US 20130337597A1

12) Patent Application Publication (o) Pub. No.: US 2013/0337597 Al

a9y United States

Kawato et al,

(43) Pub, Date: Dec. 19, 2013

(54) VAPOR DEPOSITION DEVICE, VAPOR
DEPOSITION METHOD, AND ORGANIC EL
DISPLAY DEVICE

(75) Inventors: Shinichi Kawato, Osaka (JP); Satoshi
Inoue, Osaka (JP); Tohru Sonoda,
Osaka (JP); Satoshi Hashimoto, Osaka
(P)

(73) Assignee: Sharp Kabushiki Kaisha, Osaka-shi,
Osaka (IP)

(21) Appl.No:  13/984,799

(22) PCTFiled:  Mar.2,2012

(86) PCT No.:

§371 (1),
(2), (4) Date:

PCT/IP2012/055380

Aug. 9, 2013
(30) Foreign Application Priority Data
Mar. 11,2011 (JP) oo 2011-054319
Publication Classification

(51) Int.ClL

HO1L 51/56 (2006.01)

(52) US.CL
CPC oo HOIL 51/56 (2013.01)
L0/ LG 438/34; 118/720
(57) ABSTRACT

A vapor deposition device includes a vapor deposition source
(60) having a plurality of vapor deposition source openings
(61) that discharge vapor deposition particles (91), a limiting
unit (80) having a plurality of limiting openings (82), and a
vapor deposition mask (70) in which a plurality of mask
openings (71) are formed only in a plurality of vapor deposi-
tion regions (72) where the vapor deposition particles that
have passed through a plurality of limiting openings reach.
The plurality of vapor deposition regions are arranged along
a second direction that is orthogonal to the normal line direc-
tion of the substrate (10) and the movement direction of the
substrate, with non-vapor deposition regions (73) where the
vapor deposition particles do not reach being sandwiched
therebetween. Mask openings through which the vapor depo-
sition particles pass are formed at different positions in the
movement direction of the substrate from the positions of the
non-vapor deposition regions located on a straight line paral-
lel to the second direction, as viewed along the normal line
direction of the substrate. Accordingly, it is possible to stably
form a vapor deposition coating film in which edge blurring is
suppressed at a desired position on a substrate.
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VAPOR DEPOSITION DEVICE, VAPOR
DEPOSITION METHOD, AND ORGANIC EL
DISPLAY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a vapor deposition
device and a vapor deposition method for forming a coating
film having a predetermined pattern on a substrate. The
present invention also relates to an organic EL (Electro Lumi-
nescence) display device including an organic EL element
including a light emitting layer formed by vapor deposition.

BACKGROUND ART

[0002] In recent years, flat panel displays are used in vari-
ous commodity products and fields, and thus flat panel dis-
plays are required to have a large size, high image quality and
low power consumption.

[0003] Under the circumstances, organic EL display
devices, which include an organic EL element that utilizes
electro luminescence of an organic material, are attracting
great attention as all-solid state flat panel displays that are
excellent as having capability of low voltage operation, quick
responsivity and light emission.

[0004] Active matrix type organic EL display devices, for
example, are provided with a thin film-like organic EL ele-
ment on a substrate having a TFT (thin film transistor). In the
organic EL element, organic EL layers including a light emit-
ting layer are laminated between a pair of electrodes. The TFT
is connected to one of the pair of electrodes. Then, voltage is
applied across the pair of electrodes so as to cause the light
emitting layer to emit light, whereby an image is displayed.
[0005] Ina full-color organic EL display device, generally,
organic EL elements including light emitting layers of respec-
tive colors of red (R), green (G) and blue (B) are formed and
arranged on a substrate as sub-pixels. By causing these
organic EL elements to selectively emit light at the desired
brightness by using the TFT, a color image is displayed.
[0006] In order to manufacture an organic EL display
device, it is necessary to form a light emitting layer made of
organic light emitting materials that emit respective colors in
a predetermined pattern for each organic EL element.

[0007] Known methods for forming light emitting layers in
a predetermined pattern are vacuum vapor deposition
method, inkjet method and laser transfer method. For
example, the vacuum vapor deposition method is often used
for low molecular organic EL display devices (OLEDs).

[0008] In the vacuum vapor deposition method, a mask
(also called a “shadow mask”) having a predetermined pat-
tern of openings is used. The deposition surface of a substrate
having the mask closely fixed thereto is disposed so as to
oppose a vapor deposition source. Then, vapor deposition
particles (film forming material) from the vapor deposition
source are deposited onto the deposition surface through the
openings of the mask, whereby a predetermined pattern of a
coating film is formed. Vapor deposition is performed for
each color of the light emitting layer, which is referred to as
“vapor deposition by color”.

[0009] For example, Patent Documents 1 and 2 describe a
method for performing vapor deposition by color in which
light emitting layers for respective colors are formed by
sequentially moving a mask with respect to a substrate. With
such a method, a mask having a size equal to that of a sub-
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strate is used, and the mask is fixed so as to cover the depo-
sition surface of the substrate at the time of vapor deposition.

[0010] With conventional methods for performing vapor
deposition by color as described above, as the substrate
becomes larger, the mask needs to be large accordingly. How-
ever, when the mask is made large, a gap is likely to appear
between the substrate and the mask by the mask being bent or
being extended by its own weight. In addition, the size of the
gap varies depending on the position of the deposition surface
of the substrate. For this reason, it is difficult to perform
highly accurate patterning, and it is therefore difficult to
achieve high definition due to the occurrence of vapor depo-
sition positions being positionally offset and the occurrence
of color mixing.

[0011] Also, when the mask is made large, the mask as well
as a frame or the like for holding the mask need to be gigantic,
which increases the weight and makes handling thereof dif-
ficult. As a result, there is a possibility that productivity and
safety might be compromised. Also, the vapor deposition
device and devices that are used together therewith need to be
made gigantic and complex as well, which makes device
designing difficult and increases the installation cost.

[0012] For the reasons described above, the conventional
methods for vapor deposition by color that are described in
Patent Documents 1 and 2 are difficult to adapt to large-sized
substrates, and it is difficult to perform vapor deposition by
color on large-sized substrates such as those having a size
exceeding 60 inches on a mass manufacturing level.

[0013] Patent Document 3 describes a vapor deposition
method for causing vapor deposition particles discharged
from a vapor deposition source to adhere to a substrate after
causing the vapor deposition particles to pass through a mask
opening of a vapor deposition mask while relatively moving
the vapor deposition source and the vapor deposition mask
with respect to the substrate. With this vapor deposition
method, even in the case of large-sized substrates, it is not
necessary to increase the size of the vapor deposition mask in
accordance with the size of the substrates.

[0014] However, because it is necessary to relatively move
the vapor deposition mask with respect to the substrate, the
substrate and the vapor deposition mask need to be spaced
apart from each other. With Patent Document 3, vapor depo-
sition particles that fly from various directions may enter the
mask openings of the vapor deposition mask, and therefore
the width of the coating film formed on the substrate is wider
than the width of the mask opening, resulting in blurring at the
edge of the coating film.

[0015] Patent Document 4 describes a vapor deposition
device including a plurality of nozzles arranged along a first
direction, a plurality ofslits arranged along the first direction,
and a plurality of shielding walls arranged along the first
direction between the plurality of nozzles and the plurality of
slits. Vapor deposition particles respectively discharged from
the plurality of nozzles pass through spaces between the
shielding walls and the plurality of slits, and adhere to the
substrate traveling in a second direction that is orthogonal to
the first direction so as to form a thin film. According to this
vapor deposition device, the shielding walls limit the inci-
dence angles of the vapor deposition particles in the first
direction entering the slits, and therefore blurring at the edges
of a coating film in the first direction formed on the substrate
can be reduced.
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DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0020] In the vapor deposition device of Patent Document

4, a plurality of shielding walls may be positionally offset in
the first direction relatively with respect to a plurality of
nozzles or a plurality of slits due to a thermal expansion
difference resulting from a temperature change, an error in
assembly of the vapor deposition device, and the like. If such
positional offset occurs, the vapor deposition particles dis-
charged from a nozzle pass through an undesired slit, and
therefore there is a problem in that a coating film is not formed
at a desired position on a substrate.

[0021] Itis an object of the present invention to solve the
above-described conventional problems, and to stably form a
vapor deposition coating film in which edge blurring is sup-
pressed at a desired position on the substrate.

Means for Solving Problem

[0022] Thevapor depositiondevice of the present invention
1s a vapor deposition device that forms a coating film having
a predetermined pattern on a substrate, and the vapor depo-
sition device includes a vapor deposition unit and a moving
mechanism that moves one of the substrate and the vapor
deposition unit relative to the other along a first direction that
is orthogonal to a normal line direction of the substrate. The
vapor deposition unit includes a vapor deposition source hav-
ing a plurality of vapor deposition source openings that
respectively discharge vapor deposition particles, a limiting
unit having a plurality of limiting openings through which the
vapor deposition particles discharged from the plurality of
vapor deposition source openings respectively pass, and a
vapor deposition mask in which a plurality of mask openings
are formed only in a plurality of vapor deposition regions
where the vapor deposition particles that have respectively
passed through the plurality of limiting openings reach. The
plurality of vapor deposition regions are arranged along a
second direction that is orthogonal to the normal line direc-
tion and the first direction with non-vapor deposition regions
where the vapor deposition particles do not reach being sand-
wiched therebetween. Mask openings through which the
vapor deposition particles pass are formed at different posi-
tions in the first direction from the positions of the non-vapor
deposition regions located on a straight line parallel to the
second direction, as viewed along the normal line direction.
[0023] The vapor deposition method of the present inven-
tion is a vapor deposition method including a vapor deposi-
tion step of forming a coating film having a predetermined
pattern on a substrate by causing vapor deposition particles to
adhere onto the substrate, and the vapor deposition step is
performed by using the above-described vapor deposition
device of the present invention.

[0024] An organic EL display device according to the
present invention includes a coating film formed by using the
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above-described vapor deposition method of the present
invention as a light emitting layer.

Effects of the Invention

[0025] According to the vapor deposition device and the
vapor deposition method of the present invention, a plurality
of vapor deposition regions are arranged along a second
direction with non-vapor deposition regions, where vapor
deposition particles do not reach, being sandwiched therebe-
tween, and therefore, even if a limiting unit is positionally
offset in the second direction with respect to a vapor deposi-
tion sourceand a vapor deposition mask, a positional offset of
a coating film to be formed on the substrate does not occur.
[0026] Also, as viewed along the normal line direction of
the substrate, mask openings through which vapor deposition
particles pass are formed at different positions in the first
direction from the positions of non-vapor deposition regions
located on a straight line parallel to the second direction, and
therefore it is possible to prevent a problem of the coating
films not being formed in regions on the substrate correspond-
ing to said non-vapor deposition regions due to the presence
of the non-vapor deposition regions.

[0027] When vapor deposition particles pass through lim-
iting openings of the limiting unit, the limiting unit selectively
captures the vapor deposition particles according to the inci-
dence angles thereof, and therefore only vapor deposition
particles having a predetermined incidence angle or less enter
mask openings. Accordingly, the maximum incidence angle
of the vapor deposition particles with respect to the substrate
is reduced, and therefore blurring that occurs at the edge of the
coating film formed on the substrate can be suppressed.
[0028] An organic EL display device according to the
present invention includes a light emitting layer formed by
using the above-described vapor deposition method, and
therefore it is possible to obtain a high quality organic EL
display device with good yield.

BRIEF DESCRIPTION OF DRAWINGS

[0029] FIG.1isacross-sectional view showing a schematic
configuration of an organic EL display device.

[0030] FIG. 2 is a plan view showing a configuration of
pixels that constitute the organic EL display device shown in
FIG. 1.

[0031] FIG. 3 is a cross-sectional view of a TFT substrate
that constitutes the organic EL display device taken along the
line 3-3 of FIG. 2.

[0032] FIG. 4 is a flowchart illustrating the steps of a pro-
cess for manufacturing an organic EL display device in order.
[0033] FIG. 5is a perspective view showing the basic con-
figuration of a vapor deposition device according to Embodi-
ment 1 of the present invention.

[0034] FIG. 6 is a front cross-sectional view of the vapor
deposition device shown in FIG. 5, along a plane that is
perpendicular to the traveling direction of the substrate and
passes across first vapor deposition source.

[0035] FIG. 7 is a front cross-sectional view of the vapor
deposition device shown in FIG. 5, along a plane perpendicu-
lar to the traveling direction of the substrate and passing
across the second vapor deposition source.

[0036] FIG. 8is a plan view of a limiting unit to be used in
the vapor deposition device shown in FIG. 5.

[0037] FIG. 9is a plan view of a vapor deposition mask to
be used in the vapor deposition device shown in FIG. 5.
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[0038] FIG. 10 is a see-through plan view showing how a
stripe-shaped coating film is formed on a substrate using the
vapor deposition device shown in FIG. 5.

[0039] FIG. 11 is an enlarged cross-sectional view along a
plane perpendicular to the traveling direction of the substrate,
illustrating the cause of blurring occurring at the edge of a
coating film.

[0040] FIG. 12 is a perspective view showing the basic
configuration of a vapor deposition device according to a
comparative example.

