first direction.

15. A method for manufacturing an organic EL display

device comprising:

a forming step of a vapor deposition layer for an organic
EL element including

arranging a vapor deposition particle emitting portion
including a top plate linearly provided with a plurality
of emission openings, being configured to emit vapor
deposition particles, along with a first direction, a
plurality of limiting plates, a vapor deposition mask,
and a substrate in the described order from a bottom;
and

vapor-depositing vapor deposition particles emitted from
the vapor deposition particle emitting portion on the
substrate via spaces between the plurality of limiting
plates and openings in the vapor deposition mask,

wherein vapor-depositing is performed, in the forming
step of the vapor deposition laver for the organic EL
element, with the limiting plate disposed as a perpen-
dicular line perpendicular to at least a portion of the
inclined face to intersect the limiting plate with respect
to a recessed portion being provided in a region
between two of the emission openings adjacent to each
other on the limiting plate side of the top plate, in a
second direction orthogonal to the first direction, and
including at least one inclined face inclined with
respect to the first direction.

16. The method for manufacturing an organic EL display

device according to claim 15,

wherein the forming step of the vapor deposition layer for
the organic EL element includes a light-emitting layer
vapor-depositing step.
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