[0041] FIG. 13 is a front cross-sectional view of the vapor
deposition device according to the comparative example
shown in FIG. 12, along a plane perpendicular to the traveling
direction of the substrate and passing across the vapor depo-
sition source.

[0042] FIG. 14A is an enlarged cross-sectional view show-
ing the coating films formed on the substrate in a state in
which a limiting unit is not positionally offset in the vapor
deposition device according to the comparative example
shown in FIG. 12. FIG. 14B is an enlarged cross-sectional
view showing the coating films formed on the substrate in a
state in which the limiting unit is positionally offset with
respect to the vapor deposition source openings in the vapor
deposition device according to the comparative example
shown in FIG. 12.

[0043] FIG. 15A is an enlarged cross-sectional view along
a plane passing across the first vapor deposition source and
including the line 15-15 of FIG. 9, showing the coating films
formed on the substrate in a state in which the limiting unit is
not positionally offset in the vapor deposition device shown in
FIG. 5.

[0044] FIG. 15B is an enlarged cross-sectional view along
aplane passing across the first vapor deposition source, show-
ing the coating films formed on the substrate in a state in
which the limiting unit is positionally offset with respect to
the vapor deposition source openings in the vapor deposition
device shown in FIG. 5.

[0045] FIG. 16 is a plan view of another vapor deposition
mask to be used in a vapor deposition device according to
Embodiment 1 of the present invention.

[0046] FIG. 17 is a plan view of still another vapor deposi-
tion mask to be used in the vapor deposition device according
to Embodiment 1 of the present invention.

[0047] FIG. 18 is a perspective view showing the basic
configuration of a vapor deposition device according to
Embodiment 2 of the present invention.

[0048] FIG.19is aplan view of a limiting unit to be used in
the vapor deposition device shown in FIG. 18.

[0049] FIG. 20 is a plan view of a vapor deposition mask to
be used in the vapor deposition device shown in FIG. 18.
[0050] FIG. 21 is a see-through plan view showing how a
stripe-shaped coating film is formed on a substrate using the
vapor deposition device shown in FIG. 18.

[0051] FIG. 22 is aplan view of a limiting unit to be used in
a vapor deposition device according to Embodiment 3 of the
present invention.

[0052] FIG.23 is a plan view of a vapor deposition mask to
be used in the vapor deposition device according to Embodi-
ment 3 of the present invention on which the limiting unit
shown in FIG. 22 is mounted.

[0053] FIG. 24 is a plan view of another limiting unit to be
used in the vapor deposition device according to Embodiment
3 of the present invention.
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[0054] FIG. 25 is a plan view of a vapor deposition mask to
be used in the vapor deposition device according to Embodi-
ment 3 of the present invention on which the limiting unit
shown in FIG. 24 is mounted.

DESCRIPTION OF THE INVENTION

[0055] Thevapor depositiondevice ofthe present invention
1s a vapor deposition device that forms a coating film having
a predetermined pattern on a substrate, and the vapor depo-
sition device includes a vapor deposition unit and a moving
mechanism that moves one of the substrate and the vapor
deposition unit relative to the other along a first direction that
is orthogonal to a normal line direction of the substrate. The
vapor deposition unit includes a vapor deposition source hav-
ing a plurality of vapor deposition source openings that
respectively discharge vapor deposition particles, a limiting
unit having a plurality of limiting openings through which the
vapor deposition particles discharged from the plurality of
vapor deposition source openings respectively pass, and a
vapor deposition mask in which a plurality of mask openings
are formed only in a plurality of vapor deposition regions
where the vapor deposition particles that have respectively
passed through the plurality of limiting openings reach. The
plurality of vapor deposition regions are arranged along a
second direction that is orthogonal to the normal line direc-
tion and the first direction with non-vapor deposition regions
where the vapor deposition particles do not reach being sand-
wiched therebetween. Mask openings through which the
vapor deposition particles pass are formed at different posi-
tions in the first direction from the positions of the non-vapor
deposition regions located on a straight line parallel to the
second direction, as viewed along the normal line direction.

[0056] In the vapor deposition device of the present inven-
tion, it is preferable that the plurality of vapor deposition
regions are arranged along a plurality of straight lines that are
parallel to the second direction and are located at different
positions in the first direction, as viewed along the normal line
direction. Accordingly, the degree of freedom for each
arrangement of the plurality of vapor deposition source open-
ings, the plurality of limiting openings, and the plurality of
mask openings is improved.

[0057] Itis preferable that the plurality of vapor deposition
regions are arranged in a staggered arrangement along two
straight lines that are parallel to the second direction and are
located at different positions in the first direction, as viewed
along the normal line direction. Accordingly, it is possible to
realize the vapor deposition device of the present invention by
respectively arranging the plurality of vapor deposition
source openings, the plurality of limiting openings, and the
plurality of mask openings efficiently.

[0058] In the vapor deposition device of the present inven-
tion, the non-vapor deposition regions may be slanted with
respect to the first direction and the second direction, as
viewed along the normal line direction. Accordingly, it is
possible to arrange the plurality of vapor deposition source
openings, the plurality of limiting openings, and the plurality
of vapor deposition regions along a straight line parallel to the
second direction. Therefore, it is possible to reduce the sizes
in the first direction and the weights of the vapor deposition
source, the limiting unit, and the vapor deposition mask. Note
that, in the present invention, a non-vapor deposition region
“Is slanted” with respect to the first direction and the second
direction means that a direction in which the non-vapor depo-
sition region extends (that is, the longitudinal direction of the
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non-vapor deposition region) is not perpendicular or parallel
to the first direction and the second direction.

[0059] In the vapor deposition device of the present inven-
tion, it is preferable that a shared coating film is formed by
overlaying vapor deposition particles that have passed
through a plurality of mask openings arranged at different
positions in the first direction. Accordingly, the utilization
efficiency of the vapor deposition material is improved and
throughput at the time of mass production is improved. Also,
itis possible to form a coating film having a uniform thickness
over a wide range of the substrate in the second direction.
[0060] In the vapor deposition device of the present inven-
tion, it is preferable that the width of the vapor deposition
region in the second direction is larger than the width of a
region in the second direction where mask openings are
present in the vapor deposition region. Accordingly, it is
possible to prevent a situation in which a coating film is not
formed at a desired position due to the limiting unit being
positionally offset in the second direction with respect to the
vapor deposition source and the vapor deposition mask.
[0061] Inthevapor deposition method of the present inven-
tion, it is preferable that the coating film is a light emitting
layer for an organic EL element.

[0062] Hereinafter, the present invention will be described
in detail by showing preferred embodiments. It should be
noted, however, that the present invention is not limited to the
following embodiments. For the sake of convenience of the
description, the drawings referred to hereinafter show only
the principal members required to describe the present inven-
tion in simplified form among the constituent members of the
embodiments of the present invention. Accordingly, the
present invention may include optional constituent members
thatare not shown in the following drawings. Also, the dimen-
sions of the members in the drawings do not faithfully repre-
sent the actual dimensions or dimensional proportions of the
constituent members.

[0063] (Configuration of Organic EL Display Device)
[0064] Anexample of anorganic EL display device thatcan
be manufactured by applying the present invention will be
described. This organic EL display device is a bottom emis-
siontype organic EL display device in which light is extracted
from the TFT substrate side and that displays full color
images by controlling light emission of red (R), green (G) and
blue (B) pixels (sub-pixels).

[0065] First, the overall configuration of the organic EL
display device will be described below.

[0066] FIG.1isacross-sectional view showing a schematic
configuration of the organic EL display device. FIG. 2 is a
plan view showing a configuration of pixels that constitute the
organic EL display device shown in FIG. 1. FIG. 3 is a
cross-sectional view of a TFT substrate that constitutes the
organic EL display device, taken along the line 3-3 of FIG. 2.
[0067] As shownin FIG. 1, the organic EL display device 1
has a configuration in which, on a TFT substrate 10 provided
with a TFT 12 (see FIG. 3), an organic EL element 20 con-
nected to the TFT 12, an adhesive layer 30 and a sealing
substrate 40 are provided in this order. A display region 19 in
which images are displayed is located in the center of the
organic EL display device 1, and the organic EL element 20 is
disposed within the display region 19.

[0068] The organic EL element 20 is enclosed between a
pair of substrates, namely, the TFT substrate 10 and the seal-
ing substrate 40, by the TFT substrate 10 having the organic
EL element 20 laminated thereon being bonded to the sealing
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substrate 40 with the use of the adhesive layer 30. By the
organic EL element 20 being enclosed between the TFT sub-
strate 10 and the sealing substrate 40 as described above,
oxygen and moisture are prevented from entering the organic
EL element 20 from the outside.

[0069] As shown in FIG. 3, the TFT substrate 10 includes,
as a support substrate, a transparent insulating substrate 11
such as a glass substrate, for example. In the case of a top
emission type organic EL display device, however, the insu-
lating substrate 11 is not necessarily transparent.

[0070] As shown in FIG. 2, on the insulating substrate 11, a
plurality of wires 14 are provided that include a plurality of
gate lines provided in the horizontal direction and a plurality
of signal lines intersecting the gate lines and provided in the
vertical direction. A gate line driving circuit (not shown) that
drives the gate lines is connected to the gate lines, and a signal
line driving circuit (not shown) that drives the signal lines are
connected to the signal lines. On the insulating substrate 11,
red (R), green (G) and blue (B) sub-pixels 2R, 2G and 2B
made of the organic EL element 20 are disposed in a matrix in
their respective regions surrounded by the wires 14.

[0071] The sub-pixels 2R emit red light, the sub-pixels 2G
emit green light, and the sub-pixels 2B emit blue light. Sub-
pixels of the same color are disposed in a column direction
(up-down direction in FIG. 2) and a repeating unit consisting
of sub-pixels 2R, 2G and 2B is repeatedly disposed in a row
direction (right-left direction in FIG. 2). The sub-pixels 2R,
2G and 2B constituting a repeating unit in the row direction
constitute a pixel 2 (specifically, a single pixel).

[0072] The sub-pixels 2R, 2G and 2B respectively include
light emitting layers 23R, 23G and 23B that emit respective
colors. The light emitting layers 23R, 23G and 23B are pro-
vided to extend in stripes in the column direction (up-down
direction in FIG. 2).

[0073] A configuration of the TFT substrate 10 will be
described.
[0074] As shown in FIG. 3, the TFT substrate 10 includes,

on the transparent insulating substrate 11 such as a glass
substrate, the TFT 12 (switching element), the wires 14, an
inter-layer film 13 (inter-layer insulating film, planarized
film), an edge cover 15, and so on.

[0075] The TFT 12 functions as a switching element that
controls light emission of the sub-pixels 2R, 2G and 2B, and
is provided for each of the sub-pixels 2R, 2G and 2B. The TFT
12 is connected to the wires 14.

[0076] Theinter-layer film 13 also functions as a planarized
film, and is laminated over the display region 19 of the insu-
lating substrate 11 so as to cover the TFT 12 and the wires 14.
[0077] A first electrode 21 is formed on the inter-layer film
13. The first electrode 21 is electrically connected to the TFT
12 via a contact hole 13a formed in the inter-layer film 13.
[0078] The edge cover 15 is formed on the inter-layer film
13 so as to cover pattern ends of the first electrode 21. The
edge cover 15 is an insulating layer for preventing short-
circuiting between the first electrode 21 and a second elec-
trode 26 that constitute the organic EL element 20 caused by
an organic EL layer 27 becoming thin or the occurrence of
electric field concentration at the pattern ends of the first
electrode 21.

[0079] The edge cover 15 has openings 15R, 15G and 15B
for the sub-pixels 2R, 2G and 2B. The openings 15R, 15G and
15B of the edge cover 15 serve as light emitting regions of the
sub-pixels 2R, 2G and 2B. To rephrase, the sub-pixels 2R, 2G
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and 2B are partitioned by the edge cover 15 that is insulative.
The edge cover 15 also functions as an element separation
film.

[0080] The organic EL element 20 will be described.
[0081] The organic EL element 20 is a light emitting ele-
ment capable of emitting highly bright light by low voltage
direct current driving, and includes the first electrode 21, the
organic EL layer 27 and the second electrode 26 in this order.
[0082] The first electrode 21 is a layer having a function of
injecting (supplying) holes into the organic EL layer 27. As
described above, the first electrode 21 is connected to the TFT
12 via the contact hole 13a.

[0083] As shown in FIG. 3, the organic EL layer 27
includes, between the first electrode 21 and the second elec-
trode 26, a hole injection and transport layer 22, the light
emitting layers 23R, 23G and 23B, an electron transport layer
24 and an electron injection layer 25 in this order from the first
electrode 21 side.

[0084] In the present embodiment, the first electrode 21
serves as a positive electrode and the second electrode 26
serves as a negative electrode, but the first electrode 21 may
serve as a negative electrode and the second electrode 26 may
serve as a positive electrode. In this case, the order of the
layers constituting the organic EL layer 27 is reversed.
[0085] The hole injection and transport layer 22 functions
both as a hole injection layer and a hole transport layer. The
hole injection layer is a layer having a function of enhancing
the efficiency of injecting holes into the light emitting layers
23R, 23G and 23B. The hole transport layer is a layer having
a function of enhancing the efficiency of transporting holes to
the light emitting layers 23R, 23G and 23B. The hole injec-
tion and transport layer 22 is formed uniformly over the
display region 19 in the TFT substrate 10 so as to cover the
first electrode 21 and the edge cover 15.

[0086] In the present embodiment, the hole injection and
transport layer 22 in which a hole injection layer and a hole
transport layer are integrated together is provided, but the
present invention is not limited thereto, and the hole injection
layer and the hole transport layer may be formed as indepen-
dent layers.

[0087] Ontheholeinjection and transport layer 22, the light
emitting layers 23R, 23G and 23B are formed correspond-
ingly to the columns of the sub-pixels 2R, 2G and 2B so as to
cover the openings 15R, 15G and 15B of the edge cover 15,
respectively. The light emitting layers 23R, 23G and 23B are
layers having a function of emitting light by recombining
holes injected from the first electrode 21 side and electrons
injected from the second electrode 26 side. The light emitting
layers 23R, 23G and 23B each contain a material having a
high light-emission efficiency such as a low-molecular fluo-
rescent dye or a metal complex.

[0088] The electron transport layer 24 is a layer having a
function of enhancing the efficiency of transporting electrons
from the second electrode 26 to the light emitting layers 23R,
23G and 23B.

[0089] The electron injection layer 25 is a layer having a
function of enhancing the efficiency of injecting electrons
from the second electrode 26 to the light emitting layers 23R,
23G and 23B.

[0090] The electron transport layer 24 is formed uniformly
over the display region 19 in the TFT substrate 10 such that it
is on the light emitting layers 23R, 23G and 23B and the hole
injection and transport layer 22 so as to cover the light emit-
ting layers 23R, 23G and 23B and the hole injection and
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transport layer 22. Likewise, the electron injection layer 25 is
formed uniformly over the display region 19 in the TFT
substrate 10 such that itis on the electron transport layer 24 so
as to cover the electron transport layer 24.

[0091] In the present embodiment, the electron transport
layer 24 and the electron injection layer 25 are provided as
independent layers, but the present invention is not limited
thereto, and they may be provided as a single layer (specifi-
cally, an electron transport and injection layer) in which the
electron transport layer 24 and the electron injection layer 25
are integrated together.

[0092] The second electrode 26 is a layer having a function
ofinjecting electrons into the organic EL layer 27. The second
electrode 26 is formed uniformly over the display region 19 in
the TFT substrate 10 such that it is on the electron injection
layer 25 so as to cover the electron injection layer 25.
[0093] An organic layer other than the light emitting layers
23R, 23G and 23B is not essential to the organic EL layer 27,
and may be selected or omitted according to the characteris-
tics required of the organic EL element 20. The organic EL
layer 27 may further include a carrier blocking layer if nec-
essary. By adding a hole blocking layer serving as a carrier
blocking layer between the electron transport layer 24 and the
light emitting layer 23R, 23G, 23B, for example, it is possible
to prevent holes from escaping to the electron transport layer
24, whereby light-emission efficiency can be improved.

[0094] (Manufacturing Method for Organic EL Display
Device)
[0095] A method for manufacturing an organic EL display

device 1 will be described below.

[0096] FIG. 4 is a flowchart illustrating the steps of a pro-
cess for manufacturing the above-described organic EL dis-
play device 1 in order.

[0097] As shown in FIG. 4, the method for manufacturing
an organic EL, display device 1 according to the present
embodiment includes, forexample,a TFT substrate/first elec-
trode producing step S1, a hole injection layer/hole transport
layer forming step S2, a light emitting layer forming step S3,
an electron transport layer forming step S4, an electron injec-
tion layer forming step S5, a second electrode forming step S6
and a sealing step S7 in this order.

[0098] Each step of FIG. 4 will be described below. It
should be noted, however, that the dimensions, materials and
shapes of the constituent elements described below are
merely examples, and the present invention is not limited
thereto. Also, in the present embodiment, the first electrode
21 is used as a positive electrode and the second electrode 26
is used as a negative electrode, but in the case where the first
electrode 21 is used as a negative electrode and the second
electrode 26 is used as a positive electrode, the order of the
layers laminated in the organic EL layer is reversed from that
discussed below. Likewise, the materials for constituting the
first electrode 21 and the second electrode 26 are also
reversed from those discussed below.

[0099] First,a TFT 12, wires 14 and the like are formed on
an insulating substrate 11 by a known method. As the insu-
lating substrate 11, for example, a transparent glass substrate,
plastic substrate or the like can be used. As an example, a
rectangular glass plate having a thickness of about 1 mm and
longitudinal and transverse dimensions of 500x400 mm can
be used as the insulating substrate 11.

[0100] Next, a photosensitive resin is applied onto the insu-
lating substrate 11 so as to cover the TFT 12 and the wires 14,
and patterning is performed using a photolithography tech-
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nique to form an inter-layer film 13. As a material for the
inter-layer film 13, for example, an insulating material such as
acrylic resin or polyimide resin can be used. Generally, poly-
imide resin is not transparent but colored. For this reason,
when manufacturing a bottom emission type organic EL dis-
play device 1 as shown FIG. 3, it is preferable to use a
transparent resin such as acrylic resin for the inter-layer film
13. There is no particular limitation on the thickness of the
inter-layer film 13 as long as irregularities in the upper surface
ofthe TFT 12 can be eliminated. As an example, aninter-layer
film 13 having a thickness of about 2 um can be formed by
using acrylic resin.

[0101] Next, contact holes 13a for electrically connecting
the first electrode 21 to the TFT 12 are formed in the inter-
layer film 13.

[0102] Next, a first electrode 21 is formed on the inter-layer
film 13. Specifically, a conductive film (electrode film) is
formed on the inter-layer film 13. Next, a photoresist is
applied onto the conductive film and patterning is performed
by using a photolithography technique, after which the con-
ductive film is etched using ferric chloride as an etching
solution. After that, the photoresist is stripped off using a
resist stripping solution, and the substrate is washed. A first
electrode 21 in a matrix is thereby obtained on the inter-layer
film 13.

[0103] Examples of conductive film-forming materials that
can be used for the first electrode 21 include transparent
conductive materials such as ITO (indium tin oxide), IZO
(indium zinc oxide) and gallium-added zinc oxide (GZO);
and metal materials such as gold (Au), nickel (N1) and plati-
num (Pt).

[0104] As the method for laminating conductive films, it is
possible to use a sputtering method, a vacuum vapor deposi-
tion method, a CVD (chemical vapor deposition) method, a
plasma CVD method, a printing method or the like can be
used.

[0105] As an example, a first electrode 21 having a thick-
ness of about 100 nm can be formed by a sputtering method
using ITO.

[0106] Next, an edge cover 15 having a predetermined pat-
tern is formed. The edge cover 15 can be formed by, for
example, patterning performed in the same manner as pet-
formed for the inter-layer film 13, using the same insulating
materials as those listed for the inter-layer film 13. As an
example, an edge cover 15 having a thickness of about 1 pm
can be formed using acrylic resin.

[0107] Through the above processing, the TFT substrate 10
and the first electrode 21 are produced (Step S1).

[0108] Next, the TFT substrate 10 that has undergone step
S1 is baked under reduced pressure for the purpose of dehy-
dration and then subjected to an oxygen plasma treatment in
order to wash the surface of the first electrode 21.

[0109] Next, onthe TFT substrate 10, a hole injection layer
and a hole transport layer (in the present embodiment, a hole
injection and transport layer 22) is formed over the display
region 19 in the TFT substrate 10 by a vapor deposition
method (S2).

[0110] Specifically, an open mask having an opening cor-
responding to the entire display region 19 is closely fixed to
the TFT substrate 10. Materials for forming a hole injection
layer and a hole transport layer are deposited over the display
region 19 in the TFT substrate 10 through the opening of the
open mask while the TFT substrate 10 and the open mask are
rotated together.
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[0111] As noted above, the hole injection layer and the hole
transport layer may be integrated into a singlelayer, or may be
independent layers. Each layer has a thickness of, for
example, 10 to 100 nm.

[0112] Examples of materials for the hole injection layer
and the hole transport layer include benzine, styryl amine,
triphenyl amine, porphyrin, triazole, imidazole, oxadiazole,
polyarylalkane, phenylene diamine, arylamine, oxazole,
anthracene, fluorenone, hydrazone, stilbene, triphenylene,
azatriphenylene and derivatives thereof, heterocyclic conju-
gated monomers, oligomers or polymers, such as polysilane-
based compounds, vinylcarbazole-based compounds,
thiophene-based compounds, aniline-based compounds and
the like.

[0113] As an example, a hole injection and transport layer
22 having a thickness of 30 nm can be formed using 4,4'-bis
[N-(1-naphthyl)-N-phenylamino]biphenyl (a-NPD).

[0114] Next, on the hole injection and transport layer 22,
light emitting layers 23R, 23G and 23B are formed in stripes
so as to cover openings 15R, 15G and 15B in the edge cover
15 (83). The light emitting layers 23R, 23G and 23B are
deposited such that respective colors, namely, red, green and
blue are applied to corresponding predetermined regions (va-
por deposition by color).

[0115] As materials for the light emitting layers 23R, 23G
and 23B, materials having a high light-emission efficiency
such as low-molecular fluorescent dyes or metal complexes
can be used. Examples thereof include anthracene, naphtha-
lene, indene, phenanthrene, pyrene, naphthacene, triph-
enylene, anthracene, perylene, picene, fluoranthene, aceph-
enanthrylene, pentaphene, pentacene, coronene, butadiene,
coumarin, acridine, stilbene and derivatives thereof, tris(8-
quinolinolato)aluminum complex, bis(benzoquinolinolato)
beryllium complex, tri(dibenzoylmethyl)phenanthroline
europium complex, ditolyl vinyl biphenyl and the like.
[0116] The light emitting layers 23R, 23G and 23B may be
constituted only by the above-described organic light emit-
ting material, or may include a hole transport layer material,
an electron transport layer material, additives (donor, accep-
tor, and the like), a luminescent dopant, and the like. Also, a
configuration may be adopted in which these materials are
dispersed in a polymeric material (resin for binding) or an
inorganic material. It is preferable that luminescent dopants
are dispersed in host from the view are tilted of improving
light-emission efficiency and achieving a long service life.
[0117] The light emitting layers 23R, 23G and 23B can
have a thickness of, for example, 10 to 100 nm.

[0118] The vapor deposition method and the deposition
device of the present invention can be used particularly suit-
ably in vapor deposition by color for forming light emitting
layers 23R, 23G and 23B. The method for forming light
emitting layers 23R, 23G and 23B using the present invention
will be described later in detail.

[0119] Next, an electron transport layer 24 is formed over
the display region 19 in the TFT substrate 10 so as to cover the
hole injection and transport layer 22 and the light emitting
layers 23R, 23G and 23B by a vapor deposition method (54).
The electron transport layer 24 can be formed in the same
manner as in the hole injection layer/hole transport layer
forming step (S2) described above.

[0120] Next, an electron injection layer 25 is formed over
the display region 19 in the TFT substrate 10 so as to cover the
electron transport layer 24 by a vapor deposition method (85).
The electron injection layer 25 can be formed in the same
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manner as in the hole injection layer/hole transport layer
forming step (S2) described above.

[0121] Examples of materials for the electron transport
layer 24 and the electron injection layer 25 include quinoline,
perylene, phenanthroline, bisstyryl, pyrazine, triazole,
oxazole, oxadiazole, fluorenone, and derivatives and metal
complexes thereof, LiF (lithium fluoride) and the like.
[0122] As noted above, the electron transport layer 24 and
the electron injection layer 25 may be formed as a single layer
in which these layers are integrated together, or may be
formed as independent layers. Each layer has a thickness of,
for example, 1 to 100 nm. The total thickness of the electron
transport layer 24 and the electron injection layer 25 is, for
example, 20 to 200 nm.

[0123] Asanexample, anelectron transport layer 24 having
a thickness of 30 nm can be formed using Alq (tris(8-hydrox-
yquinoline)aluminum), and an electron injection layer 25
having a thickness of 1 nm can be formed using LiF (lithium
fluoride).

[0124] Next, a second electrode 26 is formed over the dis-
play region 19 in the TFT substrate 10 so as to cover the
electron injection layer 25 by a vapor deposition method (S6).
The second electrode 26 can be formed in the same manner as
in the hole injection layer/hole transport layer forming step
(8S2) described above. The material (electrode material) for
the second electrode 26 is preferably a metal having a small
work function, or the like. Examples of such electrode mate-
rials include magnesium alloy (MgAg and the like), alumi-
num alloy (AlLi, AlCa, AIMg and the like), metal calcium,
and the like. The second electrode 26 has a thickness of, for
example, 50 to 100 nm. As an example, a second electrode 26
having a thickness of 50 nm can be formed using aluminum.

[0125] Onthesecond electrode 26, a protective film may be
formed so as to cover the second electrode 26, in order to
prevent oxygen and moisture from entering the organic EL
element 20 from the outside. As the material for the protective
film, an insulating or conductive material can be used.
Examples thereof include silicon nitride and silicon oxide.
The protective film has a thickness of, for example, 100 to
1000 nm.

[0126] Through the above processing, the organic EL ele-
ment 20 including the first electrode 21, the organic EL layer
27 and the second electrode 26 can be formed on the TFT
substrate 10.

[0127] Next, as shown in FIG. 1, the TFT substrate 10
having the organic EL element 20 formed thereon is bonded
to a sealing substrate 40 by using an adhesive layer 30 so as to
enclose the organic EL element 20. As the sealing substrate
40, for example, an insulating substrate, such as a glass sub-
strate or a plastic substrate, having a thickness of 0.4 to 1.1
mm can be used.

[0128] In this manner, an organic EL display device 1 is
obtained.
[0129] Intheorganic EL display device 1, whenthe TFT 12

is turned on by input of signals from the wires 14, holes are
injected from the first electrode 21 into the organic EL layer
27. On the other hand, electrons are injected from the second
electrode 26 into the organic EL layer 27. The holes and the
electrons are recombined in the light emitting layers 23R,
23G and 23B and emit predetermined color light when deac-
tivating energy. By controlling emitting brightness of each of
the sub-pixels 2R, 2G and 2B, a predetermined image can be
displayed on the display region 19.
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[0130] Hereinafter, step S3, which is the step of forming
light emitting layers 23R, 23G and 23B by vapor deposition
by color, will be described.

Embodiment 1

Basic Configuration of Vapor Deposition Device

[0131] FIG. 51is a perspective view showing the basic con-
figuration of the vapor deposition device according to
Embodiment 1 of the present invention. FIG. 6 is a front
cross-sectional view of the vapor deposition device shown in
FIG. 5, along a plane passing across a first vapor deposition
source 60a. FIG. 7 is a front cross-sectional view of the vapor
deposition device shown in FIG. 5, along a plane passing
across the second vapor deposition source 605.

[0132] A vapor deposition source 60, a vapor deposition
mask 70, and a limiting unit 80 disposed therebetween con-
stitute a vapor deposition unit 50. The substrate 10 moves
along an arrow 10a at a constant speed with respect to the
vapor deposition mask 70 on the opposite side from the vapor
deposition source 60. For the sake of convenience of the
description given below, an XYZ orthogonal coordinate sys-
tem is set in which a horizontal axis parallel to the movement
direction (first direction) 10a of the substrate 10 is defined as
the Y axis, a horizontal axis perpendicular to the Y axis is
defined as the X axis, and a vertical axis perpendicular to the
X axis and the Y axis is defined as the Z axis. The Z axis is
parallel to the normal line direction of the deposition surface
10e of the substrate 10. To facilitate the description, the side
to which the arrow indicating the Z axis are tilted (the upper
side of FIGS. 6 and 7) is referred to as the “upper side”.
[0133] The vapor deposition source 60 has a first vapor
deposition source 60a and a second vapor deposition source
605. The first vapor deposition source 60a and the second
vapor deposition source 605 respectively have a plurality of
first vapor deposition source openings 61a and a plurality of
second vapor deposition source openings 61, in their upper
surfaces (that is, the surface opposing the vapor deposition
mask 70). The plurality of first vapor deposition source open-
ings 61a and the plurality of second vapor deposition source
openings 615 are arranged at different positions in the Y axis
direction, and are arranged at a fixed pitch along a straight line
parallel to the X axis direction (second direction). The pitches
of the plurality of first vapor deposition source openings 61a
in the X axis direction and the pitches of the plurality of
second vapor deposition source openings 615 in the X axis
direction are the same. The positions of the plurality of first
vapor deposition source openings 61a in the X axis direction
are positionally offset by half a pitch thereof in the X axis
direction, with respect to the positions of the plurality of
second vapor deposition source openings 615 in the X axis
direction. Each of the vapor deposition source openings 61a
and 61 has a nozzle shape that is upwardly open parallel to
the 7 axis. The first vapor deposition source openings 61a and
the second vapor deposition source openings 614 discharge
vapor deposition particles that serve as materials for a coating
film 90 toward the vapor deposition mask 70. Although vapor
deposition particles discharged from the first vapor deposi-
tion source openings 61a are the same as vapor deposition
particles discharged from the second vapor deposition source
openings 615 in the present embodiment, the vapor deposi-
tion particles discharged from the first vapor deposition
source openings 61a are referred to as “first vapor deposition
particles 91a” and the vapor deposition particles discharged
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from the second vapor deposition source openings 615 are
referred to as “second vapor deposition particles 915 to
distinguish therebetween.

[0134] The limiting unit 80 is disposed above the vapor
deposition source 60. FIG. 8is a plan view of the limiting unit
80. The vapor deposition source 60 disposed below the lim-
iting unit 80 is also shown in FIG. 8. A plurality of limiting
openings, which are through holes respectively penetrating
the limiting unit 80 in the Z axis direction, are formed in the
limiting unit 80. The opening shape of the limiting opening is
substantially a rectangle whose longitudinal direction is par-
allel to the Y axis. The plurality of limiting openings include
a plurality of first limiting openings 82a disposed along a
straight line parallel to the X axis direction at the same pitch
as that of the plurality of first vapor deposition source open-
ings 61a, and a plurality of second limiting openings 826
disposed along another straight line parallel to the X axis
direction at the same pitch as that of the plurality of second
vapor deposition source openings 61b. As can be easily
understood from FIG. 8, as viewed in a direction parallel to
the Z axis, the plurality of first vapor deposition sources 60a
and the plurality of second vapor deposition sources 604 are
arranged in a staggered arrangement, and similarly, the plu-
rality of first limiting openings 82a and the plurality of second
limiting openings 824 also are arranged in a staggered
arrangement.

[0135] The first limiting openings 82a neighboring in the X
axis direction are separated by a first limiting portion 81a (see
FIG. 6), and the second limiting openings 824 neighboring in
the X axis direction are separated by a second limiting portion
815 (see FIG. 7). In the present embodiment, one first vapor
deposition source opening 61a is disposed at the central point
between first limiting portions 81a neighboring in the X axis
direction. Also, one second vapor deposition source opening
615 is disposed at the central point between second limiting
portions 815 neighboring in the X axis direction. As a result,
the plurality of first limiting openings 82a correspond one-
to-one to the plurality of first vapor deposition source open-
ings 61a, and each of the plurality of first limiting openings
82a is disposed above the corresponding first vapor deposi-
tion source opening 6la. Similarly, the plurality of second
limiting openings 824 correspond one-to-one to the plurality
of second vapor deposition source openings 615, and each of
the plurality of second limiting openings 824 is disposed
above the corresponding second vapor deposition source
opening 615.

[0136] However, the present invention is not limited to this,
and a plurality of first limiting openings 82a may be config-
ured so as to correspond to one first vapor deposition source
opening 61a. Alternatively, one first limiting opening 82a
may be configured so as to correspond to a plurality of first
vapor deposition source openings 61a. Similarly, a plurality
of second limiting openings 825 may be configured so as to
correspond to one second vapor deposition source opening
614. Alternatively, one second limiting opening 825 may be
configured so as to correspond to a plurality of second vapor
deposition source openings 615. In the present invention, “a
limiting opening corresponding to a vapor deposition source
opening” refers to a limiting opening that is designed so that
the vapor deposition particles discharged from the vapor
deposition source opening are capable of passing there-
through.

[0137] Although the number of the first and second vapor
deposition source openings 61a and 615 and the first and

Dec. 19, 2013

second limiting openings 82a and 824 disposed in the X axis
direction is four in FIGS. 5 and 8, the present invention is not
limited to this and the number may be larger or smaller than
this.

[0138] The limiting unit 80 may include a cooling device
for cooling the limiting unit 80 in order to prevent a vapor
deposition material that has adhered thereto from re-vaporiz-
ing or the like. Although there is no particular limitation on a
cooling device, for example, a pipe for allowing a coolant (for
example, water) to pass through, a cooling element such as a
Peltier element or the like can be arbitrarily selected.

[0139] A vapor deposition material adheres to the limiting
unit 80. Therefore, it is preferable that the limiting unit 80 to
which the vapor deposition material has adhered is replaced
with a new one every predetermined period. The limiting unit
80 may be configured to be dividable into a plurality of
portions in order to make the operation for replacing the
limiting unit 80 easy.

[0140] The vapor deposition mask 70 is disposed on the
opposite side of the limiting unit 80 from the vapor deposition
source 60. F1G. 9 is a plan view of the vapor deposition mask
70. First vapor deposition source openings 61a and second
vapor deposition source openings 615 of the vapor deposition
source 60 disposed below the vapor deposition mask 70 are
also shown in FIG. 9. The vapor deposition mask 70 is a
plate-shaped piece that has a major surface (the surface hav-
ing the largest area) parallel to the XY plane and in which a
plurality of first mask openings 71a and a plurality of second
mask openings 715 are formed at different positions in the X
axis direction. The first and second mask openings 71a and
715 are through holes that penetrate the vapor deposition
mask 70 in the 7 axis direction. In the present embodiment,
each of the mask openings 71a and 715 has an opening shape
having a slot shape thatis parallel to the Y axis, but the present
invention is not limited thereto. All of the mask openings 71a
and 715 may have the same shape and dimensions, or may
have different shapes and dimensions.

[0141] Ttis preferable that the vapor deposition mask 70 is
held by a mask tension mechanism (not shown). The mask
tension mechanism prevents the occurrence of bending or
extension of the vapor deposition mask 70 due to its own
weight, by applying tension to the vapor deposition mask 70
in a direction parallel to the major surface thereof.

[0142] The plurality of vapor deposition source openings
61a and 615 are spaced apart from the limiting unit 80 in the
7 axis direction, and the limiting unit 80 is spaced apart from
the vapor deposition mask 70 in Z axis direction. It is prefer-
able that the relative positions between the vapor deposition
sources 60a and 605, the limiting unit 80, and the vapor
deposition mask 70 are substantially constant at least during
vapor deposition by color.

[0143] As shown in FIGS. 6 and 7, the substrate 10 is held
by a holding device 55. As the holding device 55, for example,
an electrostatic chuck that holds the surface of the substrate
10 opposite to the deposition surface 10e thereof with elec-
trostatic force can be used. The substrate 10 can thereby be
held substantially without the substrate 10 being bent by its
own weight. However, the holding device 55 for holding the
substrate 10 is not limited to an electrostatic chuck and may
be any other device.

[0144] The substrate 10 held by the holding device 55 is
scanned (moved) in the movement direction 10« (see FIG. 5)
parallel to the Y axis at a constant speed by a moving mecha-
nism 56, on the opposite side from the vapor deposition
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source 60 with respect to the vapor deposition mask 70, with
the substrate 10 being spaced apart from the vapor deposition
mask 70 at a fixed spacing. The movement of the substrate 10
may be a reciprocal movement or a single direction move-
ment in which the substrate 10 is moved in either direction.
There is no particular limitation on the configuration of the
moving mechanism 56. For example, any known transfer
driving mechanism can be used such as a linear motor or a
feed screw mechanism that rotates a feed screw by a motor.
[0145] The vapor deposition unit 50, the substrate 10, the
holding device 55 for holding the substrate 10 and the moving
mechanism 56 for moving the substrate 10 are housed in a
vacuum chamber (not shown). The vacuum chamber is a
hermetically sealed container, with the pressure in its internal
space being reduced and maintained in a predetermined low
pressure state.

[0146] The first vapor deposition particles 91a discharged
from the first vapor deposition source openings 61a pass
through the first limiting openings 82q of the limiting unit 80
and the first mask openings 71a of the vapor deposition mask
70 in this order, and adhere to the deposition surface (specifi-
cally, the surface of the substrate 10 facing the vapor deposi-
tion mask 70) 10e of the substrate 10 (see FIG. 6). Similarly,
the second vapor deposition particles 915 discharged from the
second vapor deposition source openings 615 pass through
the second limiting openings 824 of the limiting unit §0 and
the second mask openings 715 of the vapor deposition mask
70 in this order, and adhere to the deposition surface 10e of the
substrate 10 (see FIG. 7). In FIGS. 6 and 7, the edges of the
flows (vapor deposition flows) of the first and second vapor
deposition particles 91a and 915 that respectively have been
discharged from the first and second vapor deposition source
openings 61a and 615 and that have passed through the first
and second limiting openings 82¢ and 824 are shown by
dashed lines.

[0147] If the substrate 10 is moved in the direction of the
arrow ofthe Y axis in FIG. 5, as shown in FIG. 10, firstly the
first vapor deposition particles 91a that have passed through
the first mask openings 71a adhere to the substrate 10, and
next the second vapor deposition particles 915 that have
passed through the second mask openings 715 adhere to the
substrate 10. As a result, a stripe-shaped coating film 90
extending in theY axis direction is formed on the substrate 10.
Note that in order to easily understand the pattern of the
coating film 90 formed on the deposition surface 10e of the
substrate 10, the coating film 90 is shown in FIG. 10 as though
it is seen through the substrate 10. Note that in order to
understand the pattern easily, only the coating film 90 formed
by the first vapor deposition particles 91a that have passed
through the first mask openings 71a is shown in FIG. 6, and
only the coating film 90 formed by the second vapor deposi-
tion particles 915 that have passed through the second mask
openings 715 is shown in FIG. 7.

[0148] Asshownin FIG. 6, aregion of the vapor deposition
mask 70 where the flow of the first vapor deposition particles
91a (first vapor deposition flow) that have passed through the
first limiting opening 82a reaches is referred to as a “first
vapor deposition region 72a”. A plurality of first vapor depo-
sition regions 72a are arranged along the X axis direction ata
fixed pitch. First vapor deposition regions 72« neighboring in
the X axis direction do not overlap, so as to be independent of
each other, and a first non-vapor deposition region 73a where
the first vapor deposition particles 91a do not reach is formed
therebetween. The first non-vapor deposition region 73a cor-
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responds to the shadow region formed by the first limiting
portion 81a when viewed from the first vapor deposition
source opening 61a.

[0149] Similarly, as shown in FIG. 7, a region of the vapor
deposition mask 70 where the second vapor deposition par-
ticles 915 that have passed through the second limiting open-
ing 82b reach is referred to as a “second vapor deposition
region 726”. A plurality of second vapor deposition regions
72b are arranged along the X axis direction at a fixed pitch.
Second vapor deposition regions 724 neighboring in the X
axis direction do not overlap, so as to be independent of each
other, and a second non-vapor deposition region 735 where
the flow of the second vapor deposition particles 915 (second
vapor deposition flow) does not reach is formed therebe-
tween. The second non-vapor deposition region 735 corre-
sponds to the shadow region formed by the second limiting
portion 816 when viewed from the second vapor deposition
source opening 615.

[0150] As shown in FIG. 9, the first and second vapor
deposition regions 72a and 725 have a substantially rectan-
gular shape that corresponds to the opening shape of the first
and second limiting openings 82a and 824. The first and
second vapor deposition regions 72a and 725 are arranged in
a staggered arrangement along two straight lines La and Lb
parallel to the X axis whose positions in the Y axis direction
are different from each other. The first mask openings 71a are
formed only in the first vapor deposition regions 72a, and the
second mask openings 7156 are formed only in the second
vapor deposition regions 72b. The first and second non-vapor
deposition regions 73a and 73b extend along a direction
parallel to the Y axis.

[0151] The first vapor deposition particles 91a that are to
form the coating film 90 have to pass through the first limiting
opening 82a and the first mask opening 71a. Also, the second
vapor deposition particles 915 that are to form the coating
film 90 have to pass through the second limiting openings 825
and the second mask openings 715. The first vapor deposition
particles 91a do not pass through the second limiting open-
ings 824 to reach the deposition surface 10e of the substrate
10. Similarly, the second vapor deposition particles 916 do
not pass through the first limiting openings 82a to reach the
deposition surface 10e of the substrate 10. The limiting unit
80 and the vapor deposition mask 70 are designed so as to
prevent a situation in which the vapor deposition particles 91a
and 915 discharged from the vapor deposition source open-
ings 61a and 615 reach the deposition surface 10e of the
substrate 10 without passing through the limiting openings
82a and 825 and the mask openings 71a and 715, and if
necessary, a shielding plate (not shown) or the like that pre-
vents flight of the vapor deposition particles 91a and 915 may
be installed.

[0152] By performing vapor deposition three times by
changing materials of the first vapor deposition particles 91a
and/or the second vapor deposition particles 915 for each
color, namely, red, green and blue (vapor deposition by
color), stripe-shaped coating films 90 (specifically, light emit-
ting layers 23R, 23G and 23B) that correspond to the respec-
tive colors of red, green and blue can be formed on the
deposition surface 10e of the substrate 10.

[0153] According to Embodiment 1, the substrate 10 moves
along the movement direction 10« relative to the vapor depo-
sition unit 50 including the vapor deposition mask 70, and
thus a dimension Lm of the vapor deposition mask 70 in the
movement direction 10a of the substrate 10 can be set irre-
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spective of a dimension of the substrate 10 in the same direc-
tion. This enables the use of a vapor deposition mask 70 that
is smaller than the substrate 10. Accordingly, even if the
substrate 10 is made large, the vapor deposition mask 70 does
not need to be made large, and therefore there is little possi-
bility of the occurrence of a problem in that the vapor depo-
sition mask 70 is bent or extended by its own weight. Also, the
vapor deposition mask 70 and a frame or the like for holding
the vapor deposition mask 70 do not need to be made big and
heavy. Accordingly, vapor deposition by color can be easily
performed on large-sized substrates.

[0154] In Embodiment 1, the positions and the dimensions
(opening widths) of the mask openings 71a and 715 in the X
axis direction can be determined based on geometric calcu-
lations, taking into consideration the pattern of the coating
film 90 to be formed, relative positional relationships
between the vapor deposition source openings 61a and 615,
the mask openings 71a and 715 and the substrate 10, the
thickness of the vapor deposition mask 70, and the like.
[0155]  Also, the dimensions (opening lengths) of the mask
openings 71a and 715 in the Y axis direction can be deter-
mined, taking into consideration the thickness of the coating
film 90 to be formed, relative positional relationships
between the mask openings 71a and 715, the vapor deposition
source openings 61a and 615, and the like. The thickness of
the coating film 90 can be calculated by deriving the total
amount of vapor deposition particles (a value obtained by
integrating the vapor deposition rate) that adhere to the region
where the coating film is formed through numeral calcula-
tions.

[0156] Function of Limiting Unit

[0157] The effects of the limiting unit 80 on the first and
second limiting portions 81a and 815 will now be described.
[0158] As shown in FIGS. 6 and 7, vapor deposition par-
ticles 91a and 915 are discharged from each of the vapor
deposition source openings 61a and 615 with certain spreads
(directionality). Specifically, the number of vapor deposition
particles 91a and 915 discharged from the vapor deposition
source openings 61a and 615 is the greatest in the direction
directly upward (the Z axis direction) from the vapor deposi-
tion source openings 61a and 614, and gradually decreases as
the angle (departure angle) formed with respect to the upward
direction increases. The vapor deposition particles 91a and
915 discharged from the vapor deposition source openings
61a and 615 travel straight in their respective discharged
direction. Accordingly, each of mask openings 71a and 715
mostly receives, but not necessarily limited thereto, the vapor
deposition particles discharged from vapor deposition source
openings located directly below the mask openings in the case
where the limiting unit 80 is not present and also receives
vapor deposition particles discharged from vapor deposition
source openings located obliquely downward.

[0159] FIG. 11 is an enlarged cross-sectional view along a
plane passing across a given first mask opening 71a and
parallel to the X7 plane similarly to FIG. 6. Dashed lines 91a
indicate the trajectory of the first vapor deposition particles
91a passing through the first mask opening 71« at the maxi-
mum incidence angle in the case where the limiting unit 80 is
not present. As described above, the vapor deposition par-
ticles 91a coming from various directions pass through the
mask opening 71a. The number of vapor deposition particles
91 that reach a deposition surface 10e of the substrate 10 is the
greatest in a region directly above the mask opening 71a and
gradually decreases as the position gets farther away there-
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from. Accordingly, as shown in FIG. 11, on the deposition
surface 10e of the substrate 10, a coating film main portion
90¢ having a large and substantially constant thickness is
formed in the region where the mask opening 714 is projected
onto the substrate 10 from directly above, and blurred por-
tions 90e thatare gradually thinner as the position gets farther
away from the coating film main portion 90¢ are formed on
both sides of the coating film main portion 90c. Then, the
blurred portions 90e cause blurring at the edge of the coating
film 90.

[0160] Although not shown, the above description simi-
larly holds true for the coating film formed by the second
vapor deposition particles 915 passing through the second
mask openings 71b.

[0161] In order to reduce the width We of the blurred por-
tion 90e, a space between the vapor deposition mask 70 and
the substrate 10 needs only be reduced. However, becauseit is
necessary to move the substrate 10 relative to the vapor depo-
sition mask 70, it is not possible to reduce the space between
the vapor deposition mask 70 and the substrate 10 to zero.
[0162] Ifthe blurred portion 90e extends to the neighboring
light emitting layer region having a different color due to an
increase in the width We of the blurred portion 90e, it causes
“color mixing” or degradation of the characteristics of the
organic EL element. In order to prevent the blurred portion
90¢ from extending to the neighboring light emitting layer
region having a different color, so as to not cause color mix-
ing, it is necessary to reduce the opening width of pixels (the
pixels referring to the sub-pixels 2R, 2G and 2B shown in
FIG. 2) or to increase the pixel pitch so as to increase the
non-light-emitting region. However, if the opening width of
the pixels is reduced, the light-emitting region will be small,
causing a reduction in brightness. If the current density is
increased in order to obtain the required brightuess, the
organic EL element will have a short service life and easily be
damaged, causing a reduction in reliability. If, on the other
hand, the pixel pitch is increased, display of high definition
images cannot be achieved, reducing the quality of display.
[0163] Incontrast, in the present embodiment, as shown in
FIGS. 6 and 7, the limiting unit 80 is provided between the
vapor deposition source 60 and the vapor deposition mask 70.
Among vapor deposition particles 91a and 915 discharged
from each of the vapor deposition source openings 61a and
615 with certain spreads (directionalities), those having a
large velocity vector component in the X axis direction col-
lide with and adhere to the limiting portions 81a and 815, and
therefore cannot pass through limiting openings 82a and 825
and cannot reach the mask openings 71a and 715. In other
words, the limiting portions 81a and 815 limit spread angles
in the X axis direction of the vapor deposition flows of the
vapor deposition particles 91a and 915 discharged from the
vapor deposition source openings 61a and 615. As a result,
the incidence angles of the vapor deposition particles 91a and
914 entering the mask openings 71a and 715 are limited.
Here, “incidence angles” with respect to the mask openings
71a and 715 are defined as the angles formed between the
flight directions of the vapor deposition particles 91a and 914
entering the mask openings 71a and 715 and the 7 axis, on a
projection onto the X7 plane.

[0164] In this manner, the directionalities of the vapor
deposition particles 91a and 915 in the X axis direction are
improved by arranging a plurality of limiting portions 81a
and 815 along the X axis direction. Therefore, the width We of
the blurred portion 90e can be reduced. Therefore, vapor
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deposition by color for forming light emitting layers 23R,
23G and 23B using the vapor deposition device of the present
embodiment can prevent color mixing from occurring.
Accordingly, the pixel pitch can be reduced, and in this case,
it is possible to provide an organic EL display device that is
capable of displaying high definition images. Meanwhile, the
light-emitting region may be enlarged without changing the
pixel pitch, and in this case, it is possible to provide an organic
EL display device that is capable of displaying highly bright
images. Also, because it is not necessary to increase the
current density in order to increase the brightness, the organic
EL element does not have a short service life and is not easily
damaged, and a reduction in reliability can be prevented.
[0165] Function Resulting from Vapor Deposition Region
being Arranged in Staggered Arrangement

[0166] Next, effects resulting from the first and second
vapor deposition regions 72a¢ and 725 being arranged in a
staggered arrangement as shown in FIG. 9 will now be
described, with comparison with a comparative example.
[0167] FIG. 12 is a perspective view showing the basic
configuration of a vapor deposition device according to a
comparative example. Similarly to the vapor deposition
device according to Embodiment 1 shown in FIG. 5, this
vapor deposition device is provided with a vapor deposition
unit 950 that includes a vapor deposition source 960, a lim-
iting unit 980 and a vapor deposition mask 970 in this order.
The vapor deposition mask 970, partly seen through the sub-
strate 10 that is indicated by dash-double-dotted lines, is
shown in FIG. 12 so that the arrangement of the mask open-
ings 971 formed on the vapor deposition mask 970 can be
understood.

[0168] Thevapor depositionsource 960 includes a plurality
of vapor deposition source openings 961 arranged along the X
axis direction at a fixed pitch. The pitch of vapor deposition
source openings 961 in the X axis direction is half of the pitch
of first vapor deposition source openings 61a of Embodiment
1 shown in FIG. 5 in the X axis direction (or the pitch of
second vapor deposition source openings 615 in the X axis
direction).

[0169] A plurality of limiting openings 982 are formed in
the limiting unit 980 along a straight line parallel to the X axis
at the same pitch as that of the plurality of vapor deposition
source openings 961. The plurality of limiting openings 982
correspond one-to-one to the plurality of vapor deposition
source openings 961, and are each disposed above the corre-
sponding vapor deposition source opening 961. The limiting
openings 982 neighboring in the X axis direction are sepa-
rated by a limiting portion 981.

[0170] A plurality of mask openings 971 are arranged in the
vapor deposition mask 970 along the X axis direction. The
mask openings 971 are formed so that coating films 90 are
formed at the same positions in the X axis direction as the
positions at which the coating films 90 (see FIG. 10) are
formed by the vapor deposition device of the present embodi-
ment shown in FIG. 5

[0171] FIG. 13 is a cross-sectional view of the vapor depo-
sitiondevice of F1G. 12, along a plane parallel to the X7 plane
passing across the vapor deposition source 960. Similarly to
FIGS. 6 and 7, a region of the vapor deposition mask 970
where the flow of vapor deposition particles 91 (vapor depo-
sition flow) that have passed through limiting opening 982
reaches is referred to as a “vapor deposition region 972”.
Unlike FIGS. 6 and 7, portions of the vapor deposition regions
972 neighboring in the X axis direction overlap each other to
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give a continuous region. Therefore, a non-vapor deposition
region (see the first non-vapor deposition region 73a of FIG.
6 and the second non-vapor deposition region 735 of FIG. 7)
corresponding to the shadow region formed by the limiting
portion 981 when viewed from the vapor deposition source
opening 961 is not formed on the vapor deposition mask 970.
[0172] Similarly to the vapor deposition device of Embodi-
ment 1 shown in FIG. 5, the limiting portion 981 of the
limiting unit 980 of the vapor deposition device according to
the comparative example shown in FIGS. 12 and 13 limits the
incidence angles of the vapor deposition particles 91 entering
the mask opening 971. Therefore, the width We of the blurred
portion 90e shown in FIG. 11 can be reduced.

[0173] However, with the vapor deposition device accord-
ing to the above-described comparative example, if the lim-
iting unit 980 is positionally offset in the X axis direction with
respect to the vapor deposition source openings 961, there is
aproblem in that a coating film cannot be formed at a desired
position on the substrate 10.

[0174] This will now be described below.

[0175] FIG. 14A is a cross-sectional view showing the
coating film 90 formed on the substrate 10 in a state in which
the limiting unit 980 is not positionally offset with respect to
the vapor deposition source openings 961. The vapor depo-
sition source opening 961 is disposed at a central position of
a pair of limiting portions 981 neighboring in the X axis
direction. Among the vapor deposition particles 91 dis-
charged from the vapor deposition source openings 961,
those that have passed through the limiting opening 982
directly above the vapor deposition source opening 961 and
have further passed through the mask opening 971 adhere to
the substrate 10 to form the coating film 90.

[0176] FIG. 14Bis a cross-sectional view showing the coat-
ing film 90 formed on the substrate 10 in a state in which the
limiting unit 980 is positionally offset, from the state of FIG.
14A, toward the left of the diagram of FIG. 14B with respect
to the vapor deposition source openings 961 and the vapor
deposition mask 970 along the X axis direction. The limiting
unit 980 is positionally offset, and limiting opening 982 is
thereby also positionally offset, and thus the vapor deposition
region 972 is also positionally offset with respect to the vapor
deposition mask 970.

[0177] As can be understood by comparing FIG. 14A with
FIG. 14B, the vapor deposition source opening that has dis-
charged the vapor deposition particles 91 entering a mask
opening 971 has changed due to the limiting unit 980 being
positionally offset. Accordingly, the coating film 90m formed
in FI1G. 14A is not formed in F1G. 14B, and instead, a coating
film 907 is formed at an undesired position. In other words,
the coating film 90 is positionally offset to the position of
the coating film 907.

[0178] A problem in that the coating film 90 is not formed
atadesired position, which is shown in FIG. 14B, is caused by
portions of vapor deposition regions 972 neighboring in the X
axis direction overlapping each other, and a mask opening (a
mask opening 971x in the above-described example) being
formed in the vicinity of the overlapped portions.

[0179] A positional offset of the limiting unit 980 in the X
axis direction with respect to the vapor deposition source
openings 961 and vapor deposition mask 970, which is shown
in FIG. 14B, may occur, for example, in the case where the
limiting unit 980 is replaced. As described above, the vapor
deposition particles 91 having a large velocity vector compo-
nent in the X axis direction are captured by the limiting
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portions 981, and therefore the vapor deposition material
accumulates on the surface of the limiting portions 981 over
time. If the thickness of the vapor deposition material that has
accumulated increases, the characteristics of the limiting por-
tions 981 capturing the vapor deposition particles 91 are
impaired, and the functions of the limiting portions 981 lim-
iting the incidence angles of the vapor deposition particles 91
are impaired due to a reduction in the dimensions of the
limiting openings 982 in the X axis direction. Also, if the
vapor deposition material that has accumulated on the limit-
ing portions 981 comes off and falls, it contaminates the
inside of the vacuum chamber. Therefore, it is necessary for
the limiting unit 980 to which the vapor deposition material
has adhered to be regularly replaced with a clean limiting unit
980 to which the vapor deposition material has not adhered.
When a clean limiting unit 980 is attached, a positional offset
of the limiting unit 980 in the X axis direction with respect to
the vapor deposition source openings 961 and the vapor depo-
sition mask 970, which is shown in FIG. 14B, may occur.
[0180] Also, a positional offset of the limiting unit 980 in
the X axis direction shown in FIG. 14B may also be caused by
the respective thermal expansions of the vapor deposition
source 960 and the limiting unit 980. In order to discharge the
vaporized vapor deposition material from the vapor deposi-
tion source openings 961 as the vapor deposition particles 91,
it is necessary to maintain the vapor deposition source 960 at
a high temperature, and therefore the thermal expansion
thereof cannot be avoided. Also, the limiting unit 980 also is
heated by radiant heat from the vapor deposition source 960
and thermally expands. Furthermore, because the vapor depo-
sition source 960 and the limiting unit 980 are made of dif-
ferent materials, they have different linear expansion coefli-
cients. As a result, a positional offset of the limiting portions
981 with respect to the vapor deposition source openings 961
may occur.

[0181] Ifthe size of the vapor deposition device increases,
an error in attachment of the limiting unit 980 is likely to
occur, and moreover, a difference in thermal expansions
between the vapor deposition source 960 and the limiting unit
980 increases, and therefore a positional offset of the limiting
unit 980 in the X axis direction shown in FIG. 14B generally
increases.

[0182] Note that a positional offset of the limiting unit 980
may occur in not only the X axis direction but also the Y axis
direction when the limiting unit 980 is replaced. However, the
coating film 90 has a striped-shape extending in the Y axis
direction, and therefore the position of the coating film 90
does not substantially change even if the limiting unit 980 is
positionally offset in the Y axis direction.

[0183] Next, the reason why positional offset of the coating
film 90 described in FIG. 14B does not occur in Embodiment
1 will now be described.

[0184] FIG. 15A is an enlarged vertical cross-sectional
view along a plane passing across the first vapor deposition
source 60a and including the line 15-15 of FIG. 9, showing
the coating film formed on the substrate 10 in an ideal state in
which the limiting unit 80 is not positionally offset in the
vapor deposition device according to Embodiment 1.

[0185] The first vapor deposition regions 72a that are
regions on the vapor deposition mask 70 where the flow of the
first vapor deposition particles 91a (first vapor deposition
flow) that have passed through the first limiting openings 82a
reaches are disposed with a non-vapor deposition region 73a
being sandwiched therebetween so as to be set apart from
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each other in the X axis direction. A plurality of first mask
openings 71a are formed in each of the first vapor deposition
regions 72a. The first vapor deposition particles 91a that have
passed through first mask openings 71a adhere to the depo-
sition surface 10e of the substrate 10 so as to form first coating
films 90a.

[0186] In the present example, as described in FIG. 10, the
substrate 10 moves in the direction of the arrow of the Y axis
in FIG. 5. Although not shown, the second vapor deposition
particles 915 that have passed through the second mask open-
ings 716 adhere to the deposition surface 10e of the substrate
10 on the downstream side of the cross-section of FIG. 15A in
the movement direction of the substrate 10 so as to form the
second coating films 904. FIG. 15A also shows the second
coating films 905 with dashed lines.

[0187] FIG. 15B is an enlarged cross-sectional view along
a plane passing across the first vapor deposition source 60a,
showing the coating films formed on the substrate 10 in a state
in which the limiting unit 80 is positionally offset, from the
state of FIG. 15A, toward the left of the diagram of FIG. 15B
with respect to the first vapor deposition source openings 61a
and the vapor deposition mask 70 in the X axis direction. For
reference, the first limiting portions 814 and the flows of the
first vapor deposition particles 91a before positional offset
(that is, the state of FIG. 15A) are indicated by dash-double-
dotted lines. The first limiting openings 82« also are position-
ally offset due to the limiting unit 80 being positionally offset,
and therefore the first vapor deposition regions 72a also are
positionally offset with respect to the vapor deposition mask
70 in the X axis direction by an amount of offset Sx.

[0188] However, as can be understood if FIG. 15A is com-
pared with FIG. 15B, the first mask openings 71« included in
each of the first vapor deposition regions 72a do not change
before and after positional offset. Therefore, the position of
the first vapor deposition source opening 61a that has dis-
charged the first vapor deposition particles 91a entering each
of the first mask openings 71a, that is, the incidence angles of
the first vapor deposition particles 91a entering each of the
first mask openings 71a do not change before and after posi-
tional offset.

[0189] Although the coating films 90a formed by the first
vapor deposition particles 91a that have passed through the
first mask openings 71 are described in FIGS. 15A and 15B,
this description holds true for the coating films 905 formed by
the second vapor deposition particles 915 that have passed
through the second mask openings 715.

[0190] As described above, in the present embodiment, as
shown in FIG. 9, vapor deposition regions (first vapor depo-
sition regions 72a and second vapor deposition regions 725)
are disposed with non-vapor deposition regions (first non-
vapor deposition regions 73a and second non-vapor deposi-
tion regions 73b) being sandwiched thercbetween along
straight lines (straight lines La, Lb) parallel to the X axis so as
to be independent of each other in the X axis direction. Fur-
thermore, the mask openings (first mask openings 71a and
second mask openings 715) are disposed only in vapor depo-
sition regions (first vapor deposition regions 72a and second
vapor deposition regions 72b).

[0191] Accordingly, with Embodiment 1, even if the limit-
ing unit 80 is displaced in the X axis direction with respect to
the vapor deposition sources 60a and 605 and the vapor
deposition mask 70, the positions of the coating films 90
formed on the substrate 10 do not change.
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[0192] With Embodiment 1, a large number of stripe-
shaped coating films 90 are formed on the substrate 10 at a
substantially fixed pitch in the X axis direction. If non-vapor
deposition regions are present on the vapor deposition mask
70, it is not possible to form coating films in regions on the
substrate corresponding to said non-vapor depositionregions.
In view of this, with the present embodiment, as shown in
FIG. 9, the first vapor deposition regions 72a and the second
vapor deposition regions 724 are arranged in a staggered
arrangement. Accordingly, it is possible to form the second
mask openings 715 at different positions in the Y axis direc-
tion from the positions of the first non-vapor deposition
regions 73a located on the straight line La. Also, it is possible
to form the first mask openings 71a at different positions in
the Y axis direction from the positions of the second non-
vapor deposition regions 735 located on the straight line Lb.
As a result, the present embodiment enables the formation of
alarge amount of stripe-shaped coating films 90 at a substan-
tially fixed short pitch in the X axis direction over a wide
range of the substrate 10 in the X axis direction.

[0193] The widths of non-vapor deposition regions 73a and
735 in the X axis direction can be arbitrarily set, taking into
consideration the amount of positional offset of the limiting
unit 80 in the X axis direction that is assumed, and the like.
[0194] The mask openings are formed in vapor deposition
regions. If the mask opening protrudes beyond the vapor
deposition region due to the limiting unit 80 being position-
ally offset in the X axis direction, the vapor deposition par-
ticles do not enter said mask opening, and therefore a coating
film may not be formed at a desired position. Therefore, as
shown in FIG. 15 A, if the width of the vapor deposition region
(the first vapor deposition region 72a) in the X axis direction
and the width of the region where the mask opening is present
(a mask opening region) in the X axis direction are respec-
tively denoted by Wd and Wo, it is preferable that the ratio
Wo/Wd<1, and it is more preferable that the ratio Wo/Wd is
significantly smaller than 1. Note that, the width Wo is defined
by the distance between the outer edges of the two mask
openings located on both outer sides in the X axis direction
among the plurality of mask openings that are present in the
vapor deposition region. An upper limit for the ratio Wo/Wd
can be arbitrarily set, taking into consideration the amount of
positional offset of the limiting unit 80 in the X axis direction
that 1s assumed, and the like.

[0195] Although the first vapor deposition source 60a and
the second vapor deposition source 605 constituting the vapor
deposition source 60 are set apart from each other in the
above-described example, they may be integrated.

[0196] Although a plurality of first limiting openings 82a
and a plurality of second limiting openings 825 are formed in
a shared limiting unit 80 in the above-described example, the
limiting unit 80 may be divided into a first limiting unit in
whicha plurality of first limiting openings 82« are formed and
a second limiting unit in which a plurality of second limiting
openings 824 are formed. Similarly, although a plurality of
first mask openings 71« and a plurality of second mask open-
ings 715 are formed in a shared vapor deposition mask 70 in
the above-described example, the vapor deposition mask 70
may be divided into a first vapor deposition mask in which a
plurality of first mask openings 71a are formed and a second
vapor deposition mask in which a plurality of second mask
openings 715 are formed.

[0197] The vapor deposition source, the limiting unit and
the vapor deposition mask may be divided into blocks where
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vapor deposition source openings, limiting openings and
mask openings corresponding to one vapor deposition region
or a plurality of vapor deposition regions adjacent to one
another are configured as one block. In this case, vapor depo-
sition conditions may be arbitrarily set and controlled for
each block.

[0198] Although a plurality of vapor deposition regions are
arranged in a staggered arrangement along two straight lines
parallel to the X axis in the above-described example, the
present invention is not limited to this. As described above,
vapor deposition regions need only to be arranged along the X
axis direction with non-vapor deposition regions being sand-
wiched therebetween, and mask openings need only to be
formed at different positions in the Y axis direction from the
positions of non-vapor deposition regions.

[0199] Forexample, as shown in FIG. 16, vapor deposition
regions 72a, 72b and 72¢ may be respectively arranged along
three straight lines La, Lb and Lc parallel to the X axis at a
fixed pitch. As a result, the vapor deposition regions 72a, 726
and 72c are arranged in a stepwise arrangement. A plurality of
mask openings 71a, 715 and 71c¢ are respectively formed in
the vapor deposition regions 72a, 72b and 72¢. Vapor depo-
sition source openings 61a, 615 and 61c and limiting open-
ings (not shown) are arranged such that the vapor deposition
regions 72a, 72b and 72¢ are formed at such positions. Also in
the configuration of FIG. 16, the vapor deposition regions
72a, 72b and 72¢ are arranged in the X axis direction with
non-vapor deposition regions 734, 735 and 73¢ being respec-
tively sandwiched therebetween. Moreover, the mask open-
ings 715 and 71c for the vapor deposition regions 725 and 72¢
are arranged at different positions in the Y axis direction from
the positions of the non-vapor deposition regions 73a. The
same applies to the non-vapor deposition regions 735 and the
non-vapor deposition regions 73c.

[0200] A plurality of vapor deposition regions may be
arranged along four straight lines or more that are parallel to
the X axis so as to be independent of one another.

[0201] Although one stripe-shaped coating film is formed
only by vapor deposition particles that have passed through
one mask opening in the above-described example, the
present invention is not limited to this. For example, a plural-
ity of vapor deposition regions arranged at different positions
intheY axis direction are arranged such that at least a portion
of the positions thereof in the X axis direction overlap one
another, and it is thereby possible to form one stripe-shaped
coating film with vapor deposition particles that have passed
through a plurality of mask openings. One example is shown
in FIG. 17. Vapor deposition regions 72a, 725, 72¢ and 72d
are respectively arranged at a fixed pitch along four straight
lines La, Lb, Lc and LLd that are parallel to the X axis direction.
As a result, the vapor deposition regions 72a, 72b, 72¢ and
72d are respectively arranged in a stepwise arrangement. A
plurality of mask openings 71a, 715, 71¢ and 714 are respec-
tively formed in the vapor deposition regions 72a, 72b, 72¢
and 72d. Vapor deposition source openings 61a, 615, 61¢ and
61d and limiting openings (not shown) are arranged such that
the vapor deposition regions 72a, 72b, 72¢ and 72d are
formed at such positions. In the present example, each stripe-
shaped coating film is formed by the overlapping of the vapor
deposition particles that have passed through the mask open-
ings 71a and the vapor deposition particles that have passed
through the mask openings 715, the overlapping of the vapor
deposition particles that have passed through the mask open-
ing 715 and the vapor deposition particles that have passed
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through the mask openings 71c, the overlapping of the vapor
deposition particles that have passed through the mask open-
ings 71c¢ and the vapor deposition particles that have passed
through the mask openings 714, or the overlapping of the
vapor deposition particles that have passed through the mask
openings 714 and the vapor deposition particles that have
passed through the mask openings 71a.

Embodiment 2

[0202] Hereinafter, Embodiment 2 will now be described,
focusing on differences from Embodiment 1. In diagrams
referenced in the following description, the same reference
numerals are given to components corresponding to the com-
ponents described in Embodiment 1, and redundant descrip-
tion thereof will be omitted.

[0203] FIG. 18 is a perspective view showing the basic
configuration of a vapor deposition device according to
Embodiment 2 of the present invention.

[0204] The vapor deposition source 60 has a plurality of
vapor deposition source openings 61 arranged along a straight
line parallel to the X axis direction at a fixed pitch in its upper
surface (that is, the surface facing the vapor deposition mask
70). Each vapor deposition source opening 61 has a nozzle
shape that is upwardly open parallel to the Z axis, and dis-
charges the vapor deposition particles 91 that serve as mate-
rials for the coating film 90 toward the vapor deposition mask
70.

[0205] The limiting unit 80 is disposed above the vapor
deposition source 60. FIG. 19 is a plan view of the limiting
unit 80. The vapor deposition source 60 disposed below the
limiting unit 80 is also shown in FIG. 19. A plurality of
limiting openings 82, which are through holes respectively
penetrating the limiting unit 80 in the 7 axis direction, are
formed in the limiting unit 80. The opening shape of the
limiting opening 82 is substantially a rectangle whose longi-
tudinal direction is slanted with respect to the X axis and Y
axis. The plurality of limiting openings 82 are arranged in
parallel to the X axis direction at the same pitch as that of the
plurality of vapor deposition source openings 61. The plural-
ity of limiting openings 82 correspond one-to-one to the
plurality of vapor deposition source openings 61, and are each
disposed above the corresponding vapor deposition source
opening 61. The limiting openings 82 neighboring in the X
axis direction are separated by a limiting portion 81. The
limiting portions 81 are slanted with respect to the X axis and
the Y axis.

[0206] The vapor deposition mask 70 is disposed on the
opposite side of the limiting unit 80 from the vapor deposition
source 60. FIG. 20 is a plan view of the vapor deposition mask
70. The vapor deposition source openings 61 of the vapor
deposition source 60 disposed below the vapor deposition
mask 70 are also shown in FIG. 20. Dash-double-dotted lines
72 indicate a vapor deposition region where the flow of the
vapor deposition particles 91 (vapor deposition flow) that
have been discharged from the vapor deposition source open-
ing 61 and have passed through the limiting opening 82
corresponding to said vapor deposition source opening 61
reaches. A plurality of vapor deposition regions 72 are
arranged along the X axis direction. The vapor deposition
region 72 has a substantially rectangular shape corresponding
to the opening shape of the limiting opening 82. The vapor
deposition regions 72 neighboring in the X axis direction do
not overlap, so as to be independent of each other, and a
non-vapor deposition region 73 where the vapor deposition

Dec. 19, 2013

particles 91 do not reach is formed therebetween. A non-
vapor deposition region 73 corresponds to the shadow region
formed by the limiting portion 81 when viewed from the
vapor deposition source opening 61. The non-vapor deposi-
tion regions 73 are slanted with respect to the X axis and the
Y axis.

[0207] A plurality of mask openings 71 are formed only in
the vapor deposition region 72 of the vapor deposition mask
70. The mask openings 71 are through holes that penetrate the
vapor deposition mask 70 in the Z axis direction. The opening
shape ofamask opening 71 is a slot shape that is parallel to the
Y axis. All of the mask openings 71 may have the same shape
and dimensions, or may have different shapes and dimen-
sions. The pitch in the X axis direction of the mask openings
71 in each vapor deposition region 72 may be constant or
different.

[0208] Similarly to Embodiment 1, also in Embodiment 2,
the vapor deposition particles 91 discharged from the vapor
deposition source openings 61 pass through the limiting
openings 82 of the limiting unit 80 and the mask openings 71
of the vapor deposition mask 70 in this order, and adhere to
the deposition surface (specifically, the surface of the sub-
strate 10 facing the vapor deposition mask 70) 10e of the
substrate 10. If the substrate 10 is moved in the direction of
the arrow of the Y axis in FIG. 18, as shown in FIG. 21,
stripe-shaped coating films 90 extending in the Y axis direc-
tion are formed on the substrate 10 at positions corresponding
to the positions of each of the mask openings 71. As shown in
FIG. 20, the vapor deposition regions 72 where a plurality of
mask openings 71 are formed are slanted, and therefore por-
tions of the vapor deposition regions 72 neighboring in the X
axis direction face each other in the Y axis direction. There-
fore, if the substrate 10 is moved in the direction of the arrow
104 in FIG. 21, the vapor deposition particles that have passed
through the mask openings 71 located within a given vapor
deposition region 72 adhere to a given position on the sub-
strate 10, and then the vapor deposition particles that have
passed through mask openings 71 located in the vapor depo-
sition region 72 located on the left side of said vapor deposi-
tion region 72 adhere to the given position. In other words, the
vapor deposition particles that have passed through two mask
openings 71 having different positions in the Y axis direction
adhere to the same position on the substrate 10. Note that in
order to easily understand the pattern of the coating film 90
formed on the deposition surface 10e of the substrate 10, the
coating film 90 is shown in FIG. 21 as though it is seen
through the substrate 10.

[0209] Embodiment 2 is different from Embodiment 1 in
that the longitudinal directions of both the limiting opening
82 and the vapor deposition region 72 are slanted with respect
to the X axis and the Y axis. However, similarly to Embodi-
ment 1, also in Embodiment 2, as shown in FIG. 20, the vapor
deposition regions 72 are arranged along a straight line L
indicated by a dash-dotted line that is parallel to the X axis
with non-vapor deposition regions 73 being sandwiched ther-
ebetween so as to be independent of one another in the X axis
direction. Furthermore, mask openings 71 are disposed only
in vapor deposition regions 72. Therefore, as described in
FIGS. 15A and 15B, also in Embodiment 2, even if the lim-
iting unit 80 is displaced in the X axis direction with respect
to the vapor deposition source 60 and the vapor deposition
mask 70, the positions of the coating films 90 formed on the
substrate 10 do not change.
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[0210] Also, for example, mask openings 71 are formed at
different positions in the Y axis direction from the positions of
the non-vapor deposition regions 73 located on the straight
line L of FIG. 20. Therefore, as shown in FIG. 21, itis possible
to form a large amount of stripe-shaped coating films 90 at a
substantially fixed short pitch in the X axis direction over a
wide range of the substrate 10 in the X axis direction.
[0211] With Embodiment 2, the vapor deposition source
openings 61, the limiting openings 82 and the vapor deposi-
tion regions 72 are respectively disposed along a straight line
parallel to the X axis, and therefore, it is possible to reduce the
weights and the dimensions in the Y axis direction of the
vapor deposition source 60, the limiting unit 80 and the vapor
deposition mask 70, as compared with Embodiment 1 in
which the vapor deposition source openings 61a and 615, the
limiting openings 82a and 825 and the vapor deposition
regions 72a and 725 are respectively disposed along two
straight lines parallel to the X axis. Therefore, the present
embodiment is effective for reducing the cost of the vapor
deposition device and improving the precision of the dimen-
sions of each member. Also, because the area of the vapor
deposition mask 70 can be reduced, it is possible to reduce
bending of the vapor deposition mask 70 due to its own
weight and also improve the uniformity of tension applied to
the vapor deposition mask 70. As a result, it is possible to
improve the accuracy of the vapor deposition mask 70, and to
improve the yield and the accuracy in the patterning of the
coating film 90 formed on the substrate 10.

[0212] The vapor deposition particles 91 discharged from
the vapor deposition source openings 61 have directionalities,
and therefore the number of vapor deposition particles pass-
ing through mask openings 71 located at positions away from
the vapor deposition source openings 61 (specifically, posi-
tions obliquely upward with respect to the vapor deposition
source openings 61) is generally small. With Embodiment 2,
as shown in FIG. 20, another mask opening 71 is disposed at
a different position in the Y axis direction from the mask
openings 71 located at the positions away from the vapor
deposition source opening 61 so that one stripe-shaped coat-
ing film 90 is formed with these two mask openings 71 (see
FIG. 21). Accordingly, the utilization efficiency of the vapor
deposition material and throughput at the time of mass pro-
duction are improved.

[0213] Note that one stripe-shaped coating film 90 cannot
be formed in both end portions in the X axis direction by using
a plurality of mask openings 71 having different positions in
the Y axis direction in the manner described above, and there-
fore, as shown in FIG. 20, mask openings 71 located at both
end portions in the X axis direction are extended in the Y axis
direction. Accordingly, it is possible to form a plurality of
coating films 90 having a uniform thickness over the entire
range in the X axis direction.

[0214] Embodiment 2 is the same as Embodiment 1 except
for the above. It is possible to apply the description of
Embodiment 1 to Embodiment 2 without a change or with
changes as appropriate.

Embodiment 3

[0215] Embodiment 3 is different from Embodiment 2 in
the shapes of limiting openings 82 formed in the limiting unit
80 and the arrangement of mask openings 71 formed in the
vapor deposition mask 70. Hereinafter, Embodiment 3 will
now be described, focusing on differences from Embodi-
ments 1 and 2. In diagrams referenced in the following
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description, the same reference numerals are given to com-
ponents corresponding to the components described in
Embodiments 1 and 2, and redundant description thereof will
be omitted.

[0216] FIG. 22 is a plan view of the limiting unit 80 to be
used in a vapor deposition device according to Embodiment 3
of the present invention. The vapor deposition source 60
disposed below the limiting unit 80 is also shown in FIG. 22.
A plurality of limiting openings 82 that correspond one-to-
one to a plurality of vapor deposition source openings 61 are
formed in the limiting unit 80 in parallel to the X axis direc-
tion. Among a plurality of limiting openings 82, the limiting
openings on both ends are substantially trapezoids (or penta-
gons), and the limiting openings other than these are triangles
(equilateral triangles or isosceles triangles). The orientations
of triangular limiting openings neighboring in the X axis
direction are turned 180° from each other. The limiting open-
ings 82 neighboring in the X axis direction are separated by a
limiting portion 81. The limiting portions 81 are slanted with
respect to the X axis and the Y axis.

[0217] FIG. 23 is a plan view of the vapor deposition mask
70 that fits the limiting unit 80 shown in FIG. 22. The vapor
deposition source openings 61 of the vapor deposition source
60 arranged below the vapor deposition mask 70 are also
shown in FIG. 23. Dash-double-dotted lines 72 indicate a
vapor deposition region where the flow of the vapor deposi-
tion particles 91 (vapor deposition flow) that have been dis-
charged from the vapor deposition source opening 61 and
have passed through the limiting opening 82 corresponding to
said vapor deposition source opening 61 reaches. A plurality
of vapor deposition regions 72 are arranged along the X axis
direction. The vapor deposition region 72 has a shape corre-
sponding to the opening shape of the limiting opening 82
shown in FIG. 22. A plurality of mask openings 71 having a
slot shape parallel to the Y axis are formed in each vapor
deposition region 72. The vapor deposition regions 72 neigh-
boring in the X axis direction do not overlap, so as to be
independent of each other, and a non-vapor deposition region
73 where the vapor deposition particles 91 do not reach is
formed therebetween. A non-vapor deposition region 73 cor-
responds to the shadow region formed by the limiting portion
81 when viewed from the vapor deposition source opening
61. The non-vapor deposition regions 73 are slanted with
respect to the X axis and the Y axis.

[0218] FIG. 24 is a plan view of another limiting unit 80 to
be used in the vapor deposition device according to Embodi-
ment 3 of the present invention. The vapor deposition source
60 disposed below the limiting unit 80 is also shown in FIG.
24. A plurality of limiting openings 82 that correspond one-
to-one to a plurality of vapor deposition source openings 61
are formed in the limiting unit 80 in parallel to the X axis
direction. Among a plurality of limiting openings 82, the
limiting openings on both ends have a substantially [ shape,
and the limiting openings other than these have a roughly 7
shape. The limiting openings 82 neighboring in the X axis
direction are separated by a limiting portion 81. The limiting
portion 81 has a straight portion that is parallel to the X axis
and straight portions that extend from both ends thereof and
are parallel to the Y axis.

[0219] FIG. 25 is a plan view of the vapor deposition mask
70 that fits the limiting unit 80 shown in FIG. 24. The vapor
deposition source openings 61 of the vapor deposition source
60 disposed below the vapor deposition mask 70 are also
shown in FIG. 25. Dash-double-dotted lines 72 indicate a
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vapor deposition region where the flow of the vapor deposi-
tion particles 91 (vapor deposition flow) that have been dis-
charged from the vapor deposition source opening 61 and
have passed through the limiting opening 82 corresponding to
said vapor deposition source opening 61 reaches. A plurality
of vapor deposition regions 72 are arranged along the X axis
direction. The vapor deposition region 72 has a shape corre-
sponding to the opening shape of the limiting opening 82
shown in FIG. 24. A plurality of mask openings 71 having a
slot shape parallel to the Y axis are formed in each vapor
deposition region 72. The vapor deposition regions 72 neigh-
boring in the X axis direction do not overlap in at least the X
axis direction, so as to be independent of each other, and a
non-vapor deposition region 73 where the vapor deposition
particles 91 do not reach is formed therebetween. A non-
vapor deposition region 73 corresponds to the shadow region
formed by the limiting portion 81 when viewed from the
vapor deposition source opening 61. The non-vapor deposi-
tion region 73 has a straight portion that is parallel to the X
axis and straight portions that extend from both ends thereof
and are parallel to the Y axis.

[0220] Similarly to Embodiments 1 and 2 described above,
it is possible to form a plurality of stripe-shaped coating films
90 on the substrate 10 in either a case where the limiting umt
80 of F1G. 22 and the vapor deposition mask 70 of FIG. 23 are
used or a case where the limiting unit 80 of FIG. 24 and the
vapor deposition mask 70 of FIG. 25 are used. Also, similarly
to Embodiment 2, a portion of coating films 90 among a
plurality of coating films 90 are formed by the vapor deposi-
tion particles that respectively have passed through two mask
openings 71 having different positions in the Y axis direction
being overlapped.

[0221] Embodiment 3 is different from Embodiments 1 and
2 with regard to the shapes of limiting openings 82 and the
arrangement of mask openings 71. However, similarly to
Embodiments 1 and 2, also in Embodiment 3, as shown in
FIGS. 23 and 25, the vapor deposition regions 72 are arranged
along a straight line L indicated by a dash-dotted line that is
parallel to the X axis with non-vapor deposition regions 73
being sandwiched therebetween so as to be independent of
one another. Furthermore, mask openings 71 are disposed
only in vapor deposition regions 72. Therefore, as described
in FIGS. 15A and 15B, also in Embodiment 3, even if the
limiting unit 80 is displaced in the X axis direction with
respect to the vapor deposition source 60 and the vapor depo-
sition mask 70, the positions of the coating films 90 formed on
the substrate 10 do not change.

[0222] Also, for example, mask openings 71 are formed at
different positions in the Y axis direction from the positions of
the non-vapor deposition regions 73 located on the straight
lines L of FIGS. 23 and 25. Therefore, similarly to Embodi-
ments 1 and 2, it is possible to form a large amount of stripe-
shaped coating films 90 at a substantially fixed short pitch
over a wide range of the substrate 10 in the X axis direction.
[0223] As compared with Embodiment 2 (see FIG. 20),
with Embodiment 3 (see FIGS. 23 and 25), mask openings 71
can be arranged in a wider region above the vapor deposition
source openings 61, and therefore the amount of the vapor
deposition material that passes through the limiting unit 80
and the vapor deposition mask 70 and reaches the substrate 10
can be further increased. Therefore, the vapor deposition
material can be effectively used, and therefore the utilization
efficiency of material and throughput at the time of mass
production can be improved.

Dec. 19, 2013

[0224] Similarly to Embodiment 2, also with Embodiment
3, the vapor deposition source openings 61, the limiting open-
ings 82 and the vapor deposition regions 72 are respectively
disposed along a straight line parallel to the X axis, and
therefore, it is possible to reduce the weights and the dimen-
sions in the Y axis direction of the limiting source 60, the
limiting unit 80 and the vapor deposition mask 70. Therefore,
the present embodiment is effective for reducing the cost of
the vapor deposition device and improving the precision of
the dimensions of each member. Also, because the area of the
vapor deposition mask 70 can be reduced, it is possible to
reduce bending of the vapor deposition mask 70 due to its own
weight and also improve the uniformity of tension applied to
the vapor deposition mask 70. As a result, it is possible to
improve the accuracy of the vapor deposition mask 70, and to
improve the yield and the accuracy in the patterning of the
coating film 90 formed on the substrate 10.

[0225] Similarly to Embodiment 2, also with Embodiment
3, as shown in FIGS. 23 and 25, another mask opening 71 is
disposed at a different position in the Y axis direction from the
mask opening 71 located at the position away from the vapor
deposition source opening 61 so that one stripe-shaped coat-
ing film 90 is formed with these two mask openings 71.
Accordingly, the utilization efficiency of the vapor deposition
material and throughput at the time of mass production are
improved.

[0226] Note that one stripe-shaped coating film 90 carnot
be formed in both end portions in the X axis direction by using
a plurality of mask openings 71 having different positions in
theY axis direction in the manner described above, and there-
fore, as shown in FIGS. 23 and 25, mask openings 71 located
at both end portions in the X axis direction are extended in the
Y axis direction. Accordingly, it is possible to form a plurality
of coating films 90 having a uniform thickness over the entire
range in the X axis direction.

[0227] Embodiment 3 is the same as Embodiments 1 and 2
except for the above. It is possible to apply the description of
Embodiments 1 and 2 to Embodiment 3 without a change or
with changes as appropriate.

[0228] Embodiments 1 to 3 described above are merely
examples. The present invention is not limited to Embodi-
ments 1 to 3 described above, and can be changed as appro-
priate.

[0229] If the substrate 10 has a large dimension in the X
axis direction, a plurality of vapor deposition units 50 as
shown in the above-described embodiments may be arranged
at different positions in the X axis direction and in the Y axis
direction.

[0230] In Embodiments 1 to 3 described above, the sub-
strate 10is moved relative to the vapor deposition unit 50 that
is stationary, but the present invention is not limited thereto. It
is sufficient that one of the vapor deposition unit 50 and the
substrate 10 is moved relative to the other. For example, it
may be possible to fix the position of the substrate 10 and
move the vapor deposition unit 50. Alternatively, both the
vapor deposition unit 50 and the substrate 10 may be moved.
[0231] In Embodiments 1 to 3 described above, the sub-
strate 10 is disposed above the vapor deposition unit 50, but
the relative positional relationship between the vapor depo-
sition unit 50 and the substrate 10 is not limited thereto. It may
be possible to, for example, dispose the substrate 10 below the
vapor deposition unit 50 or dispose the vapor deposition unit
50 and the substrate 10 so as to oppose each other in the
horizontal direction.
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[0232] In Embodiments 1 to 3 described above, a case
where a light emitting layer for an organic EL element is
formed is described as an example, but the present invention
is not limited thereto. For example, the present invention can
be used for a case where the thickness of layers other than the
light emitting layer for an organic EL element is changed for
each color in order to match the current-voltage characteris-
tics for each color, adjust an emission spectrum by a micro-
cavity effect, or the like. Furthermore, the present invention
can be used for a case where various types of thin films other
than a thin film constituting an organic EL element are formed
by a vapor deposition method.

INDUSTRIAL APPLICABILITY

[0233] There is no particular limitation on the fields to
which the present invention can be applied, and the present
invention is preferably used to form light emitting layers for
use in organic EL display devices.

DESCRIPTION OF SYMBOLS

[0234] 10 Substrate

[0235] 10a First Direction (Movement Direction of Sub-
strate)

[0236] 10e Deposition Surface

[0237] 20 Organic EL Element

[0238] 23R, 23G, 23B Light Emitting Layer

[0239] 50 Vapor Deposition Unit

[0240] 56 Moving Mechanism

[0241] 60 Vapor Deposition Source

[0242] 60a First Vapor Deposition Source

[0243] 605 Second Vapor Deposition Source

[0244] 61,614,615 Vapor Deposition Source Opening

[0245] 70 Vapor Deposition Mask

[0246] 71,714,715 Mask Opening

[0247] 72,72a,72b Vapor Deposition Region

[0248] 73,734,735 Non-Vapor Deposition Region

[0249] Limiting Unit

[0250] 81,814,815 Limiting Portions

[0251] 82,824,825 Limiting Opening

[0252] 90 Coating Film

[0253] 90e Blurred Portion

[0254] 90c¢ Coating Film Main Portion

[0255] 91,914,915 Vapor Deposition Particles

[0256] I,La,blcld Straight Line Parallel to Second
Direction

1. A vapor deposition device that forms a coating film
having a predetermined pattern on a substrate, the vapor
deposition device comprising:

a vapor deposition unit and a moving mechanism that

moves one of the substrate and the vapor deposition unit
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relative to the other along a first direction that is orthogo-
nal to a normal line direction of the substrate,

the vapor deposition unit comprising:

a vapor deposition source having a plurality of vapor depo-
sition source openings that respectively discharge vapor
deposition particles;

a limiting unit having a plurality of limiting openings
through which the vapor deposition particles discharged
from the plurality of vapor deposition source openings
respectively pass; and

a vapor deposition mask in which a plurality of mask
openings are formed only in a plurality of vapor depo-
sition regions where the vapor deposition particles that
have respectively passed through the plurality of limit-
ing openings reach,

wherein the plurality of vapor deposition regions are
arranged along a second direction that is orthogonal to
the normal line direction and the first direction with
non-vapor deposition regions where the vapor deposi-
tion particles do not reach being sandwiched therebe-
tween,

mask openings through which the vapor deposition par-
ticles pass are formed at different positions in the first
direction from the positions of the non-vapor deposition
regions located on a straight line parallel to the second
direction, as viewed along the normal line direction, and

the plurality of vapor deposition regions are arranged in a
staggered arrangement along two straight lines that are
parallel to the second direction and are located at differ-
ent positions in the first direction, as viewed along the
normal line direction.

2. (canceled)

3. (canceled)

4. (canceled)

5. The vapor deposition device according to claim 1,
wherein a shared coating film is formed by overlaying vapor
deposition particles that have passed through a plurality of
mask openings arranged at different positions in the first
direction.

6. The vapor deposition device according to claim 1,
wherein the width of the vapor deposition region in the sec-
ond direction is larger than the width of a region in the second
direction where mask openings are present in the vapor depo-
sition region.

7. A vapor deposition method comprising a vapor deposi-
tion step of forming a coating film having a predetermined
pattern on a substrate by causing vapor deposition particles to
adhere onto the substrate,

wherein the vapor deposition step is performed by using
the vapor deposition device according to claim 1.

8. (canceled)
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